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Introduction
The City of Everett (City) is required to bring four combined sewer overflow (CSO)
outfalls—Puget Sound Outfall (PSO) 4, PSO5, PSO6, and PSO7—into compliance with
Washington State Law by reducing the frequency of CSOs at each outfall to an average
of not more than one event per year. This Engineering Report (Report) describes the
existing system, existing and future conditions, combined sewer system needs,
alternatives analysis process, and design criteria for how the recommended alternatives
will be developed to use the new Port Gardner Storage Facility (PGSF) within the City’s
sewer system to achieve CSO compliance at these outfalls. This Report also describes
the financial analysis and regulatory approvals for the new facility.
This Report was developed to meet Washington State requirements for an engineering
report (Washington Administrative Code [WAC] Section 173-240-060). The Washington
State requirements are presented in Table 1-1, along with the section in which each
requirement is addressed in this Report.

Table 1-1. Engineering Report requirements
Requirement
The name, address, and telephone number of
the owner of the proposed facilities, and the
owner’s authorized representative

Section
1&2

Project description that includes a location map
and a map of the present and proposed service
area

2

Statement of the present and expected future
quantity and quality of wastewater, including
any industrial wastes that may be present or
expected in the sewer system

4

The degree of treatment required based upon
applicable permits and rules, the receiving
body of water, the amount and strength of
wastewater to be treated, and other influencing
factors

3
No changes to the treatment requirements are
proposed for the improvements described
herein.

Description of the receiving water, applicable
water quality standards, and how water quality
standards will be met outside any applicable
dilution zone

3

The type of treatment process proposed,
based upon the character of the wastewater to
be handled, the method of disposal, the degree
of treatment required, and a discussion of the
alternatives evaluated and the reasons they
are unacceptable

4

The basic design data and sizing calculations
of each unit of the treatment works. Expected
efficiencies of each unit and also of the entire
plant, and character of effluent anticipated

4
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Discussion of the various sites available and
the advantages and disadvantages of the site
or sites recommended. The proximity of
residences or developed areas to any
treatment works. The relationship of the
twenty-five-year and one-hundred-year flood to
the treatment plant site and the various plant
units

4

A flow diagram that shows general layout of
the various units, the location of the effluent
discharge, and a hydraulic profile of the system
that is the subject of the engineering report and
any hydraulically related portions

4

Discussion of infiltration and inflow problems,
overflows and bypasses, and proposed
corrections and controls

3

A discussion of any special provisions for
treating industrial wastes, including any
pretreatment requirements for significant
industrial sources

3

Detailed outfall analysis or other disposal
method selected

Proposed discharges of untreated combined
sewage to the City of Everett’s deep water
outfall (100) will be in compliance with the
water quality exemption of 1 untreated CSO
event per year

Discussion of the method of final sludge
disposal and any alternatives considered

The proposed improvements defined herein
will have no impact on the City of Everett’s
sludge disposal and management

Provision for future needs

4

Staffing and testing requirements for the
facilities

6

An estimate of the costs and expenses of the
proposed facilities and the method of
assessing costs and expenses. The total
amount shall include both capital costs and
also operation and maintenance costs for the
life of the projects, and must be presented in
terms of total annual cost and present worth

6

Statement regarding compliance with any
applicable state or local water quality
management plan or any plan adopted under
the Federal Water Pollution Control Act

1

Statement regarding compliance with the State
Environmental Policy Act (SEPA) and the
National Environmental Policy Act (NEPA)

2

This report has complied with SEPA

Background
The City owns and operates a wastewater collection and treatment system. The City’s
sewer system is divided into two sections: the combined system in the north and the
separated system in the south, as shown in Figure 2-1. The combined system conveys
both sanitary sewage and stormwater. Some portions of the combined system have been
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partially separated, meaning that stormwater from the rights-of-way has been diverted to
a separate storm drain. During wet weather in the combined system, the stormwater
causes the wastewater flow to increase dramatically, even beyond the capacity of the
collection system. When the wet weather flow exceeds the capacity of the collection
system, the excess flow is diverted to a series of National Pollutant Discharge
Elimination System (NDPES)-permitted overflow sites to be released as an untreated
CSO. The outfall sites overflow either to the Snohomish River through the Snohomish
River Outfalls (SROs) or to Port Gardner Bay through the PSOs. This Report discusses
only the combined system within what is known as the Port Gardner Wastewater Basin.
In accordance with Revised Code of Washington (RCW) Section 90.48.480 and WAC
Chapter 173-245, the frequency of CSOs is required to be limited to an average of one
per year per site.
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Figure 2-1. Everett collection system boundaries
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The City purchased the Kimberly-Clark (KC) wastewater treatment plant (WWTP) to
control the four remaining active PSO sites by using the existing process tankage as
equalizing storage. The remaining CSO sites include PSO4, PSO5, PSO6, and PSO7,
which are shown in Figure 2-2. The sites will be brought into compliance to meet
Washington State Department of Ecology (Ecology) requirements by 2027. The three
other CSO sites shown in Figure 2-2, PSO1, PSO2, and PSO3, are still in service;
however, the frequency of CSOs have been reduced to less than one event per year per
site. Additionally, with recent changes in the Sewer M basin, PSO3 has been converted
to a stormwater only outfall.
The KC WWTP was used solely for treating industrial wastewater flows generated by the
KC facility; no municipal sanitary or combined sewage was treated at this facility. The
existing KC WWTP will be integrated into the City’s wastewater system by converting the
process tanks into a combined sewage storage facility and constructing new sewers to
convey wastewater to and from the facility. The new facility, named the Port Gardner
Storage Facility, will be used to temporarily store combined sewer flows until the
collection system has the available capacity to convey flows to the Everett Water
Pollution Control Facility (WPCF). A set of conveyance improvements will be completed
to direct flow to PGSF from the Port Gardner Wastewater Basin. The conveyance
improvements will also allow flows diverted to PGSF to be returned to the Everett
wastewater collection system for subsequent treatment at the WPCF in order to meet
applicable water quality standards. The new facility and all new conveyance
improvements will be owned, operated, and maintained by the City.
Effluent from the former Kimberly Clark treatment facility was discharged to Puget Sound
through the Deep Water Outfall (DWO). This was a joint use outfall serving both
Kimberly Clark and the City of Everett Water Pollution Control Facility but is now solely
owned by the City of Everett. The City’s intent was to use the storage capacity of the
PGSF to reduce CSOs to less than one event per year but for those events that
completely fill the storage capacity, excess would be discharged to the DWO. The DWO
would provide for a deep water discharge with an exceptionally high dilution ratio. This
would eliminate near shore CSOs at the existing outfalls PSO4, PSO5, PSO6, and
PSO7. Using the DWO to discharge untreated CSOs would require a modification of the
NPDES permit. Since new CSO outfalls are not permitted, it is proposed that the
existing PSO4 outfall discharge point be redesignated as the DWO. For those events
that are far less than one event per year, the discharge through the DWO would be a
blend of effluent from the WPCF and untreated CSOs from PGSF.
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Figure 2-2. Remaining active PSO sites

6 | August 18, 2021

Engineering Report
Port Gardner Storage Facility

3

Existing System Description
The City’s sewage collection system consists of a network of mains, interceptors, force
mains, regulators, and lift stations that transport the collected sewage to the Everett
WPCF located on Smith Island on the east side of Interstate 5, adjacent to the
Snohomish River.

3.1

Collection System
The City’s wastewater collection system conveys wastewater to the WPCF and untreated
combined sewer overflows are discharged through either the PSOs or SROs. The
existing collection system comprises two main systems: the combined system in the
north and the separated system in the south, as shown in Figure 2-1. PGSF will serve
portions of the combined system in the north end of the city, referred to as the Port
Gardner Wastewater Basin in this report, shown in Figure 3-1. The existing topography
of the City’s service area is shown in Figure 3-2. The existing combined sewer system is
further described in the following sections.
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Figure 3-1. Everett combined sewer system

8 | August 18, 2021

Engineering Report
Port Gardner Storage Facility

Figure 3-2. Everett topography
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3.1.1

Combined System and CSOs
For the combined sewer system that PGSF will serve, dry weather sewer flows are
conveyed through a series of gravity sewers, lift stations (LSs), and force mains (FMs) to
the City’s WPCF, where it is treated and then pumped to the SRO and/or the DWO.
During wet weather, combined sewer flows continue to be conveyed to the WPCF until
lift station capacities are reached. Excess combined sewage is diverted through a series
of regulators and overflow structures to discharge to their respective PSOs. Table 3-1
lists the lift stations in the Port Gardner Wastewater Basin and their corresponding
PSOs. Figure 3-3 shows a map of all the lift stations in the City’s sewer system. More
details about the City’s collection system are provided in the PGSF Conveyance
Alternative technical memorandum (TM) and the 2014 CSP.

Table 3-1. Port Gardner Wastewater Basin lift stations
Lift station
ID
LS2
LS3
LS4
LS5
LS6
LS7
LS8

Address
522 Wall St.
1111 Everett Ave.
2700 Grand Ave.
1200 25th St.
2104 W Marine View Dr.
1331 W Marine View Dr.
1222 14th St.

Firm capacity
(gallons per
minute [GPM])
2,400
3,900
4,800
800
700
1,960
3,500

Number of
pumps
3
3
2
2
2
2
2

Overflow
PSO7
PSO5
PSO5
PSO5a
N/A
PSO1/PSO2
PSO1/PSO2

a. LS5 was previously routed to PSO4. A new pipe was installed to reroute overflows to PSO5.

10 | August 18, 2021

Engineering Report
Port Gardner Storage Facility

Figure 3-3. Everett lift stations
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3.1.2

Inflow and Infiltration
The City completed an inflow and infiltration (I/I) evaluation as part of the Comprehensive
Sewer Plan (CSP) development in 2012. Because portions of the collection system
consist of a combined system, the inflow portion of the evaluation does not apply. The
evaluation, recently updated in 2020 by the City, concluded that wet season dry weather
infiltration was not excessive and has decreased from the baseline flows recorded in
2003. Ecology has encouraged the City to continue to monitor I/I as part of its collection
system operations and maintenance.

3.2

Wastewater Pollution Control Facility and Discharge
Standards
The WPCF was constructed in 1960 and was originally operated by the Snohomish
County Health District. The City took over operation of the facility in 1975. Currently, the
WPCF has two parallel treatment systems: a trickling filter/solids contact (TF/SC) system
and an aeration/oxidation pond or lagoon system. Once treated, the wastewater is then
pumped to the SRO and/or the DWO.
The WPCF and collection system operate under NPDES Permit WA-002449-0. The
permit also authorizes 13 combined sewer outfalls. Effluent limits for the WPCF outfalls
as required in the NDPES permit are provided in Table 3-2.

Table 3-2. NPDES permit effluent limitations
Lagoon (Snohomish River) Outfall 015a
Parameter

Average monthly

Carbonaceous biochemical
oxygen demand (5-day) (CBOD5)

25 milligrams per liter (mg/L)
85% removal of influent
CBOD5

40 mg/L

CBOD5
Effective November–June only

3,190 pounds per day (lb/d)

5,100 lb/d

Total suspended solids
(TSS)

59 mg/L
7,529 lb/d
78% removal of influent TSS

88.5 mg/L
11,293 lb/d

Fecal coliform bacteria

200/100 milliliters (mL)

400/100 mL

Total ammonia

31.4 mg/L

47.1 mg/L

Total residual chlorine

0.016 mg/L

0.083 mg/L

NBOD+CBOD
Effective July–October only

3,043 lb/d

5,402 lb/d

Flow
Effective July–September only

N/A

10.2 MGD

Parameter

Daily Minimum

Daily Maximum

pH

Greater than or equal to 6.4

Less than or equal to 9.0

12 | August 18, 2021

Average weekly

Engineering Report
Port Gardner Storage Facility

TF/SC (Port Gardner) Outfall 100
Parameter

Average monthly

Average weekly

CBOD5

25 mg/L
5,213 lb/d
85% removal of influent
CBOD5

40 mg/L
8,340 lb/d

TSS

30 mg/L
6,255 lb/d
85% removal of influent TSS

45 mg/L
9,383 lb/d

Fecal coliform bacteria

200/100 mL

400/100 mL

Total residual chlorine

0.50 mg/L

0.75 mg/L

Parameter
pH

Daily Minimum
Greater than or equal to 6.0

Daily Maximum
Less than or equal to 9.0

a. Discharges from Outfall 025 are allowed only when Outfall 015 is not in use. The combined
discharges from Outfalls 015 and 025 may not exceed the permit limits for Outfall 015.

3.3

Industrial Wastewater
Any industrial wastewater discharged into the City’s sewer system must be in compliance
with local limits. These limits include concentration limits on metals and nonpolar fat, oil,
and grease (FOG). Table 3-3 lists the permitted industrial pretreatment industries for the
City. More information about the industrial pretreatment program can be found in the
2014 CSP.

Table 3-3. Permitted industrial pretreatment industries
Process flow (GPD)

Non-process flow
(GPD)

Achilles

16,000

7,000

Airport Road Transfer Station (ARTS)

5,000

0

400

140

Armark/Overall Laundry Service

90,000

0

Blue Streak

2,800

600

Boeing

50,000

600,000

Cathcart

87,000

400

Cintas

55,000

65,000

Community Transit (Kasch Park)

1,000

0

Community Transit (Merrill Creek)

5,800

0

Dura Coatings

0

700

Everett Landfill

20,000

0

Fluke

2,000

0

150

700

Industry

Ametech

Jamco America
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Process flow (GPD)

Non-process flow
(GPD)

Navy Homeport

12,000

0

Port Chatham Seafood

35,000

130,000

40

500

8,000

30,000

180,000

150,000

0

0

1,000

0

Industry

Railmakers
Shin Nippon Bioengineering Lab
StockPot
Tyee Aircraft
Umbra Cuscinetti

3.4

Water Supply
Everett’s water supply comes from the Sultan River and Spada and Chaplain Reservoirs.
The Spada Reservoir can store 50.0 billion gallons of water and the Chaplain Reservoir
can store 4.5 billion gallons of water. Water flows from the Spada Reservoir to Jackson
Hydropower Plant and then on to Chaplain Reservoir. Everett’s Water Filtration Plant
(WFP) is located at the south end of the Chaplain Reservoir. The Washington State
Department of Health approved the maximum filtration rate of 132 million gallons per day
(MGD) at the WFP. Transmission mains and tunnels convey the water from the WFP to
13 water storage facilities within Everett. Figure 3-4 shows the locations of these storage
facilities and the City’s water distribution system.
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Figure 3-4. Everett water distribution system
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3.5

Kimberly-Clark Wastewater Treatment Plant
As stated previously, the City purchased the KC WWTP to control the four remaining
active PSO sites by using the existing process tankage as equalizing storage. The City
also intends to discharge untreated combined sewage in excess of the storage volume to
the DWO as untreated CSOs. The DWO is considered in good serviceable condition
and is currently being used to discharge effluent from the WPCF. To support the
conversion of the KC WWTP to PGSF, several assessments were conducted to
determine the condition of the existing facility. These assessments are summarized in
the following sections.

3.5.1

Structural Seismic Resiliency Assessment
The KC WWTP does not meet current seismic design requirements. A seismic resiliency
assessment was conducted to determine the resiliency of the existing facility
infrastructure with regard to the potential failure or damage to the existing facility
structures because of a seismic event. The structural element that is most at risk during
a seismic event is the piling supporting the structures. The analysis indicated that if the
aeration basins and secondary clarifiers are empty, they may survive a current designlevel earthquake without significant structural damage. If the aeration basin is full of
water during such an earthquake the pilings supporting this structure would fail. The
secondary clarifiers may survive the design earthquake if they are full of water. The
conclusions of this structural analysis assume that liquefaction or lateral spreading does
not occur. The complete seismic structural evaluation is included in Appendix A.

3.5.2

Condition Assessment
Prior to developing the PGSF alternatives, a condition assessment of the KC WWTP
infrastructure was conducted. This condition inspection identified the components of the
existing facility suitable for incorporation into the PGSF design. Figure 3-5 shows the KC
WWTP site and Figure 3-6 identifies the existing KC WWTP infrastructure.
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Figure 3-5. KC WWTP site

Figure 3-6. Existing KC WWTP infrastructure
Several elements of the KC WWTP infrastructure are suitable for reuse with the
completion of necessary repairs. The aeration basins and secondary clarifiers are in
good condition but require structural repair and recoating prior to reuse. The abovegrade fiberglass process pipe throughout the site is in good condition and portions of this
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piping could be repurposed for distributing the combined sewer flow to the aeration
basins and secondary clarifiers. The pump station building is in fair condition, but
frequently floods because it is below grade and therefore has potential for challenges
with mechanical equipment in future use.
Several components of infrastructure are in poor condition or provide no value to the
future use of PGSF. Removal of the aeration piping, diffusers, secondary clarifier
mechanisms, gravity thickeners, and chemical storage tanks is recommended because
they are in poor condition and do not serve a future purpose. The blower building and
storage building are in fair condition, but they have no identified purpose for the future
PGSF.
The condition assessment did not include inspection of the yard piping or the interior of
the neutralization basins. The alternatives analysis assumes that these assets are in
good condition, but it is recommended that facility predesign include a detailed inspection
of this infrastructure. Appendix B, the Condition Assessment Report, further details the
results of this inspection.

3.5.3

Infrastructure Resiliency Assessment for Sea Level Rise
The KC WWTP site is located immediately adjacent to Possession Sound, an inlet off
Puget Sound. Given the site’s proximity to a tidal water body, PGSF may potentially be at
risk of flooding and inundation caused by climate change–induced sea level rise. A
quantitative and qualitative analysis was performed on the potential impacts of site
inundation caused by sea level rise and the influence of rising sea levels on the
hydraulics of the DWO shared with the WPCF. Appendix C provides the Infrastructure
Resiliency Assessment for Sea Level Rise TM developed for this Report.
This analysis projected sea level rise increases by year, and the likelihood of increase by
that year. Given the long-term implications of sea level rise, the anticipated life span of
PGSF, and the uncertainty associated with sea level projections, this analysis reviewed
the impacts of sea level rise within a 50-year period, or the year 2070.
This assessment quantified two potential sea level conditions for the year 2070: the most
probable scenario, which has a 50 percent chance of Possession Sound reaching a
specified elevation, and the worst credible scenario, where there is a 0.1 percent chance
of Possession Sound reaching a specified elevation.
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Table 3-4 summarizes the results of the analysis considering the most probable and
worst credible sea level elevations anticipated to occur in 2070.
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Table 3-4. Sea level rise projections for 2070
Water level (feet, NAVD88)
100yeara
extreme
tide

Scenario

Most
probableb

13.5

Worst
crediblec

16.2

Mean higher high water

Impacts to PGSF site

10.4

1.3 feet of sea level rise anticipated to occur. The
bulkhead (elevation 12 feet) separating PGSF from
Possession Sound overtops. Minimal site inundation
anticipated to occur.

13.1

4.0 feet of sea level rise anticipated to occur. High tide
levels inundate site below an elevation of 16.2 feet. The
invert of east and west secondary clarifiers (13.9 feet)
submerged by 2.3 feet. Any structures with the lowest
adjacent grade below an elevation of 16 feet may be
impacted.

a. 1% chance of occurrence; extreme water levels estimated from NOAA gauges are based on a combination of
astronomical tides, storm surge, and wave setup, but do not account for wave runup caused by dynamic wave
action moving up slopes and shorelines.
b. 50th percentile based on range of sea level rise projections for 2070 assuming “business as usual” greenhouse
gas emissions.
c. 0.1-percentile upper limit based on range of sea level rise projections for 2070 assuming “business as usual”
greenhouse gas emissions.

Assuming the worst credible scenario, the 100-year extreme tide level has the potential
to first reach the lowest adjacent grade near the secondary clarifier structures by 2044
while the annual high tide elevation has the potential to reach the lowest adjacent grade
to the secondary clarifiers by 2064. Appendix C includes inundation maps showing the
potential site flooding under the most probable and worst credible scenarios.
A qualitative analysis of the impacts of sea level rise on DWO 100 found that an
increased sea level in Possession Sound will not impact outfall capacity given the
elevation difference between the WPCF effluent pipeline high point and the hydraulic
grade line through the gravity flow section of this pipeline. Appendix C presents
additional detail on the hydraulics of the effluent pipeline and includes a hydraulic profile
figure illustrating the pipeline hydraulic grade line. Furthermore, a review of DWO 100
NPDES Permit WA-002449-0 found that an increase in sea level is unlikely to impact the
permitted outfall capacity or result in a significant change to the existing pollutant
concentrations defined in this permit.
The following recommendations are made based on this analysis:
•

Develop risk-based resiliency criteria for the PGSF site based on the design life of
the project and potential consequences of failure.

•

Given the uncertainty associated with future sea levels, use conservative estimates
for future tide levels when developing approaches to mitigating impacts to the site.
Also consider the additional risks posed by storm surge and wave action, as well as
potential erosion caused by severe waves.

•

Sizing and selection of the PGSF effluent pumps should account for a potential
increase in the outfall pipeline hydraulic grade line due to sea level rise.
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Based on the results of this study, mitigation efforts may be necessary to minimize the
impacts of sea level rise on the future PSGF infrastructure. Assuming the most probable
case of sea level rise, the 100 year extreme tide may overtop the existing bulkhead by
1.3 feet, inundating areas on the western edge of the site below an elevation of 13.5 feet.
While the degree and intensity of site flooding is fairly minimal, the facilities most
suspectable under these conditions include the secondary clarifiers, the future effluent
pump station, and possibly the stormwater treatment system.
To reduce the potential impacts of sea level rise at these facilities, PGSF design and
upgrades may include increasing the grade elevation at these areas of the site by
approximately two feet. Additionally, design of the effluent pump station may include
resilient features that will minimize the effects of site flooding should sea level rise occur.
These features include raising electrical panels, non-submersible equipment, and the lid
of the wet well above the estimated flood level. In addition, design of the effluent pump
station wet well may consider the increased buoyant forces the structure will experience
during site inundation.
The impacts of sea level rise associated with the worst credible scenario are greater than
the most probable scenario, estimating approximately 4 feet of sea level rise over the
existing bulkhead (elevation 12 feet) during the 100 year extreme tide event. This would
result in some level of inundation for all of the planned PGSF structures with exception of
the existing chemical storage building east of the aeration basins. While the potential
degree of site inundation is high, the change in sea levels would be gradual and the City
will have time to respond to the shifting environmental conditions.
Efforts to lessen the impacts of the worst credible scenario include construction of a
seawall along the entire western edge of the site, along the shore of the Possession
Sound, at a minimum of 4.5 feet above the elevation of the existing bulkhead. Because
site inundation can occur due to flooding from areas north and south of the PGSF site,
efforts to reduce impacts under the worst credible conditions may consider construction
of a seawall or berm around the entire perimeter of the property. Due it its unique
location along the Everett waterfront, these improvements would be coordinated with
Everett Naval Station adjacent to the site.

4

Alternatives
Alternatives were developed for both the new PGSF and conveyance improvements to
reroute flows to it. The following sections summarize the alternatives developed for the
conveyance and facility portions of the project. The TMs provided in Appendix D and
Appendix E discuss the alternatives in more detail.

4.1

Conveyance Alternatives
Conveyance alternatives were developed to intercept and route combined sewage to the
new PGSF in order to control the four remaining active PSOs. These alternatives will be
summarized in this section.
As part of the project formation, the City prepared its own conveyance alternative to use
PGSF. Table 4-1 lists the conveyance options (COs), individual conveyance
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improvements, that make up the City’s conveyance alternative. Figure 4-1 summarizes
the COs included in this alternative.

Table 4-1. City's conveyance alternative
CO
number

Typea

8

CS

9

CS

11

MH

13

CS

19

CS

28b

CS

Description
Rehabilitate (or replace) existing 30" water main
from 25th St. to Wall St. for combined sewer flows
Extend combined sewer on Everett Ave. from
Grand Ave. to WMVD (CO8) with new regulator at
LS4
New regulator on Hewitt Ave. trunk
Extend combined sewer on Wall St. from Nassau
St. to WMVD (CO8) with new regulator on existing
Nassau storage pipe
Combined sewer along Lower Norton Ave. from
LS5 to PGSF. Includes railroad crossing near
23rd St.
Combined sewer along Lower Norton Ave. from
LS5 to LS6 to convey local flows from LS5 basin.
Includes railroad crossing near 23rd St.

Anticipated
diameter
30"
30"
N/A
30"

30"

18"

a. Key: CS = combined sewer improvement; SD = storm drain improvement; FM = force
main improvement; MH = new manhole with regulator; LS = lift station improvement.
b. A small yard pump station will be required as part of PGSF to convey flows from this CO
to the facility. Additional options for conveying these flows up to PGSF are discussed in
later sections.
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Figure 4-1. City’s conveyance alternative
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Model results indicate that the City’s conveyance alternative is not sufficient to reduce
the discharges to nearshore outfalls to one event per year. The conveyance
improvements generally along West Marine View Drive (WMVD) are too far upstream in
the basin to intercept sufficient flow to reduce CSOs to PSO6 and PSO7. Therefore,
additional improvements on the waterfront are required to offload LS2 by rerouting
combined sewer flows to PGSF. Additional conveyance options were added to the City’s
conveyance alternative to form the base conveyance alternative to meet Ecology
requirements. The COs for the base conveyance alternative are described in Table 4-2
and shown in Figure 4-2.

Table 4-2. Base conveyance alternative
CO
numbera

Typeb

8c

CS

9

CS

11

MH

18

CS

19

CS

21

CS

27

MHs

28

CS

30

MH/CS

31

MH/CS

33

CS

34

MH

36

LS

Description
Rehabilitate (or replace) existing 48" water main from
25th St. to California St. for combined sewer flows.
Extend combined sewer on Everett Ave. from Grand Ave. to
WMVD (CO8) with new regulator at LS4.
New regulator on Hewitt Ave. trunk.
Combined sewer from LS3 to PGSF across the former
KC site.
Combined sewer along Lower Norton Ave. from LS5 to
PGSF. Includes railroad crossing near 23rd St.
Combined sewer from the local sewer at Hewitt St. and
Bond St. to the existing 24" force main that was
constructed as part of the Bond Street project.
Convert the existing gravity combined sewer from
Tulalip St. to Bond St. into a pressure line by upgrading
the MHs.
Combined sewer along Lower Norton Ave. from LS5 to a
temporary yard pump stationd near PGSF to convey local
flows from LS5 basin to PGSF. Includes railroad crossing
near 23rd St.
Connect local sewers on Hewitt Ave. and Nassau St.
with a new regulator.
Connect local sewers on Bond St. and Wall St. with a
new regulator.
Combined sewer on WMVD from Hewitt Ave. to
California St. (CO8).
New manhole structure with regulator at former Bond
St site
New reverse flow pumps at LS3.

Anticipated
diameter
48"
48"
N/A
42"
48"
36"

N/A

18"

24"
27"
48"
N/A
N/A

a. Items that are bold are additions/modifications to the City’s conveyance alternative.
b. Key: CS = combined sewer improvement; SD = storm drain improvement; FM = force main improvement;
MH = new manhole with regulator; LS = lift station improvement.
c. CO8 modified for the base conveyance alternative to include repurposing the 48" water line in WMVD
rather than the 30" water line.
d. The temporary yard pump station near the PGSF site is required only until a new lift station is constructed
in this area. If the lift station is constructed prior to this CO, the yard pump station would not be needed.
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Figure 4-2. Base conveyance alternative
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To meet the additional project goals of eliminating discharges to nearshore shallow
outfalls and incorporate redundancy into the City’s conveyance system, additional
conveyance options can be added to the base conveyance alternative. Table 4-3 and
Figure 4-3 detail these additional options that meet the project goals but are not required
to bring the system into compliance by 2027.

Table 4-3. Additional conveyance options alternative
CO
number

Typea

1

CS

3

FM

4

CS

5

CS

12

LS

14

CS

29

FM

32b

LS/CS

37

FM

Description
Combined sewer on WMVD from
the Grand Ave Pedestrian Bridge
(GAPB) to PGSF
Force main from LSXb (CO32) to
rehabilitated 20th St. sewer (CO4)
Rehabilitate the existing 20th St.
sewer and structures
Combined sewer on Oakes Ave.
from 20th St. sewer (CO4) to 17th
St. Interceptor
Upgrade the forward-flow pumps
at LS3 for higher head
Combined sewer from Summit
Interceptor at 36th St. and Rucker
Ave. to WMVD and Hewitt Ave.
(CO33)
Force main from LSX to PGSF
New LSX at or near the PGSF site
and associated piping to drain
PGSF
Reroute the existing LS3 force
main to discharge into LS4 force
main instead of discharging into
LS4

Anticipated
diameter
30"
12"
16"
30"

Goal achieved
Eliminates CSO discharges to
nearshore shallow outfalls
Redundancy: provides additional route
for flows out of PGSF
Redundancy: provides additional route
for flows out of PGSF
Redundancy: provides additional route
for flows out of PGSF

12"

Efficiency: removes daisy-chain LS
configuration
Offload Summit Interceptor to reduce
overflows at the Snohomish River
outfalls to eliminate the capital
improvement project to add capacity to
the Summit Interceptor
Redundancy

18”

Redundancy

16"

Efficiency: removes daisy-chain LS
configuration

N/A

36"

a. Key: CS = combined sewer improvement; SD = storm drain improvement; FM = force main improvement; MH =
new manhole with regulator; LS = lift station improvement.
b. LSX is discussed in further detail later in this section.
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Figure 4-3. Additional conveyance options alternative
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Stormwater separation within the project area would reduce the volume and flow rate of
combined sewage in the wastewater collection system including PGSF. It would allow for
stormwater flow to be conveyed as a separate flow stream to PGSF, treated, and then
discharged directly to the DWO, eliminating the need for these flows to be sent to the
WPCF. The Sewer M basin has already been separated by the City. In the future, the
City may separate along Grand Avenue and Rucker Hill. Additional COs can also be
added to convey the stormwater from these two areas to PGSF so it can be treated and
discharged out the DWO instead of being pumped to the WPCF. Table 4-4 and Figure
4-4 detail these stormwater COs.

Table 4-4. Stormwater conveyance alternative
CO
number
2

Typea

Description

SD

10

SD

20

SD

Storm drain on WMVD from the GAPB to PGSF.
Storm drain on Everett Ave. from Grand Ave Utility
Project (GAUP) connection at Grand Ave. to WMVD
(CO20).
Storm drain from Everett and WMVD to PGSF.
Includes railroad crossing at Lower Norton Ave. and
23rd St.

Anticipated
diameter
48"
42"

60"

a. Key: CS = combined sewer improvement; SD = storm drain improvement; FM = force
main improvement; MH = new manhole with regulator; LS = lift station improvement.
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Figure 4-4. Stormwater conveyance alternative
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Additional detail on the four alternatives outlined in this section are provided in the PGSF
Conveyance Alternative TM included in Appendix D.

4.2

PGSF Alternatives
Following the condition inspection and infrastructure resiliency assessment, the planning
team held workshops to define the PGSF service criteria and identify the intended
operation and critical features of the facility. Based on these criteria, alternatives were
developed for converting the existing KC WWTP infrastructure into PGSF. The defined
features and performance of this facility served as the screening criteria during the
alternative selection process.
The following section summarizes the PGSF planning criteria and alternatives developed
to meet these measures. The Alternatives Analysis TM, included in Appendix E,
describes the approach for developing the alternatives and a full description of each
alternative presented in this section.

4.2.1

Hydraulic Planning Criteria
The alternatives analysis includes facility and site elements required to bring CSOs into
compliance by 2027 and achieve long-term management of City stormwater. Collection
system and stormwater modeling was conducted to define the hydraulic planning criteria
for PGSF. These modeled flow rates and volumes served as the basis for sizing the
combined sewer and stormwater systems. Collection system modeling forecasted storm
events for the Everett area assuming a 32-year simulation period, climate-adjusted
storm, and optimized collection system. Table 4-5 summarizes the combined sewer
hydraulic estimates outlined in Section 2.1 of the Alternatives Analysis TM.

Table 4-5. PGSF planning criteria
Flow
(MGD)

Volume
(MG)

Peak instantaneous flow

75

-

2-year return flow (50% likelihood per year)

15

0.5

50-year return period (20% likelihood per year)

57

5.3

100-year return period (1% likelihood per year)

62

7.6

Condition

Stormwater planning for PGSF is based on the City’s hydrograph of a 2055 climateadjusted design storm. While the planning team used the single event method to develop
the planning estimates, facility design should assume continuous record modeling to
account for the impacts of low peak-long duration events. Collection system modeling
assumes that the City will separate the combined sewer and stormwater collection
system through phased improvements. Each phase of improvement accounts for a
portion of the total stormwater flow anticipated to reach PGSF at buildout conditions.
Table 4-6 presents the stormwater planning criteria defined in Section 2.1 of the PGSF
Alternatives Analysis TM.
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Table 4-6. PGSF stormwater flow planning criteria
Condition

Criterion

Average flow, MGD

4.3

Peak instantaneous flow, MGD

155

Total volume to PGSF, MG

1.22

Stormwater planning criteria assume Sewer M, Grand Avenue
Phase 1, Grand Avenue Phase 2, and Grand Avenue Phase 3
(Rucker Hill) improvements.

4.2.2

Combined Sewer Storage Operation
The PGSF upgrades will include debris removal upstream of the combined sewer
storage. To limit facility odors from impacting residential areas adjacent to the PGSF site,
the City determined that the debris removal area must include an odor control system.
The alternatives analysis identified use of the aeration basin structure as the primary
combined sewer storage volume. The basin requires structural and hydraulic
modifications to meet the facility performance criteria.
The existing aeration basin has three separate parallel trains, each partitioned into five
square cells. Two of these cells would serve as stormwater equalization with the
remaining 13 cells upgraded for combined sewer storage. The alternatives include
reconfigured combined sewer storage basins that would operate as isolated storage
volumes. As such, only a portion of the basin would require flushing after a storage
event.
The PGSF alternatives analysis included a preliminary structural evaluation to determine
the maximum hydrostatic load that the aeration basin walls could withstand. This
analysis found that the internal aeration basin walls separating the cells of each train
could withstand a maximum water surface depth (WSD) of approximately 13 feet,
assuming static and seismic loading and the adjacent cells empty. Design of the storage
basin would include weir windows separating each of the storage basin cells, allowing
each of the storage volumes to fill sequentially. Once all storage cells reach a WSD of 13
feet, all cells would simultaneously fill the remaining 7 feet, to a final depth of 20 feet.
Assuming a WSD of 20 feet, 13 storage cells would have a total storage volume of
approximately 4.8 million gallons (MG). Results of the preliminary hydraulic modeling
estimate that the 4.8 MG of basin storage equates to a storm event with the return period
of 44 years.
The site planning concepts assume that the secondary clarifiers would also provide
combined sewer storage capacity and would fill after the aeration basins are full. Clarifier
upgrades would include installing submersible pumps to convey the stored volume back
to the aeration basin structure to return flow to the collection system.
After a storage event, the existing aeration basin drainpipe network would convey the
stored volume to the collection system. In addition to the existing Lift Station 3, a new onsite lift station (Lift Station X) will support conveyance of the stored combined sewer
volume to the WPCF for treatment. The Conveyance Alternatives TM provides additional
details on the configuration and operation of Lift Station X.
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If a storm event exceeds the storage capacity of the aeration basin and secondary
clarifiers, a new on-site effluent pump station would convey the excess volume to the
existing DWO 100 (resulting in an untreated CSO).
The effluent pump station options developed for the alternatives analysis included
repurposing the existing sludge pump station, installing submersible pumps in the
clarifiers, installing vertical-turbine pumps in the clarifiers, or constructing a new pump
station adjacent to the clarifiers. The alternative selection process identified construction
of a new pump station as the best alternative for the facility. Figure 4-5 provides a
schematic of the selected effluent pump station concept.

Figure 4-5. Effluent pump station
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4.2.3

Stormwater Management

Currently, the WPCF treats and discharges stormwater that enters the City’s combined
sewer system. Because the planned collection system upgrades include separating
stormwater and conveying the flow to PGSF and Puget Sound, the stormwater treatment
system must, at a minimum, meet basic treatment standards as defined by the
Stormwater Management Manual for Western Washington (Ecology 2019). In addition, the
planning team determined that the recommended Best Management Practice exceeds the
required level of treatment which the City prefers, both in consideration of the sensitivity
of Port Gardner and in anticipation that treatment standards will increase in the future.
This stormwater infrastructure includes debris removal, equalization, biofiltration
treatment, and effluent pumping to DWO 100.

Figure 4-6 provides a schematic of the proposed stormwater system layout.
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Figure 4-6. Stormwater treatment system
Table 4-7 summarizes the PGSF features identified through concept development and
the alternatives analysis process.
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Table 4-7. PGSF features and planning criteria
Feature

Attribute

Combined sewer
debris removal

• Grit removal followed by ¼-inch bar screens
• Parallel debris removal systems (redundancy)
• Hydraulic bypass to combined sewer storage for high flow conditions

Combined sewer
storage

• 8.5 MG total combined sewer storage
• 13 aeration basin cells (4.8 MG)a
• 2 secondary clarifiers (3.7 MG)b
• Flushing gates or tipping buckets for basin flushing

Lift Station X

• A new lift station will replace LS6 for dry and wet weather operation of the collection system.
LSX will convey combined sewer flow from the storage basins to the collection system.

CSO effluent
pumping

• If combined sewage volumes exceed the PGSF storage capacity, a new effluent pump
station will convey flow to DWO 100 (resulting in a CSO).

Stormwater
debris removal

• Debris removal prior to equalization: hydrodynamic separators and/or screens
• Hydraulic bypass to stormwater pump station for high flow conditions

Stormwater
equalization

• Two aeration basin cells as stormwater equalization, sized to retain 91% of total stormwater
volume for treatment

Stormwater
treatment

• Biofiltration technology that meets Ecology General Use Level Designation (GULD)

Stormwater
effluent

• Dedicated pump station to convey treated stormwater to the effluent pipeline

General
improvements

• Demolition of degraded structures: gravity thickeners, effluent pump station, storage building,
etc.
• Recoating and repair of aeration basins and secondary clarifiers
• Site fencing, access, paving, grading, and drainage upgrades
• New generator for backup power

a. Aeration basin volume assumes side water depth of 20 feet and structure upgraded to include sloped floors.
b. Secondary clarifier storage volume assumes 2 foot freeboard and existing clarifier geometry.

4.2.4

Alternatives
The following section summarizes the alternatives developed to meet the defined
performance criteria. The Alternatives Analysis TM, included in Appendix E, provides
further details of each configuration including the improvements specific to each
alternative.
Each of the alternatives differ primarily in the approach to retrofitting the existing
infrastructure for use in combined sewer debris removal, detention, and flushing of the
storage cells. Outside of these combined sewer storage processes, the alternatives
share common attributes. The following improvements are common to each of the
alternatives presented in this section:
•

Stormwater debris removal and treatment

•

Lift Station X

•

Yard piping

•

Clarifier improvements
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•

Generator

•

Effluent pump station

Site civil improvements common to all alternatives include demolition of unnecessary
structures, site fencing and access, paving, grading, and drain improvements. In
addition, all alternatives include installation of a backup generator.
The planning team narrowed the universe of site configurations down to seven
alternatives (1A, 1B, 2A, 2B, 3A, 3B, and 4).The alternatives with the designation “A”
assume installation of minimum basin flushing. Minimum basin flushing includes
installation of flushing mechanisms (tipping buckets or flushing gates) in the first six
aeration basin cells, where debris is most likely to collect during a storage event. Figure
4-7 details the extent of basin flushing for “A”-designated alternatives.

Figure 4-7. Minimum combined sewer storage flushing
The alternatives with the designation “B” assume a flushing mechanism installed in all
aeration basin cells. These alternatives would provide the most extensive basin flushing,
likely minimizing operator intervention after a storage event. Figure 4-8 displays the
extent of combined sewer storage flushing for “B”-designated alternatives.
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Figure 4-8. Extended combined sewer storage flushing
The concept of installing flushing mechanisms in the secondary clarifiers was eliminated
early in the alternatives analysis. The following sections summarize Alternatives 1A
through 4.

Alternatives 1A and 1B
Alternatives 1A and 1B would retrofit the existing neutralization basins to house the grit
removal and screening process equipment. The existing flow distribution box
downstream of the neutralization basin would be repurposed for distributing combined
sewer flow to storage after debris removal. These alternatives would maximize the use of
existing infrastructure while providing the greatest amount of storage. Figure 4-9 depicts
the layout of the site for Alternatives 1A and 1B.
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Figure 4-9. Alternatives 1A and 1B site layout

Alternatives 2A and 2B
Alternatives 2A and 2B assume replacement of the chemical building, north of the
neutralization basin, with a new structure to house the screens and grit removal
equipment. This concept would retain the neutralization basins for combined sewer flow
equalization and storage prior to debris removal. Figure 4-10 displays the site layout for
Alternatives 2A and 2B.

Figure 4-10. Alternatives 2A and 2B site layout
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Alternatives 3A and 3B
Alternatives 3A and 3B plan for the installation of the screens and grit removal equipment
in aeration basin train 1. This configuration would require the buildout of three aeration
basin cells for pre-settling and installation of the debris removal equipment. This
alternative would decrease the storage capacity of the aeration basins and would provide
operational challenges for filling and draining the basins. Installing the debris removal
equipment within the aeration basin structure would not maximize the storage capacity of
the facility; therefore, the alternatives analysis eliminated this configuration from further
evaluation. Figure 4-11 provides an overview of Alternatives 3A and 3B.

Figure 4-11. Alternatives 3A and 3B site layout

Alternative 4
Alternative 4 would consist of the fewest upgrades required to meet the desired
performance criteria of the facility. This layout would use the existing neutralization
basins to house the debris removal equipment, similar to Alternatives 1A and 1B.
Alternative 4 assumes no upgrades to the existing aeration basin structure. This
alternative would not include floor sloping and basin flushing or using the existing basin
drain system for emptying the combined sewer volume after a storage event. In addition
to these process changes, Alternative 4 would include scaled site improvements,
assuming that only 10 percent of the site is repaved instead of the entire site as a costsaving measure.
Alternative 4 was eliminated from the alternatives analysis because of concerns with
higher operations and maintenance costs and the potential for substandard facility
performance.
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5

Final Proposed Alternatives
The following sections outline the final proposed alternatives for both the facility and
conveyance portions of the project.

5.1

Proposed Conveyance Alternative
The City determined that it would move forward with the base conveyance alternative
prior to 2027 and the additional options developed that are not required for CSO
compliance but meet the additional project goals. A prioritized list of projects was
developed to complete the conveyance improvements necessary before 2027. As
discussed previously, only those COs that make up the base conveyance alternative are
required to be constructed prior to 2027 to bring the PSOs into compliance. However,
several of the COs not required for compliance follow the same alignment as the
required COs. Because of this, options can be grouped together into projects to
maximize construction efficiency. Table 5-1 and Table 5-2 group the proposed COs into
projects and provide a preliminary order for the projects required prior to 2027 (Table
5-1) and the additional future projects (Table 5-2).

Table 5-1. Proposed conveyance projects prior to 2027
Project

A

B

C

D

Preceding
project

CO

Typea

19

CS

20

SD

28

CS

18

CS

36

LS

8

CS

9

CS

10

SD

33

CS

11

MH

21

CS

30

MH/C
S

N/A

N/A

A

B
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Description
Combined sewer along Lower Norton Ave.
from LS5 to PGSF. Includes railroad
crossing near 23rd St.
Storm drain from Everett and WMVD to
PGSF. Includes railroad crossing at Lower
Norton Ave. and 23rd St.
Combined sewer along Lower Norton Ave.
from LS5 to a temporary yard pump station
near PGSF to convey local flows from LS5
basin to PGSF. Includes railroad crossing
near 23rd St.
Combined sewer from LS3 to PGSF
across the former KC site.
New reverse-flow pumps at LS3.
Rehabilitate (or replace) existing 48" water
main from 25th St. to California St. for
combined sewer flows.
Extend combined sewer on Everett Ave.
from Grand Ave. to WMVD (CO8) with new
regulator at LS4.
Storm drain on Everett Ave. from GAUP
connection at Grand Ave. to WMVD
(CO20).
Combined sewer on WMVD from Hewitt
Ave. to California St. (CO8).
New regulator on Hewitt Ave. trunk.
Combined sewer from the local sewer at
Hewitt St. and Bond St. to the existing 24"
force main that was constructed as part of
the Bond Street project.
Connect local sewers on Hewitt Ave. and
Nassau St. with a new regulator.

Anticipated
diameter

Required
prior to
2027?

48"

Yes

60"

No

18"

Yes

42"

Yes

N/A

Yes

48"

Yes

48"

Yes

42"

No

48"

Yes

N/A

Yes

36"

Yes

24"

Yes
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Project

Preceding
project

CO

Typea

Description

Anticipated
diameter

Required
prior to
2027?

Connect local sewers on Bond St. and
27"
Yes
Wall St. with a new regulator.
Replace existing manhole with new
pressure structure at the former Bond
34
MH
N/A
Yes
Street Pump Station site. Connects COs
21, 27, and 31.
Convert the existing gravity combined
sewer from Tulalip St. to Bond St. into a
27
MHs
pressure line by upgrading the MHs.
N/A
Yes
Includes a new MH with a regulator at the
former Bond Street site.
a. Key: CS = combined sewer improvement; SD = storm drain improvement; FM = force main improvement; MH =
new manhole with regulator; LS = lift station improvement.
31

MH/C
S

Table 5-2. Additional proposed conveyance projects
Project

Preceding
project

CO

Typea

Description

Anticipated
diameter

Combined sewer on WMVD from the GAPB to
30"
PGSF
b
b
E
N/A
2
SD
Storm drain on WMVD from the GAPB to PGSF
48"
Force main from LSX (CO32) to rehabilitated
3
FM
12"
20th St. sewer (CO4)
Rehabilitate the existing 20th St. sewer and
4
CS
16"
structures
Combined sewer on Oakes Ave. from 20th St.
5
CS
30"
sewer (CO4) to 17th St. Interceptor
F
E
29
FM
Force main from LSX to PGSF
12”
New LSX at or near the PGSF site and
32
LS
18”
associated piping to drain PGSF
Upgrade the forward-flow pumps at LS3 for
12
LS
N/A
higher head
G
C
Reroute the existing LS3 force main to discharge
37
FM
into LS4 force main instead of discharging into
16"
LS4
Combined sewer from Summit Interceptor at 36th
H
C
14
CS
St. and Rucker Ave. to WMVD and Hewitt Ave.
36"
(CO33)
a. Key: CS = combined sewer improvement; SD = storm drain improvement; FM = force main improvement;
MH = new manhole with regulator; LS = lift station improvement.
b. Project can be performed independent of the projects identified in Table 5-1.
1

5.2

CS

Proposed PGSF Alternative
The alternatives analysis compared each alternative on the basis of cost and ability to
meet the defined performance criteria. The planning team reviewed the results of this
comparison in an alternatives analysis workshop to vet each concept. Following the
workshop, City staff further reviewed the individual recommended improvements and
developed an alternative that best suited their desired performance and operational
goals. The following section summarizes the upgrades included in the final selected
alternative.
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5.2.1

Site Demolition
The condition assessment and alternatives analysis deemed that select components of
the existing KC WWTP infrastructure are unusable or unnecessary for incorporation into
PGSF. Based on the selected alternative, it is recommended that the PGSF buildout
include removal of the following infrastructure:

5.2.2

•

Aeration basin process equipment (piping, diffusers, etc.)

•

Gravity thickeners

•

Selective chemical storage building areas

•

Chemical storage tanks

•

Effluent pump station

•

Storage building

General Site Improvements
In addition to selective demolition of unnecessary structures, the following site
improvements for PGSF are recommended:

5.2.3

•

Complete asphalt pavement removal and replacement

•

Demolish and replace exterior fence

•

Demolish and replace interior fence

•

Upgrade site curbs and bollards

•

Update facility signage

•

Install new generator for backup power

Combined Sewer and Stormwater Yard Piping
Conversion of the existing KC WWTP infrastructure into PGSF requires addition of
various combined sewer and stormwater yard pipes. These improvements include buried
pipe, yard valves, and valve vaults responsible for conveying stormwater from the
collection system to the equalization basin and effluent pipeline. In addition, upgrades
include yard piping to convey site stormwater to the combined sewer storage structure
for conveyance to the WPCF, and new combined sewer pipelines east of the existing
chemical storage building to convey combined sewer flow to and from PGSF.
A 2014 geotechnical evaluation conducted by Shannon & Wilson, Inc. reported that
groundwater is located between 1 and 12 feet below grade. This report also notes that
tide levels in Possession Sound impact the groundwater elevation near the western
portion of the site (Shannon & Wilson 2014). Based on this information, facility planning
estimates that new construction, including installation of combined sewer and stormwater
yard piping, requires site dewatering. The selected alternative includes the following yard
piping improvements:
•

60-inch-diameter conveyance line connecting the City collection system to
stormwater debris removal and equalization at the PGSF site
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5.2.4

•

36-inch-diameter pipe connecting the City collection system to the 60-inch-diameter
stormwater conveyance line

•

36-inch-diameter pipe connecting the existing north parking lot stormwater retention
facility to the combined sewer storage for conveyance to the WPCF. Section 7 of
Appendix F, Site Assessment TM, provides additional detail on the existing
stormwater retention facility.

•

36-inch-diameter pipe connecting the stormwater equalization basin to the
biofiltration treatment system

•

36-inch-diameter pipe connecting the stormwater biofiltration treatment system to the
stormwater effluent pump station and effluent pipeline

•

36-inch-diameter bypass pipe connecting stormwater equalization basin to the
stormwater pump station

•

18-inch-diameter aeration basin drain to yard piping and Lift Station X

Combined Sewer Debris Removal and Storage
Conversion of the KC WWTP aeration basins into combined sewer storage includes
removing debris from the combined sewer flow, filling and draining the storage cells, then
flushing and cleaning the facility after a storage event. The chosen alternative includes
retrofitting the existing neutralization basin structure to house the debris removal
equipment and installing flushing equipment in six of the storage basin cells (minimum
flushing).
While the selected alternative includes installation of both screens and grit removal
equipment, the City specified that the design must have provisions for installing the grit
removal equipment after the initial facility buildout. The selected alternative includes the
follow improvements for combined sewer storage in the existing aeration basins:
•

Recoat neutralization basin walls

•

Buildout neutralization basin structure to house parallel bar screens and grit removal
equipment (option for post-construction equipment installation)

•

Construct a hydraulic bypass around the debris removal equipment, conveying high
flow directly to storage cells

•

Install odor control equipment

•

Repair and recoat aeration basin walls

•

Fill and slope aeration basin floors

•

Construct a trench drain within each aeration basin train

•

Retrofit existing aeration basin walls to include weir windows for sequential basin
filling

•

Install flushing equipment: six cells

•

Route water piping for flushing equipment
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5.2.5

•

Install ancillary storage basin equipment: submersible drain pumps, drain piping,
davit cranes

•

Replace existing 18-inch-diameter aeration basin drainpipe and valves

Clarifier Improvements
The selected alternative assumes retrofitting the secondary clarifiers into combined
sewer storage. This improvement maximizes use of existing infrastructure and storage
capacity. The selected alternative includes the following improvements:

5.2.6

•

Demolish the existing internal clarifier mechanisms

•

Repair and recoat the clarifier walls

•

Install submersible drain pumps and drain piping

Stormwater Management
The selected alternative includes infrastructure to equalize, treat, and discharge
stormwater conveyed to the PGSF site. Planning for the stormwater management
system includes the following improvements:

5.2.7

•

Construct a stormwater debris removal structure

•

Upgrade cells 4 and 5 in the third aeration basin train for stormwater equalization and
treatment system bypass

•

Install a manufacturer-supplied biofiltration treatment system

•

Install a packaged stormwater effluent pump station for discharge treated stormwater
to DWO 100

Effluent Pump Station
The alternatives analysis developed various options for upgrading the KC WWTP site to
include a new effluent pump station. This pump station would convey combined sewer
flow to DWO 100 when the required combined sewer storage exceeds the facility’s
capacity. Discharge of combined sewage to the DWO as an untreated CSO will require
a NPDES permit modification. It is proposed that the existing PSO4 be abandoned and
this permitted outfall site be redesignated as the DWO. The analysis explored numerous
options for constructing an effluent pump station by retrofitting the existing infrastructure.
The selected alternative includes a new effluent pump station north of the secondary
clarifiers. The effluent pump station includes the following improvements:
•

Construct a new pump station north of the clarifier structures

•

Install five submersible effluent pumps

•

Install yard piping to connect effluent pump station to existing outfall pipeline

•

Install new pump electrical building, instrumentation, and controls

•

Replace existing clarifier weirs

Figure 5-1 provides a graphical summary of the proposed alternative.
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Figure 5-1. Proposed PGSF alternative

6

Project Cost Analysis
A Class 4 construction cost estimate was prepared for the conveyance projects. The
Association for the Advancement of Cost Engineering International (AACEI) defines a
Class 4 estimate as a planning-level or design technical feasibility estimate. Typically,
engineering is from 1 to 15 percent complete. Expected accuracy for Class 4 estimates
typically ranges from -30 percent to +50 percent. Total project costs were also estimated,
including the markups for administration, legal, and engineering as well as engineering
support during construction. Additional assumptions and markups used in the
development of this estimate are provided in a Basis of Estimate under separate cover.
The following section summarizes the cost estimates for the proposed conveyance and
facility alternatives.

6.1

Conveyance Cost Analysis
Table 6-1 and Error! Reference source not found. summarize the construction costs
for the projects and conveyance options required prior to 2027 and additional proposed
COs, respectively.
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Table 6-1. Construction cost estimates for conveyance projects required prior to 2027
Project

CO

Typea

Description

Anticipated
diameter

19

CS

Combined sewer along Lower Norton Ave. from
LS5 to PGSF. Includes railroad crossing near
23rd St.

48"

$2,537,000

20

SD

Storm drain from Everett and WMVD to PGSF.
Includes railroad crossing at Lower Norton Ave.
and 23rd St.

60"

$4,109,000

28l

CS

Combined sewer along Lower Norton Ave. from
LS5 to LS6 to convey local flows from LS5 basin.
Includes railroad crossing near 23rd St.

18"

$2,545,000

A

Total

B

$9,191,000

18

CS

Combined sewer from LS3 to PGSF across the
former KC site.

42"

$1,875,000

36

LS

New reverse-flow pumps at LS3.

N/A

$586,000

Total

C

Estimated
construction
costb

$2,461,000

8

CS

Rehabilitate (or replace) existing 48" water main
from 25th St. to California St. for combined
sewer flows.

48"

$1,298,000

9

CS

Extend combined sewer on Everett Ave. from
Grand Ave. to WMVD (CO8) with new regulator
at LS4.

48"

$649,000

10

SD

Storm drain on Everett Ave. from GAUP
connection at Grand Ave. to WMVD (CO20).

42"

$1,093,000

33

CS

Combined sewer on WMVD from Hewitt Ave. to
California St. (CO8).

48"

$771,000

11

MH

New regulator on Hewitt Ave. trunk.

N/A

$34,000

Total

$3,845,000
Combined sewer from the local sewer at Hewitt
St. and Bond St. to the existing 24" force main
that was constructed as part of the Bond Street
project.

36"

$1,812,000

21

CS

30

MH/CS

Connect local sewers on Hewitt Ave. and
Nassau St. with a new regulator.

24"

$110,000

31

MH/CS

Connect local sewers on Bond St. and Wall St.
with a new regulator.

27"

$81,000

34

MH

Replace existing manhole with new structure
with a weir at the former Bond Street Pump
Station site. Connects COs 21, 27, and 31.

N/A

$66,000

MHs

Convert the existing gravity combined sewer
from Tulalip St. to Bond St. into a pressure line
by upgrading the MHs. Includes a new MH with
a regulator at the former Bond Street site.

N/A

$1,123,000

D

27

Total
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Project

CO

Typea

Description

Anticipated
diameter

Overall total, A–D

Estimated
construction
costb

$18,689,000

a. Key: CS = combined sewer improvement; SD = storm drain improvement; FM = force main improvement; MH =
new manhole with regulator; LS = lift station improvement.
b. Estimated construction costs are in 2020 dollars and no escalation costs have been included.

Table 6-2. Construction cost estimates for additional conveyance projects
Project

CO

Typea

Description

Anticipated
diameter

Estimated
construction
costb

1

CS

Combined sewer on WMVD from the GAPB to
PGSF.

30"

$3,021,000

2b

SD

Storm drain on WMVD from the GAPB to PGSF

48"

$3,510,000

3

FM

Force main from LSX (CO32) to rehabilitated 20th
St. sewer (CO4).

12"

$491,000

E

Total

F

$7,022,000

4

CS

Rehabilitate the existing 20th St. sewer and
structures.

16"

$1,938,000

5

CS

Combined sewer on Oakes Ave. from 20th St.
sewer (CO4) to 17th St. Interceptor.

30"

$2,078,000

29

FM

Force main from LSX to PGSF.

12"

$775,000

32

LS

New LSX at or near the PGSF site and
associated piping to drain PGSF.

18”

$24,208,000

Total

G

$28,999,000

12

LS

Upgrade the forward flow pumps at LS3 for higher
head.

N/A

$3,437,000

37

FM

Reroute the existing LS3 force main to discharge
into LS4 force main instead of discharging into
LS4.

16"

$149,000

Total
14
H

$3,586,000
CS

Combined sewer from Summit Interceptor at 36th
St. and Rucker Ave. to WMVD and Hewitt Ave.
(CO33)

36"

$7,026,000
$7,026,000

Total
Overall total, E–H

$46,633,000

a. Key: CS = combined sewer improvement; SD = storm drain improvement; FM = force main improvement; MH =
new manhole with regulator; LS = lift station improvement.
b. Estimated construction costs are in 2020 dollars and no escalation costs have been included.
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Table 6-3 and Table 6-4 provide the total project cost estimates for the conveyance
projects required prior to 2027 and the additional proposed conveyance projects,
respectively, in 2020 dollars.

Table 6-3. Total project cost estimates for conveyance projects prior to 2027
Project

A

B

C

D

Construction cost

$9.19

$2.46

$3.85

$3.19

35% administration, legal,
and engineering

$3.22

$0.86

$1.35

$1.12

10% engineering support
during construction and
construction management

$0.92

$0.25

$0.39

$0.32

Total project estimate

$13.33

$3.57

$5.59

$4.63

Range (-30% to +50%)

($9.33–$20.00)

($2.50–$5.36)

($3.91–$8.39)

($3.24–$6.95)

Table 6-4. Total project cost estimates for additional conveyance projects
Project

E

F

G

H

Construction cost

$7.02

$29.00

$3.59

$7.03

35% administration, legal,
and engineering

$2.46

$10.15

$1.26

$2.46

10% engineering support
during construction and
construction management

$0.70

$2.90

$0.36

$0.70

Total project estimate

$10.18

$42.05

$5.21

$10.19

Range (-30% to +50%)

($7.13–$15.27)

($29.44–$63.08)

($3.65–$7.82)

($7.13–$15.29)

6.2

PGSF Cost Analysis
Table 6-5 summarizes the probable cost of construction for the facility by improvement.
The combined cost of the debris removal infrastructure and aeration basin improvements
represent the largest portion of the combined sewer storage improvements. General site
improvements also account for a large portion of the construction estimate, with removal
and replacement of the existing asphalt paving accounting for most of this cost.
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Table 6-5. Probable cost of construction by facility improvement
Improvement

Estimate a,b

Site demolition

$3.4

General site
improvements

$11.3

Yard piping

$3.5

Debris removal

$10.5

Combined storage,
aeration basin

$17.5

Clarifier improvements

$2.6

Stormwater treatment

$4.5

Effluent pump station

$5.2

Total

$58.5

Total rangec

$41.0–$88.8

a. Cost presented in millions of dollars.
b. Estimates represent 2020 dollars.
c. AACEI Class 4 estimate (-30% to +50% range).

Table 6-6 summarizes the total and potential range of project capital costs. The
estimates presented in this table include markups for administration, legal, engineering
design, and engineering support during construction.

Table 6-6. Total PGSF project estimated costs
Estimate a,b

Total project costs
Probable cost of construction

$58.5

35% administration, legal,
engineering

$20.5

10% engineering support during
construction

$5.9

Project subtotal

$84.9

Project range (-30% to +50%)

c

$59.4–$127.4

a. Cost presented in millions of dollars.
b. Estimates represent 2020 dollars.
c. AACEI Class 4 estimate (-30% to +50% range).

The alternatives analysis and cost estimates included calculation of the total project net
present value (NPV) of the selected alternative. The NPV calculation account for capital,
operating, and maintenance costs throughout the life of the facility. The NPV calculation
conducted for the selected PGSF alternative includes cost associated with staffing for
facility cleaning, maintenance of flushing equipment, operation and upkeep of the debris
removal system, costs associated with unplanned maintenance, and power consumption.
The NPV estimate assumed a 30 year term, a discount rate of 5 percent, and an
escalation rate of 3 percent. The estimated 2021 NPV of the proposed alternative is
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estimated at $80.9 million dollars. The PGSF Alternatives Analysis Report presented in
Appendix E outlines the assumptions used to estimate the project NPV.
Table 6-7 displays the estimated project cash flow beginning in 2021 and ending in 2027.
The percentage values presented in this table represent the estimated amount of project
budget utilized for that task. Figure 6-1 correlates the percentages indicated in Table 6-7
to the amount of each task and estimates the total project cost for each year of the
project. This cashflow estimate assumes design begins in late 2021 and runs through
2024, completed using a traditional “design bid build” delivery model. However, we
recommend the City evaluate other delivery models and adjust project cash flow
accordingly. In addition, this forecast assumes construction begins in 2023, but a
majority of the expense will occur in 2024 and 2025. Tasks such as site demolition and
cleanup should occur prior to 2024.
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Table 6-7. PGSF Costs Percentages by Task and Year
Year

2021

2022

2023

2024

2025

2026

2027

Engineering design

5%

40%

40%

15%

-

-

-

Admin and legal

5%

15%

15%

15%

20%

20%

10%

Construction

-

-

10%

25%

35%

20%

10%

Engineering SDC

-

-

-

20%

30%

30%

20%

Engineering SDC

Construction

Engineering design

Admin and legal

$30

Cost (Millions of $)

$25

$20

$15

$10

$5

$2021

2022

2023

2024

2025

2026

2027

Prepared in accordance Advancement of Cost Engineering International Class 4 Estimate (-30% to 50% Range)

Figure 6-1. PGSF Cash Flow Diagram

7

Compliance with SEPA/NEPA
Engineering reports, per WAC 173-240-060, must comply with the State Environmental
Policy Act (SEPA). A project-specific SEPA compliance document, currently anticipated
to be an environmental checklist, will be prepared as the project design advances and
impacts can be evaluated. The City is the SEPA Lead Agency and will issue the
threshold determination in accordance with the City’s SEPA policies and procedures.
The City is not seeking federal funding, so compliance with the National Environmental
Policy Act (NEPA) is not required. In addition, it is not anticipated that this project will use
Ecology funding that would trigger State Environmental Review Process (SERP), which
is designed to meet SEPA and NEPA.
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Appendix A. Seismic Infrastructure
Resiliency Assessment TM

Technical Memorandum
Date:
Project:
To:
From:

Subject:

1.0

Wednesday, September 30, 2020
Port Gardner Storage Facility
Souheil Nasr, City of Everett
Mark Hijazi, HDR
Eric Bergstrom, HDR
Final Seismic Infrastructure Resiliency Assessment

INTRODUCTION, PURPOSE AND SCOPE

The City of Everett, Washington (City) has purchased the Kimberly-Clark treatment facilities to
control the remaining active combined sewer overflow (CSO) sites. These facilities were part of
a larger Kimberly Clark site located on Port Gardner east of Possession Sound, and west of
West Marine View Drive, between about 21st Street and Everett Avenue, at 2600 Federal
Avenue in Everett, Washington. The site extends west past West Marine View Drive about
1,000 feet and is about 3,000 feet in the north-south direction, covering about 68 acres.
Part of Subtask 403 of HDR's scope is to assess the resiliency of the existing facility
infrastructure with regard to potential future hazards and/or risks. One of these risks is the
potential failure or damage to the existing facility structures due to a seismic event, specifically,
the Mw 7.4 South Whidbey Island Fault scenario. The seismic evaluation work includes:
•
•
•
•
•
•
•
•
•
•
•
•

Reviewing available record drawings.
Reviewing available pertinent geotechnical studies/reports.
Developing preliminary seismic design ground motion parameters for the seismic analysis
based on existing soil information.
Providing an assessment of liquefaction, liquefaction-induced settlement, and lateral
spreading to the extent possible with existing soil information.
Developing preliminary seismic loadings based on existing geotechnical information.
Constructing Finite Element (FE) models for the structures identified to undergo the Seismic
Resiliency Evaluation.
Analyzing the structural models for applicable current codes loadings and guidelines based
on the Mw 7.4 South Whidbey Island design seismic event.
Identifying conceptual methods to mitigate the impacts of the design seismic event.
Providing a draft Technical Memorandum reporting deficiencies and recommendations for
retrofitting.
Presenting findings in a report to the City in a workshop setting.
Finalizing report, addressing City comments.
Preparing a final Seismic Infrastructure Resiliency Assessment Technical Memorandum.

City of Everett PG Storage Facility
Seismic Evaluation
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The scope also includes performing a site observation visit to assess and verify general
structural conditions of facilities, and to collect additional information to help in structural
evaluation. The scope excluded evaluation of repair recommendations as this would be the
responsibility of a future design-build contractor based on the findings in this evaluation.

2.0

GEOTECHNICAL BACKGROUND

In 2014 Shannon and Wilson prepared a geotechnical report to address potential geotechnical
considerations for future development of the Kimberly Clark site. Per the Shannon and Wilson
report, development of the Kimberly-Clark site has progressed for about the last 75 years, with
expansion and additions to the site consisting of filling in low areas, construction of pilesupported buildings, and development of marine access via piers and docks (Figure 1). The site
is presently relatively level, with topographic relief of less than about 5 feet across the site. A
large portion of the site was covered with industrial buildings and chemical storage facilities
used in the production of paper products. The northern portion contains a water treatment
facility. Seawalls and bulkheads have been constructed along the western site margin between
Port Gardner and the Kimberly-Clark site. Most of the upland structures at the site were
demolished in 2012.

Figure 1. Port Gardener Facility Aerial

The Kimberly-Clark site is located along the east side of Possession Sound in an area that was
formerly part of the delta of the Snohomish River. Before the 1900s, the site was mostly
offshore, west of the original beach. In the early 1900s the site was filled in, likely with
hydraulically placed material. Based on limited available subsurface information, up to 100 feet
of loose to dense sandy alluvial and fill deposits are present below the ground surface. The fill
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soils, which extend 15 to 40 feet below the ground surface, may contain areas of wood debris
and old buried timber structures. Groundwater is located at about 1 to 12 feet within the fill
deposits. The alluvial soils may have been interbedded in places with soft to medium stiff
estuarine silt deposits. Glacially derived sediments, typically very dense, are located below
depths of about 100 feet. No subsurface information was available along the central and most of
the east side of the site.
The primary geologic hazard at the site is soil liquefaction and related effects that could occur
during a strong earthquake. Shannon and Wilson estimated that soil liquefaction could extend to
depths of 50 to 80 feet below grade across the site. Soil liquefaction would cause loss of
support of foundations, settlement of structures and utilities, and lateral spreading/flow failures
toward the west. Future structures at the site would need to be designed to accommodate these
effects and/or the existing ground at the site would need to be improved. Most multistory
structures would need to be supported on deep foundations.
Among the geotechnical hazards listed in the Shannon and Wilson report were the fault rupture
and liquefaction and related effects.1

2.1

Fault Rupture

The nearest fault to the project site is the Southern Whidbey Island Fault Zone, an
approximately 6- to 11-kilometer (km)-wide, northwest-trending, northeast steeply dipping zone
extending from the eastern Straits of Juan de Fuca, southeast across southern Whidbey Island
and Mukilteo and potentially as far east as Rattlesnake Mountain. The recurrence interval for
large earthquakes that may rupture the ground surface appears to be on the order of at least a
few thousand years. The project site is located approximately 10 km northeast of the fault.
Consequently, based on the relatively large distance between the site and the fault and the
relatively long recurrence interval, in our opinion the potential for ground surface fault rupture at
the site is low.

2.2

Liquefaction and Related Effects

Soil liquefaction occurs in loose, saturated, sandy soil when the water pressure in the pore
spaces approaches a level that is sufficient to separate the soil grains from each other. This
phenomenon occurs during ground shaking and results in a reduction of the shear strength of
the soil (a quicksand-like condition). The reduction in strength depends on the degree and
extent of the liquefaction. Liquefaction can result in ground settlement, lateral spreading/flow
failure (lateral ground movement on gentle slopes), landsliding, localized ground disruptions
from sand boils (ejection of sand and water at the ground surface), and reduced vertical and
lateral capacity for structure foundations. Structures founded on or in potentially liquefiable soils
may settle, tilt, move laterally, or collapse. The degree of liquefaction depends on the
consistency and density of the soil, the grain size distribution of the soil, and the magnitude of

1

Text in Italics in Sections 2.1 and 2.2 were taken directly from the 2014 Shannon and Wilson
Geotechnical Evaluation of Kimberly-Clark Site Report.
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the seismic event. Settlement could also result from partial liquefaction or densification of
unsaturated sand.
Three of the geologic units at the Kimberly-Clark site typically have a high susceptibility to
liquefaction: fill, alluvial, and beach deposits. At locations where these soils are present below
the groundwater table, the potential for liquefaction is high when the density of the soil is very
loose to medium dense. Based on the existing borings Shannon and Wilson reviewed for this
study, liquefaction at the site may be expected to depths of about 50 to 80 feet bgs assuming a
design ground motion level consistent with the recommendations outlined in the International
Building Code (IBC).
Other effects of liquefaction include lateral spreading and settlement. When soils liquefy, they
have a tendency to flow in the downslope direction towards the nearest free face (the existing
waterfront bulkheads or slopes). This phenomenon is known as lateral spreading or flow failure.
Depending on the configuration and integrity of the existing bulkheads and slopes along the
west shoreline, structures located to the east may move laterally towards the water if
foundations are not designed to resist lateral spreading loads. Typically, lateral spreading or
flow failure can extend up to 200 feet or more from the existing shoreline. Ground settlement
would also occur due to liquefaction. Based on our experience, ground settlement of about 1 to
3 percent of the thickness of the liquefied soil could be expected at the Kimberly-Clark site
(about 0.5 to 2.5 feet).
In its 2014 report, Shannon and Wilson’s geotechnical evaluation of Kimberly-Clark
recommended several different options of ground improvements to mitigate soil liquefaction and
improve foundation conditions for future structures and fills. The purpose of ground
improvement is typically to densify the ground through vibration or loading and/or install
reinforcing elements in the ground. Ground improvement should ideally be performed prior to
future development at the site so that future development features are not damaged during
ground improvement activities. Ground vibrations and resulting ground settlement can be
significant with many of the dynamic or vibratory ground improvement methods.
The report listed the most common methods of ground improvement as:
•

•

Deep Dynamic Compaction (DDC): This method consists of dropping a heavy weight from
a crane along a grid pattern in an open area. The weight typically ranges from 10 to 40 tons
and can be dropped from heights of up to 80 feet. The energy applied to the ground from the
impact of the weight results in densification of the ground. The DDC is typically done using
several passes of the same area. This system causes significant ground settlement and
vibration, and therefore it cannot be performed near existing structures or vibration-sensitive
features. The effective depth of improvement for DDC depends on the soil density and
gradation, the groundwater table, and other subsurface factors. We anticipate that this
method could be used to mitigate liquefaction in the upper 30 to 40 feet. It is possible that
even deeper improvement could be achieved using High-energy Dynamic Compaction,
although this requires the use of specialized equipment (e.g., large cranes and large
weights).
Vibro-replacement: Vibro-replacement is commonly referred to as stone columns. Stone
columns are constructed of compacted stone used to reinforce and densify the in situ soil,
thereby reducing liquefaction potential. Stone column construction is accomplished by
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downhole vibratory methods using a vibratory probe that penetrates the ground, either under
its own weight or aided by water jetting. Vibrations are generated close to the tip of the
probe and emanate radially away from it. Stone backfill is introduced in controlled lifts, either
from the surface down the annulus created by penetration of the probe (top feed) or through
feeder tubes directed to the tip of the probe (bottom feed). Compaction of the stone backfill
forces the stone radially into the surrounding in situ soil, forming a stone column that is
tightly interlocked with the soil. The stone column and in situ soil will form an integrated
system with higher shear strength, lower compressibility, and lower susceptibility to
liquefaction than the untreated soil. In some situations, the introduction of stone can be
eliminated, and the soil is only vibrated with the probe to compact the soil (vibrocompaction). Vibro-compaction or vibro-replacement could affect adjacent structures and
utilities due to vibrations and associated settlement and lateral movement.
During installation, if soft soils are encountered, a large amount of stone may be required before
adequate interlocking with the soil is obtained. If obstructions are encountered (e.g., historic
timber piers and other wood debris), progress of the installation of the stone columns could be
impeded.
•

•

Deep Soil Mixing (DSM): DSM is an in situ soil mixing technology that mixes existing soil
with cement grout using mixing shafts consisting of auger cutting heads, discontinuous
auger flights, and mixing paddles. The mixing equipment varies from single- to eight-shaft
configurations, depending on the purpose of the deep mixing. Depending on the equipment
and operators, DSM could produce spoil equal to about 25 to 30 percent of the volume of
soil treated. DSM operations will not produce large vibrations and can be performed
adjacent to existing features.
Jet Grouting: Jet grouting is typically performed by pushing, drilling, or jetting a grout pipe
into the ground to the depth to be treated, and then forcing water and/or air through the pipe
to erode the soil. Simultaneous with the water/air erosion of soil, cement grout is injected to
mix with and replace the eroded soil. The resulting material is an engineered grout that
solidifies in situ to become soil cement. Jet grout columns would be of variable diameters,
with more erodible sands and silts forming a larger-diameter column (up to about 5 feet in
diameter) than less erodible clays and glacial till soils. Jet grout operations typically produce
spoil volumes equal to about 30 to 50 percent of the volume of soil treated. This spoil will
consist of a mixture of eroded soil and cement grout that is flushed to the ground surface
during jet grout operations. Jet grout operations will not produce large vibrations and can be
performed adjacent to existing features.

Shannon and Wilson concluded that the Dynamic Deep Compaction (DDC) would be the most
cost-effective way to improve the ground and mitigate liquefaction to depths of up to 40 feet for
future developments at this site. If DDC is performed prior to site development, the feasibility
and design of future structures would be significantly improved.
The report did not address the impacts of liquefaction or lateral spreading or how to mitigate
both under the existing structures on site.
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3.0

CLARIFIERS AND AERATION BASINS STRUCTURAL
DESCRIPTION

According to the record drawings, both clarifiers and aeration basins are cast-in-place concrete
structures that were constructed in 1978 based on the 1976 Uniform Building Code
(International Conference of Building Officials [ICBO] 1976).
The clarifiers are 150 feet in diameter with floor depths that vary from 14 feet near the edge to
20 feet at the center. The aeration basins are about 290 feet long by 176 feet wide with a floor
depth of 25 feet.
Both structures utilized 3,500 psi concrete and 40 ksi reinforcing steel. Both structures are
founded on precast/prestressed piles; 12-inch x 12-inch square piles under the clarifiers and
16.5-inch octagonal shape piles under the aeration basins.
The depths of piles under both structures varied from 40 feet on the east side, going deeper on
the west side up to 60 feet. Spacing of the piles also varied but was kept at, or more than 3D to
avoid group action.

Figure 2. Record Drawings Piling Plan
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Figure 3. Record Drawings Piling Section

Figure 4. Record Drawings Piling Section

Page 7

City of Everett | Port Gardner Storage Facility
Final Seismic Infrastructure Resiliency Assessment

4.0

SITE VISIT AND STRUCTURAL OBSERVATION

An observational site visit was performed by the HDR team on July 15, 2020 to check the
general structural conditions of the facilities. No detailed inspections were performed. HDR’s
observations are summarized below.

4.1

Clarifiers 1 and 2

Both clarifiers 1 and 2 appeared in good structural conditions given their age. No major
cracking, exposed rebar, or spalling was apparent. Horizontal cracking about mid-height of shell
walls was obvious all around both clarifiers.
Metal elements had some corrosion and coating failures in a few areas; however, they
appeared structurally sound.

Photo 1. Clarifier 1
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Photo 2. Clarifier 1

Photo 3. Clarifier 1
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Photo 4. Clarifier 1

Photo 5. Clarifier 1–Horizontal Cracking
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Photo 6. Clarifier 2

Photo 7. Clarifier 2
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Photo 8. Clarifier 2

Photo 9. Clarifier 2
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Photo 10. Clarifier 2

4.2

Aeration Basins and Chemical Buildings

In general, the aeration basins appeared in good structural conditions given their age. No major
cracking or spalling was evident. Exposed rebar was noticed in a couple of areas. It appeared
these were due to a lack of maintaining adequate and uniform concrete cover inside the forms
during the original concrete placement. The cover may have been thin and has been reduced to
nothing at these areas due to abrasions from operations.
Metal elements had some corrosion and coating failures in a few areas; however, they
appeared structurally sound.
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Photo 11. Aeration Basins

Photo 12. Aeration Basins
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Photo 13. Aeration Basins

Photo 14. Aeration Basins
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Photo 15. Aeration Basins–Exposed Reinforcement

4.3

Chemical Feed Building

The chemical feed building is a concrete frame building with masonry walls and metal stairs and
railing. The observed structural framing, floor, and elevated slabs all looked in good conditions.
No cracking, spalling, or exposed rebar was evident. The partition masonry walls observed also
looked good.
Inside, the equipment support metal framing suffers from corrosion due to the moist conditions
inside the building.
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Photo 16. Chemical Feed Building

Photo 17. Chemical Feed Building
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Photo 18. Chemical Feed Building

Photo 19. Chemical Feed Building
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Photo 20. Chemical Feed Building

Photo 21. Chemical Feed Building
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4.4

Sludge Pump Station

The sludge pump station building is a hybrid metal/concrete/masonry building with an outer shell
constructed from metal framing, siding, and roofing. Some metal beams were encased in
concrete. Masonry walls were mostly used as portions.
In general, most of the structural elements observed looked in good structural conditions except
for normal wear and tear and minor corrosion.
Some cracks were noticed in the grade walls. Metal framing and connection bolts/nuts/grout
under base plates were in good condition.
Inside, the equipment support metal framing suffers from corrosion due to the moist conditions
inside the building. All masonry walls observed looked in great condition.

Photo 22. Sludge Pump Station Building
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Photo 23. Sludge Pump Station Building

Photo 24. Sludge Pump Station Building
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Photo 25. Sludge Pump Station Building–Grade Wall Cracks

Photo 26. Sludge Pump Station Building
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Photo 27. Sludge Pump Station Building–Column Baseplate

Photo 28. Sludge Pump Station Building–Framing
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Photo 29. Sludge Pump Station Building

Photo 30. Sludge Pump Station Building–Equipment Support Framing
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Photo 31. Sludge Pump Station Building–Metal Framing

Photo 32. Sludge Pump Station Building–Metal Framing Connections
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Photo 33. Sludge Pump Station Building–Metal Connections

Photo 34. Sludge Pump Station Building–Metal Framing
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Photo 35. Sludge Pump Station Building–Masonry Walls

Photo 36. Sludge Pump Station Building–Masonry Walls
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4.5

Storage Building

The storage building is a metal building founded on slab on grade. No records of deep
foundations were found.
In general, the building appeared in good shape. The metal framing and connection
bolts/nuts/grout under frames and baseplates are in good condition except from some rust and
minor corrosion in a few areas. The floor slab looked good with no major cracking.

Photo 37. Storage Building
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Photo 38. Storage Building

Photo 39. Storage Building–Column Baseplates
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Photo 40. Storage Building–Column Baseplates

Photo 41. Storage Building–Floor Slab
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4.6

Thickeners 1 and 2

Both concrete thickeners are structurally in good shape. No major cracking, spalling, or exposed
rebar were observed in the concrete shell. The metal looked sound with some rust, corrosion,
and coating failures. Record drawings show both thickeners are founded on piles.

Photo 42. Thickener 1

Page 31

City of Everett | Port Gardner Storage Facility
Final Seismic Infrastructure Resiliency Assessment

Photo 43. Thickener 2

Photo 44. Thickener 2
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Photo 45. Thickener 2

Photo 46. Thickener 2
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Photo 47. Thickener 2

Photo 48. Thickener 2
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4.7

Blower Building

The blower building is a metal building founded on a concrete floor that is supported on piles.
In general, the building appeared in good shape. The metal framing and connections
bolts/nuts/grout under frames and baseplates were in good condition except from some
rust/minor corrosion in a few areas. The floor slab looked good with no major cracking
Masonry partition walls also look good with no signs of cracking.

Photo 49. Blower Building
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Photo 50. Blower Building

Photo 51. Blower Building–Floor Slab
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Photo 52. Blower Building–Framing Base Connections

Photo 53. Blower Building–Framing
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Photo 54. Blower Building–Framing Baseplate Connections

Photo 55. Blower Building–Framing
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Photo 56. Blower Building–Floor Slab

Photo 57. Blower Building–Framing Baseplate Connections
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Photo 58. Blower Building–Framing and Masonry Walls

5.0

ORIGINAL STRUCTURAL DESIGN CRITERIA

As indicated above, the facility was designed and constructed in 1978 based on 1976 Uniform
Building Code (ICBO 1976).
Record drawings show all structures on site are supported on precast, prestressed piles except
for the storage building. They also show the following design loads:
•
•

Dead Load: weight of all members no additional allowances
Live Load:
• Ground Floors Equipment + Live Loads:
150 psf
• Ground Floors Loading Areas:
300 psf
• Top Floors Equipment + Live Loads:
100 psf
• Storage Building Live Load
100 psf

•

Cast-in-place concrete of 3,500 psi compressive strength concrete and ASTM 615, 40 ksi
reinforcing steel were used.
Piles under clarifiers are 12-inch x 12-inch precast/prestressed with a listed capacity of
50 tons with depths that vary from 50 feet to 60 feet.
Piles under aeration basins are 16.5-inch octagonal shape precast/prestressed with listed
capacity of 60 tons with depths that vary from 40 feet to 50 feet.
Precast/prestressed piles are assumed to have 7,000 psi compressive strength concrete.
No snow or seismic loads were listed on the record drawings.

•
•
•
•
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Original seismic design criteria was not found among the data provided. HDR assumed a 0.14g
seismic coefficient for analyzing the clarifiers and aeration basins as an assumed seismic factor
to generate dynamic loading for the analyses of these two structures simulating the original
design. This is similar to Everett Reservoir 3 original design criteria.

Figure 5. Foundation System - Original Design Record Drawings

Figure 6. Foundation System - Original Design Record Drawings
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Figure 7. Foundation System - Original Design Record Drawings

6.0

ORIGINAL DESIGN GEOTECHNICAL RECOMMENDATIONS

HDR could not locate any geotechnical information or data that was used as a basis for the
original design of the structures listed above.
In an earlier similar study performed by HDR for the City of Everett Reservoir No. 3 cover, about
3 miles south of the Port Gardener site, a geotechnical report done by Converse Consultant NW
provided seismic data. The seismic ground acceleration in that report for that facility was 0.14 g.
Due to the proximity of this site and similar geology, it is reasonable to assume the same ground
acceleration may have been used for the design of Kimberly Clark. HDR used this acceleration
for its basic case analyses simulating the original design.
HDR’s evaluation of the City’s Reservoir No. 3 used a pseudo-static analyses. This consisted of
representing earthquake-induced inertial forces in the said reservoir’s embankments by an
additional horizontal static inertial force acting through the center of mass. The magnitude of the
pseudo-static force was approximately related to anticipate earthquake ground accelerations by
means of a seismic coefficient.
In the pseudo-static slope stability analyses, the horizontal seismic force is normally assumed
equal to the mass of soil above the sliding surface times the effective rigid body horizontal
acceleration or, as most frequently expressed, a "seismic coefficient," k, multiplied by the weight
of the potential sidling soil mass: Fh = W/g ah = k.W.
The seismic coefficient is to be regarded as an overall average effective multiplier for estimating
the resultant pseudo-static lateral force.
The provinces and their computed recurrence relations were as follows:
Mx is the maximum earthquake magnitude.

Page 42

City of Everett | Port Gardner Storage Facility
Final Seismic Infrastructure Resiliency Assessment

Figure 8. Seismictectonics Provinces - 1987 Geotechnical Report by Converse Consultant NW

The level of shaking with an annual risk of 10-4, or return period of 10,000 years, often had been
taken as the "maximum credible earthquake" for these types of projects. As shown in Figure 9,
a peak ground acceleration of 39 percent of gravity is indicated by these statistical analyses as
having an average return period of approximately 10,000 years.
In its report, Converse Consultant NW had stated that a smaller, more frequent seismic event
was of interest for the structural design of the proposed reservoir cover and that this recurrence
interval had been selected as 100 years. As shown on Figure 10, an earthquake with an
average recurrence interval of 100 hundred years is expected to result in average peak
horizontal ground motions at the subject sites of approximately 12 percent gravity.
Converse Consultant NW analyses indicated that the most significant contribution to these low
levels of risk is from large, shallow events in the Puget Sound region. Estimated earthquake
parameters for the two risk levels of interest are listed below.

Figure 9. Earthquake Parameter - 1987 Geotechnical Report by Converse Consultant NW
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Figure 10. Probability of Horizontal Peak Ground Acceleration - 1987 Geotechnical Report by
Converse Consultant NW
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The Reservoir No. 3 cover was designed for a seismic coefficient of 0.14g as indicated in the
original design calculations, as-built drawings notes, and addendums referenced on the as-built
drawings.

Figure 11. 1987 Record Drawings by James Montgomery Consulting Engineers, Inc.

7.0

STRUCTURAL ANALYSIS

7.1

Seismic Criteria

The City has requested that the Port Gardner facilities be evaluated for the Mw 7.4 South
Whidbey Island Fault (SWIF) scenario, which has a corresponding 2,700-year return period.
According to the 2016 Water Supply Forum, Regional Water Supply Resiliency Project,
Earthquake Vulnerability Assessment Technical Memorandum, this scenario was a specially
developed scenario that looked at an emerging concept, which is that the Rattlesnake Mountain
fault in the Snoqualmie Valley is a continuation of the SWIF. This major fault system poses the
potential for significant seismic energy and disruption to water utility systems in the region,
primarily transmission water systems. The scenario evaluated an Mw 7.4 magnitude event
along the length of the fault from Everett to the upper portion of the Snoqualmie Valley near
North Bend, Washington. Peak ground accelerations ranged from violent (0.6g to 1.2g) in
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proximity to the fault to severe (0.3g to 0.65g) and very strong (0.2g to 0.3g) 3 to 6 miles from
the fault.
HWA provided the site class designation for the Port Gardner Storage Facility site along with
IBC 2018 seismic design parameters. HDR has assumed a Seismic Risk Category of IV for the
facility assuming it is critical to the City.
With the two assumptions mentioned above, the IBC 2018/ASCE 7-2016 calculated
Seismic Design Coefficient would be Cs = 0.788g.
HDR recommends that this factor be used in the preliminary seismic evaluation as it would
be the factor used to design any retrofitting if the City elected to do so.
The factor is close to 2/3 of the 1.2g, maximum acceleration estimated for the Mw 7.4
SWIF scenario with 2,700-year return period that is also close to the code’s design return
period of 2,500 years.

Figure 12. 2018 IBC/ASCE 7-2016 Seismic Design Parameters. HWA Inc.
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Figure 13. Snohomish County Site Class Map

7.2

Clarifiers and Aeration Basins Structural Models

FE models were constructed for Clarifier No. 2, which is closer to the water and has deeper
piles. The aeration basins, chemical feed structure, and neutralization tank structures were
based on the available 1979 record drawings provided by the City.
It is important to note that due to the lack of additional information or shop drawings, several
assumptions had to be made for sizes, spacing, and arrangements of reinforcements of all
precast/prestressed members.
The structural model used the same loading and material properties listed in the record
drawings for the original design.
Pseudo-static seismic evaluation was explained earlier in this technical memorandum. It is a
seismic evaluation that uses analysis limit equilibrium methods in which the inertia forces due to
earthquake shaking are represented by a constant horizontal force equal to the weight of the

Page 47

City of Everett | Port Gardner Storage Facility
Final Seismic Infrastructure Resiliency Assessment

potential sliding mass multiplied by a coefficient to simulate seismic events and calculate
stresses and displacements.
The FE model was run for an original seismic coefficient of 0.14g and for IBC 2018/ASCE 72016 coefficient of 0.787g. RISA 3-D structural software was used to model and analyze both
structures.
7.2.1

Clarifiers and Aeration Basins Structural Model Assumptions

Below are the assumptions made.
•
•

Dead Load: weight of all members no additional allowances
Live Loads:
• Ground Floors Equipment + Live Loads:
150 psf
• Ground Floors Loading Areas:
300 psf
• Top Floors Equipment + Live Loads:
100 psf
• Storage Building Live Load
100 psf

•
•
•
•

Wind load of 18 psf, calculated using ASCE7-16 per jobsite wind speed and exposure D.
Cast-in-place concrete of 4,000 psi compressive strength concrete.
ASTM 615, 40 ksi reinforcing steel was used.
Piles under clarifiers are 12-inch x 12-inch precast/prestressed with listed capacity of
50 tons with depths that vary from 50 feet to 60 feet.
Piles under aeration basins are 16.5-inch octagonal shape precast/prestressed with listed
capacity of 60 tons with depths that vary from 40 feet to 50 feet.
Precast/prestressed piles were assumed to have 7,000 psi compressive strength concrete.
No snow or seismic loads were listed on the record drawings.
Original seismic design criteria was not found among the data provided. HDR assumed
0.14g seismic coefficient for analyzing the clarifiers and aeration basins as an assumed
seismic factor to generate dynamic loading for the analyses of these two structures
simulating the original design (similar to Everett Reservoir No. 3 original design criteria).
No liquefaction or lateral spreading takes place under analyzed structures during or post
either seismic event. HDR analyses looked at the structural integrity of walls and slabs on
two seismic events and did NOT evaluate the structures under liquefaction or lateral
spreading conditions. If liquefaction/lateral speeding were to occur, the soil would lose its
shear strength and all assumed values of lateral spring constants would go to zero.
Site Class E.
Original design/control model’s peak ground acceleration of 0.14g.
IBC 2018 Code/ASCE 7-2016 design model’s peak ground acceleration of 0.788g
IBC 2018 Code load combinations.
ACI 318-14 Code
All precast/prestressed piles were assumed to be cast-in-place piles.
Active, at-rest, and seismic lateral pressures on both structures provided by HWA as shown
on Figure 14.

•
•
•
•

•

•
•
•
•
•
•
•
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Figure 14. Active, At-rest, and Seismic Lateral Pressures

7.3

Clarifiers Structural Analysis

Clarifier No. 2 was modeled ignoring the details about sump area and variations, piping
encasements, and metal apparatuses. Additionally, the slope of the clarifier’s floor was ignored
for simplicity. An average height of 18 feet was used in the model with a service water depth of
15 feet. Lateral springs with variable spring constraints were used to simulate the soil lateral
support of the piles. Lateral spring constants were provided by HWA assuming no liquefaction
or lateral spreading.
The clarifier was analyzed for 46 IBC-2018 load combinations, including cases for empty and
full service water.
It is important to note that the clarifiers were analyzed using current ACI 318 code. ACI 350-06
Code Requirements for Environmental Engineering Concrete Structures was not in effect in
1979. Not all clarifier’s shell walls and slab element met current codes for the simulated original
design.
Some graphical representations of analysis results are provided on the figures below.
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Figure 15. Lateral Spring Constants-HWA Inc.
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Figure 16. Clarifier No. 2- Record Drawings
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Figure 17. Clarifier No. 2–3D Model

Figure 18. Clarifier No. 2–3D Model
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Figure 19. Clarifier No. 2–3D Model-Original Des case with 0.14g-My
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Figure 20. Clarifier No. 2–3D Model-Original Des case with 0.14g- Hoop forcers- Fx

Figure 21. Clarifier No. 2–3D Model-Original Des Case with 0.14g- Displ. X100.
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7.3.1

Clarifiers Original Design Simulation with 0.14g Seismic Event Results – FULL

1. Reported pile capacity for bearing and skin friction is exceeded.
Service load F.S. = 0.79.
2. Maximum displacement of 0.41 inch.
3. Walls and slabs are adequate for shear and moment.
4. Clarifiers do not meet current structural design codes.
5. Sloshing wave from seismic event is below the top of shell. (0.36 foot.)
6. Summary of structural analyses results are shown in Figure 22.

Figure 22. Clarifier No. 2- 3D Model-Original Des Case with .14g- FULL
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7.3.2

Clarifiers with IBC 2018 Seismic Code Event Results - FULL
1. Reported pile capacity for bearing and skin friction is exceeded.
Service load F.S = 0.70
2. Maximum displacement of 1.877 inch.
3. Walls and slabs are NOT adequate for shear and moment.
4. Clarifiers do not meet current structural design codes.
5. Sloshing wave from seismic event below the top of shell. (2 feet.)
6. Summary of structural analyses results are shown in

7. Figure 23.
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Figure 23. Clarifier No. 2- 3D Model- IBC 2018 Seismic Code Event Des Case - FULL
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7.3.3

Clarifiers Original Design Simulation with .14g Seismic Event Results - EMPTY
1. Reported pile capacity for bearing and skin friction is exceeded.
Service load F.S = 1.53.
2. Maximum displacement of 0.32 inch.
3. Walls and slabs are adequate for shear and moment.
4. Summary of structural analyses results are shown in Figure 24.

Figure 24. Clarifier No. 2- 3D Model-Original Des Case with .14g-EMPTY
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7.3.4

Clarifiers with IBC 2018 Seismic Code Event Results - EMPTY
1. Reported pile capacity for bearing and skin friction is exceeded.
Service load F.S = 1.3
2. Maximum displacement of 1.45 inch.
3. Walls and slabs are adequate for shear and moment.
4. Summary of structural analyses results are shown in Figure 25.

Figure 25. Clarifier No. 2- 3D Model- IBC 2018 Seismic Code Event Des Case -EMPTY

7.4

Aeration Basins and Chemical Feed Building Structural Analysis

Aeration basins and chemical feed buildings structures were modeled ignoring the details about
sump areas, small openings in the walls and other variations, piping encasements, and metal
apparatuses. Additionally, the slopes of the floors were ignored for simplicity.
An average height of 24 feet was used in the model with a maximum service water depth of
23 feet. Lateral springs with variable spring constraints were used to simulate the soil lateral
support of the piles. Lateral spring constants were provided by HWA assuming no liquefaction
or lateral spreading.
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The aeration basins and chemical feed building were analyzed for 114 IBC-2018 load
combinations, including cases for empty and full service water.
It is important to note that the aeration basins and chemical feed building structures were
analyzed using current ACI 318 code. ACI 350-06 Code Requirements for Environmental
Engineering Concrete Structures was not in effect in 1979. Not all structure’s wall and slab
elements met current codes for the simulated original design.
Some graphical representations of analysis results are provided on the figures below.

Figure 26. Lateral Spring Constants-HWA Inc.
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Figure 27. Aeration Basins and Chemical Feed Top Plan- Record Drawings

Figure 28. Aeration Basins and Chemical Feed Floor Plan- Record Drawings
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Figure 29. Aeration Basins and Chemical Feed Sections- Record Drawings

Figure 30. Aeration Basins and Chemical Feed Bldg. - 3D Model
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Figure 31. Aeration Basins and Chemical Feed Bldg. - 3D Model

Figure 32. Aeration Basins and Chm. Feed Bldg. - 3D Model- IBC 2018 Seismic Code Event Des
Case with 0.788g-My
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Figure 33. Aeration Basins and Chm. Feed Bldg. - 3D Model- IBC 2018 Seismic Code Event Des
Case with 0.788g-Qy

Figure 34. Clarifier No. 2- 3D Model-Original Des Case with 0.14g- Displ. X50.
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7.4.1

Aeration Basins and Chemical Feed Bldg. Original Design Simulation with 0.14g Seismic Event
Results - FULL
1. Reported pile capacity for bearing and skin friction is exceeded.
Service load F.S = .77
2. Maximum displacement of 0.79 inch.
3. In general, most of the walls and slabs are adequate for shear and moment with
some exceptions.
4. Structures do not meet current structural design codes.
5. Sloshing wave from seismic event exceeds the top of walls (4.33 feet).
6. Summary of structural analyses results are shown in Figure 35.

Figure 35. Aeration Basins and Chem. Feed Bldg. - 3D Model-Original Des Case with 0.14g- FULL
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7.4.2

Aeration Basins and Chemical Feed Bldg. IBC 2018 Seismic Code Event Results - FULL
1. Reported pile capacity for bearing and skin friction is exceeded.
Service load F.S = 0.53.
2. Maximum displacement of 4.33 inch.
3. None of the walls or slabs are adequate for shear and/or moment.
4. Structures do not meet current structural design codes.
5. Sloshing wave from seismic event exceeds the top of walls (24.33 feet) ignoring
the partitions among the cells.
6. Summary of structural analyses results are shown in Figure 36.

Figure 36. Aeration Basins and Chem. Feed Bldg. - 3D Model- IBC 2018 Seismic Code Event Des
Case with .788g - FULL
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7.4.3

Aeration Basins and Chemical Feed Bldg. Original Design Simulation with 0.14g Seismic Event
Results - EMPTY
1. Reported pile capacity for bearing and skin friction is exceeded.
Service load F.S = 0.95
2. Maximum displacement of 0.37 inch.
3. All walls and slabs are adequate for shear and moment with some exceptions.
4. Summary of structural analyses results are shown in Figure 37.

Figure 37. Aeration Basins and Chem. Feed Bldg. - 3D Model-Original Des Case with 0.14g- EMPTY

Page 67

City of Everett | Port Gardner Storage Facility
Final Seismic Infrastructure Resiliency Assessment

7.4.4

Aeration Basins and Chemical Feed Bldg. IBC 2018 Seismic Code Event Results - EMPTY
1. Reported pile capacity for bearing and skin friction is exceeded.
Service load F.S = 0.73.
2. Maximum displacement of 1.88 inch.
3. All walls or slabs are adequate for shear and/or moment.
4. Summary of structural analyses results are shown in Figure 38.

Figure 38. Aeration Basins and Chem. Feed Bldg. - 3D Model- IBC 2018 Seismic Code Event Des
Case with 0.788g – EMPTY
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A printout of the FE models for both analyzed structures are not included in this Technical
Memorandum; however, they can be provided at the request of the City.

8.0

Conceptual Methods to Mitigate the Impacts of the Design
Seismic Event

Improvements to mitigate the impacts of a design seismic event would require ground
improvements under or around the structures or retrofitting of the foundation systems. Common
conceptual methods for ground improvements provided by HWA include:
•

Stone Columns: Stone columns, or vibro-replacement soil densification methods involve
the replacement of existing weak/loose soils with columns of angular crushed stone. Vibroreplacement uses a vibroflot (a vibrating probe) that densifies the surrounding soils through
vibration and displacement as it is lowered into the ground to a predetermined treatment
depth. Once the probe has been lowered to the design depth, crushed rock is fed into the
bottom of the hole using a hopper and feeder tube. In repeated measured quantities, the
probe is utilized to vibrate and compact the replacement stone into a dense column.
Typically, the columns are 30 to 42 inches in diameter, and extend from the depth of
treatment to the ground surface. The method, usually performed on an 8- to 12-foot
triangular grid pattern, densifies granular soils around the columns, forms vertical
load-bearing columns of crushed rock, and creates a composite soil mass of increased
shear strength. The granular column also acts as a localized zone into which pore pressure
build-up, created by earthquake vibrations, can more readily dissipate and also reduce the
potential for liquefaction occurrence. Stone columns are routinely installed to depths ranging
from 30 to 40 feet and have been installed deeper on specific projects.
Installation of stone columns requires the use of a vibratory probe that is hung from a
crawler crane. Stone columns would not likely improve the soils below the pile group and
would therefore have little effect on vertical capacity.
In addition, implementation of stone columns generally results in the vertical and lateral
heaving of the soil around the area of improvement. It is expected that this heaving action
would result in damage to the existing structures. Stone columns are not recommended due
to limitations on the areas that stone columns could be installed and the potential negative
affects due to soil heave.

•

Deep Soil Mixing: Deep soil mixing is a soil improvement technology used to treat soils insitu to improve strength and reduce compressibility. The process involves mixing of grout or
binder with the soil to create cemented or improved soil. The wet method is where the
binder is introduced in slurry form and the dry method is where the binder is introduced with
air. Low vibrations are generated during this process. The result is a column of “soilcrete”
(i.e., native soils mixed with cement). Much like stone columns, soil mixing requires large
equipment and would not likely improve the soils below the pile group. They would therefore
have little effect on vertical capacity of the piers. Deep soil mixing is not a viable method of
ground improvement due to limitations on the areas that deep soil mixing columns could be
installed.
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•

Compaction Grouting: Compaction grouting is a method of ground treatment that involves
injecting a very stiff homogeneous grout mix (usually 0- to 1-inch slump), under relatively
high pressures, and at low injection rates (<2 cubic feet/minute) to subsurface locations in
predesigned patterns to displace and compact soils. Very low vibrations are generated
during this process. Compaction grouting is predominantly a displacement ground
improvement method. The injected grout pushes the soils to the side as it forms a grout
column or bulb. Compaction grouting can be applied equally well above or below the water
table. Compaction grouting equipment comes in a variety of sizes from large to limited
access with low overhead restrictions. It is expected that compaction grouting could improve
the lateral support of the pile group. However, compaction grouting would not safely improve
the soil within and under the pile group to increase the vertical capacity of the pile group.
As compaction grouting is a displacement method of ground improvement, it can cause
damage to existing underground structures if completed too close to the subject structures.
Therefore, completing compaction grouting too close to the existing pile groups could
displace the pile groups and cause unwanted damage to the existing foundations.
Compaction grouting would have a significant risk of damaging the existing structures while
trying to improve the surrounding soils.

•

Jet Grouting: Jet grouting involves drilling a small diameter hole from the ground surface to
the base of the proposed improvement area and injecting a cement-water grout under high
pressure and velocity through special ports while the drill bit slowly turns and is extracted.
Low vibrations are generated during this process. This process results in a column of
“soilcrete” (i.e., native soils mixed with cement) on completion. Jet grouting is a replacement
method of ground improvement and provides no densification of the soil between the
columns of “soilcrete.” Jet grouting equipment is fairly standard with several contractors in
the region possessing the capabilities. Jet grouting equipment is generally smaller than most
ground improvement methods; however, given the geometry of the structures, jet grout
could be used to improve the soil around the pile group and hence the lateral support of the
pile group. However, jet grouting would not improve the soil within and under the pile group
to increase the vertical capacity of the pile group.
Jet grouting requires a fairly substantial laydown area to build the grout plant. It also
requires grout hoses be extended from the grout plant to the drill rig. Additionally, jet
grouting results in significant volume of soil and grout being expelled to the surface, across
the treatment area; this could pose a problem when working close to the shore. The use of
jet grouting is likely the most viable method of ground improvement that could be used to
improve the soils around the structure foundations. However, jet grouting would not be able
to measurably improve the soils within and below the pile groups to increase the vertical
capacity of the pile group.

Each of the above described methods of ground improvement have significant limitations and
challenges that make the use of ground improvement undesirable. It is possible that jet grouting
could be used to improve the lateral response of the pile groups. However, it would not increase
the vertical response of the piles.
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Ground improvement may be able to improve the ground around the pile group, improving the
pile groups’ lateral response, but not improve the soils within and directly below the pile group.
HWA GeoSciences Inc. does not believe that the use of ground improvement would sufficiently
improve the seismic response of the structure’s foundation because the geometric limitations
associated with the existing structures already in place would prevent achieving densification or
improvement of soil directly under and within the pile groups. Therefore, ground improvement
would be expected to have very little impact on the vertical capacity of the existing foundations.
As vertical capacity foundation failures are a significant design concern, implementing ground
improvement is likely not viable.
In regard to retrofitting/improving of the deep foundation system (piles), increasing the axial,
shear, and moment capacities of the piles is not feasible due to the following reasons:
•

•

•
•

HDR is not aware of such operations/projects been done under existing structures where
piles are not exposed. Fiberglass reinforced panels and steel jackets to retrofit/stiffen piles
have been used to repair concrete bridge piling where the piling/piers are accessible, but not
for piles driven into soil.
Any improvements to the pile systems would compromise the pile cap as it would require
that the concrete pile cap slabs and its reinforcements be cut to integrate the new piles into
the system; that would compromise its structural integrity.
It is hard to ensure or predict that the improvements, if done, would achieve the intended
results.
The spacing among existing piles under both structures is 3 diameters (3D) or less, which is
the limit to avoid group action thus reduction in the pile’s capacities. Adding more piles
between the existing piles would trigger group action and not achieve full additional capacity
of additional piles.

9.0

CONCLUSIONS

From HDR’s review of the documents provided, site visit, and the structural analyses performed,
the following conclusions can be made:
1. Based on the brief structural observation of Port Gardner facility structures, all facilities
observed appeared in good structural condition. HDR has not performed a detailed
structural inspection or testing.
2. The structures do not meet current structural design codes including accommodating the
current seismic design event per the IBC 2018/ASCE 7-2016. The structural design code
have changed since 1978 and became more conservative.
3. Pseudo-static analyses of the clarifiers and aeration basins show that the original design is
adequate for shear and moment for walls and slabs under gravity and seismic loading with
an assumed 0.14g seismic coefficient. This was likely the seismic design criteria used for
the original design of the structures.
4. HDR structural analysis reveals that the reported piles capacities are exceeded (factor of
safety less than 1) even for the original seismic design (0.14g factor) when structures are
full.
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5. Site specific seismicity study for the Mw 7.4 SWIF scenario seismic event was not performed
by HWA as it is not warranted for this level analysis. HDR structural analyses evaluated the
structural integrity of walls and slabs under the IBC 2018/ASCE 7-2016. The seismic forces
considering with a 2,700-year return period are expected to exceed the forces of the IBC
2018/ASCE 7-2016 with a 2,500-year return period.
6. The ground motions from the SWIF scenario greatly exceed the current building code
design level ground motion requirements and are significantly beyond what would
reasonably be considered when facilities are designed.
7. The structural analyses indicate that the aeration basins and both clarifiers may survive the
IBC 2018/ASCE 7-2016 and/or the Mw 7.4 SWIF scenario with 2,700-year return period
seismic events if they are empty and liquefaction or lateral spreading do not occur.
8. The structural analyses indicated that the piles supporting the clarifiers and the clarifiers
themselves may survive the IBC 2018/ASCE 7-2016 and/or the Mw 7.4 SWIF scenario with
2,700-year return period seismic events if they are full of water but assuming that
liquefaction and lateral spreading do not occur.
9. The structural analyses indicated that the piles supporting the aeration basins would fail
under IBC 2018/ASCE 7-2016 and/or Mw 7.4 SWIF scenario, 2,700-year return period
seismic event if the basins are full of water regardless of whether liquefaction and lateral
spreading occur or not.
10. The structural analysis assumed no liquefaction or lateral spreading taking place under
analyzed structures during or post either seismic event. Per Shannon and Wilson’s report,
liquefaction and lateral spreading would occur in the upper 80 feet of the soil. Under that
scenario, the soil would lose its shear strength and all assumed lateral spring constants
would be zero and the structures may fail. Liquefaction and lateral spreading would
exacerbate the likely damage that would occur as a result of the IBC 2018/ASCE 7-2016
and/or the Mw 7.4 SWIF scenario with 2,700-year return period seismic events.
11. The scope of this study does not include analyzing other structures onsite; however, HDR
believes that none of the structures would withstand the higher seismic event nor the IBC
2018 Code without damage. Damages are not predictable due to the nature of the
deficiencies.

Page 72

Engineering Report
Port Gardner Storage Facility

Appendix B. Condition Assessment
Report

Port Gardner Storage Facility
Condition Assessment
Pr e pare d for
C ity o f E ve re tt
S e p tem be r 1 5 , 20 20

This page left intentionally blank.

Document Revision History
Version

Summary

Editor

Date Edited

Description of Changes

1

BC

9/10/2020

Addressed City of Everett review comments.

2

BC

9/14/2020

Report finalized.

0

This page left intentionally blank.

Table of Contents
1. Executive Summary ............................................................................................................................... 1
2. Introduction and Purpose ................................................................................................................. 1-1
3. Facility and Asset Overview ............................................................................................................... 2-1
2.1 Facility Overview .................................................................................................................... 2-1
2.2 Asset Overview ....................................................................................................................... 2-2
4. Methodology ...................................................................................................................................... 3-1
3.1 Condition and Performance Assessment Methodology ...................................................... 3-1
3.2 Risk Assessment Methodology ............................................................................................. 3-3
5. Summary of Condition Assessment Results and Key Findings ...................................................... 4-1
4.1 Inspection Methodology ........................................................................................................ 4-1
4.2 Condition Assessment Summary by Plant Area ................................................................... 4-2
4.2.1 Aeration Basins........................................................................................................ 4-3
4.2.2 Secondary Clarifiers .............................................................................................. 4-13
4.2.3 Neutralization Basins ............................................................................................ 4-22
4.2.4 Chemical Storage Building .................................................................................... 4-25
4.2.5 Other Plant Areas .................................................................................................. 4-31
4.2.6 Summary ................................................................................................................ 4-42
4.3 Remaining Useful Life Determination ................................................................................ 4-43
4.4 Summary of Condition, Performance, and Risk Scores .................................................... 4-45
4.5 Summary of Key Findings.................................................................................................... 4-50
4.5.1 Summary of Key Findings for Items with Remaining Useful Service Life .......... 4-50
4.5.2 Summary of Key Findings for Items with No Remaining Useful Service Life ..... 4-50
4.5.3 Summary of Key Findings ..................................................................................... 4-51
6. Limitations ......................................................................................................................................... 5-1
7. References ......................................................................................................................................... 6-1
Appendix A: Condition Assessment Results Table .................................................................................. A-1
Appendix B: Condition Assessment Plan ................................................................................................ B-1
Appendix C: Field Inspection Forms .........................................................................................................C-1
Appendix D: Asset Remaining Useful Life Calculation Reference ......................................................... D-1

i
Use of contents on this sheet is subject to the limitations specified at the end of this document.
Everett PGSF Condition Assessment Report

Everett Port Gardner Storage Facility Condition Assessment

Table of Contents

List of Photographs
Photo 4-1. Drone Inspection of Aeration Basins from Walkways ......................................................... 4-1
Photo 4-2. Drone Inspecting Aeration Basin .......................................................................................... 4-2
Photo 4-3. Use of Fulcrum form for Asset Inspection ............................................................................ 4-2
Photo 4-4. Erosion at construction joint with joint spall ........................................................................ 4-4
Photo 4-5. Wide hairline crack ................................................................................................................ 4-5
Photo 4-6. Wall hairline cracks at top of wall with walkway .................................................................. 4-5
Photo 4-7. Mild disintegration of wall surface from erosion and abrasion .......................................... 4-6
Photo 4-8. Heavy disintegration of wall surface from erosion and abrasion with exposed rebar ...... 4-7
Photo 4-9. Walkway slab soffit and wall cracks ..................................................................................... 4-7
Photo 4-10. Moderate disintegration of wall surface from erosion and abrasion ............................... 4-8
Photo 4-11. Hairline cracks at wall base ................................................................................................ 4-9
Photo 4-12. Heavy disintegration of wall surface from erosion and abrasion with exposed rusting
rebar ................................................................................................................................................... 4-9
Photo 4-13. Aeration basin gates ......................................................................................................... 4-10
Photo 4-14. Zone 1 aeration basin drain valves .................................................................................. 4-10
Photo 4-15. Aeration piping and valves................................................................................................ 4-11
Photo 4-16. Influent fiberglass piping and supports ........................................................................... 4-12
Photo 4-17. Recycled sludge pipe and valves ..................................................................................... 4-13
Photo 4-18. Disintegration and discoloration of base slab ................................................................. 4-14
Photo 4-19. Hairline cracks on wall ...................................................................................................... 4-15
Photo 4-20. Rusty scum baffle plate .................................................................................................... 4-15
Photo 4-21. Clarifier mechanism rusted and damaged ...................................................................... 4-16
Photo 4-22. Clarifier mechanism rusted and damaged ...................................................................... 4-16
Photo 4-23. Clarifier walkway truss in fair condition with walkway plate rusting .............................. 4-17
Photo 4-24. Concrete wall cracks on exterior pump station with access stair rusting ..................... 4-17
Photo 4-25. Disintegration of concrete at wall .................................................................................... 4-18
Photo 4-26. Disintegration of concrete at wall and base slab ............................................................ 4-19
Photo 4-27. Hairline cracks on wall ...................................................................................................... 4-19
Photo 4-28. Concrete spalled on exterior wall ..................................................................................... 4-20
Photo 4-29. Clarifier mechanism rusted and damaged ...................................................................... 4-20
Photo 4-30. Clarifier mechanism rusted and damaged ...................................................................... 4-21
Photo 4-31. Clarifier walkway truss in fair condition with walkway plate rusting .............................. 4-21
Photo 4-32. Exterior concrete wall cracks and spalls.......................................................................... 4-22
Photo 4-33. Interior of parapet wall cracks and spalls along east side ............................................. 4-23
Photo 4-34. Scattered hairline cracks on roof concrete slab ............................................................. 4-23
Photo 4-35. Roofing at north end of neutralization basins in poor condition .................................... 4-24
Photo 4-36. Stair treads with heavy rusting at cross-stiles stair ........................................................ 4-24
Photo 4-37. Gate frame with heavy rusting ......................................................................................... 4-25
Photo 4-38. East exterior wall of chemical storage building .............................................................. 4-26

ii
Use of contents on this sheet is subject to the limitations specified at the end of this document.
Everett PGSF Condition Assessment Report

Everett Port Gardner Storage Facility Condition Assessment

Table of Contents

Photo 4-39. Rusted stair and exterior double door ............................................................................. 4-26
Photo 4-40. Rusted access hatch from floor above ............................................................................ 4-26
Photo 4-41. Rusted equipment mount and anchor bolts .................................................................... 4-27
Photo 4-42. Rusted equipment mount, anchor bolts and disintegration of concrete pad ............... 4-27
Photo 4-43. Existing concrete framing appears in fair condition ....................................................... 4-28
Photo 4-44. Hairline cracks at second floor slab soffit ....................................................................... 4-28
Photo 4-45. Rusted and corroded tank and piping inside tank room second floor .......................... 4-29
Photo 4-46. Rusted and corroded piping and supports inside tank room second floor ................... 4-29
Photo 4-47. Rusted and corroded tank and piping inside tank room second floor .......................... 4-30
Photo 4-48. Roof slab soffit with cracks and efflorescence staining ................................................. 4-30
Photo 4-49. Fiberglass piping inside chemical storage building has heavy corrosion of bolts and
supports ........................................................................................................................................... 4-31
Photo 4-50. Storage building exterior wall view ................................................................................... 4-32
Photo 4-51. Exterior wall panel damage .............................................................................................. 4-32
Photo 4-52. Column base anchor bolt rusting – North extension of building.................................... 4-33
Photo 4-53. Bridge crane ...................................................................................................................... 4-33
Photo 4-54. Blower equipment anchor bolts rusting ........................................................................... 4-34
Photo 4-55. Blowers and process air piping ........................................................................................ 4-35
Photo 4-56. Exterior wall view ............................................................................................................... 4-36
Photo 4-57. Interior view of prefabricated engineered framing of building ....................................... 4-37
Photo 4-58. Column base anchor bolt rusting ..................................................................................... 4-37
Photo 4-59. Exterior view of building elevation.................................................................................... 4-39
Photo 4-60. Exterior view of building elevation.................................................................................... 4-39
Photo 4-61. Interior steel brace frame ................................................................................................. 4-40
Photo 4-62. Rusting at steel column base plate ................................................................................. 4-40
Photo 4-63. Rusting at base of equipment base ................................................................................. 4-41
Photo 4-64. Rusting steel deck soffit at mezzanine floor ................................................................... 4-41
Photo 4-65. Underhung 3-ton bridge crane ......................................................................................... 4-42
Photo 4-66. Fiberglass piping in sludge pump station, in good condition overall ............................. 4-42

List of Figures
Figure 1-1. Everett Port Gardner Storage Facility areas and buildings .................................................... 1
Figure 2-1. Everett Port Gardner Storage Facility areas and buildings ................................................ 2-2
Figure 4-1. Annotated diagram of aeration basins ................................................................................ 4-3

iii
Use of contents on this sheet is subject to the limitations specified at the end of this document.
Everett PGSF Condition Assessment Report

Everett Port Gardner Storage Facility Condition Assessment

Table of Contents

List of Tables
Table 2-1. Number of Assets Inspected, by Plant Area ......................................................................... 2-2
Table 3-1. Condition and Performance Scoring Regions....................................................................... 3-2
Table 3-2. Risk Scoring Matrix ................................................................................................................ 3-3
Table 4-1. Asset Service Life Values ..................................................................................................... 4-44
Table 4-2. Condition and Performance Scoring Results Summary..................................................... 4-46
Table 4-3. PGSF Assets Results Summary Risk Scores ...................................................................... 4-47
Table 4-4. Critical Assets based on Condition and Performance Score and Risk Score ................... 4-48
Table A-1. Critical Assets based on Condition and Performance Score and Risk Score ...................... A-2

iv
Use of contents on this sheet is subject to the limitations specified at the end of this document.
Everett PGSF Condition Assessment Report

Everett Port Gardner Storage Facility Condition Assessment

List of Abbreviations
AB

Aeration Basin

BC

Brown and Caldwell

City

City of Everett

CSO

Combined sewer overflow

gpm

gallons per minute

HVAC

heating, ventilation, and air conditioning

ID

identifier

in.

inch(es)

KC

Kimberly-Clark

KCWWTP Kimberly Clark wastewater treatment plant
O&M

operations and maintenance

PGSF

Port Gardner Storage Facility

PS

pump station

RAS

return activated sludge

RUL

remaining useful life

SC

secondary clarifiers

SG

slide gate

SME

subject matter expert

SWD

side water depth

WAS

waste activated sludge

iii
Use of contents on this sheet is subject to the limitations specified at the end of this document.
Everett PGSF Condition Assessment Report

Everett Port Gardner Storage Facility Condition Assessment

Executive Summary
The Kimberly Clark Wastewater Treatment Plant (KCWWTP) served as a secondary wastewater
treatment facility for the Kimberly Clark pulp mill and tissue plant, located south of Port Gardner
along the Possession Sound in Everett, Washington. The plant was designed to treat up to 22 million
gallons per day (MGD) of paper mill wastewater. The Kimberly-Clark mill and KCWWTP were
decommissioned in 2012 and The City purchased the remaining infrastructure in 2019 to repurpose
for storing excess combined sewage to bring combined sewer overflows (CSO) into compliance by
2027.

Figure 1-1. Everett Port Gardner Storage Facility areas and buildings

The City procured the HDR and Brown and Caldwell (BC) team to perform a condition and criticality
assessment of the Port Gardner Storage Facility (PGSF). This condition assessment identifies
deficiencies with the current condition and performance of the PGSF assets. This condition
assessment focuses primarily on facility process mechanical and structural components. All other
assets such as electrical, heating, ventilation, and air conditioning (HVAC), and plumbing are
assumed to not meet current building codes or expected use for the facility and will likely need to be
removed and replaced with equipment that meets the proposed function. The team conducted field
inspection on June 22 and 23, 2020 to identify the condition of each asset and data for remaining
useful life analysis.
In summary, the visual inspection yielded a preliminary conclusion that most of the mechanical
assets need to be removed or replaced and that the buildings are in overall good condition, but
potentially need repairs to extend their life. A visual assessment of the aeration basins and
secondary clarifiers determined that cracks greater than 0.005 inches wide should be epoxy
injected. In addition, to prevent any further surface deterioration, the exposed aggregate and rebar
should be surface coated with an epoxy based mortar. It is recommended that the final surface
coating be determined during facility design and applied prior to facility startup. Detailed inspection
of these assets should be conducted during the design phase to verify this is the best path forward

ES -1
Use of contents on this sheet is subject to the limitations specified at the end of this document.
Everett PGSF Condition Assessment Report

Everett Port Gardner Storage Facility Condition Assessment

for preserving the remaining life of the infrastructure. All walkways, railings, stairways, and grates
should be sandblasted and re-coated and individual areas of heavy corrosion should be repaired.
Detailed inspections should also be conducted for the fiberglass pipe and slide gates. While the
exterior visual inspection of most piping was favorable, the true condition will not be known until the
interior of the pipes are also inspected. Similarly, the slide gates themselves appear to be in good
condition but need to undergo additional testing to confirm that the actuators are functional and the
gates still properly seal. The blowers need addition inspection to determine their functionality but are
likely less critical for a storage facility.
The desktop analysis portion of the condition assessment included estimating the remaining useful
life (RUL) of existing equipment and structures. The RUL is not intended to forecast when equipment
will fail, rather serve as a means of prioritizing asset repair or replacement. The items with remaining
useful service life include:
•
Aeration basins (10–15 years)
•
Clarifiers (20 years)
•
Slide gates (5 years)
•
Fiberglass Piping (20 years)
•
Aeration piping (15 years), valves (5 years)
•
Blowers (5 years); these assets likely have additional life beyond 5 years but without powering
units the functionality cannot be confirmed, and repair/rehab recommendations made.
•
Chemical Storage Building, Blower Building, Sludge Pump Structure (10 years)
•
Storage building (20 years)
Based on the calculation of RUL, the value can be increased (e.g., the asset will last longer) if the
condition score is lowered through repair, rehabilitation, or replacement. The assets with the most
value for the storage facility purposes are the aeration basins and clarifiers. BC recommends
repairing all cracks and coating all surfaces with an epoxy based mortar. Conducting these
improvements will extend the useful life by approximately 5–10 years for the aeration basins and the
secondary clarifiers. During the alternative’s analysis, the team will evaluate the cost of the coating
for the extension of service life it will provide versus monitoring degradation alone. BC recommends
detailed evaluations of the concrete condition during design including concrete loss measurements.
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Section 1

Introduction and Purpose
Brown and Caldwell (BC) was contracted to provide subconsultant services to HDR Inc. to perform a
condition and criticality assessment of the Port Gardner Storage Facility (PGSF), formally the
Kimberly Clark wastewater treatment plant (KCWWTP) for the City of Everett (City). The purpose of
this report is to present the findings of BC’s condition assessment.
This condition assessment identifies deficiencies with the current condition and performance of the
PGSF assets. The Team will use the results of this condition assessment to provide clarity on the
condition of existing assets. These assessments will determine what can be repurposed and
retrofitted to provide combined sewage storage at the PGSF and provide preliminary guidance on the
priority of which assets need to be repurposed. This condition assessment focuses primarily on
facility process mechanical and structural components. All other assets such as electrical, heating,
ventilation, and air conditioning (HVAC), and plumbing are assumed to not meet current building
codes or expected use for the facility and will likely need to be removed and replaced with equipment
that meets the proposed function.
To perform the condition assessment of the PGSF, a multi-disciplinary assessment team reviewed
asset records and conducted field inspection on June 22 and 23, 2020. The methodology and
activities for the assessment are described in Section 3.
BC summarized the results of the assessment in the body of this Report, which is organized as
follows:
•
Section 1. Introduction and Purpose
•
Section 2. Facility and Asset Overview
•
Section 3. Methodology
•
Section 4. Summary of Condition Assessment Results and Key Findings
In addition, details of the site inspections are included in the following appendices:
•
Appendix A contains a table summarizing scoring results for all assets inspected
•
Appendix B contains a copy of the Condition Assessment Plan developed prior to the site
inspections, which documents the planned methodology for the inspections
•
Appendix C contains the raw field inspection forms generated by the inspectors
•
Appendix D contains information for the remaining useful service life calculation
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Section 2

Facility and Asset Overview
This section provides an overview of the PGSF including the location and number of assets BC
inspected during the on-site condition assessment.

2.1

Facility Overview

The KCWWTP served as a secondary wastewater treatment facility for the Kimberly Clark pulp mill
and tissue plant, located south of Port Gardner along the Possession Sound in Everett, Washington.
Construction of the secondary treatment system was completed in 1982 and designed to treat up to
22 million gallons per day (MGD) of paper mill wastewater. The operating facility included primary
treatment followed by pH neutralization and secondary treatment. The aeration headers and
diffusers were replaced during an aeration system upgrade conducted in 1995.
The Kimberly-Clark mill and KCWWTP were decommissioned in 2012. The mill, primary treatment,
and sludge thickening facility were demolished after decommissioning. The City purchased the
secondary treatment system in 2019 to repurpose the existing infrastructure into the PGSF for
storing excess combined sewage in order to bring combined sewer overflows (CSO) into compliance
by 2027.
The existing PGSF infrastructure includes neutralization basins, bulk lime storage, three parallel
aeration basin trains, and two secondary clarifiers (east and west). Each of the three aeration basin
trains are sub divided into five sequential zones. The aeration basin was operated at a side water
depth (SWD) of 20-feet and the three trains have a combined volume of 6.75 million gallons. During
plant operation, aeration air was provided by four 600 horsepower Turblex blowers housed in the
blower building located north of the aeration basins.
The plant operated two 150-foot-diameter secondary clarifiers (SC), with an average SWD of 14 feet.
Return activated sludge (RAS) and waste activated sludge (WAS) pumps are installed in the sludge
pump station building located north of the secondary clarifiers. Currently, there are two 6,000-gallon
per minute (gpm) RAS pumps and four 500 gpm WAS pumps.
Additional existing infrastructure includes two flotation thickener units that were decommissioned
and converted into chemical storage and an empty storage building. A site layout identifying major
facilities is provided in Figure 2-1.
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Figure 2-1. Everett Port Gardner Storage Facility areas and buildings

2.2

Asset Overview

The goal of the condition assessment was to provide a visual inspection of the condition of the
existing infrastructure. As directed by the City, the condition assessment primarily focused on the
aeration basins, secondary clarifiers, RAS/WAS pump station and control building, blower building,
and process piping and valves. The City reviewed a preliminary list of plant assets BC developed prior
to the site inspection (Appendix B). Based on feedback from City staff during the site inspections, BC
included additional assets; therefore, the final list of inspected assets increased through the
condition assessment process.
A summary of assets inspected by plant area is included in Table 2-1. For details of specific assets
inspected, see Appendices A and C. Appendix A includes a table summarizing the scoring for all
assets, organized by facility area. Appendix C contains the filed inspection forms for each asset
inspected during the condition assessment. Scoring results include a condition and performance
score, a risk score, and an estimate of remaining useful asset service life. The scoring methodology
is described in Section 3.
Table 2-1. Number of Assets Inspected, by Plant Area
Plant Area

Area Identifier

Aeration Basins

Inspection Discipline

Total

Process Mechanical

Structural

AB

26

18

44

Secondary Clarifiers

SC

6

5

11

Neutralization Basins

NB

9

3

11

Chemical Storage Building

CSB

10

1

11

Sludge Pump Station

SPS

6

1

7

Blower Building

BB

6

2

8

Storage Building

SB

0

1

1

60

31

92

Total
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Methodology
This section describes the methodology used for the condition assessment. The key elements of this
assessment are:
•
Condition and performance assessment. Assess the condition and performance of existing
facility assets and assign corresponding scores. Estimate remaining useful service life for each
asset inspected based on asset age, condition, and performance. Note that performance in this
context refers to physical performance; for example, whether a pump or tank can operate as
intended based on the current physical condition.
•
Risk assessment. Estimate the impact and probability of asset failure to determine which assets
are most critical to reliable facility operation.
Taken together, the condition and performance assessment results and risk assessment results can
help guide decision making for the design and operation of the future wet weather facility.

3.1

Condition and Performance Assessment Methodology

The scoring system developed and used for this assessment was used previously for the Everett
Water Filtration Plant Condition Assessment (BC 2020). The framework was reused due to the
efficacy experienced during the filtration plant assessment and due to the city’s familiarity with the
process. The most notable difference between the assessment done at the water filtration plant and
the current assessment is the water filtration plant was an operational facility and the PGSF is
currently not in use. This changed how some of the scores were assigned and the recommendations
made because function cannot be fully determined for all equipment not in operation. Assessments
were made based on visual observations and further inspections recommended for equipment with
remaining service life.
BC developed a preliminary list of PGSF assets based on priority areas identified by the City, plant
drawings, and information gathered during a preliminary site walk with City staff conducted on
June 9, 2020. The asset list included major structures and process mechanical equipment. Following
development of the asset list, BC staff conducted site visits to inspect and score each asset.
The methodology for the condition assessment is described in detail in technical memorandum 1:
Condition Assessment Plan (BC 2020), provided in Appendix B. The various components of the
condition assessment and a brief description of their methodologies are summarized here:
•
Information/data gathering. Review available records of plant assets including plant record
drawings.
•
Visual assessment and asset scoring. Subject matter experts (SMEs) from process mechanical
and structural disciplines conducted site inspections with City staff to assess facility assets and
score them on physical condition and performance. Assets were evaluated for condition and
performance indicators such as corrosion, general wear, leakage, poor performance, and
technical obsolescence. A full list of field observation categories is provided in the Condition
Assessment Plan in Appendix B.
•
Staff interviews. A former member of the KCWWTP operations team and Everett City staff
provided input to the SMEs during the field inspections. This information informed the asset

3-1
Use of contents on this sheet is subject to the limitations specified at the end of this document.
Everett PGSF Condition Assessment Report

Everett Port Gardner Storage Facility Condition Assessment

•

•

Section 3

performance and physical condition scores assigned by the inspectors. In addition, during the
site visits, City staff identified additional plant assets to be included in the assessment.
Asset Scoring. Each assets’ performance and condition were scored, using a 5-point scale,
based on the information gathered during plant record review and site visits. Table 3-1 and the
subsequent text summarizes the condition metrics, performance metrics, and scoring regions
used to score each asset. Mechanical and structural assets were all initially reviewed by the
same reviewer for consistency. All asset scores were confirmed by at least one other engineer
during the processing of the data collected in the field.
Remaining Useful Service Life. Based on the results of the condition assessment, the remaining
useful life (RUL) of each asset was calculated based on the assets life, age, use, condition, and
performance. The RUL serves in conjunction with the asset scores to determine which assets
should be prioritized for repair or replacement. Additional description of how asset RUL is
defined is provided in Section 4.2.6.
Table 3-1. Condition and Performance Scoring Regions
Performance Score (decreasing performance from left to right)
Asset Physical Condition

Excellent (1)

Functioning
as
Intended
(1)

In Service,
Higher-thanExpected O&M
(2)

In Service,
Function
Impaired
(3)

In Service,
Not Functioning
Function Highly
as Intended
Impaired
(5)
(4)

Region 1
Region 4

Slight visible degradation (2)
Visible degradation (3)
Integrity moderately compromised (4)

Region 2

Region 3

Region 5

Integrity severely compromised (5)

◆ Region 1: Good Physical Condition and Performance
Assets with good (i.e., low) physical condition and performance scores of 1 or 2 will be in
Region 1. Typically, no action is recommended for these assets.
◆ Region 2: Moderate Physical Condition and Performance
Assets with either condition or performance (or both) receiving a score of 3, and no higher
scores, will be in Region 2. The recommended action for assets in this category depends on the
findings of the risk assessment. A low-risk/non-critical asset will typically require no action,
whereas a high-risk/critical asset typically may require some form of improvement.
◆ Region 3: Poor Physical Condition Ranking
Assets with poor asset physical condition scores of 4 or 5 but with performance scores of 1, 2,
or 3 will be in Region 3. Assets in this category are physically worn or degraded but still meet
their intended performance function/capacity. Although the assets are in service and
functioning, issues related to the condition of these assets should be addressed.
◆ Region 4: Poor Performance Ranking
Assets with poor performance scores of 4 or 5 but with asset physical condition scores of 1, 2,
or 3 will be in Region 4. These assets are in good to moderate physical condition, but their
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function does not meet required performance measures. An example of a Region 4 asset is a
flow meter that is in good physical condition but does not provide accurate readings, and so is
not meeting its intended performance for flow monitoring.
◆ Region 5: Poor Condition and Performance
Assets with poor physical condition and asset performance scores of 4 or 5 will be in Region 5.
The recommended action for these assets will typically include replacement/refurbishment,
given the asset is not functioning properly and the integrity of its components is either
moderately or severely compromised.
Following asset condition and performance scoring, the remaining useful life of each asset was
estimated based on the asset installation date, physical condition, and operational performance.

3.2

Risk Assessment Methodology

A risk assessment was performed for each asset using the major findings of the condition
assessment. The level of risk is driven by two factors: (1) estimated impact of failure and (2)
estimated probability of failure. The probability of failure score is directly linked to the condition
score. Good condition indicated a low risk of failure, whereas poor condition indicated a high risk of
failure. Seismic probability was not evaluated as part of this score. A risk score was calculated for
each asset based on the assigned impact and probability factors as shown in Table 3-2. The
resulting risk scores are mapped into three regions:
1. High risk (risk score is greater than or equal to 10, colored red): Risks where action should be
taken to reduce probability and/or impact of asset failure to move the risk into a lower region.
2. Medium risk (risk score is greater than or equal to 4 and less than 10, colored yellow): Risks
that can be accepted, but require active attention in the form of maintenance or operating
strategy to keep the scores from increasing above 9 (in the red). Contingency plans or trigger
points for action should be prepared.
3. Low risk (risk score is less than 4, colored green): Risks that can be accepted and do not
warrant additional attention beyond standard operational practices.
Table 3-2. Risk Scoring Matrix
Risk Score = Impact Factor x Probability Factor
Probability Factor

Impact Factor
Very Low
(1)

Low
(2)

Medium
(3)

High
(4)

Very High
(5)

Minor
(1)

1

2

3

4

5

Significant
(2)

2

4

6

8

10

Serious
(3)

3

6

9

12

15

Severe
(4)

4

8

12

16

20

Extreme
(5)

5

10

15

20

25
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Summary of Condition Assessment
Results and Key Findings
This section summarizes the results of the PGSF condition assessment. The appendices contain full
assessment results for inspected assets. Appendix A outlines a narrative description of each
inspected asset, organized by engineering discipline (i.e., process mechanical and structural). A
summary table of scoring for all assets organized by plant area is provided in Appendix B.

4.1

Inspection Methodology

The facility was inspected over the course of two days on June 22, 2020 and June 23, 2020. The list
of pre-determined assets in the condition assessment plan was prioritized for inspection. However,
field inspection of additional assets was added at the discretion of the BC personnel in the field.
The aeration basins and clarifiers were inspected via drone. The drone flew each zone of the
aeration basins and recorded video footage of each wall. This footage provided a detailed inspection
of the concrete condition as well as closer inspection of assets that were not as visible from the
walkways (i.e., gates, drain valves, pipe supports). A similar approach was used to inspect the
secondary clarifiers. Special attention was given to the clarifier mechanisms because the clarifiers
could not be entered by site personnel due to confined space entry restrictions. The drone also
recorded footage of roofs of buildings of concern. The drone footage was reviewed, and photos were
captured to include with each asset by the assigned SME.
All other assets were assessed in the field using a form in the app Fulcrum. Photos of the assets,
comments related to scoring and the condition and performance scores for each asset were
evaluated in the field. Assets inspected via drone were evaluated using the same form using the
selected screen captures from the drone footage. The photos used for these assessments are
included in the Fulcrum entries for these assets. A complete list of these forms can be found in
Appendix C.

Photo 4-1. Drone Inspection of Aeration Basins from Walkways
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Photo 4-2. Drone Inspecting Aeration Basin

Photo 4-3. Use of Fulcrum form for Asset Inspection

4.2

Condition Assessment Summary by Plant Area

This section provides an overview narrative summary for each plant area inspected during the
condition assessment and highlights major findings for each. Appendix A includes full narrative
descriptions for each inspected asset.
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Aeration Basins

The aeration basins are cast-in-place concrete rectangular basins with interior walls that divide the
basins into 3 trains with 5 zones in each train. The structure was designed in 1978 based on 1976
Uniform Building Code (International Conference of Building Officials [ICBO] 1976). Access is
provided to the basins via concrete walkways positioned on top of the interior walls of the basins.
The inside walls and the underside of the walkways were inspected using a drone to produce video
footage of the conditions. The bottom slab was covered with 1-2 feet of water and was not possible
to inspect.
The aeration basins also include the piping for the aeration, recycled sludge, and influent piping. The
aeration piping is steel pipe coated with insulation and stainless steel cladding. Recycled and
influent sludge piping is fiberglass. The distribution piping in aeration zone 2 and recycled sludge
piping are fiberglass with an additional coating.
The flow through the aeration basins is primarily controlled through gates. Gates are primarily
concentrated in zones 1 and 2 for operational control. Flow is passively split through zones 3–5 of
the basins after distribution in the first 2 zones. The distribution piping in basin 2 zone 2 appears to
have been added later and is supported from the basin floor instead of the wall. See figure below for
a diagram of the aeration basin with major areas annotated.

Figure 4-1. Annotated diagram of aeration basins

Aeration Basin 1. The following are observed at all five zones (zones 1 through 5) of Aeration Basin
1:
•
Widespread areas of disintegration due to erosion and abrasion with mild to heavy erosion down
to exposed aggregate throughout all interior wall surface.
•
Minor joint spalling observed at wall construction joint locations. (Photo 4-4)
•
Scattered hairline cracks observed throughout all interior wall surface (Photo 4-5)
•
Walkway slab soffit cracks. (Photo 4-6)
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Recommendations:
•
Epoxy inject cracks greater than 0.005 inches wide.
•
Prevent further structural deterioration by surface coating the exposed aggregate and rebar with
an epoxy based mortar.
•
Complete pressure wash and removal of all mosses at the underside of the concrete walkway
would be necessary for a more thorough inspection of the cracks to assess the structural
condition of the walkways.

Photo 4-4. Erosion at construction joint with joint spall
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Photo 4-5. Wide hairline crack

Photo 4-6. Wall hairline cracks at top of wall with walkway
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Aeration Basin 2. The following are observed at all five zones (zones 1 through 5) of Aeration Basin
2:
•
Widespread areas of disintegration due to erosion and abrasion with mild to heavy erosion down
to exposed aggregate throughout all interior wall surface. (Photo 4-7 and Photo 4-8)
•
Minor joint spalling observed at wall construction joint locations.
•
Scattered hairline cracks observed throughout all interior wall surface.
•
Spalling of concrete exposing rusting reinforcement at several locations. (Photo 4-8)
•
Walkway slab soffit cracks. (Photo 4-9)
Recommendations. The following recommendations apply to Aeration Basin 2:
•
Patch spall concrete and repair exposed rusting reinforcement.
•
Epoxy inject cracks greater than 0.005 inches wide.
•
Prevent further structural deterioration by surface coating the exposed aggregate and rebar with
an epoxy based mortar.
•
Complete pressure wash and removal of all mosses at the underside of the concrete walkway
would be necessary for a more thorough inspection of the cracks to assess the structural
condition of the walkways.

Photo 4-7. Mild disintegration of wall surface from erosion and abrasion
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Photo 4-8. Heavy disintegration of wall surface from erosion and abrasion with exposed rebar

Photo 4-9. Walkway slab soffit and wall cracks
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Aeration Basin 3. The following are observed at all five zones (zones 1 through 5) of Aeration Basin
3:
•
Widespread areas of disintegration due to erosion and abrasion with mild to heavy erosion down
to exposed aggregate throughout all interior wall surface. (Photo 4-10)
•
Minor joint spalling observed at wall construction joint locations.
•
Scattered hairline cracks observed throughout all interior wall surface. (Photo 4-11)
•
Spalling of concrete exposing rusting reinforcement at several locations. (Photo 4-12)
•
Cracks observed at base of channel wall.
•
Walkway slab soffit cracks.
Recommendations. The following recommendations apply to Aeration Basin 3:
•
Patch spall concrete and repair exposed rusting reinforcement.
•
Epoxy inject cracks greater than 0.005 inches wide.
•
Prevent further structural deterioration by surface coating the exposed aggregate and rebar with
an epoxy based mortar.
•
Complete pressure wash and removal of all mosses at the underside of the concrete walkway
would be necessary for a more thorough inspection of the cracks to assess the structural
condition of the walkways.
•
Further investigation required to review the cracks observed at the base of channel walls.

Photo 4-10. Moderate disintegration of wall surface from erosion and abrasion
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Photo 4-11. Hairline cracks at wall base

Photo 4-12. Heavy disintegration of wall surface from erosion and abrasion with exposed rusting rebar
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Aeration Basin Gates. The aeration basin gates appear to be overall in similar condition. The
actuators have visible degradation and many of the screw actuators are rusted and would likely need
replacement if the gates are repurposed. The gates themselves appear in good condition, but the
seals should be tested. This applies to both the gates mounted in the aeration basins walls and
those mounted on pipes.

Photo 4-13. Aeration basin gates

Aeration Basin Drain Valves. The aeration basins are currently not able to fully drain. BC
recommends a more detailed inspection to determine if the drain valves are not functional, or if
there are additional blockages in the drainpipe preventing standing water from draining the tanks.
The valve for aeration basin 3 has a broken actuator.

Photo 4-14. Zone 1 aeration basin drain valves
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Aeration Basin Aeration Piping and Valves. The aeration piping and valves are in moderate
condition. There are several places the coating of the aeration pipe is peeling back and the
insulation is degrading or missing. At these locations, the pipe is heavily corroded. The expansion
joints are hardened and in poor shape. Many of the valves are heavily corroded and many were able
to turn, their functionality is questionable. If needed for future infrastructure, a more detailed
inspection of the aeration piping would be needed including internal inspection and for checking
leaks. Insulation could be removed and pipes recoated if insulation is determined unnecessary for
future use.

Photo 4-15. Aeration piping and valves
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Aeration Basin Influent Piping. The influent fiberglass pipe is in good condition. The discoloration
seen on many of the pipes is superficial and does not appear to have impacted the pipe’s integrity.
Drone footage confirmed the pipe supports are relatively free from corrosion. Pipes on the eastern
sides of the basins appears to have more discoloration, presumably because of greater exposure to
afternoon sun. While the exterior of the pipes appear in good condition, BC recommends the interior
of the pipes inspected to confirm they do not have internal defects. Pipes to be reused should
receive a protective UV coating.

Photo 4-16. Influent fiberglass piping and supports
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Aeration Basin Recycled Sludge Piping. The recycled sludge piping is in good condition. The aeration
basin recycled sludge pipe has a coating on the outside of the pipe. The valves located on the
recycled sludge pipe have heavy corrosion and are therefore assumed to be in worse condition than
the pipe, itself. Valves will likely need to be replaced.

Photo 4-17. Recycled sludge pipe and valves

4.2.2

Secondary Clarifiers

The secondary clarifiers are cast in place concrete circular tanks and were designed in 1978 based
on 1976 Uniform Building Code (ICBO 1976). The structures were inspected using a drone to
produce video footage of the conditions. Entry of the clarifiers was not possible, so the bottom slab
inspection was conducted via drone and observation from the center walkway above. Both clarifiers
have mechanisms actuated from the center of the clarifier and a launder/scum baffle on the edge.
West Secondary Clarifier. The following are observed at the west secondary clarifier:
•
Widespread areas of disintegration due to erosion and abrasion on the clarifier wall and bottom
slab. (Photo 4-18)
•
Scattered hairline cracks observed throughout all interior wall surface of clarifier wall. (Photo 419)
•
Scum baffle plate rusted and in fair condition. (Photo 4-20)
•
Clarifier mechanism rusted and damaged. (Photo 4-21 and 4-22)
•
Clarifier walkway truss in fair condition with walkway cover plate rusted. (Photo 4-23)
•
Exterior pump station wall cracks and access stair rusted. (Photo 4-24)
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Recommendations. The following recommendations apply to the West Secondary Clarifier:
•
Epoxy inject cracks greater than 0.005 inches wide.
•
Prevent further structural deterioration by surface coating the exposed aggregate with an epoxy
based mortar.
•
Further investigation required to perform sounding on the base slab to ensure there is no
delamination of concrete.
•
If reused as clarifier, replace the clarifier mechanism. If used for storage, remove the
mechanism. Repairing the mechanism is an option, but current mechanism may not suit future
use and could be more costly than replacement.
•
Sandblast and re-coat walkways and railings.

Photo 4-18. Disintegration and discoloration of base slab
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Photo 4-19. Hairline cracks on wall

Photo 4-20. Rusty scum baffle plate
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Photo 4-21. Clarifier mechanism rusted and damaged

Photo 4-22. Clarifier mechanism rusted and damaged
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Photo 4-23. Clarifier walkway truss in fair condition with walkway plate rusting

Photo 4-24. Concrete wall cracks on exterior pump station with access stair rusting
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East Secondary Clarifier. The following are observed at East secondary clarifier:
•
Widespread areas of disintegration due to erosion and abrasion on the clarifier wall and bottom
slab. (Photo 4-25)
•
Scattered hairline cracks observed throughout all interior wall surface of clarifier wall.
(Photo 4-26)
•
Concrete spalling observed on the exterior of the clarifier wall. (Photo 4-28)
•
Scum baffle plate rusted and in fair condition.
•
Clarifier mechanism rusted and damaged. (Photo 4-29 and Photo 4-30)
•
Clarifier walkway truss in fair condition with walkway cover plate rusted. (Photo 4-31)
Recommendations. The following recommendations apply to the East Secondary Clarifier:
•
Coat all concrete surfaces of the inside tank with an abrasion resistant, epoxy coating.
•
Epoxy inject concrete cracks greater than 0.005 inches wide.
•
Repair spall concrete on exterior clarifier wall.
•
Further investigation required to perform sounding on the base slab to ensure there is no
delamination of concrete.
•
If reused as clarifier, replace the clarifier mechanism. If used for storage, remove the
mechanism. Repairing the mechanism is an option, but current mechanism may not suit future
use and could be more costly than replacement.
•
Sandblast and re-coat walkways and railings.

Photo 4-25. Disintegration of concrete at wall
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Photo 4-26. Disintegration of concrete at wall and base slab

Photo 4-27. Hairline cracks on wall
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Photo 4-28. Concrete spalled on exterior wall

Photo 4-29. Clarifier mechanism rusted and damaged
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Photo 4-30. Clarifier mechanism rusted and damaged

Photo 4-31. Clarifier walkway truss in fair condition with walkway plate rusting
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Neutralization Basins

The neutralization basins are a cast in place concrete rectangular tank structure designed in 1978
based on 1976 Uniform Building Code (ICBO 1976). There was no access into the tanks and no
inspection was performed inside the tanks. The exterior walls along the east and south side of the
basins as well as the top slab of the basins were visually observed for condition assessment.
There are gates that separate the distribution header box and neutralization basins and direct flow
to the aeration basins. The gates themselves were not inspected due to their location within the
basins. There are also mixers with exposed motors on the top of the basin.
The following are observed at neutralization basins:
•
Exterior walls along the east and south sides appear in fair condition with couple locations where
cracks and spalls of concrete are observed. (Photo 4-32)
•
Interior of parapet wall cracks and spalls. (Photo 4-33)
•
Roofing in the north end of the basins appear in poor condition. (Photo 4-35)
•
Scattered hairline cracks throughout roof slab. (Photo 4-34)
•
Heavy rusting at stair treads at cross-stiles stair. (Photo 4-36)
•
Heavy rusting at gate support frame with cover plate appears in fair condition. (Photo 4-37)
•
Heavy degradation of gate actuators (Photo 4-37)
Recommendations. The following recommendations apply to the Neutralization Basins:
•
Further investigate wall cracks and spalls on concrete wall as well as inspection of the inside
tank walls to access the structural condition of the tank walls.
•
Epoxy inject cracks greater than 0.005 inches wide.
•
Inspect gates in more detail to see if gates themselves are in similar condition
•
Sandblast and re-coat railing and walkways.

Photo 4-32. Exterior concrete wall cracks and spalls
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Photo 4-33. Interior of parapet wall cracks and spalls along east side

Photo 4-34. Scattered hairline cracks on roof concrete slab
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Photo 4-35. Roofing at north end of neutralization basins in poor condition

Photo 4-36. Stair treads with heavy rusting at cross-stiles stair
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Photo 4-37. Gate frame with heavy rusting

4.2.4

Chemical Storage Building

The chemical storage building is a cast in place concrete structure designed in 1978 based on 1976
Uniform Building Code (ICBO 1976). There was no access to the roof slab to perform an inspection at
the roof level, hence the roof slab and the chemical storage tanks above the roof level were not
inspected. The chemical storage building also includes several pieces of mechanical equipment and
fiberglass piping for influent and recycled sludge. Most of the mechanical assets are in the
basement of the building.
The following are observed at chemical storage building:
•
North and east exterior walls of the building appear in fair condition. (Photo 4-38)
•
South exterior wall of the building has minor spalling
•
West exterior wall of the building has minor honeycombing and mild disintegration of concrete
due to exposure to the aeration basins to the west
•
All stairs, exterior double doors, and access hatch at the basement level of the building are
rusted and in poor conditions (Photo 4-39, Photo 4-40)
•
Rusted equipment base and anchors with concrete pad disintegration at the basement.
(Photo 4-41 and Photo 4-42)
•
Existing concrete frame appears to be in fair condition. (Photo 4-43)
•
Hairline cracks observed at multiple locations at the soffit of the second-floor slab. (Photo 4-44)
•
Rusted and corroded tanks and piping inside tank room second floor. (Photo 4-45 and 4-46)
•
Roof slab was observed from the floor of tank room and it was observed that there are cracks
and efflorescence staining of the roof framing. (Photo 4-48)
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Pumps, tanks and other mechanical equipment are in poor condition and will likely not function.
The concrete pipe support for the recycled sludge line is in good condition. (Photo 4-49)
Fiberglass pipe is in good condition. Some pipe supports show slight corrosion. (Photo 4-49)
Recommend replacing corroded bolts on fiberglass pipe with stainless steel. (Photo 4-49)

Recommendations. The following recommendations apply to the Chemical Storage Building:
•
Further closeup inspection of the roof slab to access the structural condition of the roof.
•
Epoxy inject cracks greater than 0.005 inches wide.
•
Remove all mechanical assets except for fiberglass pipe.

Photo 4-38. East exterior wall
of chemical storage building

Photo 4-39. Rusted stair and
exterior double door

Photo 4-40. Rusted access
hatch from floor above
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Photo 4-41. Rusted equipment mount and anchor bolts

Photo 4-42. Rusted equipment mount, anchor bolts and disintegration of concrete pad
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Photo 4-43. Existing concrete framing appears in fair condition

Photo 4-44. Hairline cracks at second floor slab soffit
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Photo 4-45. Rusted and corroded tank and piping inside tank room second floor

Photo 4-46. Rusted and corroded piping and supports inside tank room second floor
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Photo 4-47. Rusted and corroded tank and piping inside tank room second floor

Photo 4-48. Roof slab soffit with cracks and efflorescence staining
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Photo 4-49. Fiberglass piping inside chemical storage building has heavy corrosion of bolts and supports

4.2.5

Other Plant Areas

Other plant areas include the blower building, storage building and sludge pump station.
Blower Building. The blower building is a pre-engineered prefabricated steel frame building
constructed in 1978 based on 1976 Uniform Building Code (ICBO 1976). There was no access to
the roof level to perform an inspection on the roof and based on drone flyover footage, the roof
appears to be in fair condition.
There are 4 600 hp Turblex blowers installed in the building and a slab for a fifth blower available.
The blowers appear to be in good condition with minimal degradation. The degradation appears to
be concentrated at the piping connections and bolts. This is also observed on the discharge aeration
piping inside the building. Blower 4 appears to have more degradation than the other blowers, but
most of it is superficial. Blower 4 was installed at a later date than blowers 1, 2, and 3 therefore is a
different model with a different configuration than the other blowers. The blowers will, at a minimum,
need to be serviced by a manufacturer technician prior to start up for more extensive testing and
condition/performance assessment.
The following conditions were observed at the Blower Building:
•
Building appears in fair condition with no distress observed. (Photo 4-50)
•
There are several locations where the exterior wall panels are damaged. (Photos 4-51)
•
Column base anchor bolts at the North extension storage area of the building are rusting.
(Photos 4-52)
•
Bridge crane and crane rail beam appears in fair condition but should be recertified prior to use
(Photos 4-53).
•
Blower equipment anchor bolts are rusting (Photo 4-54).
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Photo 4-50. Storage building exterior wall view

Photo 4-51. Exterior wall panel damage
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Photo 4-52. Column base anchor bolt rusting – North extension of building

Photo 4-53. Bridge crane
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Photo 4-54. Blower equipment anchor bolts rusting

The blowers and aeration header piping are both in good shape (Photo 4-55). There is corrosion
present, but it is mostly concentrated on the piping bolts. Further inspection of the blowers is
recommended to ensure function. Anchorages for blowers should be replaced if used in future
infrastructure. Air pipe should be re-coated and bolts replaced.
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Photo 4-55. Blowers and process air piping

4-35
Use of contents on this sheet is subject to the limitations specified at the end of this document.
Everett PGSF Condition Assessment Report

Section 4

Everett Port Gardner Storage Facility Condition Assessment

Section 4

Storage Building. The storage building is a pre-engineered prefabricated steel frame building. There
are no construction documents provided to show the year of construction as well as the design
building code for the building. There was no access to the roof level to perform an inspection on the
roof and based on drone flyover footage, the roof appears to be in fair condition.
The following are observed at storage building:
•
Building appears in fair condition with no distress observed. (Photos 5-56 and 5-57)
•
There are several locations where the exterior wall panels are damaged.
•
Column base anchor bolts at the North extension storage area of the building are rusting (Photo
4-58).

Photo 4-56. Exterior wall view

4-36
Use of contents on this sheet is subject to the limitations specified at the end of this document.
Everett PGSF Condition Assessment Report

Everett Port Gardner Storage Facility Condition Assessment

Photo 4-57. Interior view of prefabricated engineered framing of building

Photo 4-58. Column base anchor bolt rusting
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Sludge Pump Station. The sludge pump station building is steel frames with concrete masonry unit
wall building designed in 1978 based on 1976 Uniform Building Code (ICBO 1976). There was no
access to the roof level to perform an inspection on the roof and based observation from outside of
the building, the roof appears to be in fair condition.
Most of the mechanical assets are located below grade in the building and are reported to have
been submerged for an extended period. As a result, all pumps located within the building have
significant degradation and are considered failed. The fiberglass recycled sludge pipe located within
the sludge pipe is supported from the ceiling within the building. A few select pipe hangers have
significant corrosion, but the pipe is otherwise in good condition. The stainless effluent pipe is also in
fair condition. There are portions where the effluent pipe is supported from the floor and at these
locations the supports have significant corrosion. All pipe that can potentially be used for future
infrastructure should undergo an inspection of the pipe interior to confirm the interior condition is in
similar condition.
The following are observed at sludge pump station building:
•
Building appears in fair condition with no distress observed. (Photos 4-59, 4-60, 4-61)
•
Rusting at steel column base locations. (Photo 4-62)
•
Widespread rusting and corrosion at equipment and pipe support base locations. (Photos 4-63)
•
Rusting at soffit of steel deck at mezzanine floor level. (Photos 4-64)
•
Underhung bridge crane and pulley system are rusting and in poor condition. (Photo 4-65)
•
Mechanical assets are in poor condition except for fiberglass and effluent pipe. (Photo 4-66)
Recommendations.
•
Further investigation of the rusting at the soffit of the mezzanine steel deck floor for structural
condition in its load carrying capacity.
•
Further inspect interior of fiberglass and effluent piping.
•
Remove mechanical assets other than fiberglass and effluent piping.
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Photo 4-59. Exterior view of building elevation

Photo 4-60. Exterior view of building elevation
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Photo 4-61. Interior steel brace frame

Photo 4-62. Rusting at steel column base plate
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Photo 4-63. Rusting at base of equipment base

Photo 4-64. Rusting steel deck soffit at mezzanine floor
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Photo 4-65. Underhung 3-ton bridge crane

Photo 4-66. Fiberglass piping in sludge pump station, in good condition overall

4.2.6

Summary

In summary, the visual inspection yielded a preliminary conclusion that most of the mechanical
assets need to be removed or replaced and that the buildings are in overall good condition, but
potentially need repairs to extend their life. A preliminary recommendation is made to epoxy inject
and coat the aeration basins and clarifiers and to repair cracks greater than 0.005 inches wide.
However, detailed inspection of these assets should be conducted to ensure this is the best path
forward for preserving the remaining life of the infrastructure. All walkways, railings, stairways, and
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grates should be sandblasted and re-coated and individual areas of heavy corrosion should be
repaired.
Detailed inspections should also be conducted for the fiberglass pipe and slide gates. While the
initial visual inspection of most piping was favorable, the true condition will not be known until the
interior of the pipes are also inspected. Similarly, the slide gates themselves appear to be in good
condition but need to undergo additional testing to confirm that the actuators are functional and the
gates still properly seal. The blowers need to be inspected to determine their functionality as well but
are likely less vital to a storage facility. They therefore should receive lower priority for inspection.

4.3

Remaining Useful Life Determination

The RUL method provides an approach to estimating each asset’s replacement year, using a typical
asset life, asset age, use, condition, and performance. The RUL does not forecast when a piece of
equipment will fail, but rather is intended to be used as a decision-making tool for which assets
should be prioritized for repair or replacement, with priority given to assets with the lowest remaining
useful service life. The following section describes in detail how the remaining useful service life for
each asset was calculated. The calculated RUL value for each asset was rounded up to the nearest 5
years and is reported in Table 4-4.
Reference asset management curves and formulas based on asset type are located in Appendix D.
The curves are quadratic equations used to adjust the asset life based on its asset category, use,
condition, and performance. The example asset used for the purposes of this RUL method
application is aeration basin (AB) 1 zone 1 slide gates (SG).
Step 1: Age-Adjusted Useful Life. The expected life of the slide gates is first established. The
asset register assigns this equipment class a 30-year asset life. The SGs were installed in
1982 therefore, have an age of 42 years or approximately 140 percent of its expected useful
life for that equipment class. The actuarial adjustment curve for prediction of economic life
from age indicates that the SGs Age-Adjusted Useful Life of the asset is 50.8 years. Meaning
that, based on the type of equipment and current age, under normal operation, the gates
were expected to last until 2028 (50.4 years after installation).
Step 2: Predicted RUL. The age of the gates is subtracted from its useful life determined in
Step 1 to approximate an initial RUL.
In this slide gate example, the asset age of 42 years is subtracted from the utilizationpredicted useful life of 50.8 years to yield a RUL of 8.8 years.
Step 3: Condition-Based RUL. The RUL from Step 2 is modified based on the asset’s
assessed condition as represented on a five-point scale (no adjustment is made if the asset
is not assessed). This adjustment is based upon a series of six condition curves developed
for this purpose. Each of the asset classes is assigned to one of these six curves based on
asset type (e.g., pipe, pump, structure).
The condition ranking of the AB 1 zone 1 SGs was scored as a 2. The gates are assigned to
condition curve “CF.” This curve indicates that at condition ranking 2, the RUL is 95 percent
of that otherwise anticipated. For the SGs the condition-adjusted RUL is 95 percent of 8.8
years (Step 2) or approximately 8.3 years.
Step 4: Performance-Based RUL. The RUL from Step 2 is again adjusted based on the asset
performance condition assessment, which is represented on a five-point scale and six
performance curves. Each of the asset spreadsheet’s asset classes is assigned to one of these
six curves.
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For purposes of this example, the SGs have an assumed assessed performance condition
ranking of 3. Gates are assigned to performance curve “PE.” The curve indicates that an
asset with a performance grade of 3 should have a RUL of 60 percent of what is otherwise
expected. Therefore, the performance adjusted RUL of the SGs is 60 percent of 8.8 years, or
approximately 5.3 years.
Step 5: Lowest RUL Value. The lowest RUL value between Steps 3 and 4 is selected as the
RUL for the asset.
The SGs condition-adjusted RUL is 8.3 years. The performance-adjusted RUL is 5.3 years.
The lowest value is the performance-adjusted RUL, which is rounded up to the nearest 5
years, or maintained at 5 years in the case of this slide-gate example.
The asset management spreadsheet contains a table of equipment service life that the user
can select and assign to each individual asset. Service life (standard expected life) values for
assets are defined as the cur- rent typical service life for asset function. The service life for
the specific assets is used to start the RUL calculation.
Table 4-1 lists the asset service life values.

Asset Description

Table 4-1. Asset Service Life Values
Service Life
Asset Description

Service Life

Air compressors

20

Instruments

10

Aluminum domes

40

Lab equipment

15

Automatic sampler

10

MCC/SWGRs

30

Boilers/hot water heaters

15

Mixers

20

Blowers

15

Odor Control unit

25

Buildings

50

Paving, asphalt

15

Chlorinators

20

Paving, concrete

30

Clarifier mechanism

15

Piping

50

Concrete/masonry

50

Pre-engineered metal buildings

30

Control panels

20

Pumps/grinders

15

Conveyor

20

Roofing

20

Diffusers

15

Screens

15

Filters

15

Scrubbers

30

Flow meters

15

Sludge collections

20

Gates

30

Tanks

25

General electrical

30

Transformers

30

Generator

25

UV banks

20

Heat exchangers

30

Valves

30

HVAC fans

20

Variable frequency drives

10

HVAC units

20

Mechanical equipment not otherwise specified

30
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The asset service life is evaluated with the condition, performance, and use that were assessed in
order to establish an RUL. The RUL can produce an expected useful life that is greater than the
original design intent and can occur for equipment that is still functioning properly with minimal
degradation at the closing end of its asset service life. In the example discussed previously, the slide
gates outlasted their assigned asset service life. Similarly, for assets that are malfunctioning or
possess a significantly degraded condition, the RUL may be much lower that the originally projected
asset useful life.

4.4

Summary of Condition, Performance, and Risk Scores

The following section summarizes the condition, performance, and risk scores assigned to plant
during the condition assessment. In addition, this section identifies items recommended for further
inspection or study. See the detailed inspection results for all assets in Appendices A and B.
A summary of the condition and performance scores for all assets catalogued during the condition
assessment is presented in Table 4-2, which identifies the number of assets that fall into each of the
five condition and performance scoring regions. The condition and performance scoring regions are
described below:
◆ Region 1: Good Physical Condition and Performance
Assets with good (i.e., low) physical condition and performance scores of 1 or 2 will be in
Region 1. Typically, no action is recommended for these assets.
◆ Region 2: Moderate Physical Condition and Performance
Assets with either condition or performance (or both) receiving a score of 3, and no higher
scores, will be in Region 2. The recommended action for assets in this category depends on
the findings of the risk assessment. A low-risk/non-critical asset will typically require no
action, whereas a high-risk/critical asset typically may require some form of improvement.
◆ Region 3: Poor Physical Condition Ranking
Assets with poor asset physical condition scores of 4 or 5 but with performance scores of 1,
2, or 3 will be in Region 3. Assets in this category are physically worn or degraded but still
meet their intended performance function/capacity. Although the assets are in service and
functioning, issues related to the condition of these assets should be addressed.
◆ Region 4: Poor Performance Ranking
Assets with poor performance scores of 4 or 5 but with asset physical condition scores of 1,
2, or 3 will be in Region 4. These assets are in good to moderate physical condition but their
function does not meet required performance measures. An example of a Region 4 asset is a
flow meter that is in good physical condition but does not provide accurate readings, and so
is not meeting its intended performance for flow monitoring.
◆ Region 5: Poor Condition and Performance
Assets with poor physical condition and asset performance scores of 4 or 5 will be in Region
5. The recommended action for these assets will typically include
replacement/refurbishment, given the asset is not functioning properly and the integrity of its
components is either moderately or severely compromised.
Most assets fall into Region 1 or Region 2. However, many of the assets are structural and while in
overall good condition will still need repairs outlined in recommendations. Pipes and gates are the
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most notable exception to the mechanical assets in region 1 and 2, but still will require an additional
inspection of the interior of pipe and testing of gate seals to confirm the assessment. Assets scored
in Regions 3, 4, and 5 generally received their score because of their current state of disrepair. Many
of the mechanical assets do not have a clear function for the new facility or would also likely not
serve the correct role. Given the poor condition and unclear role of these assets it is recommended
that they are not considered for reuse. Higher priority should therefore be assigned to assets in
regions 1 and 2 that need more minor repairs can serve a clear purpose.
Table 4-2. Condition and Performance Scoring Results Summary
(Number of assets receiving each score)
Performance (decreasing performance from left to right)
Asset Physical Condition
(decreasing condition from top to
bottom)

Functioning
as
Intended
(1)

In Service,
Higher-thanExpected O&M
(2)

Excellent (1)

2

–

–

–

–

2

Slight visible degradation (2)

1

27

8

–

–

36

Visible degradation (3)

–

21

8

3

–

32

Integrity moderately compromised (4)

–

-

1

11

1

13

Integrity severely compromised (5)

–

–

–

–

9

9

Total assets

3

48

17

14

10

92

In Service,
In Service,
Not
Total
Function Function Highly Functioning as Assets
Impaired
Impaired
Intended
(3)
(4)
(5)

Scoring regions are: Region 1 (dark green), Region 2 (light green), Region 3 (yellow), Region 4 (orange), Region 5 (red).
“–“ indicates that no assets received that scoring pair (e.g., no asset received a 5 for condition and 1 for performance).

A summary of the risk scores assigned during the condition assessment is presented in Table 4-3.
The table identifies the number of assets identified in the low, medium, or high-risk soring regions
based on the probability and consequence of asset failure. Interpretation of risk score paired with
condition and performance score provides information for prioritizing assets for intervention.
The risk scoring regions are described below:
◆ High risk (risk score is greater than or equal to 10, colored red): Risks where action should be
taken to reduce probability and/or impact of asset failure to move the risk into a lower region.
◆ Medium risk (risk score is greater than or equal to 4 and less than 10, colored yellow): Risks
that can be accepted, but require active attention in the form of maintenance or operating
strategy to keep the scores from increasing above 9 (in the red). Contingency plans or trigger
points for action should be prepared.
◆ Low risk (risk score is less than 4, colored green): Risks that can be accepted and do not
warrant additional attention beyond standard operational practices.
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Table 4-3. PGSF Assets Results Summary Risk Scores
Probability of Failure
Very Low (1)

Low (2)

Medium (3)

High (4)

Very High (5)

Total
Assets

Minor (1)

3

5

8

3

2

21

Significant (2)

1

5

8

4

4

22

Serious (3)

2

16

5

–

1

24

Severe (4)

–

19

6

–

–

25

Extreme (5)

–

–

–

–

–

–

Total assets

6

45

27

7

7

92

Impact of Failure

“–“ indicates that no assets received that scoring pair (e.g., no asset received a 1 for impact and 5 for probability).

A majority of assets were assigned a medium risk score, which may represent a low probability and
high consequence of failure, a high probability and low consequence of failure, or a medium
probability and consequence of failure. Many of the medium risk assets are structural. They received
the medium risk scores because their probability of failure is low but their impact is serious to
severe. With repairs these risk scores could be improved.
There are relatively few assets in the low risk, and those that are in that category because their
impact is minor (e.g., the blowers are in this category, despite their degradation because their impact
of failure to a storage facility minimal). The notable assets that scored in the highest risk category
are:
•
Clarifier mechanisms
•
Aeration basin No. 3 Zone 1
Aeration basin No. 3 Zone 1 zone received a higher risk score because of more severe degradation
within that basin compared to other basins. The clarifier mechanisms received a higher risk score
because of their medium risk of failure but severe impact of failure. While other mechanical assets
may have higher probability of failure, those assets have lower impacts compared to these assets.
Table 4-4 below lists priority assets identified from the condition assessment and includes condition,
performance, and risk scores for each asset. The assets in Table 4-4 are listed by plant area, not in
order of priority. A comprehensive list of all inspected assets, with corresponding scores and
comments on scoring, is provided in Appendix B. A description of each inspected asset is provided in
Appendix A.
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Table 4-4. Critical Assets based on Condition and Performance Score and Risk Score
Asset

RUL

Physical
Performance Condition and
Probability Impact
Condition Score
Score
Performance
of Failure of Failure
(1–5)
(1–5)
Scoring Region

Risk
Score

Comments

Neutralization Basins
Gates

5

4

4

16

3

2

6

Only actuators were visible. Highly corroded.

Aeration Distribution
Structure

15

3

3

9

3

3

9

External Cracks. Handrail rusting, the gate covers are badly rusted

Neutralization Basin Mixers

5

3

3

9

1

3

3

Scores based on visual inspection from photos of physical condition, asset
not inspected during site visit

Chemical Storage Building
Influent Fiberglass Pipe

10-20

3

2

6

2

3

6

Pipe supports and bolts are in questionable shape inside building. Fiberglass
pipe is in good condition

Recycled Sludge Pipe

20

2

2

4

2

3

6

Concrete supports look good for the pipe, some corrosion on valves and bolts

Pumps in Building
Basement

0

5

5

25

5

1

5

Combined asset to describe all pumps in the basement. Severe corrosion and
water damage, none appeared viable.

Chemical Storage Building
Structure

10

2

3

6

2

3

6

Interior of building is in poor condition. Overall concrete frame is in fair
condition. More detailed inspection of tanks and roof is recommended.

Aeration Basins
Basin Gates

5

2

3

6

3

3

9

Gates themselves appear to be in good condition, actuators are in rough
shape. Additional testing suggested to ensure seals function

Influent Pipe Gates

5

2

3

6

3

3

9

Actuators may have questionable functionality. Gates need to be tested for
seals and functionality, but gates themselves overall look to be in good
condition.

Influent Feed Piping

20

2

2

4

3

2

6

Discoloration on pipe, but appears superficial. Supports are in good
condition. More damage on east sides of basins

Basin Drain Valves

5

4

4–5

16–20

2

4

8

Basin not draining. May be due to other reasons other than this valve,
recommend an inspection to verify if valve is operational and if there are other
issues are impacting ability to drain.

Aeration Basin 3 Zone 1

10

4

3

12

3

4

12

Lots of exposed rebar. Worse condition than other zones.

Aeration Basin Other Zones

15

3

2

6

2

4

8

Aeration Basin Walkways
and Grating

10

3

3

9

2

3

6

Cracking observed, lots of moss growth. Many hairline cracks from what we
can observe. Recommend sandblasting and re-coat grating.
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Table 4-4. Critical Assets based on Condition and Performance Score and Risk Score
Asset

RUL

Physical
Performance Condition and
Probability Impact
Condition Score
Score
Performance
of Failure of Failure
(1–5)
(1–5)
Scoring Region

Risk
Score

Comments

1

2

Hairline crack on slab on grade. Base anchor bolts are rusting. Frame
otherwise is in good condition. Recommend fixing baseplates and
siding/doors

Storage Facility
Storage Structure

20

2

2

4

2

Sludge Pump Station
Sludge Pump Structure

10

2

3

6

2

1

2

Deck rusting at soffit of second floor deck. There are water stains on ceiling
tile in second floor office at end of building. Concerns about floor would lead
to more detailed inspection

Fiberglass Pipe

20

2

2

4

2

3

6

Majority of pipe hangers look good, a few are highly corroded.

Effluent Pipe

20

2

2

4

2

2

4

Supports have some degradation inside the building, particularly where they
contact the concrete. Pipe appears to be stainless.

Pumps

0

5

5

25

2

5

10

This asset captures all pumps in the room, which are all in relatively similar
condition. The room was submerged at one point and all the pumps were
underwater for an extended period of time.

Secondary Clarifiers
West Clarifier

20

2

2

4

2

4

8

East Clarifier

20

2

2

4

2

4

8

East and West Effluent
Piping

20

2

2

4

2

4

8

Performance and condition scores based on exposed portion of pipe

West Clarifier Mechanism

0

3

3

9

3

4

12

Less corrosion than East Clarifier. No visible broken pipes.

East Clarifier Mechanism

0

3

4

12

3

4

12

Better condition than west, less corrosion. However, there is broken sludge
suction pipes.

Blower Building
Blowers

5

2

2

4

3

1

3

Testing and service needed. Bolts are heavily corroded.

12-ton crane

10

1

1

1

1

1

1

Structural assessment. Needs mechanical testing to verify

Blower Building

10

3

3

9

2

1

2

Storage on north side of building is in poor shape. Main structure is overall in
good condition.
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4.5

Section 4

Summary of Key Findings

This section summarizes the key findings from the condition assessment. The review was conducted
using only visual assessments and under current conditions and the evaluation is reflective of these
causes. There are several assets that would benefit from more detailed inspections to verify the
initial judgement is the best choice for preserving infrastructure. More detailed inspections may
greatly impact the useful service life or assigned scores and therefore change the recommendations.
Assets that have been determined failed from the inspection are recommended for exclusion from
future evaluations and do not need further inspection.

4.5.1

Summary of Key Findings for Items with Remaining Useful Service Life

The items with remaining useful service life include:
•
Aeration basins (10–15 years)
•
Clarifiers (20 years)
•
Slide gates (5 years)
•
Fiberglass Piping (20 years)
•
Aeration piping (15 years), valves (5 years)
•
Blowers (5 years); these assets likely have additional life beyond 5 years but without powering
units the functionality cannot be confirmed, and repair/rehab recommendations made.
•
Chemical Storage Building, Blower Building, Sludge Pump Structure (10 years)
•
Storage building (20 years)
Based on the calculation of RUL, the value can be increased (e.g., the asset will last longer) if the
condition score is lowered through repair, rehabilitation, or replacement. The assets with the most
value for the storage facility purposes are the aeration basins and clarifiers. BC recommends coating
all surfaces with an abrasion resistant, epoxy coating and repairing cracks. Conducting these
improvements will extend the useful life by approximately 5–10 years for the aeration basins and the
secondary clarifiers. The cost of the coating should be evaluated for the extension of service life it
will provide an economical extension of the service life vs. monitoring degradation alone. Detailed
evaluations of the concrete condition (including concrete loss measurements) are recommended.
It should be noted that the blowers may have more remaining useful service life than currently
computed. The blowers have a currently assumed installation year of 2000, which was inserted as a
relatively conservative assessment to reflect that they have been replaced more recently than other
assets. Field testing of the blowers was not conducted as part of the condition assessment and the
functionality of the blowers cannot be confirmed. If rotating machinery sits unused the bearings may
become damaged. It is recommended that the blower bearings be inspected and potentially replaced
prior to unit testing.

4.5.2

Summary of Key Findings for Items with No Remaining Useful Service Life

The items listed in this section were identified as not providing any remaining useful service life for
the PGSF. These assets were critical to the operation and will require significant repair or full
replacement to be incorporated into the future facility. The key findings list is organized generally in
process sequence from the plant influent (neutralization basins) to the end of secondary treatment
(secondary clarifiers) rather than in priority order.
•
Chemical Feed Pumps/misc. mechanical equipment located within building
•
Clarifier Mechanisms
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•

Section 4

Sludge Pump Station Pumps/misc. mechanical equipment within building

4.5.3

Summary of Key Findings

The items listed in this section were identified as key findings with recommendations for further
maintenance, monitoring, or studies.
•
Blowers: Blowers 1–4 requiring additional detailed inspection, bearing inspection, and power
units to confirm functionality. The vendor should be contacted for a complete diagnostic
evaluation prior to use.
•
Fiberglass Pipe: Any pipe to be reused for conveyance should undergo an internal inspection to
confirm condition.
•
Slide Gates: Any slide gates to be reused should undergo seal and actuator testing to confirm
functionality.
•
Aeration Basins: Prevent further structural deterioration by epoxy injecting cracks greater than
0.005 inches wide and surface coat the exposed aggregate and rebar with an epoxy based
mortar. During facility design, conduct a comprehensive review of the type of coating needed for
long-term basin operation. Wait to apply a final coating until prior to facility startup.
This recommendation assumes no seismic structural improvements will be carried out. If a
seismic upgrades is planned, it is recommended that the City wait until seismic retrofit has been
completed to apply any repairs or surface coatings to the aeration basins.
•
Secondary Clarifiers: Prevent further structural deterioration by epoxy injecting cracks greater
than 0.005 inches wide and surface coat the exposed aggregate with an epoxy based mortar.
Further investigation required to perform sounding on the base slab to ensure there is no
delamination of concrete.
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Section 5

Limitations
This document was prepared solely for the City of Everett in accordance with professional standards
at the time the services were performed and in accordance with the contract between the City of
Everett, HDR and Brown and Caldwell dated June 6, 2019. This document is governed by the specific
scope of work authorized by the City of Everett; it is not intended to be relied upon by any other party
except for regulatory authorities contemplated by the scope of work. We have relied on information
or instructions provided by the City of Everett and other parties and, unless otherwise expressly
indicated, have made no independent investigation as to the validity, completeness, or accuracy of
such information. This document only covers what was observed during site inspection and does not
include seismic considerations.
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Appendix A: Condition Assessment Results Table
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Table A-1. Critical Assets based on Condition and Performance Score and Risk Score
Asset Name

Physical
Performance Condition and
Probability Impact
Condition Score
Score
Performance
of Failure of Failure
(1–5)
(1–5)
Scoring Region

Risk
Score

Comments

Neutralization Basins
Aeration Distribution Structure

3

3

9

3

3

9

External Cracks. Handrail rusting, the gate covers are badly rusted

North and South Pipe Cross- Stile and
Handrails

3

3

9

2

3

6

More severe corrosion than aeration basins

Slide Gate No. 1

4

4

16

3

2

6

Slide Gate No. 2

4

4

16

3

2

6

Slide Gate No. 3

4

4

16

3

2

6

Slide Gate No. 4

4

4

16

3

2

6

Slide Gate No. 5

4

4

16

3

2

6

Slide Gate No. 6

4

4

16

3

2

6

Slide Gate No. 7

4

4

16

3

2

6

Slide Gate No. 8

4

4

16

3

2

6

Electronic actuator, missing cover

3

3

9

3

1

3

Scores based on visual inspection of physical condition, asset not
inspected during site visit
Handrails are rusting. Building is 90' x 96'. Interior of building is in
poor condition. Overall concrete frame is in fair condition. More
detailed inspection of tanks and roof is recommended.

Neutralization Basin Mixers

Electronic actuator, missing cover

Chemical Storage Building
2

3

6

2

3

6

Influent Feed Pipe Basin No. 1, Chemical
Building

3

2

6

2

4

8

Influent Feed Pipe Basin No. 2, Chemical
Building

3

3

9

3

3

9

Bolts have severe corrosion.

Influent Feed Pipe Basin No. 3, Chemical
Building

3

2

6

2

3

6

Pipe supports are in questionable shape inside building. Has an
exterior length that feeds into basin.

Recycled Sludge Pipe, Chemical Building

2

2

4

2

3

6

Concrete supports look good for the pipe, some corrosion on valves

Aeration Basin drain pump

5

5

25

5

3

15

Chemical feed general pumps

5

5

25

5

1

5

Chemical Storage Building Structure
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Table A-1. Critical Assets based on Condition and Performance Score and Risk Score
Asset Name

Physical
Performance Condition and
Probability Impact
Condition Score
Score
Performance
of Failure of Failure
(1–5)
(1–5)
Scoring Region

Risk
Score

3

3

9

3

1

3

Bolts rusting coating degrading. Fairly representative of all HVAC
assets in building, a more comprehensive inspection would be needed
of all units in the building.

5

5

25

5

1

5

Remove piping, very bad condition

5

5

25

4

1

4

Valve is generally representative of most valves in the chemical
storage building basement

5

5

25

4

2

8

HVAC
Lime feed pumps
Mill water valve
Process service water Piping

Comments

Aeration Basins
Aeration Basin Hand and Guard Rails

2

2

4

2

3

6

Sandblast and re-coating recommended

2

2

4

2

3

6

Scattered corrosion, but not widespread. Recommend sandblasting
and re coating

3

3

9

2

3

6

Cracking observed, lots of moss growth. Many hairline cracks from
what we can observe. Re-coat grating

Aeration Basin No. 1, Zone 1

3

2

6

2

4

8

Same for all other basins

Aeration Basin No. 1, Zone 2

3

2

6

2

4

8

Similar condition to other zones

Aeration Basin No. 1, Zone 3

3

2

6

2

4

8

Similar condition to other zones

Aeration Basin No. 1, Zone 4

3

2

6

2

4

8

Similar condition to other zones

Aeration Basin No. 1, Zone 5

3

2

6

2

4

8

Similar condition to other zones

Aeration Basin No. 2, Zone 1

3

2

6

2

4

8

Similar condition to other zones

Aeration Basin No. 2, Zone 2

3

2

6

2

4

8

Similar to other zones

Aeration Basin No. 2, Zone 3

3

2

6

2

4

8

Similar condition to other zones

Aeration Basin No. 2, Zone 4

3

2

6

2

4

8

Similar to other basins

Aeration Basin No. 2, Zone 5

3

2

6

2

4

8

Similar condition to other zones

Aeration Basin No. 3, Zone 1

4

3

12

3

4

12

Lots of exposed rebar, need to repair

Aeration Basin No. 3, Zone 2

3

2

6

2

4

8

Similar condition to other zones

Aeration Basin No. 3, Zone 3

3

2

6

2

4

8

Similar condition to other zones

Aeration Basin Stairs
Aeration Basin Walkways and Grating
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Table A-1. Critical Assets based on Condition and Performance Score and Risk Score
Asset Name

Physical
Performance Condition and
Probability Impact
Condition Score
Score
Performance
of Failure of Failure
(1–5)
(1–5)
Scoring Region

Risk
Score

Comments

Aeration Basin No. 3, Zone 4

3

2

6

2

4

8

Similar condition to other aeration basins.

Aeration Basin No. 3, Zone 5

3

2

6

2

4

8

Similar condition to other zones

2

2

4

2

3

6

Looks to be in worse shape in Zone 1 than in zone 2. Coating appears
to be discolored but is superficial. Supports inspected from drone
footage and appear to be in good shape.

2

2

4

2

3

6

Pipe on eastern walls looks more degraded (probably from afternoon
sun) Coating needs to be evaluated to ensure it is UV resistant. Pipe
supports be evaluated from drone footage appear in good shape

2

2

4

2

3

6

"Discoloration on pipe, but appears superficial. Supports are in good
condition. More damage on east sides of basins

2

3

6

3

3

9

Actuators may have questionable functionality. Gates need to be
tested for seals and functionality, but gates themselves overall look to
be in good condition.

2

3

6

3

3

9

Many on electronic actuators that look newer than other actuators.
Still need to be tested for functionality. There are gates on the
distribution piping and on the influent piping

2

3

6

3

3

9

Actuators may have questionable functionality. Gates need to be
tested for seals and functionality, but overall look to be in good
condition.

2

3

6

3

3

9

Actuators may not be functional, there is corrosion on the wheel
actuators and screws. Seals may need to be replaced on the gate, but
the gates themselves seem to be in good condition. This zone has
fewer gates because the other basin's gates feed to this basin

2

3

6

3

3

9

Gates in this basin connect to the distribution header in Zone 2.
Actuators are degraded but gate should work

2

3

6

3

3

9

Gates themselves appear to be in good condition, actuators are in
rough shape. Additional testing suggested to ensure seals function

30-inch diameter recycled sludge

2

2

4

2

1

2

Supports look good

Valving on Recycled Sludge Piping

2

2

4

2

2

4

Slight corrosion, but in better condition than many other valves on site

Aeration expansion joints

4

4

16

3

1

3

Corrosion on fitting rubber hardened for all locations. (Multiple joints)

36-inch diameter Aeration Basin No. 1
Influent Pipe
36-inch Diameter Aeration Basin No. 2
Influent Pipe
36-inch diameter Aeration Basin No. 3
Influent Pipe
Gates on 36-inch diameter Aeration
Basin No. 1 Influent Pipe
Gates on 36-inch diameter Aeration
Basin No. 2 Influent Piping
Gates on 36-inch diameter Aeration
Basin No. 3 Influent Piping

Aeration Basin No. 1 Zone 1 Basin gates

Aeration Basin No. 2 Zone 1 Basin gates
Aeration Basin No. 3 Zone 1 basin gates
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Table A-1. Critical Assets based on Condition and Performance Score and Risk Score
Asset Name

Physical
Performance Condition and
Probability Impact
Condition Score
Score
Performance
of Failure of Failure
(1–5)
(1–5)
Scoring Region

Risk
Score

Comments

3

2

6

3

1

3

Will need to be coated, has insulation for noise and temperature
control. The insulation will need to be replaced and there is heavy
corrosion in places.

3

4

12

4

1

4

Most of them have ability to turn but were not opening/closing fully.
Lots of corrosion, particularly on the main valves. The bypass valves
are in better condition. Bolts are not in good shape

4

4

16

4

2

8

Basin not draining. May be due to other reasons other than this valve,
recommend an inspection to verify if valve is operational and if there
are other issues are impacting ability to drain.

4

4

16

4

2

8

Basin not draining. May be due to other reasons other than this valve,
recommend an inspection to verify if valve is operational and if there
are other issues are impacting ability to drain.

4

5

20

4

2

8

This valve is in worse shape than other basins because the actuator is
not connected. Basin not draining. May be due to other reasons other
than this valve, recommend an inspection to verify if valve is
operational and if there are other issues are impacting ability to drain.

Access Ladders

1

1

1

2

3

6

Aeration Basin Lighting

5

5

25

5

2

10

Weather tower

2

2

4

1

1

1

Stairs aeration

2

2

4

1

2

2

Recommend sandblasting and re-coating. Structural is also evaluating

Distribution Piping aeration Basin 2 Zone
2

2

1

2

2

3

6

Supported from bottom of basin. Different coating on the fiberglass
pipe than the influent pipe

Aeration Basin safety railing

3

2

6

2

3

6

Also being inspected by structural

1

2

Hairline crack on slab on grade. Base anchor bolts are rusting. Frame
otherwise is in good condition. Recommend fixing baseplates and
siding/doors

Aeration header Piping

Valving on Process air Piping

Drain Valve Aeration Basin No. 1

Drain Valve Aeration Basin No. 2

Drain Valve Aeration Basin No. 3

Water in lights

Storage Facility
Storage Structure

2

2

4

2
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Table A-1. Critical Assets based on Condition and Performance Score and Risk Score
Asset Name

Physical
Performance Condition and
Probability Impact
Condition Score
Score
Performance
of Failure of Failure
(1–5)
(1–5)
Scoring Region

Risk
Score

Comments

Sludge Pump Station
2

3

6

2

1

2

Deck rusting @ soffit of second floor floor deck. There are water stains
on ceiling tile in second floor office @ end of building. Concerns about
floor would lead to more detailed inspection

2

2

4

2

3

6

Majority of pipe hangers look good, a few are highly corroded.

2

2

4

2

4

8

Supports have some degradation inside the building, particularly
where they contact the concrete. Pipe appears to be stainless.

2

2

4

2

2

4

5

5

25

5

2

10

This asset captures all pumps in the room, which are all in relatively
similar condition. The room was submerged at one point and all the
pumps were underwater for an extended period of time.

5

5

25

5

2

10

Room was flooded for an extended period of time, indicating that the
sump pumps are not functional.

Sludge Pump Station Structure
Fiberglass Piping
Effluent Piping
Clarifier drain pump discharge pump
Piping
Pumps in Sludge pump room
Sump pumps

Secondary Clarifiers
East and West Secondary Clarifiers Stairs

2

2

4

1

3

3

East and West Secondary Clarifier Guard
Rail

2

2

4

1

3

3

East and West Secondary Clarifiers
Walkways and Grating

2

2

4

2

3

6

Scattered areas of damage

West Secondary Clarifier

2

2

4

2

4

8

Need patch work

East Secondary Clarifier

2

2

4

2

4

8

36-inch diameter East Secondary
Clarifier Effluent Pipe

2

2

4

2

4

8

Performance and condition scores based on exposed portion of pipe
shown in photos

36-inch diameter West Secondary
Clarifier Effluent Pipe

2

2

4

2

4

8

Performance and condition scores based on exposed portion of pipe
shown in photos

3

4

12

3

4

12

Better condition than west, less corrosion. However there is broken
sludge suction pipes.

East Clarifier Internal Mechanical System
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Table A-1. Critical Assets based on Condition and Performance Score and Risk Score
Asset Name
West Clarifier Internal Mechanical
System
East clarifier Launder
West Clarifier Launder

Physical
Performance Condition and
Probability Impact
Condition Score
Score
Performance
of Failure of Failure
(1–5)
(1–5)
Scoring Region

Risk
Score

Comments

3

3

9

3

4

12

Less corrosion than East Clarifier. No visible broken pipes.

3

2

6

2

2

4

Includes weir plate, scum baffle and clarifier launder. Scum baffle and
weir plate are fiberglass. Wooden blocks line the launder.

3

2

6

2

2

4

Includes weir plate, scum baffle and clarifier launder. Scum baffle and
weir plate are fiberglass. Wooden blocks line the launder

Blower Building
3

3

9

2

1

2

Baseplate and Ab rusting @ east extension blower equipment base AB
rusting. North end of building is degraded, main building is in fair
condition. The bases for blowers are corroded

2

2

4

3

1

3

Not tested, corrosion on bolts.

2

2

4

3

1

3

Motor appears visually different (potentially a slightly different model)
and motor appears to be leaking. Without testing not sure functionality

2

2

4

3

1

3

Bolts look better than other blowers. Mouse nest in intake of motor.

2

2

4

3

1

3

Different blower than the rest, but appears to be similar model,
potentially just added at a later date than the other three. Discharge
piping has more damage than other three blowers.

Blower 1–4 Discharge Header and Piping

2

2

4

2

1

2

Corrosion on bolts

Blower fan

3

2

6

2

1

2

Not functional

Blower Building Structure
Blower 1
Blower 2
Blower 3
Blower 4
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Appendix B: Condition Assessment Plan
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Section 1: Introduction
Brown and Caldwell (BC) has been contracted to provide subconsultant services to HDR Inc. and the City of
Everett (City) to perform a condition and criticality assessment of the Port Gardner Storage Facility (PGSF),
formally the Kimberly Clark (KC) wastewater treatment plant (WWTP).
The KC WWTP served as a primary and secondary wastewater treatment facility for the Kimberly Clark pulp
mill and tissue plant, located south of Port Gardner along the Possession Sound in Everett Washington. The
KC WWTP was designed to treat up to 22 million gallons per day (MGD) of paper mill wastewater. The facility
was constructed to include primary through secondary treatment including pH neutralization of high acidic
wastewater. Kimberly-Clark decommissioned the wastewater facility in 2012 and the City of Everett will be
re-purpose it as a wet weather storage and possible future treatment facility. BC will conduct an inspection
of the existing plant secondary treatment infrastructure.
This Condition Assessment Plan identifies target areas of the plant and assets that will be the focus of the
condition assessment. It describes the methodology BC will be use for the individual asset evaluations. BC
and the City will use the results of the condition and criticality assessment to develop a planning level
estimates of the remaining useful life of inspected items based on the asset condition and functionality. BC
will then use the results of the condition and criticality assessment to develop rehabilitation, repair, and
replacement recommendations within a Condition Assessment Results technical memo.

Section 2: Condition and Criticality Assessment Methodology
This section describes the activities and proposed methodology for the condition and criticality assessment.

2.1 Summary
To begin the condition assessment, BC developed a preliminary list of plant areas and assets for inspection.
The list includes assets related to the existing treatment process, major equipment, structures, and
supporting systems. The preliminary asset list is provided as Attachment A and will be reviewed with the City
prior to site inspections. The City will be responsible for helping BC finalize the asset list by identifying
additional items to be included in the condition assessment, removing any items deemed unnecessary, and
prioritizing items based on importance and need.
Following City approval of the facility asset list, BC staff will visually inspect each asset during site visits and
assign a score to each asset’s physical condition and performance. The asset evaluation scores will help
inform the Condition and Criticality Assessment Results Technical Memorandum (TM).
The Plant condition and criticality assessment will include the following activities:
1. Information/data gathering and review
a. Review any available plant record drawings
b. Review any available asset maintenance history and operational performance
c. Review any existing WWTF facility plans
d. Review City asset organization hierarchy and naming conventions
e. Conduct a preliminary site walk and information gathering session with the City
f. Develop a preliminary critical asset list, including asset naming, for City review
2. Site walk and individual asset evaluation
a. Collection of asset imagery and observations
b. Visual assessment and condition scoring of assets
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c. Estimate the probability and consequence of failure of each inspected asset
3. Follow up data evaluation and summary
a. Conduct desk top analysis of aeration basin structural condition based on drone footage
b. Develop planning-level estimates of remaining useful life based on condition and functionality of
each asset
c. Rank assets’ condition and criticality based on site visit data
d. Rank probability and consequence of failure based on site visit information
e. Identify deficiencies with regards to site civil performance and/or code compliance
f. Summarize results and develop a Condition Assessment report and Site Condition Assessment TM
A multidisciplinary team of consultant subject matter experts (SME) will perform the condition assessment
with support from City staff. The field assessment team will include SMEs from process mechanical, site civil,
and structural.

2.1.1 Asset Record Review
The first condition assessment activity will be a review of available records relating to Plant assets. This
record review includes asset lists, record drawings, O&M manuals, and any other information related to the
maintenance history of individual plant assets. The results of this task will depend on the nature of historical
information the City has available for each area of the Plant. The review of record documents will be
performed by SMEs for their respective disciplines in preparation for the field visit. BC will use Information
gathered from this asset record review to develop the preliminary asset list.

2.1.2 Preliminary Asset List Naming Convention
Development of the preliminary asset lists includes assigning asset names following the City defined asset
naming convention. In addition, the site inspection will include recording assets not previously identified
from facility record documents. When a new asset is logged, BC will tag the asset with unique asset ID
following the City of Everett’s asset naming convention and hierarchy system.
The asset naming convention includes five groups of three to four characters, separated by a dash,
identifying the asset’s workgroup, site location, system, component type, and number. An example asset ID
is provided below, including descriptions of the individual components.
Asset: PGSF – BB – AIR – BLWR - 001
Workgroup – Port Gardner Storage Facility (PGSF)
Site Location and sub location (if applicable) – Blower Building (BB)
System – Process Air (AIR)
Component Type – Blower (BLWR)
Unit Number – 001 (blower 1 of 4)
Assets inspected at the site will be tagged with the workgroup location PGSF to denote the Port Gardner
Storage Facility. Table 1 provides example naming criteria to be used for unnamed assets. If the identifies
provided in Table 1 are not appropriate for a specific asset, a temporary identifier will be used and later
confirmed with the City prior to finalization of the Condition Assessment Report.
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Table 1. Port Gardener Storage Facility Asset Naming Identifiers
Workgroup

PGSF – Port
Gardner Storage
Facilitya

Site Locationb

Systemb

Component Typeb

• AB – Aeration Basins

• AIR – Process Air

• BLWR – Blower

• BB – Blower Building

• BSN - Basin

• C - Crane

• CSB– Chemical Storage Building

• BLDG - Building

• CVY- Conveyor

• FT – Flotation Thickeners

• CLAR - Clarifier

• DS – Distribution Structure

• NB– Neutralization Basins

• EFF - Effluent

• F- Feeder

• SC – Secondary Clarifiers

• INF - Influent

• FRP – Fiberglass Reinforced Pipe

• SCV – Site Civil

• LIME – Lime

• FS- Filter Silencer

• SB – Storage Building

• PP – Process Pipe

• GT- Gate

• SLS – Swale Lift Station

• RCTR – Reactor

• GR – Guard Rail

• SPS – Sludge Pump Station

• RS – Recycled Sludge

• H- Headbox

• SF - Safety

• LS – Lift Station

• SC – Scum

• MS – Mechanical System

• SD – Site Drainage

• OS – Outfall structure

• SL- Sludge

• P – Pipe

• TH - Thickener

• SCRN – Screen
• ST – Stairs
• STR – Structure
• SW – Swale
• T – Tank
• VLV – Valve
• WLK – Walkways
• ZN - Zone

a.

All assets at the Port Gardner Storage Facility to be designated as part of the PGSF workgroup.

b. Site locations, systems, and component types listed in Table 1 are not intended to be an exhaustive list of
identifiers but are provided to serve as examples to guide asset naming.

2.2

Wastewater Treatment Facility Assets

Table 2 lists typical plant assets that will be included in the condition assessment, organized by discipline.
This methodology includes process mechanical, site civil, and structural inspection.
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Table 2. Typical Plant Assets by Discipline Category
Discipline Category

Typical Assets
• Blowers and aeration equipment
• Aeration basin slide gates

Process mechanical

• External inspection of piping systems and valves
• Secondary clarifier internals and mechanical components
• Hoists/equipment handling
• Site access/security
• Fencing

Site Civil

• Paving and grading
• Site drainage
• Signage
• Yard Piping

Structural

• Structures and building
• Tank exteriors
• Tank interiors (when accessible)

A preliminary list of assets that will be inspected during the condition assessment site visits, organized by
plant area, is provided in Attachment A. The City will review the asset list prior to site visits to make
determinations about grouping or simplifying ancillary equipment and review the Asset IDs assigned to each
item. Attachment A is not intended to serve as an exhaustive list of assets to be inspected during the
condition assessment. Additional plant assets will be added to the asset list during the site inspections if the
SME or City deems the asset to have re-purpose value as part of the future storage facility.

2.3 Visual Assessment and Scoring of Assets
Field inspections will include visually assessing the existing infrastructure condition. This section
summarizes the condition assessment methodology and scoring to be used during the visual condition
assessment of the wastewater plant assets.

2.3.1 Inspection Criteria
The assessment team includes discipline-specific SMEs familiar with both the scoring criteria and
operational environment of the assets. SMEs will use their visual, auditory, tactile, and olfactory senses to
document findings. The condition evaluation will focus on the equipment/system-level assessments rather
than component-level assessments. For example, the process mechanical SME will evaluate the overall
condition and performance of each process air blower, but the assessment will not determine the condition
of individual blower components (bearing, casing, and motor). That said, as much as can be discerned about
the condition of these individual components from visual inspection will be factored into the overall
equipment score.
Each SME will digitally document their inspection using a condition inspection form on a mobile application
loaded on handheld tablets. Discipline-specific inspection forms will be preloaded into the application and
tailored to the Port Gardner Storage Facility site. In addition, any assets identified prior to the site inspection
will be loaded into the mobile application prior to the field inspections. An example condition assessment
form is included in Attachment B.
No instruments or tools will be provided or used by the assessment team to open equipment or take
measurements (i.e., vibration levels or equipment temperatures). Photo documentation and videos will be
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recorded during the field visit. The typical field observations that will be noted for each asset category are
shown in Table 3.
Table 3. Condition Assessment Field Observations by Category
Category

Assets
• Corrosion/erosion

Process mechanical

• Missing equipment or components
• Leakage
• Concrete and steel support damage
• Accessibility/condition of security assets
• Fencing condition
• Pavement extents, damage, condition

Site Civil

• Site Grading
• Pooling water, inlet condition, outfall condition
• Presence of signage
• Yard piping material, damage, corrosion
• Concrete/masonry damage
• Excessive settlement
• Connection conditions
• Exposed/missing aggregate

Structural

• Exposed/missing rebar
• Paint condition
• Standing water
• Steel, wood, and water damage
• Excessive corrosion

2.3.2 Asset Scoring
Using a 5-point scale, the assessment team will assign scores that represent the physical condition and
potential operating performance of all evaluated assets. These assets will then be mapped into regions
according to Table 4. Performance will be evaluated as a measure of whether the asset will be able to
deliver the level of service required or meeting its intended purpose. Condition is considered a measure of
the asset’s physical state. Attachment C contains a detailed explanation of possible scores.
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Table 4. Condition and Performance Scoring Regions for Recommendation
Performance Score
(decreasing performance from left to right)
Asset Physical Condition

Excellent (1)

Functioning
as
Intended
(1)

In Service,
Higher-thanExpected O&M
(2)

Region 1

In Service,
Function
Impaired
(3)

In Service,
Function Highly
Impaired
(4)

Not Functioning
as Intended
(5)

Region 4

Slight visible degradation (2)
Visible degradation (3)

Region 2

Integrity moderately compromised (4)

Region 3

Region 5

Integrity severely compromised (5)

◆ Region 1: Good Physical Condition and Performance
Assets with good (i.e., low) physical condition and performance scores of 1 or 2 will be in Region 1.
Typically, no action is recommended for these assets.

◆ Region 2: Moderate Physical Condition and Performance
Assets with at least one moderate score of 3 and no higher scores will be in Region 2. The
recommended action for assets in this category depends on the findings of the risk assessment. A lowrisk/non-critical asset will typically require no action, whereas a high-risk/critical asset typically may
require some form of improvement.

◆ Region 3: Poor Physical Condition Ranking
Assets with poor physical condition scores of 4 or 5 but with performance scores of 1, 2, or 3 will be in
Region 3. Assets in this category are physically worn or degraded but still meet their intended
performance function/capacity. Although the assets are in service and functioning, issues related to
the condition of these assets should be addressed.

◆ Region 4: Poor Performance Ranking
Assets with poor performance scores of 4 or 5 but with physical condition scores of 1, 2, or 3 will be in
Region 4. These assets are in good to moderate physical condition but their function does not meet
required performance measures. An example of a Region 4 asset is a flow meter that is in good
physical condition but does not provide accurate readings, and so is not meeting its intended
performance for flow monitoring.

◆ Region 5: Poor Condition and Performance
Assets with poor physical condition and performance scores of 4 or 5 will be in Region 5. The
recommended action for these assets will typically include replacement/refurbishment, given the
asset is not functioning properly and the integrity of its components is either moderately or severely
compromised.

The regions in Table 4 reflect only the performance and condition of assets; regions do not reflect the
criticality of those assets to Plant operations or the risks associated with asset failure. The risk analysis,
completed as part of the reporting phase, will look at the possible failure modes and estimate probabilities
and consequences of failure based on the results of the condition assessment and O&M interviews.
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2.3.3 Limitations of Visual Assessment
While a sensory-level observation is not an exhaustive inquiry, it does represent an appropriate, prudent, and
reasonable level of effort, particularly as a preliminarily method to prioritize needs. Water Environment &
Reuse Foundation (WERF) and other industry standards recognize that this is a reasonable approach to
reduce, but not eliminate, the level of uncertainty regarding the potential for recognized conditions of capital
elements that require attention. When the visual assessment is combined with review of historical data and
interviews with O&M staff, it forms a decision-making basis to justify the need for repairing/replacing assets
or to identify needs for potential specialized testing or additional monitoring.

2.4 Site Visit Logistics
Plant inspections are scheduled to occur June 22, 23, and 24, 2020. The visual condition assessment
requires varying degrees of engagement by the SMEs. The City will coordinate site access, and the
assessment team will follow all City health and safety protocols for entry into each area of the plant. The
following number of days are anticipated for the respective discipline site walks:
Monday June 22
• Steven Drangsholt – Project manager
• Anthony VanHaverbeke – Drone inspection/structural
• Casey Gish – Process mechanical
• Karina Eyre – Process mechanical
• Abbi Dorn – Civil
• Amanda Lawler – Civil
Tuesday June 23
• Steven Drangsholt – Project manager
• Anthony VanHaverbeke – Drone inspection/structural
• Casey Gish – Process mechanical
• Chun Lau - Structural
Wednesday June 24
• Flex day – site visits to be scheduled as necessary

2.4.1 Specialized Access or Inspections
The need for specialized access or inspections, or any recommended specialty testing or follow-up condition
monitoring, will be determined based on the findings from the asset history review and visual assessments.
Recommendations will be developed based on the City’s priorities and SME’s evaluation results.
Some types of specialized inspection that could be recommended include:
•
Core drilling structural elements to determine condition of concrete and rebar
•
Concrete material testing
•
Specialty vendor inspections (i.e. detailed geotechnical investigation)
If appropriate, the consultant team may also recommend that the City conduct follow-up specialized testing
or monitoring (not included in the current consultant scope), including:
•
Mechanical equipment performance inspection including specialized vibration, temperature, or noise
testing that requires supplemental instrumentation
•
Closed circuit television (CCTV) inspection of buried yard piping
•
Power or temperature monitoring that requires supplemental instrumentation
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2.5 Risk Analysis
The risk assessment will use the condition assessment’s major findings to estimate the probabilities and
consequences of various risks. A score will be calculated for each risk based on assigned impact and
probability factors as shown in Table 5. The resulting risk scores are mapped into three regions:
1. High (risk score is greater than or equal to 10, colored red): Risks where action should be taken to
reduce probability and/or consequence and move the risk into a lower region.
2. Medium (risk score is greater than or equal to 4 and less than 10, colored yellow): Risks that can be
accepted but that require active attention in the form of maintenance or operating strategy to keep the
scores from elevating above 10 (in the red). Contingency plans or trigger points for action should be
prepared.
3. Low (risk score is less than 4, colored green): Acceptable risks that do not warrant additional attention
beyond standard operational practices.
Table 5 Risk Scoring Matrix
Risk Score = Impact Factor X Probability Factor
Probability Factor
Impact Factor

Very Low
(1)

Low
(2)

Medium
(3)

High
(4)

Very High
(5)

Minor (1)

1

2

3

4

5

Significant (2)

2

4

6

8

10

Serious (3)

3

6

9

12

15

Severe (4)

4

8

12

16

20

Extreme (5)

5

10

15

20

25

The risk scores and corresponding asset condition scores will be the starting point for developing planning
level estimates of the remaining useful life of the inspected equipment.

Section 3: Next Steps
3.1 Development of Condition and Criticality Assessment Results TM
Results of the field assessment, asset scoring, and risk assessment will be developed into a Condition and
Criticality Assessment Results TM that documents the findings of the analysis. The TM will contain
documentation and discussion of the Plant assessment from each SME, results of a risk analysis, and a
qualitative discussion of failure risks and consequences. In addition, the report will provide a planning-level
estimate of remaining service life of assets based on observed asset condition and functionality, and on the
typical service life of similar assets.

3.2 Inputs to Other Tasks
BC will use the information developed in the Condition and Criticality Assessment Results TM to prepare
proposed modifications for converting the Kimberly Clark WWTF into the Port Gardner storage facility. Asset
and system information gathered during the condition assessment will identify what is useable infrastructure
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for the PGSF and what assets need to be repaired or replaced during the repurposing of the facility. The
proposed modifications to the PGSF will be incorporated into the General Sewer Plan.
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Attachment A: PGSF Asset List
Number

System

Component Type

Asset ID

Current
Equipment
number

Description

Discipline to
Conduct Inspection

Notes on Asset Inspection

Site Location: Chemical Storage Building
Chemical Storage Building Structure

Structural

Portable flood lamps required for inspection. Chemical storage building ground level and
second floor to be inspected as single asset.

PGSF – CSB – INF – FRP - 001

36-inch-diameter Aeration Basin No. 1 Influent Pipe

Process Mechanical

External pipe inspection only. Portable flood lamps required for asset inspection. Pipe invert
approximately 24 feet from floor. Asset may not be accessible from inside room. Influent pipe 2
and 3 to serve as surrogate.

Fiberglass pipe

PGSF – CSB – INF – FRP – 002

36-inch-diameter Aeration Basin No. 2 Influent Pipe

Process Mechanical

External pipe inspection only. Portable flood lamps required for asset inspection. Pipe invert
approximately 17 feet from floor.

Influent

Fiberglass pipe

PGSF – CSB – INF – FRP – 003

36-inch-diameter Aeration Basin No. 3 Influent Pipe

Process Mechanical

External pipe inspection only. Portable flood lamps required for asset inspection. Pipe invert
approximately 13 feet from floor.

Recycled sludge

Fiberglass pipe

PGSF – CSB – RS – FRP – 001

30-inch-diameter recycled Sludge Line

Process Mechanical

External pipe inspection only. Portable flood lamps required for asset inspection. Pipe invert
approximately 8 feet from floor.

1

Building

Structure

PGSF – CSB – BLDG – STR – 001

2

Influent

Fiberglass pipe

3

Influent

4
5

Site Location: Neutralization Basin
6

Reactor

Tank

PGSF – NB – RCTR – T – 001

pH Neutralization Basin Flash Mix Tank and Reactor Chambers

Structural

Internal inspection of neutralization basin using a pole camera is possible if basin internals are
accessible through hatch or opening, otherwise external structural inspection only. Flash mix
tanks and reactor chambers 2 and 3 to be inspected as a single asset.

7

Reactor

Tank

PGSF- NB – RCTR –DS – 001

Aeration Distribution Structure

Structural

Internal inspection of distribution structure using a pole camera is possible if basin internals
are accessible through hatch or opening, otherwise external structural inspection only. Aeration
basin distribution boxes 1 – 4 to be inspected as a single asset.

8

Safety

Guard Rail

PSGF – NB – SF – GR - 001

North and South Pipe Cross – Stile and Handrails

Structural

North and south cross-stile and handrails to be inspected as a single asset.

9

Reactor

Gate

PGSF- NB – RCTR – GT – 001

Slide Gate No. 1

80040-1027

Process Mechanical

Gate will not be operated during inspection.

10

Reactor

Gate

PGSF- NB – RCTR – GT – 002

Slide Gate No. 2

80040-1028

Process Mechanical

Gate will not be operated during inspection.

11

Reactor

Gate

PGSF- NB – RCTR – GT – 003

Slide Gate No. 3

80040-1029

Process Mechanical

Gate will not be operated during inspection.

12

Reactor

Gate

PGSF- NB – RCTR – GT – 004

Slide Gate No. 4

80040-1030

Process Mechanical

Gate will not be operated during inspection.

13

Reactor

Gate

PGSF- NB – RCTR – GT – 005

Slide Gate No. 5

80040-1031

Process Mechanical

Gate will not be operated during inspection.

14

Reactor

Gate

PGSF- NB – RCTR – GT – 006

Slide Gate No. 6

80040-1032

Process Mechanical

Gate will not be operated during inspection.

15

Reactor

Gate

PGSF- NB – RCTR – GT – 007

Slide Gate No. 7

80040-1033

Process Mechanical

Gate will not be operated during inspection.

16

Reactor

Gate

PGSF- NB – RCTR – GT – 008

Slide Gate No. 8

80040-1034

Process Mechanical

Gate will not be operated during inspection.

Site Location: Aeration Basin
17

Safety

Guard Rail

PGSF – AB – SF – GR - 001

Aeration Basin Hand and Guard Rails

Structural

Hand and guard rails to be inspected as single asset.

18

Safety

Stairs

PGSF – AB – SF – ST – 001

Aeration Basin Stairs

Structural

Aeration basin stairs.

19

Safety

Walkway

PGSF – AB – SF – WLK – 001

Aeration Basin Walkways and Grating

Structural

Aeration basin walkways and grating to be inspected as a single asset.

20

Basin

Zone

PGSF – AB – BSN – ZN – 101

Aeration Basin No. 1, Zone 1

Structural

Drone inspection only, no basin entry.

21

Basin

Zone

PGSF – AB – BSN – ZN – 102

Aeration Basin No. 1, Zone 2

Structural

Drone inspection only, no basin entry.

22

Basin

Zone

PGSF – AB – BSN – ZN – 103

Aeration Basin No. 1, Zone 3

Structural

Drone inspection only, no basin entry.

23

Basin

Zone

PGSF – AB – BSN – ZN – 104

Aeration Basin No. 1, Zone 4

Structural

Drone inspection only, no basin entry.

24

Basin

Zone

PGSF – AB – BSN – ZN – 105

Aeration Basin No. 1, Zone 5

Structural

Drone inspection only, no basin entry.

25

Basin

Zone

PGSF – AB – BSN – ZN – 201

Aeration Basin No. 2, Zone 1

Structural

Drone inspection only, no basin entry.

26

Basin

Zone

PGSF – AB – BSN – ZN – 202

Aeration Basin No. 2, Zone 2

Structural

Drone inspection only, no basin entry.

27

Basin

Zone

PGSF – AB – BSN – ZN – 203

Aeration Basin No. 2, Zone 3

Structural

Drone inspection only, no basin entry.

28

Basin

Zone

PGSF – AB – BSN – ZN – 204

Aeration Basin No. 2, Zone 4

Structural

Drone inspection only, no basin entry.
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Current
Equipment
number

Description

Discipline to
Conduct Inspection

Number

System

Component Type

Asset ID

Notes on Asset Inspection

29

Basin

Zone

PGSF – AB – BSN – ZN – 205

Aeration Basin No. 2, Zone 5

Structural

Drone inspection only, no basin entry.

30

Basin

Zone

PGSF – AB – BSN – ZN – 301

Aeration Basin No. 3, Zone 1

Structural

Drone inspection only, no basin entry.

31

Basin

Zone

PGSF – AB – BSN – ZN – 302

Aeration Basin No. 3, Zone 2

Structural

Drone inspection only, no basin entry.

32

Basin

Zone

PGSF – AB – BSN – ZN – 303

Aeration Basin No. 3, Zone 3

Structural

Drone inspection only, no basin entry.

33

Basin

Zone

PGSF – AB – BSN – ZN – 304

Aeration Basin No. 3, Zone 4

Structural

Drone inspection only, no basin entry.

34

Basin

Zone

PGSF – AB – BSN – ZN – 305

Aeration Basin No. 3, Zone 5

Structural

Drone inspection only, no basin entry.

35

Influent

Fiberglass pipe

PGSF – AB – INF – FRP - 001

36-inch-diameter Aeration Basin No. 1 Influent Pipe

Process Mechanical

External pipe inspection only. Influent pipe continued from chemical storage building. Pipe
supports and connections to be included in asset inspection.

36

Influent

Valves

PGSF – AB – INF - VLV – 001

Valving on 36-inch-diameter Aeration Basin No. 1 Influent Pipe

Process Mechanical

All valving to be inspected as single asset.

37

Influent

Fiberglass pipe

PGSF – AB – INF – FRP – 002

36-inch-diameter Aeration Basin No. 2 Influent Piping

Process Mechanical

External pipe inspection only. Influent pipe continued from chemical storage building.

38

Influent

Valves

PGSF – AB – INF - VLV – 002

Valving on 36-inch-diameter Aeration Basin No. 2 Influent Pipe

Process Mechanical

All valving to be inspected as single asset.

39

Influent

Fiberglass pipe

PGSF – AB – INF – FRP – 003

36-inch-diameter Aeration Basin No. 3 Influent Piping

Process Mechanical

External pipe inspection only. Influent pipe continued from chemical storage building.

40

Influent

Valves

PGSF – AB – INF - VLV – 003

Valving on 36-inch-diameter Aeration Basin No. 3 Influent Pipe

Process Mechanical

All valving to be inspected as single asset.

41

Basin

Gate

PGSF – AB – BSN – GT – 001

Aeration Basin No. 1, Zone 1 gates

Process Mechanical

Individual gates to be identified, inspected, and labeled in field. Gate will not be operated
during inspection.

42

Basin

Gate

PGSF – AB – BSN – GT – 002

Aeration Basin No. 1, Zone 2 gates

Process Mechanical

Individual gates to be identified, inspected, and labeled in field. Gate will not be operated
during inspection.

43

Basin

Gate

PGSF – AB – BSN – GT – 003

Aeration Basin No. 1, Zone 3 gates

Process Mechanical

Individual gates to be identified, inspected, and labeled in field. Gate will not be operated
during inspection.

44

Recycled Sludge

Pipe

PGSF – AB - RS – FRP – 001

Aeration Basin Recycled Sludge Piping

Process Mechanical

External pipe inspection only. Large diameter white pipe. Pipe supports and connections to be
included in asset inspection.

45

Recycled Sludge

Valves

PGSF – AB - RS – VLV – 001

Valving on Recycled Sludge Piping

Process Mechanical

All valving to be inspected as single asset.

46

AIR

FRP

PGSF – AB – AIR – FRP – 001

Large and Small Diameter Process Air piping

Process Mechanical

External pipe inspection only. All large and small diameter process air piping to be inspected as
a single asset. Piping insulation, supports, and connections to be included in asset inspection.

47

AIR

Valves

PGSF – AB - AIR – VLV – 001

Valving on Process Air Piping

Process Mechanical

All valving to be inspected as single asset.

Site Location: Secondary Clarifiers
48

Safety

Stairs

PGSF – SC – SF – ST – 001

East and West Secondary Clarifier Stairs

Structural

East and west secondary clarifier stairs to be inspected as a single asset.

49

Safety

Guard Rail

PGSF – SC – SF – GR – 001

East and West Secondary Clarifier Guard Rail

Structural

East and west secondary clarifier guard rails to be inspected as single asset.

50

Safety

Walkway

PGSF – SC – SF – WLK – 001

East and West Secondary Clarifier Walkways and Grating

Structural

East and west secondary clarifier walkways and grating to be inspected as a single asset.

51

Clarifier

Tank

PGSF – SC - CLAR – T – 001

East Secondary Clarifier

Structural

Complete internal and external inspection of east secondary clarifier structure include effluent
launder and scum pit structure.

52

Clarifier

Tank

PGSF – SC – CLAR – T – 002

West Secondary Clarifier

Structural

Complete internal and external inspection of east secondary clarifier structure include effluent
launder and scum pit structure.

53

Clarifier

Distribution Structure

PGSF – SC – CLAR – DS – 001

Secondary Clarifier Distribution Structure

Structure

Structural condition of secondary clarifier distribution structure

54

Clarifier

Headbox

PGSF – SC – CLAR – OS – 001

Secondary Clarifier Plant Outfall Structure

Structural

Standalone structure south west of west secondary clarifier.

55

Clarifier

Effluent

PGSF – SC – EFF – P – 001

36-inch-diameter East Secondary Clarifier Effluent Pipe

Process Mechanical

External pipe inspection only. Process pipe and connection condition.

56

Clarifier

Effluent

PGSF – SC – EFF – P – 002

36-inch-diameter West Secondary Clarifier Effluent Pipe

Process Mechanical

External pipe inspection only. Process pipe and connection condition.

57

Clarifier

Mechanical System

PGSF – SC – CLAR – MS – 001

East Clarifier Internal Mechanical System

Process Mechanical

East secondary clarifier sludge collection system, raking arm, energy dissipating inlet, feed well,
skimmer arm, and effluent weir to be inspected as single asset. Drive motor and not to be
included in asset inspection.

2

Port Gardner Storage Facility Condition and Criticality Assessment Plan

Attachment A: PGSF Asset List
Number

System

Component Type

Asset ID

58

Clarifier

Mechanical System

PGSF – SC – CLAR – MS – 002

Current
Equipment
number

Description

West Clarifier Internal Mechanical System

Discipline to
Conduct Inspection

Notes on Asset Inspection

Process Mechanical

West secondary clarifier sludge collection system, raking arm, energy dissipating inlet, feed
well, skimmer arm, and effluent weir to be inspected as single asset. Drive motor not to be
included in asset inspection.

Site Location: Flotation Thickeners
59

Thickener

Tank

PGSF – FT – TH – T – 001

Flotation Thickener No. 1 (South)

Structural

South floatation thickener structure.

60

Thickener

Tank

PGSF – FT – TH – T – 002

Flotation Thickener No. 2 (North)

Structural

North flotation thickener structure.

Site Location: Sludge Pump Station
61

Building

Structure

PGSF – SPS – BLDG – STR - 001

Sludge Pump Station Structure

Structural

62

Recycled Sludge

Fiberglass Pipe

PGSF – SPS – PP – FRP – 001

Fiberglass Recycled Sludge Pipe

Process Mechanical

External pipe inspection only. All sludge return pipe to be inspected as a single asset.

Structural

Portable flood lamps required for inspection. Electrical room and blower room to be included in
inspection.

Site Location: Blower Building
63

Building

Structure

PGSF – BB – BLDG – ST – 001

Blower Building Structure

64

Process Air

Blower

PGSF – BB – AIR – BLWR – 001

Blower 1

80050-1001

Process Mechanical

Portable flood lamps required for inspection. Inspection of physical condition only.

65

Process Air

Blower

PGSF – BB – AIR – BLWR – 002

Blower 2

80050-1002

Process Mechanical

Portable flood lamps required for inspection. Inspection of physical condition only.

66

Process Air

Blower

PGSF – BB – AIR – BLWR – 003

Blower 3

80050-1003

Process Mechanical

Portable flood lamps required for inspection. Inspection of physical condition only.

67

Process Air

Blower

PGSF – BB – AIR – BLWR – 004

Blower 4

80050-1004

Process Mechanical

Portable flood lamps required for inspection. Inspection of physical condition only.

68

Process Air

Pipe

PGSF – BB – AIR – P – 001

Blower 1 – 4 Discharge Header and Piping

Process Mechanical

Portable flood lamps required for inspection. Inspection of physical condition only.

69

Process Air

Crane

PGSF – BB – PA – C – 001

12 ton overhead crane

Process Mechanical,
Portable flood lamps required for inspection.
Structural

Site Location: Site Civil
70

SD

LS

PGSF – SLS – SD – LS – 001

Swale Lift Station

71

SD

SW

PGSF – SLS – SD – SW – 001

Drainage Swale

City to provide pump station access.

72

Site Access and Security

Individual assets, if any, to be identified and categorized during site inspection.

73

Site Fencing

Individual assets, if any, to be identified and categorized during site inspection.

74

Paving and Grading

Individual assets, if any, to be identified and categorized during site inspection.

75

Site Drainage

Individual assets, if any, to be identified and categorized during site inspection.

76

Signage

Individual assets, if any, to be identified and categorized during site inspection.

77

Yard Piping

Buried piping not included in condition assessment. Individual assets, if any, to be identified
and categorized during site inspection.
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Attachment B: Template Asset Forms and Scoring Criteria

B-1
PGSF Condition Assessment Plan

Proc Mech
Asset ID
Asset Description
Approx. Age (Years)
Capacity/Size
Manufacturer
Model
Type

(A) Visual Inspection

(check all that apply)
Corrosion
Leakage
Concrete Supports
Steel Supports
Other

Condition Score

(check one)
1 - Excellent
2 - Fair - Slight visible degradation
3 - Moderate - Visible degradation
4 - Poor Condition- Asset compromised
5 - Failed - Asset severely compromised
(check one)
1 – Excellent - Asset functioning as intended
2 – Fair - In service, but higher than expected O&M
3 – Moderate - In service, but function is impaired
4 – Poor Performance- In service, but function is highly impaired
5 – Failed - Asset is not functioning as intended
(check one)
1 - No immediate action required

Performance Score

Recommendation

2 - Initiate more detailed inspection

Comments

Photos

3 - Schedule corrective action work order near term
4 - Replace/Refurbish
5 - Immediate corrective action required

(attach)

Criteria
Corrosion

Leakage

Concrete Support

Steel Supports

Mechanical (Process/HVAC) Visual Condition Assessment
Evaluation
1
2
3
4
Surface only
None
<10%
10%-50%
>50% - 75%
Structural (loss of
None
1 location
metal)
Gaskets /
None
Historic only
Drip only
Stream 1 loc
Connections
Holes / Failures
None
1 location
Surface Cracking /
None
<10%
10%-50%
>50% -75%
Loose Grout
Through Cracks
None
<25%
Missing Pieces
None
Surface Corrosion
None
<10%
10%-50%
50%-75%

5
>75%
>1 location
Stream >1 loc
>1 location
>75%
>=25%
1 or more
>75%

Structural Corrosion

None

-

-

<25%

>=25%

Missing/Broken
Anchors

None

-

-

<25%

>=25%

Structural Assessment
Asset ID
Asset Description
Approx. Age (Years)
Size/Dimensions

(A) Visual Inspection

(check all that apply)
Paint Condition
Concrete/Masonry Damage
Steel Damage
Wood Damage
Water Damage
Asphalt Surfaces
Roof Condition
Windows/Doors
Other

Condition Score

(check one)
1 - Excellent
2 - Fair - Slight visible degradation
3 - Moderate - Visible degradation
4 - Poor Condition- Asset compromised
5 - Failed - Asset severely compromised
(check one)
1 – Excellent - Asset functioning as intended
2 – Fair - In service, but higher than expected O&M
3 – Moderate - In service, but function is impaired
4 – Poor Performance- In service, but function is highly impaired
5 – Failed - Asset is not functioning as intended
(check one)
1 - No immediate action required
2 - Initiate more detailed inspection
3 - Schedule corrective action work order near term
4 - Replace/Refurbish
5 - Immediate corrective action required

Performance Score

Recommendation

Comments

Photos

(attach)

Criteria
Paint Condition
Leakage

Concrete/Masonry Surface
Damage/Joint Damage

Steel Damage

Wood Damage

Water/Drainage

Asphalt Surfaces

Roof Condition

Windows/doors

Condition
Surface only

Structural Visual Condition Assessment
1
2
None
<10%

3
10%-50%

4
>50% - 75%

Cracks/Joints

None

Historic only

Drip only

Stream 1 loc

Penetrations / Failures

None

-

1 location

Cracking (Width of crack)

None

< 1/16 inches

Exposed Reinforcement

None

-

1/16-1/8
inches
-

Spalling, Exposed Aggregate.,
Pitting, Delamination,
Freeze/Thaw Damage

None

<10%

Settling/Heaving
Cracking
Fatigue/Connection Failure
Deformation
Corrosion/Metal Loss
Dry Rot
Warping/Splitting
Connection Failure
Loss of Section
Evidence of Standing Water
along Foundation (soil
settling)

None
None
None
None
None
None
None
None
None

5
>75%
Stream >1
loc
>1 location

1/8-1/4 inches >1/4 inches
1 location

>1 location

10%-50%

>50% - 75%

>75%

<10%
<10%
<10%

10-50%
10-50%
10-50%

1 location
1 location
1 location
>50% - 75%
>50% - 75%
1 location
1 location
1 location
>50% - 75%

>1 location
>1 location
>1 location
>75%
>75%
>1 location
>1 location
>1 location
>75%

None

<10%

10-50%

>50% - 75%

>75%

Sealer Condition

None

<10%

10-50%

>50% - 75%

>75%

Cracking

None

<10%

10-50%

>50% - 75%

>75%

Aggregate Exposure

None

<10%

10-50%

>50% - 75%

>75%

Ponding
Shingle Grit Loss/cracking
Missing Shingles

None
None
None

<10%
<10%

10-50%
10-50%

>50% - 75%
>50% - 75%
<10

>75%
>75%
>10

Dry Rot of Rubber Membrane

None

1 location

>1 location

Torn/split Membrane
Flashing Issues
Attic Issues/leaks
Broken Glass
Caulking
Warpage/alignment/rot
Hardware Issues

None
None
None
None
None
None
None

1 location
1 location
1 location
1 location
>50% - 75%
1 location
1 location

>1 location
>1 location
>1 location
>1 location
>75%
>1 location
>1 location

<10%

10-50%

Port Gardner Storage Facility Condition and Criticality Assessment Plan

Attachment C: Equipment Scoring Descriptions and
Characteristics

C-1
PGSF Condition Assessment Plan

Score = 1: Excellent Condition
Description and Characteristics
Fully operable, well maintained, and consistent with current standards. Little wear
shown and no further action required.
Primary Equipment Characteristics
• Equipment appears new with factory-applied painting/coating, which is not
corroded or degraded by UV exposure.
• Equipment is not leaking or showing any evidence of historical leaks.
• Equipment does not exhibit any vibration or noise outside of normal operating
levels.
• Equipment pedestals and mounting equipment are not damaged in any way.
• Equipment appears to be well maintained with no evidence of
rehabilitation/overhaul. Note whether grease fittings appear used, filters are
replaced regularly, etc.
• Equipment is in the beginning part of its estimated useful life and no
rehabilitation or renewal actions are required.
Ancillary Items
• Piping and valves are well supported and maintained with no evidence of leakage
or corrosion.
• Instrumentation and local control panels are well maintained and functioning
properly.
• Electrical connections are sound with no evidence of damage to junction boxes or
conduits. All components are well supported.

Score = 1: Excellent Condition Example

Example of chemical pumps in excellent condition (Score = 1). Note the pumps are
newly installed with no signs of wear or corrosion.

Score = 2: Fair Condition
Description and Characteristics
Sound and well maintained but may be showing slight signs of early wear. Delivering
full efficiency with little or no performance deterioration. Only minor renewal or
rehabilitation may be needed in the near term.
Primary Equipment Characteristics
• Equipment could be older, but physical appearance is very good, may have been
repainted since installation.
• Operating environment is generally clean and dry without the potential for
excessive heat/cold (temperature changes), humidity, or potential for
corrosion (exposure to corrosive chemicals, H2S gas, etc.).
• Equipment may have some minor surface corrosion or UV degradation (<10% of
surfaces).
• Equipment is not leaking but may have evidence of historical leaks.
• Equipment may exhibit very little vibration or noise outside of normal operating
levels.
• Equipment pedestals and supports are not damaged and have little to no surface
corrosion (<10% or surface).
• Equipment appears to be well maintained. Equipment may have recently
undergone rehabilitation/overhaul. Note whether grease fittings appear used,
filters are replaced regularly, etc.
• Equipment is in the middle of its estimated useful life and will need only minor
renewal or rehabilitation in near term.
Ancillary Items
• Piping and valves are well supported and maintained with minor surface corrosion
(<10%). There should be no visible leakage. There may be evidence of
maintenance/replacement.
• Local control panels may have some minor maintenance issues (dents, surface
corrosion <10%). No evidence of leakage or internal corrosion. All panelmounted instruments and devices should be functional.
• Field instruments: All field instruments should be functional. There should be no
visible leakage—could be evidence of historical leakage.
• Electrical connections are sound with no evidence of damage to junction boxes or
conduits. All components are well supported. There may be evidence of
maintenance/replacement.
Note: If equipment has been rehabilitated or renewed, the highest rating it can receive
is “Good.” Excellent condition applies only to new equipment.

Score = 2: Fair Condition Example

Example of sludge pumps in fair condition (Score = 2). Note the equipment is well
maintained with little signs of wear.

Score = 3: Moderate Condition
Description and Characteristics
Functionally sound and acceptable and showing normal signs of wear. May have minor
failures or diminished efficiency and with some performance deterioration or increase in
maintenance cost. Moderate renewal, or rehabilitation needed in near term.
Primary Equipment Characteristics
• Equipment is generally older, with physical appearance of good to fair.
• Operating environment could be subject to periodic wet conditions or the
potential for excessive heat/cold (temperature changes), humidity, or potential
for corrosion (e.g., exposure to corrosive chemicals).
• Equipment may have surface corrosion or UV degradation (<50% of surface) and
is in need of painting/coating.
• Equipment may have minor leaks (visible slow drip at connections only—not
from holes or other damage) or evidence of historical similar leaks.
• Equipment may exhibit moderate vibration or noise outside of normal operating
levels (equipment feels and sounds rough—need to discuss with O&M staff).
• Equipment pedestals and supports may have surface cracking, grout loosening,
etc. (no through cracks) and/or surface corrosion (<50% of surface).
• Equipment appears to require routine or preventive maintenance of normal wear
items (e.g., lubrication, belts, gaskets, seals, etc.).
• Equipment is approaching the end of its estimated useful life and will need
moderate renewal or rehabilitation in near term.
Ancillary Items
• Piping and valve supports may have surface corrosion (<50% of surface), minor
damage, or require minor maintenance. There may be evidence of minor leaks
(dripping at joints/gaskets only—not from holes).
• Local control panels may have some minor maintenance issues (dents, surface
corrosion <50%). No evidence of leakage or internal corrosion. All panelmounted instruments and devices should be functional.
• Field instruments: All field instruments should be functional. Minor leaks could
be present at connections only.
• Electrical connections appear sound but conduit and/or junction boxes show
minor damage (surface cracking, gaps—missing gaskets/seals, surface corrosion
<20%). Wiring is not exposed.

Score = 3: Moderate Condition Example

Example of mixer drive in moderate condition (Score = 3). Note equipment is fully
operable with visible surface corrosion.

Score =4: Poor Condition
Description and Characteristics
Functions but requires a high level of maintenance to remain operational. Shows
abnormal wear and is likely to cause significant performance deterioration in the near
term. Replacement or major rehabilitation needed in the near term.
Equipment
• Equipment is generally older, with physical appearance of fair to poor.
• Operating environment could be subject to frequent wet conditions or the
potential for excessive heat/cold (temperature changes), humidity, or potential
for corrosion (e.g., exposure to corrosive chemicals).
• Equipment has extensive surface corrosion or UV degradation (>50% of surface
area) and/or evidence of structural corrosion (one location).
• Equipment has heavy leakage at gaskets/connections (steady stream) and/or there
is evidence of current or previous leakage from holes or other failure (one
location).
• Equipment exhibits excessive vibration or noise outside of normal operating
levels with evidence of nonstructural damage resulting from excessive vibration
(loose guards, connections, etc.)—need to discuss with O&M staff.
• Equipment concrete pedestals have 50%–75% surface cracking and/or are cracked
through (<25% of pedestal) and/or steel supports are damaged (<25% of steel
supports with structural corrosion, missing/broken anchors or other similar
damage).
• Equipment appears to require corrective action beyond routine or preventive
maintenance of normal wear items. Action involves extended downtime to
implement (e.g., alignment, leveling, etc.).
• Equipment is at the end of its estimated useful life and will need to be replaced or
rehabilitated in near term.
Ancillary Items
• Piping and valve supports exhibit heavy surface corrosion (>50%) and/or
structural corrosion (flaking, section loss). Connections are damaged with
missing and/or broken anchors. There are heavy leaks on piping or valves (steady
stream) and/or evidence of current or previous leakage from holes or other failure.
• Local control panels show heavy surface rust (>50%) and/or structural damage.
Evidence of leakage and/or internal corrosion. Some panel-mounted
instruments/indicators non-functional (<20%).
• Field instruments <20% exhibit damage, corrosion, and/or are non-functional.
Electrical connections appear unsound. Conduits and/or junction boxes heavily
corroded or damaged (<50%) and/or wiring is exposed (one location).

Score = 4: Poor Condition Example

Example of pump in poor condition (Score = 4). Note equipment exhibits heavy
corrosion

Score = 5: Failed Condition
Description and Characteristics
Effective life exceeded and/or excessive maintenance cost incurred. A high risk of
breakdown or imminent failure. No additional life expectancy with immediate
replacement needed.
Equipment
• Equipment is generally older, with physical appearance of poor to very poor.
• Operating environment could be subject to frequent wet conditions or the
potential for excessive heat/cold (temperature changes), humidity, or potential
for corrosion (e.g., exposure to corrosive chemicals).
• Equipment has extensive and heavy surface corrosion or UV degradation (>75%
of surface area) and/or evidence of structural corrosion (two or more locations).
• Equipment has heavy leakage at gaskets/connections (steady stream) and/or there
is evidence of current or previous leakage from holes or other failure (two or
more locations).
• Equipment exhibits excessive vibration or noise outside of normal operating
levels (evidence of structural damage resulting from excessive vibration—need to
discuss with O&M staff).
• Equipment pedestals and/or supports are heavily damaged (>25% of concrete
pedestal cracked through with loose or missing pieces), (>25% of steel supports
with structural corrosion, missing/broken anchors or other similar damage).
• Equipment appears inoperable in current state—need to discuss with O&M staff.
• Equipment has exceeded its estimated useful life.
Ancillary Items
• Piping and valve supports exhibit heavy surface corrosion (>75%) and/or
structural corrosion (flaking, section loss). Connections are damaged with
missing and/or broken anchors. There are heavy leaks on piping or valves (steady
stream) and/or evidence of current or previous leakage from holes or other
failure—multiple locations.
• Local control panels show heavy surface rust (>75%) and/or structural damage
(two or more locations). Evidence of leakage and/internal corrosion. Some panelmounted instruments/indicators non-functional (>=20%).
• Field instruments >=20% exhibit damage, corrosion, and/or are non-functional.
• Electrical connections appear unsound. Conduits and/or junction boxes heavily
corroded or damaged and/or wiring is exposed (two or more locations).

Score = 5: Failed Condition Example

Example of chemical pump in failed condition (Score = 5). Note equipment exhibits
extensive leaking.

Example of gauges in failed condition (Score = 5). Note equipment exhibits heavy corrosion
and is inoperable.

Everett Port Gardner Storage Facility Condition Assessment

Appendix C: Field Inspection Forms

C-1
Use of contents on this sheet is subject to the limitations specified at the end of this document.
Everett PGSF Condition Assessment Report

Chemical Storage Building

Influent Feed Pipe Basin No. 1, Chemical Building
Created

2020-07-06 14:29:27 PDT by Casey Gish

Updated

2020-07-07 13:36:56 PDT by Casey Gish

Location

,

Discipline

Mechanical

Reviewer Initials

KE

Asset Name

Influent Feed Pipe Basin No. 1, Chemical Building

Asset Name Information
Site Location

Chemical Storage Building

System

Influent

Component Type

Fiberglass Pipe

Number

1

Asset Inspection
Visual Inspection

Corrosion

Condition Score

3- Moderate - Visible degradation

Performance Score

2- Fair - Asset will function as intended, but may require higher than expected O&M

Probability of Failure Score

2- Low

Impact of Failure Score

4- Severe

Recommendation

2- Initiate more detailed inspection

Photos

Page: 1 of 1

Influent Feed Pipe Basin No. 2, Chemical Building
Created

2020-07-14 17:34:39 PDT by Casey Gish

Updated

2020-07-14 17:34:39 PDT by Casey Gish

Location

,

Discipline

Mechanical

Reviewer Initials

KE

Asset Name

Influent Feed Pipe Basin No. 2, Chemical Building

Asset Name Information
Site Location

Chemical Storage Building

System

Influent

Component Type

Fiberglass Pipe

Number

1

Asset Inspection
Visual Inspection

Corrosion

Condition Score

3- Moderate - Visible degradation

Performance Score

3- Moderate - Asset will function but operation will be impaired

Probability of Failure Score

3- Medium

Impact of Failure Score

3- Serious

Recommendation

2- Initiate more detailed inspection

Photos

Page: 1 of 3

Page: 2 of 3

Comments on Scoring

Bolts have severe corrosion.

Page: 3 of 3

Influent Feed Pipe Basin No. 3, Chemical Building
Created

2020-07-14 17:43:05 PDT by Casey Gish

Updated

2020-07-14 17:43:05 PDT by Casey Gish

Location

,

Discipline

Mechanical

Reviewer Initials

KE

Asset Name

Influent Feed Pipe Basin No. 3, Chemical Building

Asset Name Information
Site Location

Chemical Storage Building

System

Influent

Component Type

Fiberglass Pipe

Number

1

Asset Inspection
Visual Inspection

Corrosion, Steel Supports (equipment)

Condition Score

3- Moderate - Visible degradation

Performance Score

2- Fair - Asset will function as intended, but may require higher than expected O&M

Probability of Failure Score

2- Low

Impact of Failure Score

3- Serious

Recommendation

2- Initiate more detailed inspection

Photos

Page: 1 of 5

Page: 2 of 5

Page: 3 of 5

Page: 4 of 5

Comments on Scoring

Pipe supports are in questionable shape inside building. Has an exterior length that
feeds into basin.

Page: 5 of 5

Recycled Sludge Pipe, Chemical Building
Created

2020-07-06 14:26:20 PDT by Casey Gish

Updated

2020-07-14 17:48:14 PDT by Casey Gish

Location

,

Discipline

Mechanical

Reviewer Initials

KE

Asset Name

Recycled Sludge Pipe, Chemical Building

Asset Name Information
Site Location

Chemical Storage Building

System

Recycled Sludge

Component Type

Fiberglass Pipe

Number

1

Asset Inspection
Visual Inspection

Corrosion

Condition Score

2- Fair - Slight visible degradation

Performance Score

2- Fair - Asset will function as intended, but may require higher than expected O&M

Probability of Failure Score

2- Low

Impact of Failure Score

3- Serious

Recommendation

2- Initiate more detailed inspection

Page: 1 of 2

Photos

Comments on Scoring

Concrete supports look good for the pipe, some corrosion on valves

Page: 2 of 2

Aeration Basin drain pump
Created

2020-06-23 08:27:02 PDT by Casey Gish

Updated

2020-07-15 15:02:35 PDT by Casey Gish

Location

47.9884045897, -122.214991562

Discipline

Mechanical

Reviewer Initials

Ke

Asset Name

Aeration Basin drain pump

Asset Name Information
Site Location

Chemical Storage Building

System

Influent

Component Type

Pump

Number

1

Asset Inspection
Visual Inspection

Corrosion, Steel Supports (equipment)

Condition Score

5- Failed - Asset Severely compromised

Performance Score

5- Failed -Asset will not function as intended

Probability of Failure Score

5- Very High

Impact of Failure Score

3- Serious

Recommendation

4- Replace

Photos

Page: 1 of 3

Page: 2 of 3

Page: 3 of 3

Chemical Storage Building Structure
Created

2020-06-18 13:15:26 PDT by Casey Gish

Updated

2020-07-16 10:28:32 PDT by Casey Gish

Location

48.0587106944, -122.156936824

Discipline

Structural

Reviewer Initials

CL

Asset Name

Chemical Storage Building Structure

Asset Name Information
Site Location

Chemical Storage Building

System

Building

Component Type

Structure

Number

1

Asset Inspection
Visual Inspection

Steel Damage, Water Damage, Windows/Doors

Condition Score

2- Fair - Slight visible degradation

Performance Score

3- Moderate - Asset will function but operation will be impaired

Probability of Failure Score

2- Low

Impact of Failure Score

3- Serious

Recommendation

2- Initiate more detailed inspection

Photos

Page: 1 of 19

Page: 2 of 19

Page: 3 of 19

Page: 4 of 19

Page: 5 of 19

Page: 6 of 19

Page: 7 of 19

Page: 8 of 19

Page: 9 of 19

Page: 10 of 19

Page: 11 of 19

Page: 12 of 19

Page: 13 of 19

Page: 14 of 19

Page: 15 of 19

Page: 16 of 19

Concerns about roof slab from this observation

Page: 17 of 19

Page: 18 of 19

Comments on Scoring

Handrails are rusting. Building is 90' x 96'. Interior of building is in poor condition.
Overall concrete frame is in fair condition. More detailed inspection of tanks and roof is
recommended.

Page: 19 of 19

HVAC
Created

2020-06-23 08:44:55 PDT by Casey Gish

Updated

2020-07-14 17:25:28 PDT by Casey Gish

Location

47.9884247063, -122.214782937

Discipline

Mechanical

Reviewer Initials

Ke

Asset Name

HVAC

Asset Name Information
Site Location

Chemical Storage Building

System

HVAC

Component Type

Air Duct

Number

1

Asset Inspection
Visual Inspection

Corrosion

Condition Score

3- Moderate - Visible degradation

Performance Score

3- Moderate - Asset will function but operation will be impaired

Probability of Failure Score

3- Medium

Impact of Failure Score

1- Minor

Recommendation

3- Refurbish

Photos

Page: 1 of 2

Comments on Scoring

Bolts rusting coating degrading. Fairly representative of all HVAC assets in building, a
more comprehensive inspection would be needed of all units in the building.

Page: 2 of 2

Process service water Piping
Created

2020-06-23 08:22:37 PDT by Casey Gish

Updated

2020-07-07 13:35:50 PDT by Casey Gish

Location

47.9884045897, -122.214991562

Discipline

Mechanical

Reviewer Initials

Ke

Asset Name

Process service water Piping

Asset Name Information
Site Location

Chemical Storage Building

System

Process Pipe

Component Type

Pipe

Number

1

Asset Inspection
Visual Inspection

Corrosion, Leakage

Condition Score

5- Failed - Asset Severely compromised

Performance Score

5- Failed -Asset will not function as intended

Probability of Failure Score

4- High

Impact of Failure Score

2- Significant

Recommendation

4- Replace

Photos

Page: 1 of 2

Overhead above fiberglass pipe

Page: 2 of 2

Mill water valve
Created

2020-06-23 08:21:13 PDT by Casey Gish

Updated

2020-07-14 17:30:56 PDT by Casey Gish

Location

47.9885978345, -122.214938086

Discipline

Mechanical

Reviewer Initials

Ke

Asset Name

Mill water valve

Asset Name Information
Site Location

Chemical Storage Building

System

Process Pipe

Component Type

Valve

Number

1

Asset Inspection
Visual Inspection

Corrosion

Condition Score

5- Failed - Asset Severely compromised

Performance Score

5- Failed -Asset will not function as intended

Probability of Failure Score

4- High

Impact of Failure Score

1- Minor

Recommendation

4- Replace

Photos

Page: 1 of 2

Comments on Scoring

Valve is generally representative of most valves in the chemical storage building
basement

Page: 2 of 2

Chemical feed general pumps
Created

2020-06-23 08:30:01 PDT by Casey Gish

Updated

2020-07-07 12:00:39 PDT by Casey Gish

Location

47.9884242034, -122.214666093

Discipline

Mechanical

Reviewer Initials

Ke

Asset Name

Chemical feed general pumps

Asset Name Information
Site Location

Chemical Storage Building

System

Influent

Component Type

Pump

Number

1

Asset Inspection
Visual Inspection

Corrosion

Condition Score

5- Failed - Asset Severely compromised

Performance Score

5- Failed -Asset will not function as intended

Probability of Failure Score

5- Very High

Impact of Failure Score

1- Minor

Recommendation

5- Asset deemed unnecessary for future infrastructure

Photos

Page: 1 of 6

Neutralization drain pump

Page: 2 of 6

Sump pumps

Page: 3 of 6

Sump pump

Page: 4 of 6

Page: 5 of 6

Service water line

Page: 6 of 6

Chemical tanks
Created

2020-06-23 09:57:13 PDT by Casey Gish

Updated

2020-07-15 14:58:43 PDT by Casey Gish

Location

47.9888939253, -122.216562666

Discipline

Mechanical

Reviewer Initials

KE

Asset Name

Chemical tanks

Asset Name Information
Site Location

Sludge Pump Station

System

Reactor

Component Type

Tank

Number

1

Asset Inspection
Visual Inspection

Not Inspected

Condition Score

Not Inspected

Performance Score

Not Inspected

Probability of Failure Score

3- Medium

Impact of Failure Score

1- Minor

Recommendation

5- Asset deemed unnecessary for future infrastructure

Photos

Page: 1 of 2

Page: 2 of 2

Lime feed pumps
Created

2020-06-23 08:19:26 PDT by Casey Gish

Updated

2020-07-15 14:59:54 PDT by Casey Gish

Location

47.9886657249, -122.215194975

Discipline

Mechanical

Reviewer Initials

Ke

Asset Name

Lime feed pumps

Asset Name Information
Site Location

Chemical Storage Building

System

Reactor

Component Type

Pump

Number

1

Asset Inspection
Visual Inspection

Corrosion, Leakage

Condition Score

5- Failed - Asset Severely compromised

Performance Score

5- Failed -Asset will not function as intended

Probability of Failure Score

5- Very High

Impact of Failure Score

1- Minor

Recommendation

5- Asset deemed unnecessary for future infrastructure

Photos

Page: 1 of 3

Page: 2 of 3

Comments on Scoring

Remove piping, very bad condition

Page: 3 of 3

Neutralization Basins

Aeration Distribution Structure
Created

2020-06-18 13:52:11 PDT by Casey Gish

Updated

2020-07-16 10:31:53 PDT by Casey Gish

Location

,

Discipline

Structural

Reviewer Initials

CL

Asset Name

Aeration Distribution Structure

Asset Name Information
Site Location

Neutralization Basin

System

Reactor

Component Type

Tank

Number

1

Asset Inspection
Visual Inspection

Concrete/Masonry Damage, Steel Damage, Roof Condition, Windows/Doors

Condition Score

3- Moderate - Visible degradation

Performance Score

3- Moderate - Asset will function but operation will be impaired

Probability of Failure Score

3- Medium

Impact of Failure Score

3- Serious

Recommendation

2- Initiate more detailed inspection

Photos

Page: 1 of 6

Page: 2 of 6

Page: 3 of 6

Page: 4 of 6

Page: 5 of 6

Comments on Scoring

External Cracks. Handrail rusting, the gate covers are badly rusted

Page: 6 of 6

pH Neutralization Basin Flash Mix Tank and Reactor Chambers
Created

2020-06-18 13:50:45 PDT by Casey Gish

Updated

2020-07-16 10:50:22 PDT by Casey Gish

Location

,

Discipline

Structural

Reviewer Initials

CL

Asset Name

pH Neutralization Basin Flash Mix Tank and Reactor Chambers

Asset Name Information
Site Location

Neutralization Basin

System

Reactor

Component Type

Tank

Number

1

Asset Inspection
Visual Inspection

Not Inspected

Condition Score

Not Inspected

Performance Score

Not Inspected

Comments on Scoring

Could not inspect, not able to assess specific chambers

Page: 1 of 1

Neutralization Basin Mixers
Created

2020-07-07 10:03:31 PDT by Casey Gish

Updated

2020-07-14 17:49:16 PDT by Casey Gish

Location

,

Discipline

Mechanical

Reviewer Initials

KE

Asset Name

Neutralization Basin Mixers

Asset Name Information
Site Location

Neutralization Basin

System

Influent

Component Type

Mixer

Number

1

Asset Inspection
Visual Inspection

Corrosion

Condition Score

3- Moderate - Visible degradation

Performance Score

3- Moderate - Asset will function but operation will be impaired

Probability of Failure Score

3- Medium

Impact of Failure Score

1- Minor

Recommendation

5- Asset deemed unnecessary for future infrastructure

Photos

Page: 1 of 3

Page: 2 of 3

Comments on Scoring

Scores based on visual inspection of physical condition, asset not inspected during site
visit

Page: 3 of 3

Slide Gate No. 1
Created

2020-06-18 13:16:46 PDT by Casey Gish

Updated

2020-07-07 13:38:32 PDT by Casey Gish

Location

48.0587106944, -122.156936824

Discipline

Mechanical

Reviewer Initials

KE

Asset Name

Slide Gate No. 1

Asset Name Information
Site Location

Neutralization Basin

System

Reactor

Component Type

Gate

Number

1

Asset Inspection
Visual Inspection

Corrosion

Condition Score

4- Poor Condition - Asset compromised

Performance Score

4- Poor Performance- Asset function will be highly impaired

Probability of Failure Score

3- Medium

Impact of Failure Score

2- Significant

Recommendation

2- Initiate more detailed inspection

Photos

Page: 1 of 2

Page: 2 of 2

Slide Gate No. 2
Created

2020-06-18 13:35:26 PDT by Casey Gish

Updated

2020-07-07 13:38:43 PDT by Casey Gish

Location

48.0587072997, -122.156962222

Discipline

Mechanical

Reviewer Initials

Ke

Asset Name

Slide Gate No. 2

Asset Name Information
Site Location

Neutralization Basin

System

Reactor

Component Type

Gate

Number

2

Asset Inspection
Visual Inspection

Corrosion

Condition Score

4- Poor Condition - Asset compromised

Performance Score

4- Poor Performance- Asset function will be highly impaired

Probability of Failure Score

3- Medium

Impact of Failure Score

2- Significant

Recommendation

2- Initiate more detailed inspection

Photos

Page: 1 of 2

Page: 2 of 2

Slide Gate No. 3
Created

2020-06-18 13:43:39 PDT by Casey Gish

Updated

2020-07-07 13:38:59 PDT by Casey Gish

Location

47.9883528734, -122.21477204

Discipline

Mechanical

Reviewer Initials

Ke

Asset Name

Slide Gate No. 3

Asset Name Information
Site Location

Neutralization Basin

System

Reactor

Component Type

Gate

Number

3

Asset Inspection
Visual Inspection

Corrosion

Condition Score

4- Poor Condition - Asset compromised

Performance Score

4- Poor Performance- Asset function will be highly impaired

Probability of Failure Score

3- Medium

Impact of Failure Score

2- Significant

Recommendation

2- Initiate more detailed inspection

Photos

Page: 1 of 2

Page: 2 of 2

Slide Gate No. 4
Created

2020-06-18 13:44:43 PDT by Casey Gish

Updated

2020-07-07 13:39:11 PDT by Casey Gish

Location

47.9883598304, -122.214853093

Discipline

Mechanical

Reviewer Initials

Ke

Asset Name

Slide Gate No. 4

Asset Name Information
Site Location

Neutralization Basin

System

Reactor

Component Type

Gate

Number

4

Asset Inspection
Visual Inspection

Corrosion

Condition Score

4- Poor Condition - Asset compromised

Performance Score

4- Poor Performance- Asset function will be highly impaired

Probability of Failure Score

3- Medium

Impact of Failure Score

2- Significant

Recommendation

2- Initiate more detailed inspection

Photos

Page: 1 of 2

Page: 2 of 2

Slide Gate No. 5
Created

2020-06-18 13:45:15 PDT by Casey Gish

Updated

2020-07-07 13:39:24 PDT by Casey Gish

Location

47.9883617163, -122.214764413

Discipline

Mechanical

Reviewer Initials

Ke

Asset Name

Slide Gate No. 5

Asset Name Information
Site Location

Neutralization Basin

System

Reactor

Component Type

Gate

Number

5

Asset Inspection
Visual Inspection

Corrosion

Condition Score

4- Poor Condition - Asset compromised

Performance Score

4- Poor Performance- Asset function will be highly impaired

Probability of Failure Score

3- Medium

Impact of Failure Score

2- Significant

Recommendation

2- Initiate more detailed inspection

Photos

Page: 1 of 2

Page: 2 of 2

Slide Gate No. 6
Created

2020-06-18 13:46:30 PDT by Casey Gish

Updated

2020-07-07 13:48:44 PDT by Casey Gish

Location

47.9883605009, -122.214758545

Discipline

Mechanical

Reviewer Initials

Ke

Asset Name

Slide Gate No. 6

Asset Name Information
Site Location

Neutralization Basin

System

Reactor

Component Type

Gate

Number

6

Asset Inspection
Visual Inspection

Corrosion

Condition Score

4- Poor Condition - Asset compromised

Performance Score

4- Poor Performance- Asset function will be highly impaired

Probability of Failure Score

3- Medium

Impact of Failure Score

2- Significant

Recommendation

2- Initiate more detailed inspection

Photos

Page: 1 of 2

Comments on Scoring

Electronic actuator, missing cover

Page: 2 of 2

Slide Gate No. 7
Created

2020-06-18 13:47:36 PDT by Casey Gish

Updated

2020-07-07 13:39:44 PDT by Casey Gish

Location

47.9883508618, -122.214872874

Discipline

Mechanical

Reviewer Initials

Ke

Asset Name

Slide Gate No. 7

Asset Name Information
Site Location

Neutralization Basin

System

Reactor

Component Type

Gate

Number

7

Asset Inspection
Visual Inspection

Corrosion

Condition Score

4- Poor Condition - Asset compromised

Performance Score

4- Poor Performance- Asset function will be highly impaired

Probability of Failure Score

3- Medium

Impact of Failure Score

2- Significant

Recommendation

2- Initiate more detailed inspection

Photos

Page: 1 of 2

Slide Gate No. 8
Created

2020-06-18 13:48:36 PDT by Casey Gish

Updated

2020-07-07 13:40:01 PDT by Casey Gish

Location

47.988388245, -122.214865917

Discipline

Mechanical

Reviewer Initials

Ke

Asset Name

Slide Gate No. 8

Asset Name Information
Site Location

Neutralization Basin

System

Reactor

Component Type

Gate

Number

8

Asset Inspection
Visual Inspection

Corrosion

Condition Score

4- Poor Condition - Asset compromised

Performance Score

4- Poor Performance- Asset function will be highly impaired

Probability of Failure Score

3- Medium

Impact of Failure Score

2- Significant

Recommendation

2- Initiate more detailed inspection

Photos

Comments on Scoring

Electronic actuator, missing cover

Page: 1 of 1

Page: 2 of 2

North and South Pipe Cross- Stile and Handrails
Created

2020-06-18 13:53:05 PDT by Casey Gish

Updated

2020-07-16 10:30:30 PDT by Casey Gish

Location

,

Discipline

Structural

Reviewer Initials

CL

Asset Name

North and South Pipe Cross- Stile and Handrails

Asset Name Information
Site Location

Neutralization Basin

System

Safety

Component Type

Guard Rail

Number

1

Asset Inspection
Visual Inspection

Corrosion

Condition Score

3- Moderate - Visible degradation

Performance Score

3- Moderate - Asset will function but operation will be impaired

Probability of Failure Score

2- Low

Impact of Failure Score

3- Serious

Recommendation

3- Refurbish

Comments on Scoring

More severe corrosion than aeration basins

Page: 1 of 1

Aeration Basin

Gates on 36-inch diameter Aeration Basin No. 1 Influent Pipe
Created

2020-06-18 14:51:33 PDT by Casey Gish

Updated

2020-07-14 17:10:17 PDT by Casey Gish

Location

,

Discipline

Mechanical

Reviewer Initials

KE

Asset Name

Gates on 36-inch diameter Aeration Basin No. 1 Influent Pipe

Asset Name Information
Site Location

Aeration Basin

System

Influent

Component Type

Gate

Number

1

Asset Inspection
Visual Inspection

Corrosion

Condition Score

2- Fair - Slight visible degradation

Performance Score

3- Moderate - Asset will function but operation will be impaired

Probability of Failure Score

3- Medium

Impact of Failure Score

3- Serious

Recommendation

3- Refurbish

Photos

Page: 1 of 2

Comments on Scoring

Actuators may have questionable functionality. Gates need to be tested for seals and
functionality, but gates themselves overall look to be in good condition.

Page: 2 of 2

Gates on 36-inch diameter Aeration Basin No. 2 Influent Piping
Created

2020-06-18 14:54:51 PDT by Casey Gish

Updated

2020-07-14 17:01:35 PDT by Casey Gish

Location

,

Discipline

Mechanical

Reviewer Initials

KE

Asset Name

Gates on 36-inch diameter Aeration Basin No. 2 Influent Piping

Asset Name Information
Site Location

Aeration Basin

System

Influent

Component Type

Gate

Number

1

Asset Inspection
Visual Inspection

Corrosion

Condition Score

2- Fair - Slight visible degradation

Performance Score

3- Moderate - Asset will function but operation will be impaired

Probability of Failure Score

3- Medium

Impact of Failure Score

3- Serious

Recommendation

3- Refurbish

Photos

Page: 1 of 3

Page: 2 of 3

Comments on Scoring

Many on electronic actuators that look newer than other actuators. Still need to be
tested for functionality. There are gates on the distribution piping and on the influent
piping
Page: 3 of 3

Gates on 36-inch diameter Aeration Basin No. 3 Influent Piping
Created

2020-07-14 17:08:56 PDT by Casey Gish

Updated

2020-07-14 17:08:56 PDT by Casey Gish

Location

,

Discipline

Mechanical

Reviewer Initials

KE

Asset Name

Gates on 36-inch diameter Aeration Basin No. 3 Influent Piping

Asset Name Information
Site Location

Aeration Basin

System

Influent

Component Type

Gate

Number

1

Asset Inspection
Visual Inspection

Corrosion

Condition Score

2- Fair - Slight visible degradation

Performance Score

3- Moderate - Asset will function but operation will be impaired

Probability of Failure Score

3- Medium

Impact of Failure Score

3- Serious

Photos

Page: 1 of 6

Page: 2 of 6

Page: 3 of 6

Page: 4 of 6

Page: 5 of 6

Comments on Scoring

Actuators may have questionable functionality. Gates need to be tested for seals and
functionality, but overall look to be in good condition.

Page: 6 of 6

Aeration Basin No. 1 Zone 1 Basin gates
Created

2020-06-18 15:00:16 PDT by Casey Gish

Updated

2020-07-17 08:39:24 PDT by Casey Gish

Location

,

Discipline

Mechanical

Reviewer Initials

KE

Asset Name

Aeration Basin No. 1 Zone 1 Basin gates

Asset Name Information
Site Location

Aeration Basin

System

Basin

Component Type

Gate

Number

1

Asset Inspection
Visual Inspection

Corrosion

Condition Score

2- Fair - Slight visible degradation

Performance Score

3- Moderate - Asset will function but operation will be impaired

Probability of Failure Score

3- Medium

Impact of Failure Score

3- Serious

Remaining Service Life

5.3

Recommendation

3- Refurbish

Page: 1 of 2

Photos

Comments on Scoring

Actuators may not be functional, there is corrosion on the wheel actuators and screws.
Seals may need to be replaced on the gate, but the gates themselves seem to be in
good condition. This zone has fewer gates because the other basin's gates feed to this
basin

Page: 2 of 2

Aeration Basin No. 2 Zone 1 Basin gates
Created

2020-06-18 15:02:35 PDT by Casey Gish

Updated

2020-07-17 08:39:56 PDT by Casey Gish

Location

,

Discipline

Mechanical

Reviewer Initials

KE

Asset Name

Aeration Basin No. 2 Zone 1 Basin gates

Asset Name Information
Site Location

Aeration Basin

System

Basin

Component Type

Gate

Number

2

Asset Inspection
Visual Inspection

Corrosion

Condition Score

2- Fair - Slight visible degradation

Performance Score

3- Moderate - Asset will function but operation will be impaired

Probability of Failure Score

3- Medium

Impact of Failure Score

3- Serious

Recommendation

3- Refurbish

Photos

Page: 1 of 5

Page: 2 of 5

Page: 3 of 5

Page: 4 of 5

Comments on Scoring

Gates in this basin connect to the distribution header in Zone 2. Actuators are
degraded but gate should work

Page: 5 of 5

Aeration Basin No. 3 Zone 1 basin gates
Created

2020-06-18 15:03:42 PDT by Casey Gish

Updated

2020-07-17 09:43:58 PDT by Casey Gish

Location

,

Discipline

Mechanical

Reviewer Initials

KE

Asset Name

Aeration Basin No. 3 Zone 1 basin gates

Asset Name Information
Site Location

Aeration Basin

System

Basin

Component Type

Gate

Number

3

Asset Inspection
Visual Inspection

Corrosion

Condition Score

2- Fair - Slight visible degradation

Performance Score

3- Moderate - Asset will function but operation will be impaired

Probability of Failure Score

3- Medium

Impact of Failure Score

3- Serious

Recommendation

3- Refurbish

Photos

Page: 1 of 3

Page: 2 of 3

Comments on Scoring

Gates themselves appear to be in good condition, actuators are in rough shape.
Additional testing suggested to ensure seals function

Page: 3 of 3

Drain Valve Aeration Basin No. 1
Created

2020-07-07 10:44:06 PDT by Casey Gish

Updated

2020-07-14 16:47:32 PDT by Casey Gish

Location

,

Discipline

Mechanical

Reviewer Initials

KE

Asset Name

Drain Valve Aeration Basin No. 1

Asset Name Information
Site Location

Aeration Basin

System

Basin

Component Type

Valve

Number

1

Asset Inspection
Visual Inspection

Corrosion

Condition Score

4- Poor Condition - Asset compromised

Performance Score

4- Poor Performance- Asset function will be highly impaired

Probability of Failure Score

4- High

Impact of Failure Score

2- Significant

Recommendation

4- Replace

Photos

Page: 1 of 2

Comments on Scoring

Basin not draining. May be due to other reasons other than this valve, recommend an
inspection to verify if valve is operational and if there are other issues are impacting
ability to drain.
Page: 2 of 2

Drain Valve Aeration Basin No. 2
Created

2020-06-22 14:05:37 PDT by Casey Gish

Updated

2020-07-14 16:49:08 PDT by Casey Gish

Location

47.9884602875, -122.214901541

Discipline

Mechanical

Reviewer Initials

Ke

Asset Name

Drain Valve Aeration Basin No. 2

Asset Name Information
Site Location

Aeration Basin

System

Basin

Component Type

Valve

Number

1

Asset Inspection
Asset Inspected?

Yes

Visual Inspection

Corrosion

Condition Score

4- Poor Condition - Asset compromised

Performance Score

4- Poor Performance- Asset function will be highly impaired

Probability of Failure Score

4- High

Impact of Failure Score

2- Significant

Recommendation

4- Replace

Photos

Page: 1 of 3

Page: 2 of 3

Comments on Scoring

Basin not draining. May be due to other reasons other than this valve, recommend an
inspection to verify if valve is operational and if there are other issues are impacting
ability to drain.

Page: 3 of 3

Drain Valve Aeration Basin No. 3
Created

2020-07-07 10:40:45 PDT by Casey Gish

Updated

2020-07-14 16:50:13 PDT by Casey Gish

Location

,

Discipline

Mechanical

Reviewer Initials

KE

Asset Name

Drain Valve Aeration Basin No. 3

Asset Name Information
Site Location

Aeration Basin

System

Basin

Component Type

Valve

Number

1

Asset Inspection
Visual Inspection

Corrosion

Condition Score

4- Poor Condition - Asset compromised

Performance Score

5- Failed -Asset will not function as intended

Probability of Failure Score

4- High

Impact of Failure Score

2- Significant

Recommendation

4- Replace

Photos

Page: 1 of 2

Comments on Scoring

This valve is in worse shape than other basins because the actuator is not connected.
Basin not draining. May be due to other reasons other than this valve, recommend an
inspection to verify if valve is operational and if there are other issues are impacting
ability to drain.

Page: 2 of 2

Aeration Basin No. 1, Zone 1
Created

2020-06-18 14:31:41 PDT by Casey Gish

Updated

2020-07-17 11:53:36 PDT by Casey Gish

Location

,

Discipline

Structural

Reviewer Initials

CL

Asset Name

Aeration Basin No. 1, Zone 1

Asset Name Information
Site Location

Aeration Basin

System

Basin

Component Type

Zone

Number

1

Asset Inspection
Visual Inspection

Concrete/Masonry Damage

Condition Score

3- Moderate - Visible degradation

Performance Score

2- Fair - Asset will function as intended, but may require higher than expected O&M

Probability of Failure Score

2- Low

Impact of Failure Score

4- Severe

Recommendation

3- Refurbish

Photos

Page: 1 of 7

Page: 2 of 7

Page: 3 of 7

Page: 4 of 7

Page: 5 of 7

Page: 6 of 7

Comments on Scoring

Same for all other basins

Page: 7 of 7

Aeration Basin No. 1, Zone 2
Created

2020-06-18 14:32:41 PDT by Casey Gish

Updated

2020-07-17 12:58:25 PDT by Casey Gish

Location

,

Discipline

Structural

Reviewer Initials

CL

Asset Name

Aeration Basin No. 1, Zone 2

Asset Name Information
Site Location

Aeration Basin

System

Basin

Component Type

Zone

Number

2

Asset Inspection
Visual Inspection

Concrete/Masonry Damage

Condition Score

3- Moderate - Visible degradation

Performance Score

2- Fair - Asset will function as intended, but may require higher than expected O&M

Probability of Failure Score

2- Low

Impact of Failure Score

4- Severe

Recommendation

3- Refurbish

Photos

Page: 1 of 8

Page: 2 of 8

Page: 3 of 8

Page: 4 of 8

Page: 5 of 8

Page: 6 of 8

Page: 7 of 8

Comments on Scoring

Similar condition to other zones

Page: 8 of 8

Aeration Basin No. 1, Zone 3
Created

2020-06-18 14:33:51 PDT by Casey Gish

Updated

2020-07-17 13:06:05 PDT by Casey Gish

Location

,

Discipline

Structural

Reviewer Initials

CL

Asset Name

Aeration Basin No. 1, Zone 3

Asset Name Information
Site Location

Aeration Basin

System

Basin

Component Type

Zone

Number

3

Asset Inspection
Visual Inspection

Concrete/Masonry Damage

Condition Score

3- Moderate - Visible degradation

Performance Score

2- Fair - Asset will function as intended, but may require higher than expected O&M

Probability of Failure Score

2- Low

Impact of Failure Score

4- Severe

Recommendation

3- Refurbish

Photos

Page: 1 of 6

Page: 2 of 6

Page: 3 of 6

Page: 4 of 6

Page: 5 of 6

Comments on Scoring

Similar condition to other zones

Page: 6 of 6

Aeration Basin No. 1, Zone 4
Created

2020-06-18 14:34:55 PDT by Casey Gish

Updated

2020-07-23 10:52:21 PDT by Casey Gish

Location

,

Discipline

Structural

Reviewer Initials

CL

Asset Name

Aeration Basin No. 1, Zone 4

Asset Name Information
Site Location

Aeration Basin

System

Basin

Component Type

Zone

Number

4

Asset Inspection
Visual Inspection

Concrete/Masonry Damage

Condition Score

3- Moderate - Visible degradation

Performance Score

2- Fair - Asset will function as intended, but may require higher than expected O&M

Probability of Failure Score

2- Low

Impact of Failure Score

4- Severe

Recommendation

3- Refurbish

Photos

Page: 1 of 5

Page: 2 of 5

Page: 3 of 5

Page: 4 of 5

Comments on Scoring

Similar condition to other zones

Page: 5 of 5

Aeration Basin No. 1, Zone 5
Created

2020-06-18 14:35:48 PDT by Casey Gish

Updated

2020-07-23 11:06:06 PDT by Casey Gish

Location

,

Discipline

Structural

Reviewer Initials

CL

Asset Name

Aeration Basin No. 1, Zone 5

Asset Name Information
Site Location

Aeration Basin

System

Basin

Component Type

Zone

Number

5

Asset Inspection
Visual Inspection

Concrete/Masonry Damage

Condition Score

3- Moderate - Visible degradation

Performance Score

2- Fair - Asset will function as intended, but may require higher than expected O&M

Probability of Failure Score

2- Low

Impact of Failure Score

4- Severe

Recommendation

3- Refurbish

Photos

Page: 1 of 6

Page: 2 of 6

Page: 3 of 6

Page: 4 of 6

Page: 5 of 6

Comments on Scoring

Similar condition to other zones

Page: 6 of 6

Aeration Basin No. 2, Zone 1
Created

2020-06-18 14:36:32 PDT by Casey Gish

Updated

2020-07-23 11:32:02 PDT by Casey Gish

Location

,

Discipline

Structural

Reviewer Initials

CL

Asset Name

Aeration Basin No. 2, Zone 1

Asset Name Information
Site Location

Aeration Basin

System

Basin

Component Type

Zone

Number

1

Asset Inspection
Visual Inspection

Concrete/Masonry Damage

Condition Score

3- Moderate - Visible degradation

Performance Score

2- Fair - Asset will function as intended, but may require higher than expected O&M

Probability of Failure Score

2- Low

Impact of Failure Score

4- Severe

Recommendation

3- Refurbish

Photos

Page: 1 of 6

Page: 2 of 6

Page: 3 of 6

Page: 4 of 6

Page: 5 of 6

Comments on Scoring

Similar condition to other zones

Page: 6 of 6

Aeration Basin No. 2, Zone 2
Created

2020-06-18 14:37:24 PDT by Casey Gish

Updated

2020-07-23 11:47:09 PDT by Casey Gish

Location

,

Discipline

Structural

Reviewer Initials

CL

Asset Name

Aeration Basin No. 2, Zone 2

Asset Name Information
Site Location

Aeration Basin

System

Basin

Component Type

Zone

Number

2

Asset Inspection
Visual Inspection

Corrosion

Condition Score

3- Moderate - Visible degradation

Performance Score

2- Fair - Asset will function as intended, but may require higher than expected O&M

Probability of Failure Score

2- Low

Impact of Failure Score

4- Severe

Recommendation

3- Refurbish

Photos

Page: 1 of 8

Page: 2 of 8

Page: 3 of 8

Page: 4 of 8

Page: 5 of 8

Page: 6 of 8

Page: 7 of 8

Comments on Scoring

Similar to other zones

Page: 8 of 8

Aeration Basin No. 2, Zone 3
Created

2020-06-18 14:37:59 PDT by Casey Gish

Updated

2020-07-23 11:50:54 PDT by Casey Gish

Location

,

Discipline

Structural

Reviewer Initials

CL

Asset Name

Aeration Basin No. 2, Zone 3

Asset Name Information
Site Location

Aeration Basin

System

Basin

Component Type

Zone

Number

3

Asset Inspection
Visual Inspection

Concrete/Masonry Damage

Condition Score

3- Moderate - Visible degradation

Performance Score

2- Fair - Asset will function as intended, but may require higher than expected O&M

Probability of Failure Score

2- Low

Impact of Failure Score

4- Severe

Recommendation

3- Refurbish

Photos

Page: 1 of 3

Page: 2 of 3

Comments on Scoring

Similar condition to other zones

Page: 3 of 3

Aeration Basin No. 2, Zone 4
Created

2020-06-18 14:38:48 PDT by Casey Gish

Updated

2020-07-23 11:57:45 PDT by Casey Gish

Location

,

Discipline

Structural

Reviewer Initials

CL

Asset Name

Aeration Basin No. 2, Zone 4

Asset Name Information
Site Location

Aeration Basin

System

Basin

Component Type

Zone

Number

4

Asset Inspection
Visual Inspection

Concrete/Masonry Damage

Condition Score

3- Moderate - Visible degradation

Performance Score

2- Fair - Asset will function as intended, but may require higher than expected O&M

Probability of Failure Score

2- Low

Impact of Failure Score

4- Severe

Recommendation

3- Refurbish

Photos

Page: 1 of 3

Page: 2 of 3

Comments on Scoring

Similar to other basins

Page: 3 of 3

Aeration Basin No. 2, Zone 5
Created

2020-06-18 14:39:36 PDT by Casey Gish

Updated

2020-07-23 12:07:02 PDT by Casey Gish

Location

,

Discipline

Structural

Reviewer Initials

CL

Asset Name

Aeration Basin No. 2, Zone 5

Asset Name Information
Site Location

Aeration Basin

System

Basin

Component Type

Zone

Number

5

Asset Inspection
Visual Inspection

Concrete/Masonry Damage

Condition Score

3- Moderate - Visible degradation

Performance Score

2- Fair - Asset will function as intended, but may require higher than expected O&M

Probability of Failure Score

2- Low

Impact of Failure Score

4- Severe

Recommendation

3- Refurbish

Photos

Page: 1 of 4

Page: 2 of 4

Page: 3 of 4

Comments on Scoring

Similar condition to other zones

Page: 4 of 4

Aeration Basin No. 3, Zone 1
Created

2020-06-18 14:40:13 PDT by Casey Gish

Updated

2020-07-23 13:10:25 PDT by Casey Gish

Location

,

Discipline

Structural

Reviewer Initials

CL

Asset Name

Aeration Basin No. 3, Zone 1

Asset Name Information
Site Location

Aeration Basin

System

Basin

Component Type

Zone

Number

1

Asset Inspection
Visual Inspection

Concrete/Masonry Damage

Condition Score

4- Poor Condition - Asset compromised

Performance Score

3- Moderate - Asset will function but operation will be impaired

Probability of Failure Score

3- Medium

Impact of Failure Score

4- Severe

Recommendation

3- Refurbish

Photos

Page: 1 of 7

Page: 2 of 7

Page: 3 of 7

Page: 4 of 7

Page: 5 of 7

Page: 6 of 7

Comments on Scoring

Lots of exposed rebar, need to repair. Worse condition than other basins.

Page: 7 of 7

Aeration Basin No. 3, Zone 2
Created

2020-06-18 14:41:57 PDT by Casey Gish

Updated

2020-07-23 13:21:48 PDT by Casey Gish

Location

,

Discipline

Structural

Reviewer Initials

CL

Asset Name

Aeration Basin No. 3, Zone 2

Asset Name Information
Site Location

Aeration Basin

System

Basin

Component Type

Zone

Number

2

Asset Inspection
Visual Inspection

Concrete/Masonry Damage

Condition Score

3- Moderate - Visible degradation

Performance Score

2- Fair - Asset will function as intended, but may require higher than expected O&M

Probability of Failure Score

2- Low

Impact of Failure Score

4- Severe

Recommendation

3- Refurbish

Photos

Page: 1 of 6

Page: 2 of 6

Page: 3 of 6

Page: 4 of 6

Page: 5 of 6

Comments on Scoring

Similar condition to other zones

Page: 6 of 6

Aeration Basin No. 3, Zone 3
Created

2020-06-18 14:42:32 PDT by Casey Gish

Updated

2020-07-23 13:31:12 PDT by Casey Gish

Location

,

Discipline

Structural

Reviewer Initials

CL

Asset Name

Aeration Basin No. 3, Zone 3

Asset Name Information
Site Location

Aeration Basin

System

Basin

Component Type

Zone

Number

3

Asset Inspection
Visual Inspection

Concrete/Masonry Damage

Condition Score

3- Moderate - Visible degradation

Performance Score

2- Fair - Asset will function as intended, but may require higher than expected O&M

Probability of Failure Score

2- Low

Impact of Failure Score

4- Severe

Recommendation

3- Refurbish

Photos

Page: 1 of 4

Page: 2 of 4

Page: 3 of 4

Comments on Scoring

Similar condition to other zones

Page: 4 of 4

Aeration Basin No. 3, Zone 4
Created

2020-06-18 14:44:42 PDT by Casey Gish

Updated

2020-07-23 13:34:34 PDT by Casey Gish

Location

,

Discipline

Structural

Reviewer Initials

CL

Asset Name

Aeration Basin No. 3, Zone 4

Asset Name Information
Site Location

Aeration Basin

System

Basin

Component Type

Zone

Number

4

Asset Inspection
Visual Inspection

Concrete/Masonry Damage

Condition Score

3- Moderate - Visible degradation

Performance Score

2- Fair - Asset will function as intended, but may require higher than expected O&M

Probability of Failure Score

2- Low

Impact of Failure Score

4- Severe

Recommendation

3- Refurbish

Photos

Page: 1 of 2

Comments on Scoring

Similar condition to other aeration basins.

Page: 2 of 2

Aeration Basin No. 3, Zone 5
Created

2020-06-18 14:46:18 PDT by Casey Gish

Updated

2020-07-23 13:45:37 PDT by Casey Gish

Location

,

Discipline

Structural

Reviewer Initials

CL

Asset Name

Aeration Basin No. 3, Zone 5

Asset Name Information
Site Location

Aeration Basin

System

Basin

Component Type

Zone

Number

5

Asset Inspection
Visual Inspection

Concrete/Masonry Damage

Condition Score

3- Moderate - Visible degradation

Performance Score

2- Fair - Asset will function as intended, but may require higher than expected O&M

Probability of Failure Score

2- Low

Impact of Failure Score

4- Severe

Recommendation

3- Refurbish

Photos

Page: 1 of 4

Page: 2 of 4

Page: 3 of 4

Comments on Scoring

Similar condition to other zones

Page: 4 of 4

36-inch diameter Aeration Basin No. 1 Influent Pipe
Created

2020-06-18 14:00:25 PDT by Casey Gish

Updated

2020-07-14 15:10:17 PDT by Casey Gish

Location

,

Discipline

Mechanical

Reviewer Initials

KE

Asset Name

36-inch diameter Aeration Basin No. 1 Influent Pipe

Asset Name Information
Site Location

Aeration Basin

System

Influent

Component Type

Fiberglass Pipe

Number

1

Asset Inspection
Visual Inspection

Discoloration of coating

Condition Score

2- Fair - Slight visible degradation

Performance Score

2- Fair - Asset will function as intended, but may require higher than expected O&M

Probability of Failure Score

2- Low

Impact of Failure Score

3- Serious

Recommendation

2- Initiate more detailed inspection

Photos

Page: 1 of 3

Page: 2 of 3

Comments on Scoring

Looks to be in worse shape in Zone 1 than in zone 2. Coating appears to be discolored
but is superficial. Supports inspected from drone footage and appear to be in good
shape.

Page: 3 of 3

36-inch Diameter Aeration Basin No. 2 Influent Pipe
Created

2020-06-18 14:53:08 PDT by Casey Gish

Updated

2020-07-14 15:09:41 PDT by Casey Gish

Location

,

Discipline

Mechanical

Reviewer Initials

KE

Asset Name

36-inch Diameter Aeration Basin No. 2 Influent Pipe

Asset Name Information
Site Location

Aeration Basin

System

Basin

Component Type

Fiberglass Pipe

Number

2

Asset Inspection
Visual Inspection

Discoloring of coating

Condition Score

2- Fair - Slight visible degradation

Performance Score

2- Fair - Asset will function as intended, but may require higher than expected O&M

Probability of Failure Score

2- Low

Impact of Failure Score

3- Serious

Recommendation

2- Initiate more detailed inspection

Photos

Page: 1 of 4

Page: 2 of 4

Page: 3 of 4

Comments on Scoring

Pipe on eastern walls looks more degraded (probably from afternoon sun) Coating
needs to be evaluated to ensure it is UV resistant. Pipe supports be evaluated from
drone footage appear in good shape

Page: 4 of 4

36-inch diameter Aeration Basin No. 3 Influent Pipe
Created

2020-06-18 14:17:25 PDT by Casey Gish

Updated

2020-07-14 15:13:42 PDT by Casey Gish

Location

,

Discipline

Mechanical

Reviewer Initials

KE

Asset Name

36-inch diameter Aeration Basin No. 3 Influent Pipe

Asset Name Information
Site Location

Aeration Basin

System

Influent

Component Type

Fiberglass Pipe

Number

3

Asset Inspection
Visual Inspection

Discoloring on coating

Condition Score

2- Fair - Slight visible degradation

Performance Score

2- Fair - Asset will function as intended, but may require higher than expected O&M

Probability of Failure Score

2- Low

Impact of Failure Score

3- Serious

Recommendation

2- Initiate more detailed inspection

Photos

Page: 1 of 5

Page: 2 of 5

Page: 3 of 5

Page: 4 of 5

Comments on Scoring

Discoloration on pipe, but appears superficial. Supports are in good condition. More
damage on east sides of basins

Page: 5 of 5

30-inch diameter recycled sludge
Created

2020-06-18 14:27:07 PDT by Casey Gish

Updated

2020-07-14 17:44:55 PDT by Casey Gish

Location

,

Discipline

Mechanical

Reviewer Initials

KE

Asset Name

30-inch diameter recycled sludge

Asset Name Information
Site Location

Aeration Basin

System

Recycled Sludge

Component Type

Fiberglass Pipe

Number

1

Asset Inspection
Visual Inspection

Mildew buildup

Condition Score

2- Fair - Slight visible degradation

Performance Score

2- Fair - Asset will function as intended, but may require higher than expected O&M

Probability of Failure Score

2- Low

Impact of Failure Score

1- Minor

Recommendation

2- Initiate more detailed inspection

Photos

Page: 1 of 4

Page: 2 of 4

Page: 3 of 4

Comments on Scoring

Supports look good

Page: 4 of 4

Valving on Recycled Sludge Piping
Created

2020-06-18 15:05:23 PDT by Casey Gish

Updated

2020-07-07 13:41:55 PDT by Casey Gish

Location

,

Discipline

Mechanical

Reviewer Initials

KE

Asset Name

Valving on Recycled Sludge Piping

Asset Name Information
Site Location

Aeration Basin

System

Recycled Sludge

Component Type

Valve

Number

1

Asset Inspection
Visual Inspection

Corrosion

Condition Score

2- Fair - Slight visible degradation

Performance Score

2- Fair - Asset will function as intended, but may require higher than expected O&M

Probability of Failure Score

2- Low

Impact of Failure Score

2- Significant

Recommendation

2- Initiate more detailed inspection

Photos

Page: 1 of 5

Page: 2 of 5

Page: 3 of 5

Page: 4 of 5

Comments on Scoring

Slight corrosion, but in better condition than many other valves on site

Page: 5 of 5

Distribution Piping aeration Basin 2 Zone 2
Created

2020-06-22 12:41:08 PDT by Casey Gish

Updated

2020-07-14 16:43:39 PDT by Casey Gish

Location

47.9885446933, -122.215083763

Discipline

Mechanical

Reviewer Initials

KE

Asset Name

Distribution Piping aeration Basin 2 Zone 2

Asset Name Information
Site Location

Aeration Basin

System

Influent

Component Type

Pipe

Number

1

Asset Inspection
Asset Inspected?

Yes

Visual Inspection

Paint Condition

Condition Score

2- Fair - Slight visible degradation

Performance Score

1- Excellent - Asset will function as intended

Probability of Failure Score

2- Low

Impact of Failure Score

3- Serious

Recommendation

2- Initiate more detailed inspection

Page: 1 of 2

Photos

Comments on Scoring

Supported from bottom of basin. Different coating on the fiberglass pipe than the
influent pipe

Page: 2 of 2

Aeration header Piping
Created

2020-06-22 12:01:26 PDT by Casey Gish

Updated

2020-07-14 16:54:25 PDT by Casey Gish

Location

47.9887220124, -122.215297166

Discipline

Mechanical

Reviewer Initials

KE

Asset Name

Aeration header Piping

Asset Name Information
Site Location

Aeration Basin

System

Process Air

Component Type

Pipe

Number

1

Asset Inspection
Asset Inspected?

Yes

Visual Inspection

Steel Damage, Potential holes, insulation peeling back, corroded where insulation is
missing

Condition Score

3- Moderate - Visible degradation

Performance Score

2- Fair - Asset will function as intended, but may require higher than expected O&M

Probability of Failure Score

3- Medium

Impact of Failure Score

1- Minor

Recommendation

2- Initiate more detailed inspection

Photos

Page: 1 of 5

Page: 2 of 5

Page: 3 of 5

Page: 4 of 5

Comments on Scoring

Will need to be coated, has insulation for noise and temperature control. The
insulation will need to be replaced and there is heavy corrosion in places.

Page: 5 of 5

Valving on Process air Piping
Created

2020-06-18 15:08:20 PDT by Casey Gish

Updated

2020-07-07 13:41:18 PDT by Casey Gish

Location

,

Discipline

Mechanical

Reviewer Initials

KE

Asset Name

Valving on Process air Piping

Asset Name Information
Site Location

Aeration Basin

System

Process Air

Component Type

Valve

Number

1

Asset Inspection
Visual Inspection

Corrosion

Condition Score

3- Moderate - Visible degradation

Performance Score

4- Poor Performance- Asset function will be highly impaired

Probability of Failure Score

4- High

Impact of Failure Score

1- Minor

Recommendation

4- Replace

Photos

Page: 1 of 3

Page: 2 of 3

Comments on Scoring

Most of them have ability to turn but were not opening/closing fully. Lots of corrosion,
particularly on the main valves. The bypass valves are in better condition. Bolts are not
in good shape

Page: 3 of 3

Aeration expansion joints
Created

2020-06-22 14:18:54 PDT by Casey Gish

Updated

2020-07-14 16:37:05 PDT by Casey Gish

Location

47.9883935256, -122.215321725

Discipline

Mechanical

Reviewer Initials

Ke

Asset Name

Aeration expansion joints

Asset Name Information
Site Location

Aeration Basin

System

Process Air

Component Type

Expansion Joint

Number

1

Asset Inspection
Asset Inspected?

Yes

Visual Inspection

Corrosion

Condition Score

4- Poor Condition - Asset compromised

Performance Score

4- Poor Performance- Asset function will be highly impaired

Probability of Failure Score

3- Medium

Impact of Failure Score

1- Minor

Recommendation

4- Replace

Photos

Page: 1 of 3

Page: 2 of 3

Comments on Scoring

Corrosion on fitting rubber hardened for all locations. (Multiple joints)

Page: 3 of 3

Access Ladders
Created

2020-06-22 14:42:11 PDT by Casey Gish

Updated

2020-07-14 16:34:38 PDT by Casey Gish

Location

47.9885403347, -122.216041396

Discipline

Mechanical

Reviewer Initials

Ke

Asset Name

Access Ladders

Asset Name Information
Site Location

Aeration Basin

System

Safety

Component Type

Access Ladder

Number

1

Asset Inspection
Asset Inspected?

Yes

Visual Inspection

Corrosion

Condition Score

1-Excellent

Performance Score

1- Excellent - Asset will function as intended

Probability of Failure Score

2- Low

Impact of Failure Score

3- Serious

Recommendation

1- No immediate action required

Photos

Page: 1 of 3

Page: 2 of 3

Page: 3 of 3

Weather tower
Created

2020-06-22 11:43:40 PDT by Casey Gish

Updated

2020-07-15 15:01:47 PDT by Casey Gish

Location

47.988680522, -122.216068218

Discipline

Mechanical

Reviewer Initials

Ke

Asset Name

Weather tower

Asset Name Information
Site Location

Aeration Basin

System

Weather

Component Type

Structure

Number

1

Asset Inspection
Asset Inspected?

Yes

Visual Inspection

Corrosion

Condition Score

2- Fair - Slight visible degradation

Performance Score

2- Fair - Asset will function as intended, but may require higher than expected O&M

Probability of Failure Score

1- Very Low

Impact of Failure Score

1- Minor

Recommendation

1- No immediate action required

Photos

Page: 1 of 2

Page: 2 of 2

Aeration Basin Walkways and Grating
Created

2020-06-18 14:30:46 PDT by Casey Gish

Updated

2020-07-16 10:17:39 PDT by Casey Gish

Location

,

Discipline

Structural

Reviewer Initials

CL

Asset Name

Aeration Basin Walkways and Grating

Asset Name Information
Site Location

Aeration Basin

System

Safety

Component Type

Walkway

Number

1

Asset Inspection
Visual Inspection

Corrosion, Concrete/Masonry Damage

Condition Score

3- Moderate - Visible degradation

Performance Score

3- Moderate - Asset will function but operation will be impaired

Probability of Failure Score

2- Low

Impact of Failure Score

3- Serious

Recommendation

2- Initiate more detailed inspection

Comments on Scoring

Cracking observed, lots of moss growth. Many hairline cracks from what we can
observe. Re-coat grating

Page: 1 of 1

Aeration Basin Stairs
Created

2020-06-18 14:30:06 PDT by Casey Gish

Updated

2020-07-16 10:16:54 PDT by Casey Gish

Location

,

Discipline

Structural

Reviewer Initials

CL

Asset Name

Aeration Basin Stairs

Asset Name Information
Site Location

Aeration Basin

System

Safety

Component Type

Stairs

Number

1

Asset Inspection
Visual Inspection

Corrosion

Condition Score

2- Fair - Slight visible degradation

Performance Score

2- Fair - Asset will function as intended, but may require higher than expected O&M

Probability of Failure Score

2- Low

Impact of Failure Score

3- Serious

Recommendation

3- Refurbish

Comments on Scoring

Scattered corrosion, but not widespread. Recommend sandblasting and re coating

Page: 1 of 1

Stairs aeration
Created

2020-06-22 11:57:55 PDT by Casey Gish

Updated

2020-07-14 17:11:25 PDT by Casey Gish

Location

47.9887132533, -122.215368077

Discipline

Mechanical

Reviewer Initials

KE

Asset Name

Stairs aeration

Asset Name Information
Site Location

Aeration Basin

System

Safety

Component Type

Stairs

Number

1

Asset Inspection
Asset Inspected?

Yes

Visual Inspection

Corrosion

Condition Score

2- Fair - Slight visible degradation

Performance Score

2- Fair - Asset will function as intended, but may require higher than expected O&M

Probability of Failure Score

1- Very Low

Impact of Failure Score

2- Significant

Recommendation

3- Refurbish

Page: 1 of 2

Photos

Comments on Scoring

Recommend sandblasting and re-coating. Structural is also evaluating

Page: 2 of 2

Aeration Basin Lighting
Created

2020-06-22 11:37:30 PDT by Casey Gish

Updated

2020-07-14 16:55:46 PDT by Casey Gish

Location

47.9887047876, -122.216039803

Discipline

Mechanical

Reviewer Initials

Ke

Asset Name

Aeration Basin Lighting

Asset Name Information
Site Location

Aeration Basin

System

Safety

Component Type

Lights

Number

1

Asset Inspection
Asset Inspected?

Yes

Visual Inspection

Corrosion, Steel Supports (equipment), Steel Damage, Other

Condition Score

5- Failed - Asset Severely compromised

Performance Score

5- Failed -Asset will not function as intended

Probability of Failure Score

5- Very High

Impact of Failure Score

2- Significant

Remaining Service Life

0

Recommendation

4- Replace

Photos

Page: 1 of 3

Page: 2 of 3

Comments on Scoring

Water in lights

Page: 3 of 3

Aeration Basin safety railing
Created

2020-06-22 11:40:51 PDT by Casey Gish

Updated

2020-07-15 15:02:53 PDT by Casey Gish

Location

47.9886562564, -122.216058411

Discipline

Mechanical

Reviewer Initials

Ke

Asset Name

Aeration Basin safety railing

Asset Name Information
Site Location

Aeration Basin

System

Safety

Component Type

Structure

Number

1

Asset Inspection
Asset Inspected?

Yes

Visual Inspection

Corrosion, Steel Damage

Condition Score

3- Moderate - Visible degradation

Performance Score

2- Fair - Asset will function as intended, but may require higher than expected O&M

Probability of Failure Score

2- Low

Impact of Failure Score

3- Serious

Recommendation

3- Refurbish

Photos

Page: 1 of 3

Page: 2 of 3

Comments on Scoring

Also being inspected by structural

Page: 3 of 3

Aeration Basin Hand and Guard Rails
Created

2020-06-18 14:29:08 PDT by Casey Gish

Updated

2020-07-16 11:02:14 PDT by Casey Gish

Location

,

Discipline

Structural

Reviewer Initials

CL

Asset Name

Aeration Basin Hand and Guard Rails

Asset Name Information
Site Location

Aeration Basin

System

Safety

Component Type

Guard Rail

Number

1

Asset Inspection
Visual Inspection

Corrosion

Condition Score

2- Fair - Slight visible degradation

Performance Score

2- Fair - Asset will function as intended, but may require higher than expected O&M

Probability of Failure Score

2- Low

Impact of Failure Score

3- Serious

Recommendation

3- Refurbish

Comments on Scoring

Sandblast and re-coating recommended

Page: 1 of 1

Sludge Pump Building

Clarifier drain pump discharge pump Piping
Created

2020-06-23 09:51:57 PDT by Casey Gish

Updated

2020-07-07 13:59:12 PDT by Casey Gish

Location

47.9887864693, -122.21652017

Discipline

Mechanical

Reviewer Initials

Ke

Asset Name

Clarifier drain pump discharge pump Piping

Asset Name Information
Site Location

Sludge Pump Station

System

Process Pipe

Component Type

Pipe

Number

1

Asset Inspection
Visual Inspection

Slight corrosion

Condition Score

2- Fair - Slight visible degradation

Performance Score

2- Fair - Asset will function as intended, but may require higher than expected O&M

Probability of Failure Score

2- Low

Impact of Failure Score

2- Significant

Recommendation

2- Initiate more detailed inspection

Photos

Page: 1 of 3

Page: 2 of 3

Page: 3 of 3

Pumps in Sludge pump room
Created

2020-06-23 09:55:11 PDT by Casey Gish

Updated

2020-07-14 18:02:59 PDT by Casey Gish

Location

47.988646701, -122.216546321

Discipline

Mechanical

Reviewer Initials

Ke

Asset Name

Pumps in Sludge pump room

Asset Name Information
Site Location

Sludge Pump Station

System

Recycled Sludge

Component Type

Pump

Number

1

Asset Inspection
Visual Inspection

Corrosion

Condition Score

5- Failed - Asset Severely compromised

Performance Score

5- Failed -Asset will not function as intended

Probability of Failure Score

5- Very High

Impact of Failure Score

2- Significant

Recommendation

4- Replace

Photos

Page: 1 of 4

Page: 2 of 4

Page: 3 of 4

Comments on Scoring

This asset captures all pumps in the room, which are all in relatively similar condition.
The room was submerged at one point and all the pumps were underwater for an
extended period of time.

Page: 4 of 4

Fiberglass Piping
Created

2020-06-23 09:42:06 PDT by Casey Gish

Updated

2020-07-14 18:01:16 PDT by Casey Gish

Location

47.9888735572, -122.216610443

Discipline

Mechanical

Reviewer Initials

KE

Asset Name

Fiberglass Piping

Asset Name Information
Site Location

Sludge Pump Station

System

Process Pipe

Component Type

Fiberglass Pipe

Number

1

Asset Inspection
Visual Inspection

Corrosion

Condition Score

2- Fair - Slight visible degradation

Performance Score

2- Fair - Asset will function as intended, but may require higher than expected O&M

Probability of Failure Score

2- Low

Impact of Failure Score

3- Serious

Recommendation

2- Initiate more detailed inspection

Photos

Page: 1 of 7

Page: 2 of 7

Page: 3 of 7

Page: 4 of 7

Not sure what this is

Page: 5 of 7

Page: 6 of 7

Comments on Scoring

Majority of pipe hangers look good, a few are highly corroded.

Page: 7 of 7

Effluent Piping
Created

2020-06-23 09:59:06 PDT by Casey Gish

Updated

2020-07-14 18:00:09 PDT by Casey Gish

Location

47.9890702386, -122.216748409

Discipline

Mechanical

Reviewer Initials

Ke

Asset Name

Effluent Piping

Asset Name Information
Site Location

Sludge Pump Station

System

Process Pipe

Component Type

Pipe

Number

1

Asset Inspection
Visual Inspection

Corrosion

Condition Score

2- Fair - Slight visible degradation

Performance Score

2- Fair - Asset will function as intended, but may require higher than expected O&M

Probability of Failure Score

2- Low

Impact of Failure Score

4- Severe

Recommendation

2- Initiate more detailed inspection

Photos

Page: 1 of 4

Page: 2 of 4

Page: 3 of 4

Comments on Scoring

Supports have some degradation inside the building, particularly where they contact
the concrete. Pipe appears to be stainless.

Page: 4 of 4

Sump pumps
Created

2020-06-23 09:54:24 PDT by Casey Gish

Updated

2020-07-15 15:01:04 PDT by Casey Gish

Location

47.9888003413, -122.216535425

Discipline

Mechanical

Reviewer Initials

Ke

Asset Name

Sump pumps

Asset Name Information
Site Location

Sludge Pump Station

System

Building

Component Type

Pump

Number

1

Asset Inspection
Visual Inspection

Corrosion

Condition Score

5- Failed - Asset Severely compromised

Performance Score

5- Failed -Asset will not function as intended

Probability of Failure Score

5- Very High

Impact of Failure Score

2- Significant

Recommendation

4- Replace

Photos

Comments on Scoring

Room was flooded for an extended period of time, indicating that the sump pumps are
not functional.

Page: 1 of 1

Sludge Pump Station Structure
Created

2020-06-18 15:50:56 PDT by Casey Gish

Updated

2020-07-16 10:40:19 PDT by Casey Gish

Location

,

Discipline

Structural

Reviewer Initials

CL

Asset Name

Sludge Pump Station Structure

Asset Name Information
Site Location

Sludge Pump Station

System

Building

Component Type

Structure

Number

1

Asset Inspection
Visual Inspection

Steel Damage, Water Damage, Roof Condition, Windows/Doors

Condition Score

2- Fair - Slight visible degradation

Performance Score

3- Moderate - Asset will function but operation will be impaired

Probability of Failure Score

2- Low

Impact of Failure Score

1- Minor

Recommendation

2- Initiate more detailed inspection

Photos

Page: 1 of 14

Page: 2 of 14

Page: 3 of 14

Page: 4 of 14

Page: 5 of 14

Page: 6 of 14

Page: 7 of 14

Decking supporting flooring is rusting

Page: 8 of 14

Page: 9 of 14

Page: 10 of 14

Page: 11 of 14

Page: 12 of 14

Page: 13 of 14

Comments on Scoring

Deck rusting @ soffit of second floor floor deck. There are water stains on ceiling tile in
second floor office @ end of building. Concerns about floor would lead to more
detailed inspection

Page: 14 of 14

Secondary Clarifiers

East Secondary Clarifier
Created

2020-06-18 15:30:13 PDT by Casey Gish

Updated

2020-07-23 13:56:11 PDT by Casey Gish

Location

,

Discipline

Structural

Reviewer Initials

CL

Asset Name

East Secondary Clarifier

Asset Name Information
Site Location

Secondary Clarifiers

System

Clarifier

Component Type

Tank

Number

1

Asset Inspection
Visual Inspection

Concrete/Masonry Damage

Condition Score

2- Fair - Slight visible degradation

Performance Score

2- Fair - Asset will function as intended, but may require higher than expected O&M

Probability of Failure Score

2- Low

Impact of Failure Score

4- Severe

Recommendation

3- Refurbish

Photos

Page: 1 of 5

Page: 2 of 5

Page: 3 of 5

Page: 4 of 5

Page: 5 of 5

West Secondary Clarifier
Created

2020-06-18 15:30:57 PDT by Casey Gish

Updated

2020-07-23 14:09:53 PDT by Casey Gish

Location

,

Discipline

Structural

Reviewer Initials

CL

Asset Name

West Secondary Clarifier

Asset Name Information
Site Location

Secondary Clarifiers

System

Clarifier

Component Type

Tank

Number

2

Asset Inspection
Visual Inspection

Concrete/Masonry Damage

Condition Score

2- Fair - Slight visible degradation

Performance Score

2- Fair - Asset will function as intended, but may require higher than expected O&M

Probability of Failure Score

2- Low

Impact of Failure Score

4- Severe

Recommendation

3- Refurbish

Photos

Page: 1 of 6

Page: 2 of 6

Page: 3 of 6

Page: 4 of 6

Page: 5 of 6

Comments on Scoring

Need patch work
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East clarifier Launder
Created

2020-06-23 10:36:55 PDT by Casey Gish

Updated

2020-07-14 17:54:56 PDT by Casey Gish

Location

47.9884527019, -122.216574988

Discipline

Mechanical

Reviewer Initials

Ke

Asset Name

East clarifier Launder

Asset Name Information
Site Location

Secondary Clarifiers

System

Clarifier

Component Type

Launder

Number

1

Asset Inspection
Visual Inspection

Corrosion, Wood Damage

Condition Score

3- Moderate - Visible degradation

Performance Score

2- Fair - Asset will function as intended, but may require higher than expected O&M

Probability of Failure Score

2- Low

Impact of Failure Score

2- Significant

Recommendation

1- No immediate action required

Photos

Page: 1 of 2

Comments on Scoring

Includes weir plate, scum baffle and clarifier launder. Scum baffle and weir plate are
fiberglass. Wooden blocks line the launder.

Page: 2 of 2

West Clarifier Launder
Created

2020-06-23 10:21:24 PDT by Casey Gish

Updated

2020-07-14 17:54:31 PDT by Casey Gish

Location

47.9885512731, -122.21710003

Discipline

Mechanical

Reviewer Initials

Ke

Asset Name

West Clarifier Launder

Asset Name Information
Site Location

Secondary Clarifiers

System

Clarifier

Component Type

Launder

Number

1

Asset Inspection
Visual Inspection

Corrosion, Steel Supports (equipment)

Condition Score

3- Moderate - Visible degradation

Performance Score

2- Fair - Asset will function as intended, but may require higher than expected O&M

Probability of Failure Score

2- Low

Impact of Failure Score

2- Significant

Recommendation

1- No immediate action required

Photos

Wooden blocks

Page: 1 of 3

Scum beach significant corrosion

Supports corroded
Page: 2 of 3

Comments on Scoring

Includes weir plate, scum baffle and clarifier launder. Scum baffle and weir plate are
fiberglass. Wooden blocks line the launder
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East Clarifier Internal Mechanical System
Created

2020-06-18 15:44:23 PDT by Casey Gish

Updated

2020-07-16 08:40:16 PDT by Casey Gish

Location

47.9884527019, -122.216574988

Discipline

Mechanical

Reviewer Initials

Ke

Asset Name

East Clarifier Internal Mechanical System

Asset Name Information
Site Location

Secondary Clarifiers

System

Clarifier

Component Type

Mechanical System

Number

1

Asset Inspection
Visual Inspection

Corrosion

Condition Score

3- Moderate - Visible degradation

Performance Score

4- Poor Performance- Asset function will be highly impaired

Probability of Failure Score

3- Medium

Impact of Failure Score

4- Severe

Recommendation

4- Replace

Photos

Page: 1 of 5

Page: 2 of 5

Page: 3 of 5

Separated Piping

Page: 4 of 5

Comments on Scoring

Better condition than west, less corrosion. However there is broken sludge suction
pipes.
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West Clarifier Internal Mechanical System
Created

2020-06-18 15:45:18 PDT by Casey Gish

Updated

2020-07-16 08:41:58 PDT by Casey Gish

Location

47.9884592817, -122.216970697

Discipline

Mechanical

Reviewer Initials

KE

Asset Name

West Clarifier Internal Mechanical System

Asset Name Information
Site Location

Secondary Clarifiers

System

Clarifier

Component Type

Mechanical System

Number

2

Asset Inspection
Visual Inspection

Corrosion

Condition Score

3- Moderate - Visible degradation

Performance Score

3- Moderate - Asset will function but operation will be impaired

Probability of Failure Score

3- Medium

Impact of Failure Score

4- Severe

Recommendation

3- Refurbish

Photos

Page: 1 of 7

Walkway damage

Page: 2 of 7

Page: 3 of 7

Page: 4 of 7

Page: 5 of 7

Page: 6 of 7

Comments on Scoring

Less corrosion than East Clarifier. No visible broken pipes.
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36-inch diameter West Secondary Clarifier Effluent Pipe
Created

2020-06-18 15:42:32 PDT by Casey Gish

Updated

2020-07-14 17:50:43 PDT by Casey Gish

Location

47.988423, -122.216804

Discipline

Mechanical

Reviewer Initials

Ke

Asset Name

36-inch diameter West Secondary Clarifier Effluent Pipe

Asset Name Information
Site Location

Secondary Clarifiers

System

Clarifier

Component Type

Effluent

Number

2

Asset Inspection
Visual Inspection

Corrosion

Condition Score

2- Fair - Slight visible degradation

Performance Score

2- Fair - Asset will function as intended, but may require higher than expected O&M

Probability of Failure Score

2- Low

Impact of Failure Score

4- Severe

Recommendation

2- Initiate more detailed inspection

Photos

Page: 1 of 2

Comments on Scoring

Performance and condition scores based on exposed portion of pipe shown in photos

Page: 2 of 2

36-inch diameter East Secondary Clarifier Effluent Pipe
Created

2020-06-18 15:40:00 PDT by Casey Gish

Updated

2020-07-14 17:50:52 PDT by Casey Gish

Location

47.9884495683, -122.216717925

Discipline

Mechanical

Reviewer Initials

Ke

Asset Name

36-inch diameter East Secondary Clarifier Effluent Pipe

Asset Name Information
Site Location

Secondary Clarifiers

System

Clarifier

Component Type

Effluent

Number

1

Asset Inspection
Visual Inspection

Corrosion

Condition Score

2- Fair - Slight visible degradation

Performance Score

2- Fair - Asset will function as intended, but may require higher than expected O&M

Probability of Failure Score

2- Low

Impact of Failure Score

4- Severe

Recommendation

2- Initiate more detailed inspection

Photos

Page: 1 of 2

Comments on Scoring

Performance and condition scores based on exposed portion of pipe shown in photos

Page: 2 of 2

East and West Secondary Clarifiers Walkways and Grating
Created

2020-06-18 15:27:38 PDT by Casey Gish

Updated

2020-07-16 11:10:09 PDT by Casey Gish

Location

,

Discipline

Structural

Reviewer Initials

CL

Asset Name

East and West Secondary Clarifiers Walkways and Grating

Asset Name Information
Site Location

Secondary Clarifiers

System

Safety

Component Type

Walkway

Number

1

Asset Inspection
Visual Inspection

Corrosion

Condition Score

2- Fair - Slight visible degradation

Performance Score

2- Fair - Asset will function as intended, but may require higher than expected O&M

Probability of Failure Score

2- Low

Impact of Failure Score

3- Serious

Recommendation

3- Refurbish

Comments on Scoring

Scattered areas of damage

Page: 1 of 1

East and West Secondary Clarifiers Stairs
Created

2020-06-18 15:24:11 PDT by Casey Gish

Updated

2020-07-16 10:33:03 PDT by Casey Gish

Location

,

Discipline

Structural

Reviewer Initials

CL

Asset Name

East and West Secondary Clarifiers Stairs

Asset Name Information
Site Location

Secondary Clarifiers

System

Safety

Component Type

Stairs

Number

1

Asset Inspection
Visual Inspection

Corrosion

Condition Score

2- Fair - Slight visible degradation

Performance Score

2- Fair - Asset will function as intended, but may require higher than expected O&M

Probability of Failure Score

1- Very Low

Impact of Failure Score

3- Serious

Recommendation

3- Refurbish

Page: 1 of 1

East and West Secondary Clarifier Guard Rail
Created

2020-06-18 15:25:41 PDT by Casey Gish

Updated

2020-07-16 11:09:05 PDT by Casey Gish

Location

,

Discipline

Structural

Reviewer Initials

CL

Asset Name

East and West Secondary Clarifier Guard Rail

Asset Name Information
Site Location

Secondary Clarifiers

System

Safety

Component Type

Guard Rail

Number

1

Asset Inspection
Visual Inspection

Corrosion

Condition Score

2- Fair - Slight visible degradation

Performance Score

2- Fair - Asset will function as intended, but may require higher than expected O&M

Probability of Failure Score

1- Very Low

Impact of Failure Score

3- Serious

Recommendation

3- Refurbish

Page: 1 of 1

Storage Building

Storage Building
Created

2020-07-15 14:41:46 PDT by Casey Gish

Updated

2020-07-16 10:41:58 PDT by Casey Gish

Location

,

Discipline

Structural

Reviewer Initials

CL

Asset Name

Storage Building

Asset Name Information
Site Location

Storage

System

Building

Component Type

Structure

Number

1

Asset Inspection
Visual Inspection

Concrete/Masonry Damage, Windows/Doors

Condition Score

2- Fair - Slight visible degradation

Performance Score

2- Fair - Asset will function as intended, but may require higher than expected O&M

Probability of Failure Score

2- Low

Impact of Failure Score

1- Minor

Recommendation

3- Refurbish

Photos

Page: 1 of 4

Page: 2 of 4

Anchor bolts are rusting

Page: 3 of 4

Comments on Scoring

Hairline crack on slab on grade. Base anchor bolts are rusting. Frame otherwise is in
good condition. Recommend fixing baseplates and siding/doors

Page: 4 of 4

Misc field pump
Created

2020-06-23 09:35:47 PDT by Casey Gish

Updated

2020-07-15 15:00:39 PDT by Casey Gish

Location

47.9888281692, -122.216088502

Discipline

Mechanical

Reviewer Initials

Ke

Asset Name

Misc field pump

Asset Name Information
Site Location

Site Civil

System

Unknown

Component Type

Pump

Number

1

Asset Inspection
Visual Inspection

Not Inspected

Condition Score

Not Inspected

Performance Score

Not Inspected

Probability of Failure Score

4- High

Impact of Failure Score

1- Minor

Recommendation

5- Asset deemed unnecessary for future infrastructure

Photos

Page: 1 of 2

Comments on Scoring

Not sure what this is, record drawings have been evaluated and it was not found on
any drawings
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Blower Building

Blower 1-4 Discharge Header and Piping
Created

2020-06-19 11:18:47 PDT by Casey Gish

Updated

2020-07-07 11:55:27 PDT by Casey Gish

Location

47.9888211703, -122.215096504

Discipline

Mechanical

Reviewer Initials

Ke

Asset Name

Blower 1-4 Discharge Header and Piping

Asset Name Information
Site Location

Blower Building

System

Process Air

Component Type

Pipe

Number

1

Asset Inspection
Visual Inspection

Corrosion

Condition Score

2- Fair - Slight visible degradation

Performance Score

2- Fair - Asset will function as intended, but may require higher than expected O&M

Probability of Failure Score

2- Low

Impact of Failure Score

1- Minor

Recommendation

3- Refurbish

Photos

Page: 1 of 6

Supports look good

Blower 3
Page: 2 of 6

Blower 3

Blower 2
Page: 3 of 6

Blower 2

Blower 1
Page: 4 of 6

Shielding peeling back

Page: 5 of 6

Comments on Scoring

Corrosion on bolts
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Blower 1
Created

2020-06-19 11:16:14 PDT by Casey Gish

Updated

2020-07-14 17:18:25 PDT by Casey Gish

Location

47.9888456036, -122.215176718

Discipline

Mechanical

Reviewer Initials

Ke

Asset Name

Blower 1

Asset Name Information
Site Location

Blower Building

System

Process Air

Component Type

Blower

Number

1

Asset Inspection
Visual Inspection

Corrosion

Condition Score

2- Fair - Slight visible degradation

Performance Score

2- Fair - Asset will function as intended, but may require higher than expected O&M

Probability of Failure Score

3- Medium

Impact of Failure Score

1- Minor

Recommendation

2- Initiate more detailed inspection

Photos

Page: 1 of 3

Page: 2 of 3

Comments on Scoring

Not tested, corrosion on bolts.
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Blower 2
Created

2020-06-19 11:16:50 PDT by Casey Gish

Updated

2020-07-14 17:19:17 PDT by Casey Gish

Location

47.9888767424, -122.21513045

Discipline

Mechanical

Reviewer Initials

Ke

Asset Name

Blower 2

Asset Name Information
Site Location

Blower Building

System

Process Air

Component Type

Blower

Number

2

Asset Inspection
Visual Inspection

Corrosion

Condition Score

2- Fair - Slight visible degradation

Performance Score

2- Fair - Asset will function as intended, but may require higher than expected O&M

Probability of Failure Score

3- Medium

Impact of Failure Score

1- Minor

Recommendation

2- Initiate more detailed inspection

Photos

Page: 1 of 4

Page: 2 of 4

Page: 3 of 4

Comments on Scoring

Motor appears visually different (potentially a slightly different model) and motor
appears to be leaking. Without testing not sure functionality

Page: 4 of 4

Blower 3
Created

2020-06-19 11:17:11 PDT by Casey Gish

Updated

2020-07-14 17:19:39 PDT by Casey Gish

Location

47.9888082622, -122.215350643

Discipline

Mechanical

Reviewer Initials

Ke

Asset Name

Blower 3

Asset Name Information
Site Location

Blower Building

System

Process Air

Component Type

Blower

Number

3

Asset Inspection
Visual Inspection

Corrosion

Condition Score

2- Fair - Slight visible degradation

Performance Score

2- Fair - Asset will function as intended, but may require higher than expected O&M

Probability of Failure Score

3- Medium

Impact of Failure Score

1- Minor

Recommendation

2- Initiate more detailed inspection

Photos

Page: 1 of 4

Mouse nest

Bolts look better
Page: 2 of 4

Page: 3 of 4

Comments on Scoring

Bolts look better than other blowers. Mouse nest in intake of motor.

Page: 4 of 4

Blower 4
Created

2020-06-19 11:17:39 PDT by Casey Gish

Updated

2020-07-14 17:22:59 PDT by Casey Gish

Location

47.9888640019, -122.215492297

Discipline

Mechanical

Reviewer Initials

Ke

Asset Name

Blower 4

Asset Name Information
Site Location

Blower Building

System

Process Air

Component Type

Blower

Number

4

Asset Inspection
Visual Inspection

Corrosion, Steel Supports (equipment), Concrete Supports

Condition Score

2- Fair - Slight visible degradation

Performance Score

2- Fair - Asset will function as intended, but may require higher than expected O&M

Probability of Failure Score

3- Medium

Impact of Failure Score

1- Minor

Recommendation

2- Initiate more detailed inspection

Photos

Page: 1 of 4

Bolts look worse

Support is different, corroded
Page: 2 of 4

Corrosion on connection

Corroded frame
Page: 3 of 4

Different motor
Comments on Scoring

Different blower than the rest, but appears to be similar model, potentailly just added
at a later date than the other three. Discharge piping has more damage than other
three blowers.
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Blower 5
Created

2020-06-19 11:18:06 PDT by Casey Gish

Updated

2020-07-01 15:27:55 PDT by Casey Gish

Location

47.9888640019, -122.215492297

Discipline

Mechanical

Reviewer Initials

Ke

Asset Name

Blower 5

Asset Name Information
Site Location

Blower Building

System

Process Air

Component Type

Blower

Number

5

Asset Inspection
Visual Inspection

Not Inspected

Condition Score

Not Inspected

Performance Score

Not Inspected

Recommendation

Not Inspected

Comments on Scoring

Never installed

Page: 1 of 1

12 ton overhead crane
Created

2020-06-19 11:24:07 PDT by Casey Gish

Updated

2020-07-16 10:19:27 PDT by Casey Gish

Location

,

Discipline

Structural

Reviewer Initials

CL

Asset Name

12 ton overhead crane

Asset Name Information
Site Location

Blower Building

System

Process Air

Component Type

Crane

Number

1

Asset Inspection
Visual Inspection

No visible damage

Condition Score

1-Excellent

Performance Score

1- Excellent - Asset will function as intended

Probability of Failure Score

1- Very Low

Impact of Failure Score

1- Minor

Recommendation

1- No immediate action required

Comments on Scoring

Needs final testing before approval for use

Page: 1 of 1

12 ton overhead crane
Created

2020-06-19 11:23:27 PDT by Casey Gish

Updated

2020-07-14 17:15:51 PDT by Casey Gish

Location

47.9887715914, -122.215504367

Discipline

Mechanical

Reviewer Initials

KE

Asset Name

12 ton overhead crane

Asset Name Information
Site Location

Blower Building

System

Process Air

Component Type

Crane

Number

1

Asset Inspection
Visual Inspection

Corrosion

Condition Score

2- Fair - Slight visible degradation

Performance Score

2- Fair - Asset will function as intended, but may require higher than expected O&M

Probability of Failure Score

2- Low

Impact of Failure Score

1- Minor

Recommendation

2- Initiate more detailed inspection

Photos

Page: 1 of 2

Comments on Scoring

Not tested, visual inspection only. Needs additional testing to confirm function and
performance.

Page: 2 of 2

Blower fan
Created

2020-06-23 09:13:03 PDT by Casey Gish

Updated

2020-07-07 11:57:48 PDT by Casey Gish

Location

47.9888083879, -122.21512408

Discipline

Mechanical

Reviewer Initials

Ke

Asset Name

Blower fan

Asset Name Information
Site Location

Blower Building

System

HVAC

Component Type

Fan

Number

1

Asset Inspection
Visual Inspection

Corrosion

Condition Score

3- Moderate - Visible degradation

Performance Score

2- Fair - Asset will function as intended, but may require higher than expected O&M

Probability of Failure Score

2- Low

Impact of Failure Score

1- Minor

Recommendation

1- No immediate action required

Photos

Comments on Scoring

Not functional

Page: 1 of 1

Blower Building Structure
Created

2020-06-19 11:15:17 PDT by Casey Gish

Updated

2020-07-16 10:23:24 PDT by Casey Gish

Location

,

Discipline

Structural

Reviewer Initials

CL

Asset Name

Blower Building Structure

Asset Name Information
Site Location

Blower Building

System

Building

Component Type

Structure

Number

1

Asset Inspection
Visual Inspection

Steel Damage, Windows/Doors

Condition Score

3- Moderate - Visible degradation

Performance Score

3- Moderate - Asset will function but operation will be impaired

Probability of Failure Score

2- Low

Impact of Failure Score

1- Minor

Recommendation

3- Refurbish

Photos

Page: 1 of 8

Page: 2 of 8

Page: 3 of 8

Page: 4 of 8

Page: 5 of 8

Page: 6 of 8

Page: 7 of 8

Comments on Scoring

Baseplate and Ab rusting @ east extension blower equipment base AB rusting. North
end of building is degraded, main building is in fair condition. The bases for blowers
are corroded

Page: 8 of 8

Everett Port Gardner Storage Facility Condition Assessment

Appendix D: Asset Remaining Useful Life Calculation
Reference

D-1
Use of contents on this sheet is subject to the limitations specified at the end of this document.
Everett PGSF Condition Assessment Report

0.02 ft

168.27 ft

140.00 ft

75.00 ft

Source: NZ Infrastucture Asset Management Manual, June 1998 Ed. 1.1

Engineering Report
Port Gardner Storage Facility
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Executive Summary
The City of Everett acquired the Kimberly-Clark wastewater treatment plant (WWTP) in 2019 to re-purpose
the infrastructure into the Port Gardner Storage Facility (PGSF). The PGSF site is located immediately adjacent to Possession Sound; therefore, there is potential risk of flooding and inundation caused by sea level
rise. Brown and Caldwell (BC) evaluated future sea level rise projections and assessed the potential impacts
to the PGSF and deep-water Outfall 100.
This analysis defines sea level rise projections by a year, and the likelihood of a specified sea level increase
by that year. Given the long-term implications of sea level rise, the anticipated lifespan of the PGSF, and the
uncertainty associated with sea level projections, this analysis reviewed the impacts of sea level rise on a
50-year period, or the year 2070.
This analysis evaluated two potential sea level conditions for the year 2070; the most probable scenario,
which has a 50-percent chance of Possession Sound reaching a specified elevation, and the worst credible
scenario, where there is a 0.1-percent chance of Possession Sound reaching a specified elevation. Table 1
summarizes the results of the analysis considering the most probable and worst credible sea level elevations
anticipated to occur in 2070.
Table 1. Sea Level Rise Projections for 2070
Water Level (feet, NAVD88)
Scenario

Impacts to PGSF Site

100-year1 Mean Higher High
Extreme Tide
Water

Most
Probable2

13.5

10.4

1.3 feet of sea level rise anticipated to occur. The bulkhead (elevation 12 feet) separating PGSF from
Possession Sound overtops. Minimal site inundation anticipated to occur.

Worst
Credible3

16.2

13.1

4.0 feet of sea level rise anticipated to occur. High tide levels inundate site by approximately 4-feet,
invert of east and west secondary clarifiers (13.9 feet) submerged by 2.3-feet. Any structures with the
lowest adjacent grade below an elevation of 16 feet may be impacted.

1. 1-percent chance of occurrence; extreme water levels estimated from NOAA gauges are based on a combination of astronomical tides, storm
surge, and wave setup, but do not account for wave runup caused by dynamic wave action moving up slopes and shorelines.
2. 50th percentile based on range of sea level rise projections for 2070 assuming “business as usual” greenhouse gas emissions.
3. 0.1-percentile upper limit based on range of sea level rise projections for 2070 assuming “business as usual” greenhouse gas emissions.

Assuming the worst credible scenario, the 100-year extreme tide level has the potential to first reach the
lowest adjacent grade to the secondary clarifier structures by 2044 while the annual high tide elevation has
the potential to reach the lowest adjacent grade to the secondary clarifiers by 2064.
A qualitative analysis of the impacts of sea level rise on deep-water Outfall 100 found that an increased sea
level in Possession Sound will not impact outfall capacity given the elevation difference between the Everett
Water Pollution Control Facility (EWPCF) effluent pipeline high point and the hydraulic gradeline through the
gravity flow section of the pipeline. Furthermore, a review of the Outfall 100 permit found that an increase in
sea level is unlikely to impact the permitted outfall capacity.
The following recommendations are made based on this analysis:
•
Develop risk-based resilience criteria for the PGSF site based on the design life of the project and potential consequences of failure.
•
Given the uncertainty associated with future sea levels, use conservative estimates for future tide levels
within the context of mitigation. Also consider the additional risks posed by storm surge and wave action, as well as potential erosion caused by severe waves.
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•

Sizing and selection of the PGSF effluent pumps should account for a potential increase in the outfall
pipeline hydraulic gradeline due to sea level rise.
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Section 1: Introduction
The Kimberly Clark WWTP is located at the former site of the Kimberly Clark pulp mill and tissue plant south
of the Naval Station Everett. The WWTP was designed to treat up to 22 million gallons per day (mgd) of papermill wastewater and discharge to Outfall 100, a shared deep-water outfall (DWO) with the EWPCF. The
Kimberly Clark mill was decommissioned in 2012 and the City of Everett has since acquired ownership of
the WWTP property. The City intends to re-purpose the WWTP infrastructure and design a wet weather storage facility known as the PGSF.
The PGSF site is located immediately adjacent to Possession Sound, an inlet off Puget Sound. Given the
site’s proximity to a tidal water body, the PGSF is potentially at risk of flooding and inundation caused by sea
level rise. BC evaluated future sea level rise projections and assessed the potential impacts to the PGSF facility. In addition, sea level rise may impact the capacity of the DWO shared by the PGSF and EWPCF. Therefore, BC also evaluated the potential implications of sea level rise on the hydraulics of the DWO.
This technical memo provides a quantitative and qualitative analysis of the potential for PGSF site inundation and impacts to the DWO due to sea level rise. The information determined by this analysis is intended to
inform the future design and use of the PGSF and serve as the basis for more detailed climate change resiliency assessments.

Section 2: Site and Facility Description
The following section describes the PGSF site, existing facilities, and the discharge outfall that may be impacted by sea level rise.

2.1 Overview of Site
There are 12 buildings or notable features on the PGSF site as shown in Figure 1. BC reviewed elevation
data for the site, the bulkhead between the site and the East Waterway, and the main structures at the
PGSF. BC converted all elevations to a standard vertical datum of North American Vertical Datum 1988
(NAVD88). To do this, a datum correction factor of -95.4 feet was applied to elevations on the original facility
record drawings, which was determined based on three common site survey points collected by the City of
Everett. The site survey record is provided as Attachment A. The bulkhead along the coastline appears to be
constructed with large boulders (Figure 2). The record drawings for the PGSF site indicate a bulkhead crest
elevation of 12.6 feet (after converting to NAVD88). However, the top of the bulkhead appears to be somewhat variable and topographic contours1 of the site suggest the elevation could be closer to 12 feet
NAVD88. Therefore, to be conservative, BC has assumed the top of the bulkhead is at an elevation of approximately 12 feet NAVD88.
Two long rows of concrete blocks appear to have been placed along the west side of the PGSF site near the
bulkhead (Figure 2). While these structures are presumably used to prevent waterborne debris from entering
the site, not enough is known about these features to assume they provide reliable flood protection.

1 Topographic contours were provided by the City of Everett for use in Geospatial Information Systems (GIS). These data are based

on a contour interval of 2 feet.
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Figure 1. Port Gardner Storage Facility main buildings and structures

Figure 2. Images showing the bulkhead and concrete blocks along the coastline at the site
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2.2 Facility Elevation Data
To assess the potential for coastal flooding impacts, BC estimated the lowest adjacent grade (ground elevation) for each structure based on WWTP record drawings and topographic contours. Table 2 lists the structures and other relevant features at the PGSF site, along with the corresponding lowest adjacent grade or
approximate grade elevation for each.
Table 2. Site Building and Location Elevations in NAVD88
Structure or Feature

Lowest Adjacent Grade (feet)

Record Drawing Number and Notes

West Secondary Clarifier

13.9

B-90301

East Secondary Clarifier

13.9

B-90301

Sludge Pump Station

14.6

B-9046

Aeration Basins

15.1

B-9027

Blower Building

16.1

B-9061 and B-9068

Chemical Storage Building

17.6

B-9058

Neutralization Basins

16.6

B-9751

Flotation Thickeners

14.6

B-9744

Storage Building

16.1

Not shown2

Top of Bulkhead (approximate)

12

Not shown

Northeast Parking Lot (approximate)

14

Not shown3

East Access Road (approximate)

16

Not shown3

1East

and west clarifiers assumed to be at the same elevation.

2Elevation

assumed to be the same as the nearby Blower building.

3Elevations

taken from topographic contours in GIS.

2.3 Deep-Water Marine Outfall 100
The EWPCF operates two parallel wastewater treatment systems: an aeration/oxidation pond and trickling
filter/solids contact (TF/SC) process. Effluent from the aeration/oxidation pond is discharged to the
Snohomish River through Outfall 015. Effluent from the TF/SC process is discharged to the Port Gardner Bay
through deep-water marine Outfall 100. Snohomish River outfall 025 is abandoned in place. The three outfalls are permitted under the National Pollution Discharge Elimination System (NPDES) permit number WA002449-0.
Outfall 100 was constructed in 2004 under an agreement between Kimberly-Clark Worldwide, Inc. and the
City of Everett. Effluent from the EWPCF is conveyed from the South Effluent Pump Station (SEPS) through
an approximately 2.8-mile-long cross-town pipeline to Outfall 100. Effluent is conveyed through the pipeline
by five 300-horsepower effluent pumps rated for 5,555 gallons per minute (gpm) at 159 feet total discharge
head (TDH). The effluent pipeline is constructed with pipe diameters ranging from 36-inches to 63-inches.
After leaving the EWPCF, the effluent travels southwest, under the Snohomish River then south to Everett
Avenue where it navigates westward. The pipeline traverses a variation in elevations along 25th Avenue
where it reaches the highest point of approximately 125 feet at Colby Avenue and 25th Street. The PGSF outfall pipeline connects to the EWPCF effluent pipeline immediately west of West Marine View Drive. After the
connection with the PGSF effluent line, the outfall pipeline jogs southwest before taking a sharp west ward
turn into Port Gardner Bay. There are no hydraulic control structures, such as a weir, between the SEPS and
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deep water outfall. An aerial graphic of the pipeline between the EWPCF and Port Gardner Bay is provided in
Figure 3.

Figure 3. EWPCF Effluent Pipeline

After reaching Port Gardner Bay, the pipeline traverses 3,500 feet along the bed of Possession Sound to an
elevation of approximately -350 feet NAVD88. The outfall pipeline is constructed of 63-inch-diameter high
density polyethylene (HDPE) pipe. The diffuser section of the outfall is approximately 1,590 feet long and is
constructed with 80 vertical risers with 90-degree elbows that terminate with 5-inch-diameter round ports.

2.4 Sea Level Data
BC reviewed tidal information and sea level rise projections to assess the potential for future coastal flooding at the site. This section summarizes available data on sea levels. Section 3 provides a comparison between sea levels and the lowest adjacent grades from Section 1 to identify which structures may be at risk.

2.4.1 Historical Tide Levels
The National Oceanic and Atmospheric Administration (NOAA) operates a tide gauge and collects tidal data
at a station located approximately 3,500 feet south of the PGSF site (NOAA Station ID: 9447659) (Figure 4).
BC used data from this station to estimate current diurnal tide levels at the PGSF site. Mean higher high water (MHHW) represents the highest daily tide level at the PGSF site: 9.06 feet NAVD88. Figure 5 shows the
tide levels for Everett, WA. The reader should note that current tide levels are based on a range of historical
observations spanning from 1983 through 2001. This period is referred to as an epoch.
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Figure 4. NOAA Station Locations
MHHW: Mean Higher-High Water
MHW: Mean High Water
MTL: Mean Tide Level
DTL: Diurnal Tide Level
MSL: Mean Sea Level
MDTL: Mean Diurnal Tide Level
MLW: Mean Low Water
MLLW: Mean Lower-Low Water
DHQ: Mean Diurnal High Water Inequality
MN: Mean Range of Tide
DLQ: Mean Diurnal Low Water Inequality
GT: Great Diurnal Range

Figure 5. Historical Tide Elevations in NAVD88 at Everett, WA (NOAA Station 9447659)
Data shown are based on the present National Tidal Datum Epoch 1983 through 2001

7
Use of contents on this sheet is subject to the limitations specified at the beginning of this document.
PSGF Infrastructure Resiliency Assessment

Infrastructure Resiliency Assessment for Sea Level Rise

Extreme water levels, or storm tides, can be well above MHHW. Storm tides are caused by the combination
of astronomical and atmospheric forces, including storm surge and wave setup due to wind and breaking
waves. Extreme water levels based on data recorded at NOAA tide gauges do not account for wave runup
caused by dynamic wave action moving up slopes. As such storm tides estimated from NOAA tide gauge data
are roughly equivalent to “still water flood elevations” as defined by the Federal Emergency Management
Agency (FEMA) for coastal flood hazards. Coastal flooding from tsunamis is not considered in this analysis.
Extreme tide estimates are available for the Elliot Bay tide gauge (Seattle, WA; Station ID: 9447130), located
25 miles south of the PGSF site (Figure 4). BC found that diurnal tide levels in Seattle are similar to those in
Everett (less than 1 percent difference at MHHW). Therefore, BC assumed the extreme tide levels above
MHHW at the Elliot Bay gauge provide reasonable estimates of extreme tide levels above MHHW at the PGSF
site. Table 3 lists the NOAA data for historical tide levels, diurnal ranges, and extreme tide levels in NAVD88.
Additional data on extreme tides are provided in Attachment B.
Table 3. Historical and Extreme Tide Levels for Present Epoch (1983-2001)
Elevation in NAVD88
Tide Level

NOAA Station
9447659, EVERETT WA

NOAA Station
9447130, Seattle WA

1% chance annual exceedance

12.24

12.21

10% chance annual exceedance

11.82

11.78

50% chance annual exceedance

11.32

11.29

99% chance annual exceedance

10.54

10.50

Mean Higher-High Water (MHHW)

9.06

9.02

Mean High Water (MHW)

8.18

8.15

Mean Tide Level (MTL)

4.48

4.32

Mean Sea Level (MSL)

4.45

4.3

Mean Diurnal Tide Level (MDT)

3.51

3.34

Mean Low Water (MLW)

0.77

0.49

Mean Lower-Low Water (MLLW)

-2.03

-2.34

Everett Source: https://tidesandcurrents.noaa.gov/datums.html?datum=NAVD88&units=0&epoch=0&id=9447659&name=EVERETT&state=WA
Seattle Source: https://tidesandcurrents.noaa.gov/datums.html?datum=NAVD88&units=0&epoch=0&id=9447130&name=Seattle&state=WA

2.4.2 Sea Level Rise Projections
Satellite sea level observations indicate that global sea level is currently rising at a rate of approximately 3.3
millimeters per year (NASA 2020)—and accelerating (Nerem et al. 2018). Recent research, such as work by
Kopp et al. (2014), has shown an increase in the high-end projections for sea level rise (Miller et al. 2018)
over previous studies. The Washington Coastal Resiliency Project (WCRP) developed new sea level rise projections for Washington state (Miller et al. 2018) based on the probabilistic2 estimates of absolute and regional sea level rise produced by Kopp et al. (2014). Absolute sea level rise is based on the height of the
ocean surface relative to a fixed, unmoving reference point, such as the center of the earth. However, sea
level rise at a specific location along the coast is experienced differently due to the combined effects of sea
level rise and long-term vertical land movements (uplift or subsidence). Hence, relative sea level rise accounts for both rising sea levels and vertical land movement.

2 Miller et al. (2018) assessed the likelihood that, for a given greenhouse gas (GHG) scenario, sea level rise will reach or exceed a

certain level relative to the present, which is well-suited for risk management and planning.
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Miller et al. (2018) converted absolute sea level rise projections to relative sea level rise projections for specific locations along the Washington coast based on variations in the rate of predicted vertical land movement. The new sea level rise projections were developed for low and high emissions scenarios (Miller et al.
2018). Figure 6 shows the relative sea level rise projections at Everett for the high emissions scenario, or
Representative Concentration Pathway3 (RCP) 8.5. Tabulated sea level rise projections are provided in Attachment B.
Chance of exceeding
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10
8
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98% Confidence Interval
80% Confidence Interval
Central Projection
Relative sea level projections for the
coastal area near 48.0N, 122.2W
based on RCP 8.5
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50%
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99%
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Figure 6. Relative sea level rise projections for Everett based on data from Miller et al. (2018)

The central projection from Miller et al. (2018) suggests a rise in sea level of approximately 2 feet by 2100.
The assessment by Miller et al. (2018) also provides an extreme high-end projection, deriving the 0.1-percent probability of exceedance for the high GHG scenario. Miller et al. (2018) suggest this high-end projection be considered an “approximate physical upper limit,” which would indicate the maximum possible
change in absolute sea level is as high as 8 feet by 2100. For this study, BC will interpret sea level rise risks
based on the following two evaluation scenarios:
•
Most Probable Scenario: future tide levels and extreme tide levels increased by the mean, or 50-percent
probability of exceedance, sea level rise projections for RCP 8.5 developed by Miller et al. (2018).
•
Worst Credible Scenario: future tide levels and extreme tide levels increased by the 0.1-percent probability of exceedance sea level rise projections for RCP 8.5 developed by Miller et al. (2018).
Sea level rise projections Miller et al. (2018) are quantified relative to historical levels recorded from 1991
to 2009. For the purposes of this analysis, BC assumed the 1991-2009 baseline for Miller et al. (2018) is
equivalent to the National Tidal Datum Epoch of 1983 through 2001 (see Section 2.4.1). In other words, BC
assumed the sea level rise estimates from Miller et al. (2018) can be added directly to the tide levels estimated from historical NOAA data to obtain estimates for future water surface elevations.

3 Global climate modeling used to estimate future sea levels are based on emissions scenarios known as representative concentra-

tion pathways (RCPs), each representing a different GHG concentration trajectory. RCP 4.5 is a low to intermediate trajectory representing a substantial effort to reduce global GHG concentrations with only a small increase in emissions before peaking around
2040. RCP 8.5 is a high trajectory representing no climate policies and a “business-as-usual” continuation of GHG emissions
throughout the 21st century, associated with higher radiative forcing and therefore the greatest warming of all four RCPs.
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Section 3: Vulnerability Assessment
BC compared the structure and grade elevations at the PGSF site with the sea level rise projections to assess timeframes and likelihood of coastal flooding impacts (Section 3.1). BC also assessed the potential for
higher sea levels to affect the deep-water marine outfall (Section 3.2). Conclusions and summary recommendations are provided in Section 4.

3.1 Coastal Flooding Impacts
Sea levels fluctuate with complex tidal cycles. While MHHW represents the daily high tide, more extreme
tides are caused by longer-period lunar and solar orbits, which generate monthly and annual extremes.
Coastal flooding can also be exacerbated by complex phenomena such as storm surge, wave setup, wave
run-up, and dynamic wave action as rising water interacts with land and structures.
Currently, there is a low risk of coastal flooding impacts to the PGSF site. As listed in Table 3 and shown in
Figure 7, the daily high tide (MHHW) is well below the top of the bulkhead. Less frequent, more extreme,
tides approach the top of the bulkhead. The 10-percent annual chance, or 10-year high tide (i.e., occurs on
average about once every 10 years) is estimated to be 11.82 feet NAVD88, which is roughly just below the
top of the bulkhead. The 1-percent annual chance (100-year) high tide is estimated to be 12.24 feet
NAVD88, which is near or perhaps slightly higher than the top of the bulkhead. As sea level rises, future extreme tides could potentially overtop the bulkhead and inundate portions of the PGSF site. For example, if
future tide levels reach approximately 13.9 feet NAVD88 then coastal flooding could reach the East and
West Clarifiers (Figure 7).

Figure 7. Schematic illustration of current tide levels and PGSF site elevations
This figure represents current tidal conditions; future sea level rise is not reflected in these data.
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Given the natural variability of coastal waters, long-term changes in sea levels, and uncertainty associated
with sea level rise projections, there are numerous ways to examine and interpret coastal flooding risks. For
this assessment, BC selected a 50-year time horizon and assessed the risk posed by coastal flooding in
2070 using sea level rise projections for RCP 8.5 (assumes “business as usual” GHG emissions). BC estimated the 100-year extreme water levels in 2070 as follows:
•
Most Probable Scenario: 12.2 feet current 100-year water level + 1.3 feet rise = 13.6 feet
•
Worst Credible Scenario: 12.2 feet current 100-year water level + 4.0 feet rise = 16.2 feet
BC compared the above water surface elevations with ground surface elevations at the PGSF site and
mapped the areas that could potentially be inundated. These maps are provided in Attachment C.
Using the top of the bulkhead as an approximate threshold for coastal flooding risk, BC compared future
high tide levels (current elevations increased for sea level rise) with bulkhead top elevation of roughly 12
feet NAVD88. Figure 8 shows the probability of exceedance for flooding over the top of the bulkhead in 2070
for potential tidal events.

Figure 8. Projected probability of exceedance for flooding over the bulkhead in 2070
Sea level rise projections for RCP 8.5 based on work by Miller et al. (2018). Most Probable Scenario refers to all values at an exceedance probability
of 0.5, according to a range of projections. Worst Credible Scenario refers to values at an exceedance probability of 0.001, according to projections.

Examining “2-year High Tide” line in Figure 8, one can see that the line crosses the horizontal axis at a probability of approximately 0.95, indicating that there is roughly a 95-percent chance that the 2-year high tide
event will be higher than the bulkhead. In other words, the bulkhead could be overtopped about once every
two years around the 2070 time frame. Continuing with Figure 8, one can draw the following inferences regarding the Most Probable Scenario (50-percent chance of exceedance) for 2070:
•
The daily and annual high tides will not overtop the bulkhead.
•
The 2-year high tide event will overtop the bulkhead by more than 6 inches.
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•
•

The 10-year high tide event will overtop the bulkhead by more than 1 foot.
The 100-year high tide event will overtop the bulkhead by more than 1.5 feet.

Under the Worst Credible Scenario (0.1-percent chance of exceedance):
•
The daily high tide will overtop the bulkhead by more than 1 foot.
•
The annual high tide will overtop the bulkhead by more than 2.5 feet.
•
The 2-year high tide event will overtop the bulkhead by more than 3 feet.
•
The 10-year high tide event will overtop the bulkhead by more than 3.5 feet.
•
The 100-year high tide event will overtop the bulkhead by more than 4 feet.
Even if bulkhead is overtopped by high tide levels and coastal flooding, most of the PGSF site and structures
are at higher elevations. Most of the site, including the parking lot and access road, are at or above 14 feet
NAVD88. The lowest adjacent grade to any of the structures is 13.9 feet NAVD88 at the East and West Clarifiers. Figure 9 shows exceedance curves for water levels compared with the lowest adjacent grade of 13.9
feet NAVD88 to assess the potential for tidal levels to reach the East and West Clarifiers.

Figure 9. Projected probability of exceedance for flooding adjacent to clarifiers in 2070
Sea level rise projections for RCP 8.5 based on work by Miller et al. (2018). Most Probable Scenario refers to all values at an exceedance probability
of 0.5, according to a range of projections. Worst Credible Scenario refers to all values at an exceedance probability of 0.001, according to projections. Lowest Adjacent grade at clarifiers estimated to be 13.9 feet NAVD88.

Examining the tide levels for the Most Probable Scenario (50-percent chance of exceedance) in Figure 9, one
can see that high tide levels are not expected to reach the clarifiers under conditions projected for 2070.
However, there is roughly a 15-percent chance that the 100-year high tide event will be high enough to reach
the clarifiers. While unlikely, the Worst Credible Scenario could potentially lead to much higher tide levels.
For example, the 10-year high tide event could be nearly 2 feet higher than the lowest adjacent grade at the
clarifiers.
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When considering the Worst Credible Scenario, it is helpful to look at earlier time frames due to the indicated
potential for flooding to occur sooner than 2070. Figure 10 shows the approximate years when extreme tide
levels could reach the lowest adjacent grade to the clarifiers (13.9 feet NAVD88)—under the Worst Credible
Scenario, or the 0.1-percent probability of exceedance for the high GHG scenario (RCP 8.5). While the Worst
Credible Scenario is unlikely, it is important to continue monitoring sea level trends and projections in case
such unfavorable conditions manifest.

Figure 10. Approximate timeframes when flooding could impact the clarifiers under the Worst Credible Scenario
Sea level rise projections for RCP 8.5 based on work by Miller et al. (2018). Worst Credible Scenario refers to all values at an exceedance probability
of 0.001, according to a range of projections. Lowest Adjacent grade at clarifiers estimated to be 13.9 feet NAVD88.

3.2 Outfall Discharge Impacts
The following section describes the impacts of sea level rise on deep-water Outfall 100.

3.2.1 Sea Level Rise Impacts on Effluent Pipeline and Outfall Hydraulics
Effluent is conveyed from the EWPCF through the crosstown effluent pipeline to deep water Outfall 100 as
both pumped (pressurized) and gravity flow. The pipeline is pressurized from the EWPCF to a high point elevation of 125 feet at Colby Avenue and 25th Street. At this high point the pipeline pressure breaks to atmosphere through air valves and the effluent is conveyed through the remaining sections of pipeline via gravity.
This pipeline depressurization causes a hydraulic break between the pumped and gravity flow portions of the
pipeline. A hydraulic profile figure identifying the pressurized and gravity flow sections of the EWPCF effluent
pipeline is provided in Attachment D.
The hydraulic separation at the pipeline high point results in the SEPS pumps operating uninfluenced by the
hydraulics of the gravity flow portion of the outfall pipeline. Based on this information, it is determined that
the capacity of deep-water Outfall 100 is driven by the hydraulic gradeline in the gravity flow portion of the
outfall pipeline. For this reason, the SEPS will operate independent of Possession Sound tide levels or sea
level rise unless the hydraulic gradeline through the gravity pipeline reaches the highpoint at Colby Avenue.
The hydraulic gradeline through the gravity section of the effluent pipeline is driven by frictional and minor
losses, the sea level of Possession Sound, and headloss through the outfall diffusers which includes the
head required to overcome the density gradient between sea water and the freshwater effluent. With exception of the sea level of Possession Sound, these losses are a function of the amount of flow conveyed
through the pipeline.
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Qualitatively, the headloss through the effluent pipeline at the peak design flow rate of the SEPS (40 mgd), is
minimal compared to the difference in elevation grade between of Possession Sound and the hydraulic
break at Colby Avenue and 25th Street. A gravity flow model developed to approximate the losses through
the effluent pipeline and diffuser estimated the losses to be on the order of 15 to 20 feet at 40 mgd.
Assuming the current extreme tide level of +12.14 feet in Possessions Sound, headloss through the effluent
pipeline must exceed approximately 113 feet for the hydraulic gradeline to reach the high point elevation at
Colby Avenue to form a continuous hydraulic system and impact operation of the SEPS. Taking sea level rise
into account, even the most extreme possible increase in the tide level of Possessions Sound, +18.7 feet
estimated to have a 0.1-percent chance of occurring in 2150, headloss through the gravity portion of the
effluent pipeline would need to exceed 94 feet for sea level to impact the capacity of the SEPS and deep water outfall. Alternatively, flow through the effluent pipeline will need to increase significantly before sea level
rise begins to impact the capacity of the deep-water outfall.
The PGSF outfall pipeline connects to the EWPCF effluent pipeline west of Marine View Drive at the approximate elevation of 20 feet. Due to the low elevation of this pipeline connection, the hydraulic gradeline in the
gravity flow portion of the effluent pipeline impacts the operating conditions of the PGSF effluent pump station. The current PGSF effluent pump station is not in commission, but future design of the storage facility
should consider the implications of sea level rise in effluent pump sizing and selection.

3.2.2 Sea Level Rise Impacts on NPDES Permit Conditions
NPDES Permit WA-002449-0 defines the allowable effluent flow and pollutant concentrations to be discharged through Outfall 100. With respect to effluent flow, sea level rise does not have a direct impact on
permitted outfall capacity outside of hydraulic impacts discussed in Section 3.2.1. NPDES permitted effluent
flow rates are defined by the approved treatment capacity in the most recent EWPCF Facility Plan.
Permitted discharge concentrations are determined as the most stringent of either technology-based or water quality-based standards developed the US Environmental Protection Agency (USEPA) and by the Washington State Department of Ecology (Ecology), respectively. Technology-based standards are directly related to
treatment technology used at the EWPCF and are not impacted by sea level rise. Water quality-based standards are evaluated using a standard statistical test (reasonable potential analysis [RPA]) developed by the
USEPA and adopted by Ecology to establish the need for effluent pollutant limitations in NPDES permits.
The RPA includes inputs for effluent dilution, ambient water quality, and effluent water quality. Of those inputs, effluent dilution may be impacted (increased) by sea level rise; however, the range of projected sea
level rise is small compared to the existing outfall depth (350 feet). Without updated effluent dilution modeling and analysis of the predicted effluent plume travel within the water column that incorporates changing
depth and ambient salinity conditions, BC cannot quantify the impact of sea level rise on dilution. Qualitatively, impacts to effluent dilution are anticipated to be negligible, and would not result in significant change
to the existing permitted pollutant concentrations in NPDES Permit WA-002449-0.
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Section 4: Conclusion and Recommendations
At the present time, there is a low risk of coastal flooding impacts to the PGSF site. However, sea level rise
projections indicate increasing coastal flooding risk. In 2070, there is roughly a 90-percent chance that the
bulkhead will be overtopped about every two years. The Most Probable Scenario (50-percent chance of exceedance according to projections) indicates that by 2070 the 10-year high tide event will overtop the bulkhead by more than 1 foot. The Worst Credible Scenario (0.1-percent chance of exceedance according to projections) indicates that by 2070 the 10-year high tide event will overtop the bulkhead by more than 3.5 feet.
Under the latter scenario, most of the PGSF site could be impacted by flooding. While the Worst Credible
Scenario is unlikely, it is important to consider worst-case outcomes in resilience planning.
A review of the EWPCF effluent pipeline operation found that the pipeline between the SEPS and the high
point at Colby Avenue and 25th Street operates as a pressurized system at which point the pipeline breaks
to atmosphere and flows westward to the deep-water Outfall 100 via gravity. This analysis determined that
the capacity of deep-water Outfall 100 is driven by the hydraulic gradeline in the gravity flow portion of the
outfall pipeline. Under the most extreme forecasted sea level rise condition, the hydraulic gradeline through
the gravity section of effluent pipeline will have no significant impact on the capacity of the deep-water outfall. Furthermore, due to the hydraulic break between the pressurized and gravity flow sections of the effluent pipeline, sea level rise will have no impact on the operation of the SEPS. In addition, a review of deepwater Outfall 100 NPDES Permit WA-002449-0 determined that sea level rise will not result in any significant change to the existing permit conditions.
Based on this analysis, BC recommends the following:
•
Develop risk-based resilience criteria for the PGSF site based on the design life of the project and potential consequences of failure.
•
Given the uncertainty associated with future sea levels, use conservative estimates for future tide levels
within the context of mitigation. Also consider the additional risks posed by storm surge and wave action, as well as potential erosion caused by severe waves.
•
Sizing and selection of the PGSF effluent pumps should account for the existing hydraulic gradeline in
the effluent pipeline and the potential increase in the hydraulic gradeline due to sea level rise.
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Attachment A: Port Gardner Storage Facility Survey Points,
NAVD88
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Attachment B: NOAA Tide Data
Table B-1. Historical Tide Levels at 9447659, EVERETT WA
Table B-2. Historical Tide Levels at 9447130, Seattle WA
Figure B-1. Extreme tide trends at 9447130 Seattle, WA (NOAA)
Figure B-2. Extreme tides at 9447130 Seattle, WA (NOAA)
Table B-3. Projected Average Sea Level Rise
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Table B-1. Historical Tide Levels at 9447659, EVERETT WA, Present Epoch (1983-2001)
Datum

Value

MHHW

9.06

Mean Higher-High Water

MHW

8.18

Mean High Water

MTL

4.48

Mean Tide Level

MSL

4.45

Mean Sea Level

DTL

3.51

Mean Diurnal Tide Level

MLW

0.77

Mean Low Water

MLLW

-2.03

Mean Lower-Low Water

NAVD88

0

Description

North American Vertical Datum of 1988

STND

-1.77

Station Datum

GT

11.09

Great Diurnal Range

MN

7.41

Mean Range of Tide

DHQ

0.87

Mean Diurnal High Water Inequality

DLQ

2.81

Mean Diurnal Low Water Inequality

HWI

0.41

Greenwich High Water Interval (in hours)

LWI

6.61

Greenwich Low Water Interval (in hours)

Max
Tide

No data
provided

Highest Observed Tide

Max
Tide
Date &
Time

No data
provided

Highest Observed Tide Date & Time

Min
Tide

No data
provided

Lowest Observed Tide

Min
Tide
Date &
Time

No data
provided

Lowest Observed Tide Date & Time

HAT
HAT
Date &
Time
LAT
LAT
Date &
Time

11.19

Highest Astronomical Tide

1/1/1983
HAT Date and Time
15:12
-6.31

Lowest Astronomical Tide

6/22/1986
LAT Date and Time
18:42

Source: https://tidesandcurrents.noaa.gov/datums.html?datum=NAVD88&units=0&epoch=0&id=9447659&name=EVERETT&state=WA
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Table B-2. Historical Tide Levels at 9447130, Seattle WA, Present Epoch (1983-2001)
Datum

Value

Description

MHHW

9.02

Mean Higher-High Water

MHW

8.15

Mean High Water

MTL

4.32

Mean Tide Level

MSL

4.3

Mean Sea Level

DTL

3.34

Mean Diurnal Tide Level

MLW

0.49

Mean Low Water

MLLW

-2.34

Mean Lower-Low Water

NAVD88

0

North American Vertical Datum of 1988

STND

-10.28

Station Datum

GT

11.36

Great Diurnal Range

MN

7.66

Mean Range of Tide

DHQ

0.87

Mean Diurnal High Water Inequality

DLQ

2.84

Mean Diurnal Low Water Inequality

HWI

0.4

Greenwich High Water Interval (in hours)

LWI

6.64

Greenwich Low Water Interval (in hours)

Max Tide

12.14

Highest Observed Tide

Max Tide Date & Time
Min Tide
Min Tide Date & Time
HAT
HAT Date & Time
LAT
LAT Date & Time

1/27/1983 4:36
-7.38

Highest Observed Tide Date & Time
Lowest Observed Tide

1/4/1916 0:00
10.92

Lowest Observed Tide Date & Time
Highest Astronomical Tide

1/12/1997 15:36
-6.64

HAT Date and Time
Lowest Astronomical Tide

6/22/1986 18:36

LAT Date and Time

Source: https://tidesandcurrents.noaa.gov/datums.html?datum=NAVD88&units=0&epoch=0&id=9447130&name=Seattle&state=WA
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Figure B-1. Extreme tide trends, regression, and monthly values at 9447130 Seattle, WA (NOAA)
Source: https://tidesandcurrents.noaa.gov/est/est_station.shtml?stnid=9447130
Note: The monthly extreme water levels include a Mean Sea Level (MSL) trend of 2.06 millimeters/year with a 95% confidence interval of +/- 0.17
millimeters/year based on monthly MSL data from 1898 to 2006 which is equivalent to a change of 0.68 feet in 100 years. The plot shows the
monthly highest water levels with the 1%, 10%, 50%, and 99% annual exceedance probability levels in red, orange, green, and blue. The plotted
values are in meters relative to the Mean Higher High Water (MHHW) datum established by CO-OPS (1 foot = 0.3 meters). On average, the 1% level
(red) will be exceeded in only one year per century, the 10% level (orange) will be exceeded in ten years per century, and the 50% level (green) will
be exceeded in fifty years per century. The 99% level (blue) will be exceeded in all but one year per century, although it could be exceeded more than
once in other years.
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Figure B-2. Extreme tides levels for 9447130 Seattle, WA (NOAA)
Source: https://tidesandcurrents.noaa.gov/est/est_station.shtml?stnid=9447130
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Table B-3. Projected Relative Sea Level Rise (ft) for Coastal Areas near 48.0 N, 122.2 W (RCP 8.5)
Assessed Probability of Exceedance (%)
19 Year Period
Middle Year1

99

95

90

83

50

17

10

5

1

0.1

2010

0.0

0.0

0.0

0.0

0.1

0.1

0.2

0.2

0.2

0.3

2020

0.0

0.1

0.1

0.1

0.2

0.3

0.3

0.3

0.4

0.5

2030

0.1

0.2

0.2

0.3

0.4

0.5

0.5

0.5

0.6

0.7

2040

0.2

0.3

0.3

0.4

0.5

0.7

0.7

0.8

1.0

1.3

2050

0.2

0.4

0.5

0.5

0.8

1.0

1.1

1.2

1.4

2.1

2060

0.4

0.5

0.6

0.7

1.0

1.3

1.4

1.5

1.9

3.0

2070

0.5

0.7

0.8

0.9

1.3

1.6

1.8

2.0

2.5

4.0

2080

0.6

0.8

1.0

1.1

1.5

2.0

2.2

2.5

3.3

5.4

2090

0.7

1.0

1.2

1.3

1.8

2.4

2.7

3.0

4.0

6.9

2100

0.7

1.1

1.4

1.6

2.2

2.9

3.2

3.6

5.0

8.4

2110

1.0

1.3

1.5

1.7

2.3

3.1

3.5

4.0

5.6

9.9

2120

1.1

1.5

1.7

1.9

2.7

3.6

4.0

4.7

6.7

11.9

2130

1.1

1.6

1.9

2.1

3.0

4.1

4.6

5.3

7.8

13.9

2140

1.2

1.7

2.0

2.3

3.3

4.6

5.2

6.1

8.9

16.3

2150

1.3

1.8

2.2

2.5

3.7

5.2

5.8

6.8

10.2

18.7

1 Projections

are averaged over a 19-year time period (e.g., 2050 reflects 2041-2059 average). Projected Sea Level Rise relative to baseline (1991-

2009).
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Attachment C: Inundation Mapping
Figure C-1. Inundation for 13.5 feet NAVD88
Figure C-2. Inundation for 16.2 feet NAVD88
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Figure C-1. Inundation for 13.5 feet NAVD88
Most Probable Scenario reflects 50th-percentile projection for a 100-year extreme tide in 2070, or 1.3 feet rise in sea level.
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Figure C-2. Inundation for 16.2 feet NAVD88
Worst Credible Scenario reflects 0.1-percentile projection for a 100-year extreme tide in 2070, or 4.0 feet rise in sea level.
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Attachment D: Effluent Pipeline Hydraulic Profile Figure
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City of Everett
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combined sewer overflow
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Puget Sound Outfall
storm drain
Snohomish River Outfall
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1

Background and Purpose
The City of Everett, Washington (City) purchased the Kimberly-Clark (KC) wastewater
treatment plant (WWTP) to control the four remaining active Puget Sound (Port Gardner)
combined sewer overflow (CSO) sites. The KC WWTP was used solely for treating
industrial wastewater flows generated by the KC facility; no municipal sanitary or
combined sewage was treated at this facility. This project will integrate the existing KC
facility into the City of Everett wastewater collection system and convert the process
tanks into a combined sewage storage facility. This facility, named the Port Gardner
Storage Facility (PGSF), will be used to temporarily store combined sewer flows until the
conveyance system has the available capacity to convey flows to the Everett Water
Pollutions Control Facility (WPCF). Therefore, PGSF will reduce CSOs to no more than
an average of one discharge per year averaged over a 20-yr period, per each Puget
Sound Outfall (PSO) to meet Washington State Department of Ecology (DOE)
compliance requirements by 2027. These sites include outfalls PSOs 4, 5, 6, and 7,
which are permitted in the City’s National Pollutant Discharge Elimination System
(NPDES) permit. A set of conveyance projects will need to be completed to direct flow to
PGSF from the Port Gardner Basin. The conveyance improvements will also allow flows
diverted to PGSF to be returned to the Everett wastewater collection system for
subsequent treatment at the WPCF. Additional uses of PGSF in the future will be to
control CSO discharges at two of the Snohomish River Outfalls (SRO), SRO7 and SRO8
and to reduce or eliminate near-shore discharges of CSOs and untreated stormwater.
This technical memorandum (TM) presents and evaluates conveyance alternatives to
convey combined sewer flows to PGSF to meet the goals of the project and the
regulatory requirements established in an agreement between the City and DOE. The
TM also presents a prioritized schedule and associated costs of the recommended
conveyance projects to meet the required average of one overflow event per year
averaged over a 20-yr period, at each outfall by December 31, 2027.

2

Project Goals
The following goals have been identified for this project:
•

Develop a conveyance alternative that brings PSOs 4, 5, 6, and 7 into compliance
with no more than one overflow event per year averaged over a 20-yr period, by
2027

•

Reduce or eliminate discharges to all nearshore shallow outfalls (PSOs 1, 2, 3, 4, 5,
6, and 7)

•

Incorporate redundancy into the City’s wastewater collection system

•

Use PGSF to offload the City’s wastewater system outside of the project area to
reduce, postpone, or eliminate other capital projects
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3

Existing Conveyance System
The project area (Figure 3-1) consists primarily of sewer basins G and K and portions of
basins E-M and D as previously defined in the 2014 Comprehensive Sewer Plan (CSP).
Normal dry weather sewer flows are conveyed through a series of gravity sewers, lift
stations (LSs), and force mains (FMs) to the City’s WPCF, where it is treated and then
pumped to the Deep Water Outfall (DWO). During wet weather, combined sewer flows
continue to be conveyed to the WPCF until lift station capacities are reached as shown in
Table 3-1. Excess combined sewage is diverted through a series of regulators and
overflow structures to discharge to their respective PSOs as permitted CSOs as shown
in the flow schematic in Figure 3-2.

Table 3-1. Project area lift stations and outfalls
Lift station
ID

Address

Firm capacity
(gpm)

Number of
pumps

Overflow

2

522 Wall St.

2,400

3

PSO 7

3

1111 Everett Ave.

3,900

3

PSO 5

4

2700 Grand Ave.

4,800

2

PSO 5

5

1200 25th St.

800

2

PSO 5a

6

2104 W Marine View Dr.

700

2

7

1331 W Marine View Dr.

1,960

2

PSOs 1 and 2

8

1222 14th St.

3,500

2

PSOs 1 and 2

a. LS5 was previously routed to PSO 4. Because of issues with the overflow pipe connecting the
LS to the PSO, a new pipe was installed to reroute overflows to PSO 5 instead.

The City has observed excess loading of the gravity sewer collection system that
resulted in sanitary sewer overflows (SSOs). An SSO is any discharge of sanitary or
combined sewage from the wastewater collection system other than at a permitted CSO
outfall. Locations of SSOs included the following:
•

Reported overflows from the junction structure on the Bond Street site before the
railroad crossing to LS2

•

Reported overflows from the 12-inch-diameter gravity sewer on the west side of the
railroad tracks from Hewitt Street down to LS2

•

Reported basement backups along Grand Avenue north of 25th Street
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Figure 3-1. PGSF project area
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4

Model Development
The City’s InfoSWMM model of the combined sewer system was used to evaluate the
impact of various conveyance alternatives within the project area. This model was
originally developed and calibrated by HDR Engineering, Inc. (HDR) as part of the 2014
CSP and has since been maintained and updated by the City. The City has implemented
several improvements (such as the stormwater separation and conveyance piping across
the Grand Avenue Pedestrian Bridge in the Sewer M basin) since the 2014 CSP. For this
analysis, the model was validated against available recent flow data and adjustments
were made to better match measured system response. The updates to the City’s model
are discussed in more detail in the Modeling Plan TM under separate cover.
For the combined sewer system, model analysis was completed using rainfall data from
Snohomish County’s rain gage at the Silver Lake Water District office. To simplify
modeling analysis and evaluate general performance of the Port Gardner Basin
collection system, a single discrete historical storm event (December 3, 2007) was used
in preliminary system analysis. This event, which was one of the largest storm events in
the historical record, provides a good indication of system performance during extreme
events.
Once feasible conveyance improvements were identified, the long-term simulation model
was applied using the full range of rainfall data. Benefits of performing a long-term
simulation include reflecting the types of rainfall patterns that Everett experiences and
the prediction of the frequency of events and anticipated flow rates within the piping
system.
This recorded rainfall time series was used to establish system performance of the
existing system and performance following the proposed improvements. Future
conditions were evaluated using the same rainfall time series with adjustments to reflect
the impact of climate change on rainfall patterns. The City provided the impacts of
climate change based on work performed by the University of Washington Climate
Impact Group.
For storm drainage conveyance modeling analysis, the City’s 2055 climate change–
impacted stormwater design storm was used for establishing design criteria.
Generally, model analysis of the combined sewer system was performed assuming that
all lift stations were operating up to their full design capacity. The model results were also
evaluated considering that some pumps may not be operating correctly because of
clogging or loss of power. LS2, LS3, and LS5 all have standby generators, but LS4 does
not have standby power. If LS2, LS3, or LS5 is overloaded, the excess flow will be
discharged from the system as CSOs through the corresponding outfall. If LS4 is not
operating, the flow will be conveyed downstream to LS3 or other conveyance
improvements that may be provided for the PGSF system. This form of system failure
analysis evaluates the reliability and redundancy of the sewer system along with the
adequacy of the proposed PGSF conveyance improvements.

6 | April 14, 2021

Conveyance Alternative Technical Memorandum
Port Gardner Storage Facility Plan

5

Conveyance Alternatives Development and
Evaluation
Conveyance alternatives were developed to route combined and storm sewer flows to
and from PGSF to achieve project goals with the primary objective to bring the CSO
outfalls into compliance by 2027. Improvements to the combined sewer system will
generally take priority over potential improvements within the storm drainage system.
For the purposes of alternatives development, the following were defined:

5.1

•

Conveyance option (CO): COs are defined as a single conveyance pipeline,
structure modification, regulator, pump station improvement, or other system
modification that facilitates conveying flows to or from PGSF. A complete list of COs
considered is included in Appendix A.

•

Conveyance alternative: A complete set of COs that meet the goals of the project.

Combined Sewer Alternatives
The following sections outline the conveyance alternatives developed to meet the project
goals.

5.1.1

Conveyance Alternatives for PSO Compliance by 2027
As described earlier, a conveyance alternative is required by DOE to bring the PSOs into
compliance with no more than one overflow event per year averaged over a 20-yr period,
by 2027. Two conveyance alternatives were developed to meet this goal:
•

City’s Alternative

•

Base Alternative

These alternatives are described in more detail in the following sections.

City’s Alternative
As part of the project formation, the City prepared its own conveyance alternative to use
PGSF. The City’s Alternative includes six COs that reroute flows into PGSF to bring the
PSOs into compliance by 2027. These options are outlined in Table 5-1. The City’s
Alternative is summarized in schematic form in Figure 5-1. Figure 5-2 through Figure 5-7
show aerial views of each of the COs. Table 5-2 provides a legend for the aerial figures.
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Table 5-1. City’s Alternative COs
CO
number

Typea

Description

Anticipated
diameter

8

CS

Rehabilitate (or replace) existing 30" water main
from 25th St. to Wall St. for combined sewer
flows.

30"

9

CS

Extend combined sewer on Everett Ave. from
Grand Ave. to WMVD (CO8) with new regulator at
LS4.

30"

11

MH

New regulator on Hewitt Ave. trunk.

N/A

13

CS

Extend combined sewer on Wall St. from Nassau
St. to WMVD (CO8) with new regulator on
existing Nassau storage pipe.

30"

19

CS

Combined sewer along Lower Norton Ave. from
LS5 to PGSF. Includes railroad crossing near
23rd St.

30"

28b

CS

Combined sewer along Lower Norton Ave. from
LS5 to LS6 to convey local flows from LS5 basin.
Includes railroad crossing near 23rd St.

18"

a. Key: CS = combined sewer improvement; SD = storm drain improvement; FM = force
main improvement; MH = new manhole with regulator; LS = lift station improvement.
b. A small yard pump station will be required as part of PGSF to convey flows from this CO
to the facility. Additional options for conveying these flows up to PGSF are discussed in
later sections.

Table 5-2. Aerial figures legend
Type

Markup

Color

Combined sewer improvement

Bold line

Green

Storm drain improvement

Bold line

Blue

Existing infrastructure

Opaque line

Black

Lift Station improvement

Box

Blue with black border

Manhole improvement

Box

Green with black border

PGSF facility

Box

Pink with black border

Labels

Text box

White with black writing
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Figure 5-2. CO8 aerial

Figure 5-3. CO9 aerial
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Figure 5-4. CO11 aerial

Figure 5-5. CO13 aerial
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Figure 5-6. CO19 aerial

Figure 5-7. CO28 aerial
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The City’s Alternative was added into the model and run to determine if CSOs would
occur at PSOs 4, 5, 6, and 7 during this December 3, 2007 storm event. Table 5-3
summarizes the model results for this alternative.

Table 5-3. City's Alternative Model results
Outfall

Peak CSO (gpm)

PSO 4

0

PSO 5

0

PSO 6

1,669

PSO 7

1,991

The model results indicate that the City’s Alternative is not sufficient to eliminate
discharges to nearshore outfalls. The conveyance improvements generally along West
Marine View Drive (WMVD) are too far upstream in the basin to intercept sufficient flow
to eliminate CSOs to PSOs 6 and 7 for this event. Therefore, additional improvements on
the waterfront are required to offload LS2 by rerouting combined sewer flows to PGSF.
The proposed conveyance piping in the model for the City’s Alternative was configured to
divert excess flows from LS4 to the repurposed 30-inch-diameter water line on WMVD
(CO8). This will route flows directly to PGSF. During a system failure analysis of the
City’s Alternative, specifically LS4 ceasing to operate, the excess flow overwhelmed the
30-inch-diameter repurposed water line diverting excess flow to LS3. The volume of flow
could overload LS3, resulting in a CSO at PSO 5. Consequently, it was decided to
repurpose the 48-inch-diameter water line on WMVD parallel to the 30-inch-diameter
water line to convey combined sewer flows to PGSF.

Base Alternative
Additional COs, which are summarized in Table 5-4, were added to the City’s Alternative
in the waterfront area to eliminate discharges to PSOs 6 and 7. The bolded items within
the table are additions or modifications to the City’s Alternative. Figure 5-8 shows the
Base Alternative in schematic form. Figure 5-9 through Figure 5-21 provide aerial views
of each of the COs. Other COs were considered during the development of this
alternative, but ultimately were not carried forward.

14 | April 14, 2021

Conveyance Alternative Technical Memorandum
Port Gardner Storage Facility Plan

Table 5-4. Base Alternative COs
CO
numbera

Typeb

8c

CS

Rehabilitate (or replace) existing 48" water main from
25th St. to California St. for combined sewer flows.

48"

9

CS

Extend combined sewer on Everett Ave. from Grand Ave.
to WMVD (CO8) with new regulator at LS4.

48"

11

MH

New regulator on Hewitt Ave. trunk.

N/A

18

CS

Combined sewer from LS3 to PGSF across the former
KC site.

42"

19

CS

Combined sewer along Lower Norton Ave. from LS5 to
PGSF. Includes railroad crossing near 23rd St.

48"

21

CS

Combined sewer from the local sewer at Hewitt St. and
Bond St. to the existing 24" force main that was
constructed as part of the Bond Street project.

36"

27

MHs

Convert the existing gravity combined sewer from
Tulalip St. to Bond St. into a pressure line by
upgrading the MHs.

N/A

28

CS

Combined sewer along Lower Norton Ave. from LS5 to a
temporary yard pump stationd near PGSF to convey local
flows from LS5 basin to PGSF. Includes railroad crossing
near 23rd St.

18"

30

MH/CS

Connect local sewers on Hewitt Ave. and Nassau St.
with a new regulator.

24"

31

MH/CS

Connect local sewers on Bond St. and Wall St. with a
new regulator.

27"

33

CS

Combined sewer on WMVD from Hewitt Ave. to
California St. (CO8).

48"

34

MH

New manhole structure with regulator at former Bond
St site

N/A

36

LS

New reverse flow pumps at LS3 to convey flow directly
to PGSF through CO18.

N/A

Description

Anticipated
diameter

a. Items that are bold are additions/modifications to the City’s Alternative.
b. Key: CS = combined sewer improvement; SD = storm drain improvement; FM = force main improvement;
MH = new manhole with regulator; LS = lift station improvement.
c. CO8 modified for the Base Alternative to include repurposing the 48" water line in WMVD rather than the
30" water line.
d. The temporary yard pump station near the PGSF site is only required until a new lift station is constructed
in this area. If the lift station is constructed prior to this CO, the yard pump station would not be needed.

April 14, 2021 | 15

DWO

PSO7

PSO6

PSO5

PSO4

PSO2

PSO1

Regulator to control flows to
LS2/LS3
Regulator to control flows
between gravity line to LS3 or
pressure line to LS3
Overflow Structure to PSO1
Overflow Structure @ LS5 to
PSO5
Overflow Structure @ LS3 to
PSO5
Overflow Structure @ Hewitt and
Bond St. to PSO6/7
Overflow Structure @ LS2 to
PSO7

R2

R3
O1
O2
O3

O4

O5

LS2

R3

Everett

LS6

R1

CO18

Option
PGSF1

DWO

Federal
Regulator to control
PSO1/PSO2 flows

R1

LS7

O5

Terminal

Drainage
Area

O4

R8
R9

New Regulator Located @ Hewitt
and Nassau
New Regulator Located @ Bond
St. & Wall St.

New Regulator Located @
Former Bond St. Site

New Regulator Located @ Hewitt
& Bond St.

New Regulator Located @ 36th
& Rucker St. (SMH 3095R01)

New Regulator Located @
Nassau St. & Wall St.

New Regulator Located @
WMVD & Hewitt (SMH 1995Y06)

O2
LS5

LS1

R

O

PSO1

Tulalip

CO27

Drainage
Area

R9 CO31

Hewitt

CO19

CO28

O1

LS8

R7

R6

R5

R4

R3

New Regulator Located @ LS4

R2

R7

R6

New Regulator Located @
20th & Oakes

BNSF
R1

LS1

CO21

CO36

LS3

O3

GAPB

Lower Norton
Bond

R8

CO30

Everett

25th

Railroad Tracks

Drainage Area

Facility

Regulator

Overflow Structure

DWO Line

Gravity Main

R2

LS5

R1

LS3

CO9

Drainage
Area

California

Drainage
Area

Force Main

Outfalls

Marine View
CO11

R3

Lift Station

Drainage
Area

Drainage
Area

Drainage
Area

CO8
Rehabilitated 48" WM
CO33

Drainage
Area

Hewitt

Abandoned Gravity Main

Abandoned Force Main

Decommission Lift Station

New Regulator

New Gravity Main

New Force Main

New/Upgraded Lift Station

LS4

R2

17th St Interceptor

Grand

Figure 5-8. Base Alternative schematic
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Figure 5-9. CO8 (48") aerial

Figure 5-10. CO9 (48") aerial
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Figure 5-11. CO11 (48") aerial

Figure 5-12. CO18 aerial
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Figure 5-13. CO19 (48") aerial

Figure 5-14. CO21 aerial
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Figure 5-15. CO27 aerial

Figure 5-16. CO28 aerial
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Figure 5-17. CO30 aerial

Figure 5-18. CO31 aerial
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Figure 5-19. CO33 aerial

Figure 5-20. CO34 aerial
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Figure 5-21. CO36 aerial

The modeling results for the Base Alternative using the December 3, 2007, storm event
are summarized in Table 5-5.

Table 5-5. Base Alternative model results
Outfall

Peak CSO (gpm)

PSO 4

0

PSO 5

0

PSO 6

0

PSO 7

0

These model results indicate that the Base Alternative would eliminate combined sewage
discharges to PSOs 4, 5, 6, and 7, meeting the goal of eliminating or reducing
discharges to nearshore outfalls except in the case of pump station failures at LS2 or
LS3.
The Base Alternative was then evaluated using a long-term simulation model based on
rainfall data spanning 32 years starting in 1987 to 2019. This initial analysis did not
include climate change. The long-term simulation was able to track PGSF storage
events. A storage event is defined as starting with any flow entering PGSF and ending
when the facility is completely drained. The assumed capacity of PGSF at the time of this
evaluation is estimated to be 7 million gallons (MG) based on the storage availability of
the existing aeration basins at the facility. The actual storage allocated to combined
sewage storage will be based on the improvements within PGSF. The storage availability
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of the existing aeration basins was determined using an assumed maximum storage
elevation of 32.5 feet North American Vertical Datum of 1988 (NAVD88). This maximum
storage elevation at PGSF also dictates the hydraulics of the COs. Figure 5-22 shows
results of the initial model run for the Base Alternative.
Once the initial simulation was completed, the model was optimized for the Base
Alternative. Minor improvements were defined in the model to improve the operation of
the Port Gardner collection system, particularly the draining of PGSF. The optimized
case also assumes that all lift stations are running and operating at maximum capacity,
resulting in the best-case scenario for system performance, whereas the initial model run
represents the worst-case scenario. The long-term simulation results for the optimized
model of the Base Alternative are also shown in Figure 5-22.
Each dot on the graphs represents an individual storage event and the corresponding
volume of rainfall associated with each event. The red lines in the figures depict the
maximum storage capacity of PGSF at 7 MG.

Figure 5-22. Base Alternative initial and optimized long-term simulation model results

As shown on the figure, the long-term simulation predicts that a total of six events
exceeding 7 MG would have occurred in the last 32 years, resulting in a discharge to the
DWO. The optimized model showed only one event in the 32 years exceeding the 7 MG
capacity of PGSF.
Both the initial and optimized models were run again using the scaled rainfall time series
that accounts for the impacts of climate change as described in the hydraulic
memorandum provided under separate cover. Figure 5-23 shows the results of the
climate change data long-term simulations for the initial and optimized models.
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Figure 5-23. Base Alternative initial and optimized long-term simulation climate change
model results

The scaled rainfall data result in 14 and 7 events exceeding 7 MG for the initial and
optimized models, respectively. To determine the storage volume required at PGSF to
reduce the number of storage events to once per year over the entire period of analysis,
the volume of each event was plotted against its associated rank based on volume.
These plots were generated for both the initial and optimized model runs as well as the
normal and climate change rainfall data. Figure 5-24 shows these generated graphs. For
CSO compliance, the City will report the frequency of overflows averaged over 20-years.

Figure 5-24. Base Alternative normal and climate change rainfall data events per year
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Based on the optimized model for the Base Alternative, between 2 and 3 MG of storage
at PGSF would be required to meet CSO compliance of no more than an average of one
discharge per year averaged over a 20-yr period. Per the City’s request to reduce the
number of events even further to one CSO every 2 years averaged over a 20-yr period,
PGSF would require between 3 and 4 MG of storage. Based on the range of events
provided by the optimized and initial runs, up to 7 MG of storage could be required with
climate change and system inefficiencies.

5.1.2

Additional Combined Sewer Conveyance Options to Meet Project
Goals
Table 5-6 summarizes the COs that can be added to the Base Alternative to meet the

project goals but are not required to bring the CSOs into compliance by 2027.

Table 5-6. Additional COs to Base Alternative to meet project goals
CO
number

Typea

Description

Anticipated
diameter

Goal achieved

1

CS

Combined sewer on WMVD from
the GAPB to PGSF

30"

Eliminates CSO discharges to
nearshore shallow outfalls

3

FM

Force main from LSXb (CO32) to
rehabilitated 20th St. sewer (CO4)

12"

Redundancy: provides additional route
for flows out of PGSF

4

CS

Rehabilitate the existing 20th St.
sewer and structures via slip lining

16"

Redundancy: provides additional route
for flows out of PGSF

5

CS

Combined sewer on Oakes Ave.
from 20th St. sewer (CO4) to 17th
St. Interceptor

30"

12

LS

Upgrade the forward-flow pumps at
LS3 for higher head

N/A

Efficiency: removes daisy-chain LS
configuration

14

CS

36"

Offload Summit Interceptor to reduce
overflows at the Snohomish River
outfalls to eliminate the capital
improvement project to add capacity to
the Summit Interceptor

Force main from LSX to PGSF

12"

Redundancy

New LSX at or near the PGSF site
and associated piping to drain
PGSF

18”

Reroute the existing LS3 force
main to discharge into LS4 force
main instead of discharging into
LS4

16"

29
32

37

FM
b

LS/CS

FM

Combined sewer from Summit
Interceptor at 36th St. and Rucker
Ave. to WMVD and Hewitt Ave.
(CO33)

Redundancy: provides additional route
for flows out of PGSF

Redundancy

Efficiency: removes daisy-chain LS
configuration

a. Key: CS = combined sewer improvement; SD = storm drain improvement; FM = force main improvement; MH =
new manhole with regulator; LS = lift station improvement.
b. LSX will be discussed in further detail later in this section.

These additional COs would also allow for LS5 and LS4 to be decommissioned in the
future if it is preferred by the City. Figure 5-25 shows the schematic of these additional
COs to the Base Alternative. Figure 5-26 through Figure 5-34 provide aerial views of
each of the COs.
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Figure 5-26. CO1 aerial

Figure 5-27. CO3 aerial
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Figure 5-28. CO4 aerial

Figure 5-29. CO5 aerial
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Figure 5-30. CO12 aerial

Figure 5-31. CO14 aerial
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Figure 5-32. CO29 aerial

Figure 5-33. CO32 aerial
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Figure 5-34. CO37 aerial

Lift Station X
LSX provides a unique opportunity for the City to incorporate redundancy into the Port
Gardner wastewater conveyance system. Currently, LS3 is the only lift station on the
waterfront that conveys flow up to LS4 and then on to the WPCF. If there is any kind
failure in the system, wastewater service could potentially be disrupted and possibly
result in untreated overflows.
The conceptual configuration of the combined sewer piping network in and around PGSF
and LSX is illustrated in Figure 5-35. Three main conveyance pipelines will flow directly
to PSGF:
•

42-inch diameter from LS3 (CO18)

•

48-inch diameter from WMVD (CO8)

•

30-inch diameter from Sewer M Basin via the Grand Avenue Bridge (CO1)

All three of these conveyance pipelines will be pressure pipes and connected in a
manifold in the vicinity of PGSF. The operating head within these pipes will be greater
than the maximum water surface elevation of PGSF of 32.5 feet NAVD88. A branch pipe
from the manifold will flow through a motor-operated valve and drain into the proposed
LSX. The level element (LE) in the wet well will send a signal to the motor-operated valve
to close when the lift station has reached capacity. This will cause the sewage to build up
head in the piping manifold.
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Two pipes with isolation valves will feed into a PGSF headbox. The operating levels of
PGSF range from 7.6 to 32.5 feet. Normally, the isolation valves will be open. The valves
will likely be provided with motor actuators to simplify operations. A drain from PGSF will
flow through a check valve back into the piping manifold. The check valve will prevent
PGSF from filling through the drainpipe.
An 18-inch-diameter gravity sewer (CO28) from LS5 and a local sewer will flow directly to
LSX. Currently, sanitary sewage from PGSF flows to LS6. It is assumed that LSX will
replace LS6. The flow from LS5 could be just the flow that exceeds LS5 capacity and
would have been a CSO, or it could be the entire flow from LS5 if LS5 is temporarily or
permanently taken out of service.
LSX will be provided with two sets of pumps, forward-flow pumps and reverse-flow
pumps. The forward-flow pumps will convey flow directly to the WPCF through CO3,
CO4, CO5, and via the 17th Street Interceptor which will provide the redundancy for
LS3/LS4 to convey flow to the Port Gardner Basin waterfront. The reverse-flow pumps
will pump any local flows from LS5 that are conveyed directly to LSX that are not
pumped by the forward-flow pumps. This includes any local flows that are currently
pumped by LS6 and flows from LS5. The reverse-flow pumps will connect to the 42-inchdiameter line from LS3. The reverse-flow pumps will be capable of pumping flow into
PGSF or all the way back to LS3. The preliminary design criteria for LSX is summarized
in Table 5-7. The forward-flow pumps are tentatively sized to match LS4. The reverseflow pumps are sized to convey the peak flow from LS5 and any local flow.

Table 5-7. LSX preliminary design criteria
Pumps

Total capacity
(gpm)

Number of
Pumps

TDH (ft)

Forward flow pumps

4,800

2

153

Reverse flow pumps

4,000

2

15
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Figure 5-35. Lift Station X
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5.2

Stormwater Separation
Stormwater separation within the project area would reduce the volume and flow rate of
combined sewage in the wastewater collection system including PGSF. It would allow for
stormwater flow to be conveyed as a separate flow stream to PGSF, treated, and then
discharged directly to the DWO, eliminating the need for these flows to be sent to the
WPCF. The following sections discuss areas that have been identified for potential
stormwater separation.

5.2.1

Sewer M
Stormwater has already been separated in the Sewer M basin by the City. As part of the
Grand Avenue Pedestrian Bridge (GAPB) project, a storm drain that connects to the
Sewer M basin comes across the GAPB and ends at WMVD. A new storm drain can be
installed as part of this project on WMVD to connect this existing storm drain to PGSF to
provide a pathway for the Sewer M stormwater to reach PGSF. Table 5-8 and Figure
5-36 detail the Sewer M basin stormwater CO.

Table 5-8. Sewer M stormwater CO
CO
number

Typea

Description

2

SD

Storm drain on WMVD from the GAPB
to PGSF

Anticipated
diameter
48"

a. Key: CS = combined sewer improvement; SD = storm drain improvement; FM =
force main improvement; MH = new manhole with regulator; LS = lift station
improvement.

38 | April 14, 2021

Conveyance Alternative Technical Memorandum
Port Gardner Storage Facility Plan

Figure 5-36. CO2 (Sewer M) aerial

5.2.2

Grand Avenue and Rucker Hill Utilities Projects
The City will complete the Grand Avenue and Rucker Hill Utilities Projects in the future in
three phases. The phases and project area are shown in Figure 5-37.
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Figure 5-37. Grand Avenue and Rucker Hill Utility Project phases

Rucker Hill

To convey the separated stormwater from this project to PGSF, a new large-diameter
storm drain would need to be constructed. Table 5-9, Figure 5-38, and Figure 5-39
summarize the COs required to convey this stormwater to PGSF.

Table 5-9. GAUP stormwater COs
CO
number

Typea

Description

Anticipated
diameter

10

SD

Storm drain on Everett Ave. from GAUP connection
at Grand Ave. to WMVD (CO20).

42"

20

SD

Storm drain from Everett and WMVD to PGSF.
Includes railroad crossing at Lower Norton Ave. and
23rd St.

60"

a. Key: CS = combined sewer improvement; SD = storm drain improvement; FM = force
main improvement; MH = new manhole with regulator; LS = lift station improvement.

An interim option to delay construction of the large-diameter storm drain would be
rehabilitating the existing 30-inch-diameter water line on WMVD to be used as a storm
drain. Two railroad crossings, 30- and 24-inch diameter, exist at 25th Street and WMVD.
A new storm drain would be needed to convey the flows from these existing railroad
crossings to PGSF. Because of the smaller size of the existing infrastructure, only the
stormwater from Phases 1 and 2 could be conveyed by this interim option. An additional
storm drain would be required for the stormwater flows from Rucker Hill if it is
constructed.
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Figure 5-38. CO10 (GAUP) aerial

Figure 5-39. CO20 (GAUP) aerial
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5.2.3

Forgotten Creek
The Forgotten Creek basin has been identified as a potential area for stormwater
separation within the project area. Separating in this basin does not provide any benefits
for the conveyance improvements associated with this project. For example, separating
will not reduce any of the pipe sizes of the conveyance improvements required for
compliance. However, it may provide local benefits within the Forgotten Creek basin.

6

Prioritization and Implementation
As discussed previously, only those COs that make up the Base Alternative are required
to be constructed prior to 2027 to bring the PSOs into compliance. However, several of
the COs not required for compliance follow the same alignment as the required COs.
Because of this, options can be grouped together into projects to maximize construction
efficiency. The following sections group all of the COs into projects and provide a
preliminary order for the projects required prior to 2027 and the additional future projects.
Project groupings and the order presented are preliminary and will be refined during the
design phase of this Project.

6.1

Projects Required Prior to 2027
Table 6-1 groups the COs of the Base Alternative into projects that are required to be
constructed by 2027. The additional COs in this table that are not necessary to bring the
PSOs into compliance are included because of their proximity to the required COs.
Figure 6-1 through Figure 6-4 show aerial views of the projects.
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Table 6-1. Projects prior to 2027
Project

A

B

C

D

Preceding
Project

N/A

Anticipated
diameter

Required
prior to
2027?

Combined sewer along Lower Norton Ave. from
LS5 to PGSF. Includes railroad crossing near
23rd St.

48"

Yes

Storm drain from Everett and WMVD to PGSF.
Includes railroad crossing at Lower Norton Ave.
and 23rd St.

60"

No

SD

Yes

CS

Combined sewer along Lower Norton Ave. from
LS5 to a temporary yard pump station near
PGSF to convey local flows from LS5 basin to
PGSF. Includes railroad crossing near 23rd St.

18"

28b

18

CS

Combined sewer from LS3 to PGSF across the
former KC site.

42"

Yes

36

LS

New reverse-flow pumps at LS3 to convey
flows to PGSF through CO18.

N/A

Yes
Yes

CS

Rehabilitate (or replace) existing 48" water
main from 25th St. to California St. for
combined sewer flows.

48"

8

Yes

CS

Extend combined sewer on Everett Ave. from
Grand Ave. to WMVD (CO8) with new regulator
at LS4.

48"

9

10

SD

Storm drain on Everett Ave. from GAUP
connection at Grand Ave. to WMVD (CO20).

42"

No

33

CS

Combined sewer on WMVD from Hewitt Ave. to
California St. (CO8).

48"

Yes

11

MH

New regulator on Hewitt Ave. trunk.

N/A

Yes
Yes

CS

Combined sewer from the local sewer at Hewitt
St. and Bond St. to the existing 24" force main
that was constructed as part of the Bond Street
project.

36"

21

30

MH/CS

Connect local sewers on Hewitt Ave. and
Nassau St. with a new regulator.

24"

Yes

31

MH/CS

Connect local sewers on Bond St. and Wall St.
with a new regulator.

27"

Yes
Yes

MH

Replace existing manhole with new pressure
structure at the former Bond Street Pump
Station site. Connects COs 21, 27, and 31.

N/A

34

N/A

Yes

MHs

Convert the existing gravity combined sewer
from Tulalip St. to Bond St. into a pressure line
by upgrading the MHs. Includes a new MH with
a regulator at the former Bond Street site.

CO

Typea

19

CS

20

N/A

A

B

27

a.
b.

Description

Key: CS = combined sewer improvement; SD = storm drain improvement; FM = force main improvement; MH = new
manhole with regulator; LS = lift station improvement.
The temporary yard pump station near the PGSF site is only required until a new lift station is constructed in this area.
If the lift station is constructed prior to this CO, the yard pump station would not be needed.
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Figure 6-1. Project A aerial

Figure 6-2. Project B aerial
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Figure 6-3. Project C aerial

Figure 6-4. Project D aerial
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6.2

Additional Projects
Table 6-2 and Figure 6-5 through Figure 6-8 show the projects for the additional COs
that are not required to be constructed by 2027, but would meet the goals of the Project.

Table 6-2. Additional projects
Project

E

F

Preceding
Project

N/Ab

CO

Combined sewer on WMVD from the GAPB to
PGSF.

30"

2b

SD

Storm drain on WMVD from the GAPB to PGSF

48"

3

FM

Force main from LSX (CO32) to rehabilitated
20th St. sewer (CO4).

12"

4

CS

Rehabilitate the existing 20th St. sewer and
structures via slip lining.

16"

5

CS

Combined sewer on Oakes Ave. from 20th St.
sewer (CO4) to 17th St. Interceptor.

30"

29

FM

Force main from LSX to PGSF.

12”

LS

New LSX at or near the PGSF site and
associated piping to drain PGSF.

18”

Upgrade the forward-flow pumps at LS3 for
higher head.

N/A

FM

Reroute the existing LS3 force main to discharge
into LS4 force main instead of discharging into
LS4.

16"

CS

Combined sewer from Summit Interceptor at
36th St. and Rucker Ave. to WMVD and Hewitt
Ave. (CO33).

36"

E

C

LS

37

C

Anticipate
d diameter

CS

12

H

Description

1

32

G

Typea

14

a. Key: CS = combined sewer improvement; SD = storm drain improvement; FM = force main improvement;
MH = new manhole with regulator; LS = lift station improvement..
b. Project can be performed independent of the projects identified in Table 6-1
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Figure 6-5. Project E aerial

Figure 6-6. Project F aerial

April 14, 2021 | 47

Conveyance Alternative Technical Memorandum
Port Gardner Storage Facility Plan

Figure 6-7. Project G aerial

Figure 6-8. Project H aerial
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7

Capital Costs
A Class 4 construction cost estimate was prepared for the conveyance projects by Brown
and Caldwell. A Class 4 estimate is defined as a Planning Level or Design Technical
Feasibility Estimate. Expected accuracy for Class 5 estimates typically ranges from -30
percent to +50 percent. Total project costs were also estimated, including the markups
for administration, legal and engineering as well as engineering support during
construction. Additional assumptions and markups used in the development of this
estimate are provided in a Basis of Estimate under separate cover.
Table 7-1 summarizes the construction costs for the projects and conveyance options
required prior to 2027. Detailed estimates including quantities, unit costs, and markups
are included under separate cover.

Table 7-1. Construction cost estimates for packages required prior to 2027
CO
number

Project

Typea

Description

Anticipated
diameter

19

CS

Combined sewer along Lower Norton Ave.
from LS5 to PGSF. Includes railroad
crossing near 23rd St.

48"

$2,537,000

20

SD

Storm drain from Everett and WMVD to
PGSF. Includes railroad crossing at Lower
Norton Ave. and 23rd St.

60"

$4,109,000

28

CS

Combined sewer along Lower Norton Ave.
from LS5 to LS6 to convey local flows from
LS5 basin. Includes railroad crossing near
23rd St.

18"

$2,545,000

A

Total
18

B

Estimated
construction
costb

36

$9,191,000
CS

Combined sewer from LS3 to PGSF across
the former KC site.

42"

$1,875,000

LS

New reverse flow pumps at LS3.

N/A

$586,000

Total

$2,461,000

8

Rehabilitate (or replace) existing 48" water
main from 25th St. to California St. for
combined sewer flows.

48"

$1,298,000

CS

Extend combined sewer on Everett Ave.
from Grand Ave. to WMVD (CO8) with new
regulator at LS4.

48"

$649,000

CS

Storm drain on Everett Ave. from GAUP
connection at Grand Ave. to WMVD
(CO20).

42"

$1,093,000

SD

CS

Combined sewer on WMVD from Hewitt
Ave. to California St. (CO8).

48"

$771,000

MH

New regulator on Hewitt Ave. trunk.

N/A

$34,000

9

10

C
33
11
Total

$3,845,000
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Project

D

CO
number

Typea

Description

Anticipated
diameter

Estimated
construction
costb

21

CS

Combined sewer from the local sewer at
Hewitt St. and Bond St. to the existing 24"
force main that was constructed as part of
the Bond Street project.

36"

$1,812,000

30

MH/CS

Connect local sewers on Hewitt Ave. and
Nassau St. with a new regulator.

24"

$110,000

31

MH/CS

Connect local sewers on Bond St. and Wall
St. with a new regulator.

27"

$81,000

Replace existing manhole with new
structure with a weir at the former Bond
Street Pump Station site. Connects COs
21, 27, and 31.

N/A

$66,000

Convert the existing gravity combined
sewer from Tulalip St. to Bond St. into a
pressure line by upgrading the MHs.
Includes a new MH with a regulator at the
former Bond Street site.

N/A

$1,123,000

34
MH

27

MHs

Total

$3,192,000

OVERALL TOTAL

$18,689,000

a. Key: CS = combined sewer improvement; SD = storm drain improvement; FM = force main improvement; MH =
new manhole with regulator; LS = lift station improvement.
b. Estimated construction costs are in 2020 dollars and no escalation costs have been included.
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Table 7-2 summarizes the additional proposed COs construction cost estimates
recommended for the project. Additional details for the estimates are included in under
separate cover

Table 7-2. Construction cost estimates for additional projects
Project

CO

Typea

Description

Anticipated
diameter

Estimated
construction
costb

1

CS

Combined sewer on WMVD from the GAPB to
PGSF.

30"

$3,021,000

2b

SD

Storm drain on WMVD from the GAPB to PGSF

48"

$3,510,000

3

FM

Force main from LSX (CO32) to rehabilitated 20th
St. sewer (CO4).

12"

$491,000

E

Total

F

$7,022,000

4

CS

Rehabilitate the existing 20th St. sewer and
structures.

16"

$1,938,000

5

CS

Combined sewer on Oakes Ave. from 20th St.
sewer (CO4) to 17th St. Interceptor.

30"

$2,078,000

29

FM

Force main from LSX to PGSF.

12"

$775,000

LS

New LSX at or near the PGSF site and
associated piping to drain PGSF.

18”

$24,208,000

32
Total
12
G

$28,999,000
LS
FM

37

Upgrade the forward flow pumps at LS3 for higher
head.

N/A

$3,437,000

Reroute the existing LS3 force main to discharge
into LS4 force main instead of discharging into
LS4.

16"

$149,000

Total

$3,586,000
CS

14
H

Combined sewer from Summit Interceptor at 36th
St. and Rucker Ave. to WMVD and Hewitt Ave.
(CO33)

36"

$7,026,000

$7,026,000

Total
OVERAL TOTAL

$29,842,000

a. Key: CS = combined sewer improvement; SD = storm drain improvement; FM = force main improvement; MH =
new manhole with regulator; LS = lift station improvement.
b. Estimated construction costs are in 2020 dollars and no escalation costs have been included.
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Table 7-3 and Table 7-4 reports the total project cost for each project required prior to
2027 and not required. Consistent with City of Everett planning assumptions an
allowance of 35% of the construction cost is added for project administration, legal and
engineering costs. An allowance of 10% of the construction cost is added for
engineering services during construction. For the conveyance project it is assumed that
construction management will be performed by the City of Everett. If a private firm is
retained the construction management costs may increase.

Table 7-3. Total Project Cost Estimates for Projects prior to 2027
Project

A

B

C

D

Construction Cost

$9.19

$2.46

$3.85

$3.19

35% Admin, legal, and
engineering

$3.22

$0.86

$1.35

$1.12

10% Engineering
support during
construction and
construction
management

$0.92

$0.25

$0.39

$0.32

Total project estimate

$13.33

$3.57

$5.59

$4.63

Range (-30% to +50%)

($9.33-$20.00)

($2.50-$5.36)

($3.91-$8.39)

($3.24-$6.95)

Table 7-4. Total Project Cost Estimates for Additional Projects
Project

E

F

G

H

Construction Cost

$7.02

$29.00

$3.59

$7.03

35% Admin, legal, and
engineering

$2.46

$10.15

$1.26

$2.46

10% Engineering
support during
construction and
construction
management

$0.70

$2.90

$0.36

$0.70

Total project estimate

$10.18

$42.05

$5.21

$10.19

Range (-30% to +50%)

($7.13-$15.27)

($29.44-$63.08)

($3.65-$7.82)

($7.13-$15.29)
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Appendix A. All Conveyance Options
List
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CO
1
2
3
4

11
12

Description
Combined Sewer from GAPB to PGSF
Storm Drain from GAPB to PGSF
Force main from LSX to 20th St line
th
Rehabilitate 20 Street Sewer and Structures.
th
th
Combined Sewer on Oakes from 20 St to 17 St
including a new regulator.
Extend CS pipe south from PGSF to 25th St including
crossing BNSF to WMVD
Extend SD pipe south from PGSF to 25th St including
crossing BNSF to WMVD
Rehabilitate (or replace) existing 30" or 48” WM from
25th St to Wall St for CS flows
Extend CS pipe west on Everett Ave with new
regulator at LS4 (Grand to WMVD)
Extend SD pipe west on Everett Ave from GAUP to
CO20
New regulator on Hewitt Ave trunk
Modify pumps at LS3

13

Extend CS pipe to Nassau & Wall with New regulator

5
6
7
8
9
10

14
15
16
17
18

19

20
21
22
23
24
25
26

Extend CS pipe from regulator at WMVD & Hewitt to
th
Rucker & 36 St with new regulator.
Extend separate SD collection network Everett Ave to
35th St, Colby to WMVD
Upsize FM from LS2 to LS3
Add parallel FM from LS2 to LS3
Combined sewer from LS3 to PGSF
CS pipe along Lower Norton Ave from LS5 to PGSF.
Crosses railraod tracks near 23rd Street. (Same
objective as CO6)
SD pipe along Lower Norton Ave from LS5 to PGSF.
Crosses railraod tracks near 23rd Street. (Same
objective as CO7)
CS pipe from Hewitt & Bond Street to existing 24"
forcemain that was constructed as part of the Bond
Street Project
New lift station at former Bond Street facitlty site
FM from CO22 (bond st lift station) to WMVD and
Hewitt Ave
FM from CO22 to CO21
CS from Bond St facility area across BNSF and north on
Terminal to connect into CO21
Connect LS1 to LS2 via existing infrastructure

Before 2027
Post 2027
City's
Base
Additional
Alternative Alternative Options
X
X
X
X
X

X

X

X

X

X

X

X
X
X
X

X

X

X

X

X

CO
27
28
29
30

Description
Convert Tulalip gravity line to pressure line to new
regulator at former Bond Street Site
Gravity line from LS5 to LSX
Pressure line from LSX to Port Gardner
New regulator at Hewitt and Nassau with connecting
pipe

Before 2027
Post 2027
City's
Base
Additional
Alternative Alternative Options

X

X
X
X
X

31
32

New regulator at Bond and Wall with connecting pipe
New LSX

X

33
34

New CS on WMVD from Hewitt Ave to Existing 48" WL
New regulator at former Bond Street Site (R7)
New Regulator on LS1 forcemain and CS to New Bond
Street Structure
New reverse flow pumps at LS3
Bypass Line around LS4 from LS3 forcemain

X
X

35
36
37

X

X
X

Engineering Report
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Executive Summary
The City of Everett (City) acquired the Kimberly-Clark Wastewater Treatment Plant (KCWWTP) in 2019 to repurpose the infrastructure for wet weather flow control, converting it to the Port Gardner Storage Facility
(PGSF). Brown and Caldwell (BC) and HDR, Inc., are supporting the City through an alternatives analysis for
developing the KCWWTP into the PGSF. The alternatives analysis includes facility and site elements required
to bring combined sewer overflows into compliance by 2027 and achieve long-term management of City
stormwater. This technical memorandum details the analysis of alternative configuration for the retrofit of
the existing facility into the future wet weather facility.
Prior to this alternatives analysis, BC conducted a condition assessment of the existing KCWWTP to identify
which of the existing facilities are useable for the future PGSF. This assessment found the aeration basin
and secondary clarifier structures to be in suitable condition, but they require some improvements prior to
future use. Additionally, BC found all of the existing mechanical equipment to be in poor condition and recommends demolishing the gravity thickeners, pump station, and storage building prior to converting the site
to the PGSF.
BC and the City held several workshops to identify the planning criteria and operational goals for the PGSF.
The results of these workshops, in addition to hydraulic models to estimate flows and volume developed by
HDR, informed the PGSF concept development. The planning team determined that stormwater and combined sewer flows conveyed to the PGSF site will remain separate and that both flow paths require debris
removal prior to storage. The combined sewer flow will pass through screens and grit removal before detention in the existing aeration basin and secondary clarifier structures. Following a storm event, the stored

4
PGSF Alternatives Analysis 20210706 DOE Review Addressed.docx

PGSF Alternatives Analysis

combined sewer volume will return to the collection system for conveyance to the Everett Water Pollution
Control Facility. Stormwater will equalize in aeration basin cells before onsite treatment and conveyance to
Deep Water Outfall 100.
Based on this site concept, BC developed several alternative facility design concepts and evaluated each
alternative on its ability to meet the defined planning criteria and estimated cost. In early February 2021, BC
and the City will review the results of this alternatives analysis. Following this workshop, BC will develop a
formal recommendation for future design of the PGSF.

Section 1: Summary of Existing Site and Facilities
The following section provides a summary background of the Kimberly-Clark Wastewater Treatment Plant
(KCWWTP), the existing site infrastructure, and condition assessment findings relevant to the alternatives
analysis.

1.1 Port Gardner Storage Facility—Existing Conditions
The KCWWTP site is located south of Port Gardner, east of Possession Sound in Everett, Washington. This
facility served as a secondary wastewater treatment facility for the Kimberly-Clark pulp mill. The secondary
treatment system was constructed in 1982 and designed to treat up to 22 million gallons per day (mgd) of
paper mill wastewater. The operating facility included primary treatment followed by pH neutralization and
secondary treatment. Effluent from the KCWWTP was discharged through Deep Water Outfall (DWO) 100,
which was shared with the Everett Water Pollution Control Facility (EWPCF).
Decommissioning of the Kimberly-Clark mill and KCWWTP occurred in 2012, and the primary treatment and
sludge thickening facility were demolished shortly after. The remaining KCWWTP infrastructure includes secondary treatment process structures, numerous standing buildings, and a paved parking area. Figure 1
shows the Port Gardner site and adjacent features.
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Figure 1. Port Gardner site

The existing Port Gardner Storage Facility (PGSF) infrastructure includes the following processes and assets:
•
Chemical storage building
•
Neutralization basins
•
Aeration basin
•
Blower building
•
Gravity thickeners
•
Storage building
•
Secondary clarifiers
•
Pump station
•
Yard piping and Possession Sound Outfall 005
Figure 2 identifies the primary features of the existing PGSF infrastructure.
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Figure 2. Existing PGSF infrastructure

1.2 PGSF Site Condition
In June of 2020, Brown and Caldwell (BC) conducted a condition assessment of the PGSF to determine what
infrastructure is suitable for future use as part of the wet weather storage facility. The following section provides an overview of the results of the condition assessment as it pertains to this alternatives analysis. The
Everett Port Gardner Storage Facility Condition Assessment Report (BC 2020) provides the complete condition assessment of the Port Gardner facility.

Chemical Storage Building
The chemical storage building is a cast-in-place concrete structure designed in 1978. This facility houses
lime storage silos, several pieces of mechanical equipment, and fiberglass piping for influent and recycled
sludge. Condition inspection of the chemical storage building found some disintegration of the exterior walls,
rusted stairs, and all mechanical equipment to be in poor condition. Recommended improvements for this
facility include removing all mechanical assets with the exception of the fiberglass pipe, epoxy injection of
cracks greater than 0.005 inches wide, and a more detailed structural inspection of the roof.

Neutralization Basins
The neutralization basins are cast-in-place concrete rectangular structures, designed and built during the
original plant construction. These closed 27-foot-tall tanks include parallel trains constructed with 36-inchdiameter valved influent pipes, 10-square-foot (sq ft) flash mix tanks, and two 18-sq ft mixing basins followed by a flow splitting structure connected to the aeration basins. Condition inspection of the neutralization basins found the general structure to be in fair condition with the roof, stairs, and all associated mechanical equipment in poor condition. The inspection team was unable to access the inside of the
neutralization basins during the time of the condition assessment. BC recommends that the City of Everett
(City) conduct further investigations to determine the inside condition of the neutralization basin structures.

7
PGSF Alternatives Analysis 20210706 DOE Review Addressed.docx

PGSF Alternatives Analysis

Aeration Basin
Designed and constructed in 1978, the aeration basin (AB) is a 23-foot-deep above ground cast-in-place
concrete structure with interior walls that divide the basin into three trains, with each train separated into
five baffled cells. The AB operated with a side water depth (SWD) of 19 feet; therefore, the three trains have
a combined volume of 6.22 million gallons (MG). The basin infrastructure includes piping for influent, aeration air, and recycled sludge.
Condition inspection of the basins found concrete disintegration due to erosion and abrasion, minor spalling
at construction joints, scattered hairline cracks, and walkway slab soffit cracks. Recommendations for basin
improvements include cleaning and epoxy coating all internal surfaces, patching spalling concrete and exposed re-bar, and epoxy injecting cracks greater than 0.005 inches wide. The condition inspection found the
basin gates and fiberglass piping to be in good condition while the air piping and valves are in poor condition.
The alternatives analysis identified the AB as critical to the future PGSF infrastructure, serving as storage for
both the combined sewer and stormwater flow.

Blower Building
During KCWWTP operation, four 600-horsepower Turblex blowers provided aeration air to the secondary process. These blowers are installed north of the aeration basin. While the condition inspection found the blowers and overhead bridge crane to be in good condition, they have no practical use for the PGSF. The blower
building is a 4,800-sq ft pre-engineered prefabricated steel frame building that is in fair condition. While the
alternatives analysis found no immediate use for this structure, this alternatives analysis assumes retention
of the building for possible future use.

Gravity Thickeners
Condition inspection of the gravity thickeners found the structures to be in poor condition. The gravity thickeners provide no value to the PGSF site; therefore, BC recommends that these structures be demolished.

Storage Building
The facility’s 3,000-sq ft pre-engineered prefabricated steel frame storage building is in fair condition, but
the alternatives analysis identified no practical applications for this structure. Use of this storage building is
not included in the alternatives analysis.

Secondary Clarifiers
The KCWWTP operated two 150-foot-diameter above ground secondary clarifiers (SCs) with an approximate
volume of 1.8 MG per clarifier. Condition inspection of the clarifiers found wall and slab concrete disintegration from erosion and abrasion, scattered hairline cracks through the interior surfaces, and corroded and
damaged clarifier mechanisms. Recommended improvements for this equipment include epoxy injecting
concrete cracks greater than 0.005 inches, cleaning and epoxy coating all internal walls, repairing spalling
concrete, sandblasting and re-coating walkways and railings, and demolishing the internal clarifier mechanisms.
The alternatives analysis identified the SCs as critical to the future PGSF infrastructure.

Pump Station
A 7,300-sq ft two-story steel frame building with concrete masonry unit walls houses the KCWWTP sludge
and effluent pumps. The second story of this structure includes an electrical room, laboratory, and control
room. Inspection of this structure and equipment found the building to be in fair condition but with widespread corrosion and degradation of pumping and other mechanical equipment due to periodic flooding.

8
PGSF Alternatives Analysis 20210706 DOE Review Addressed.docx

PGSF Alternatives Analysis

Fiberglass pipe within the structure is in good condition, although pipe supports need replacement. The effluent pumps located in this building connect to DWO 100. The alternatives analysis assumes the future facility will retain the connection to the DWO, but alternative configurations for the effluent pump station will
be evaluated.

Yard Piping and Possession Sound Outfall 005
The KCWWTP facility includes numerous yard pipes and Possession Sound Outfall 005. The condition inspection did not include an evaluation of the yard piping. BC recommends additional investigation of this infrastructure using closed circuit television prior to facility design. The SCs connect directly to Possession
Sound Outfall 005 by a 36- and 54-inch-diameter concrete cylinder pipe. The future facility has no use for
Outfall 005. Facility planning assumes the City will abandon this outfall.

Section 2: PGSF Planning Criteria
The PGSF will receive combined sewer and stormwater flow from the Everett collection system. The goal of
the storage facility is to eliminate discharge from Puget Sound Outfalls 4, 5, 6, and 7. The PGSF will detain
the flow before the captured combined sewage is returned to the collection system and conveyed to the
EWPCF for treatment.
Concurrent with development of the PGSF, the City is planning collection system upgrades. These upgrades
include separating some combined sewer collection and conveyance systems. The PGSF will equalize, treat,
and pump stormwater to DWO 100.
The following section outlines the PGSF planning criteria used to develop the site alternatives.

2.1 Combined Sewer and Stormwater Hydraulic Planning Criteria
HDR conducted collection system and stormwater modeling to define the hydraulic planning criteria for the
PGSF. The model predicted flowrates and volumes serve as the basis for sizing the combined sewer storage
and stormwater treatment systems outlined in this alternatives analysis. The following section summarizes
the modeling results relevant to the PGSF alternatives analysis.
Average and Peak Estimated Combined Sewer Flow
Collection system modeling forecasted storm events for the Everett area assuming a 32-year simulation period. This simulation estimated the intensity of storm events and the associated combined sewer volumes
and flow to the PGSF. The hydrology model simulates the storm events evenly across the entire collection
basin. In reality, rainfall intensity varies across the collection basin; therefore, the model typically overestimates the total flow to the collection system and PGSF. However, these estimates are appropriately conservative for preliminary facility planning.
Figure 3 depicts the total combined sewer volume conveyed to the PGSF as a function of cumulative rainfall
for the events estimated over the 32-year simulation period. The figures represent the climate adjusted
storm and optimized collection system. As shown in the figure, modeling data estimate that most rain events
accumulate less than 6 MG of total volume conveyed to the PGSF.
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Figure 3. Combined sewer volumes to the Port Gardner Storage Facility

The storm events have a maximum estimated volume of 19.8 MG and an average of 0.97 MG. An evaluation
of the percent exceedance of the estimated storm volumes finds that 95 percent of events yield less than 3
MG of combined sewer volume to the PGSF. Figure 4 presents a plot depicting the range of expected combined sewer volume conveyed to the PGSF.
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Figure 4. Combined sewer volume to the Port Gardner Storage Facility

In addition to total forecasted combined sewer volume, the hydraulic analysis estimated the flow rates to the
facility. These influent rates serve as planning criteria for equipment sizing and storage facility design. Figure
5 provides a plot, ranking the estimated influent flow rates for the various climate adjusted storm events
and optimized conveyance system. As shown in the figure, the peak event estimates around 72 mgd and
averages 18 mgd.

11
PGSF Alternatives Analysis 20210706 DOE Review Addressed.docx

PGSF Alternatives Analysis

75.0
70.0
65.0
60.0
55.0

Peak Flow to PGSF (mgd)

50.0
45.0
40.0
35.0
30.0
25.0
20.0
15.0
10.0
5.0
0.0
1

51

101

151

201

251

301

351

401

451

Event Ranking

501

551

Average Storm Event

Figure 5. Combined sewer flow to the Port Gardner Storage Facility

Based on these modeling results, there is a 20-percent chance that a storm event will exceed 30 mgd or require storage volume up to 1.6 MG in each year. Additionally, there is a 1-percent chance flow rates into the
facility will reach 62 mgd or the total storage required will reach 7.6 MG each year. Table 1 summarizes the
planning criteria for flows and volumes conveyed to the PGSF.
Table 1. Combined Sewer Planning Criteria
Flow
(mgd)

Volume
(MG)

Peak instantaneous flow

75

–

2-year return flow (50% likelihood per year)

15

0.5

5-year return period

30

1.6

10-year return period

42

2.3

50-year return period

57

5.3

100-year return period (1% likelihood per year)

62

7.6

Condition

Stormwater
Stormwater planning for PGSF is based on a hydrograph of a 2055 climate adjusted storm. While planning
estimates are based on the single event method, facility design should assume continuous record modeling
using the WWHM or an equivalent model. Design modeling may also account for the stormwater equalization
basin to assess the impacts of low peak-long duration storm events. Collection system modeling assumes
the City will separate the combined sewer and stormwater collection system through phased improvements.
Each phase of improvement accounts for a portion of the total stormwater flow anticipated to reach the
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PGSF at buildout conditions. The four collection system improvements assumed for stormwater modeling are
Sewer M, Grand Avenue Phase 1, Grand Avenue Phase 2, and Grand Avenue Phase 3 (Rucker Hill). Table 2
summarizes the basin area and average impervious area for each of these collection system improvements.
Table 2. Collection System Stormwater Improvements
Basin Area
(acres) a

Average Impervious Area
(percent) a

Sewer M

131

30

Grand Avenue Phase 1

18

36

Grand Avenue Phase 2

40

44

Grand Avenue Phase 3 (Rucker Hill)

100

57

Total drainage area

289

42

Drainage Area

a.

Conveyance system collection and impervious area defined by HDR

Design of the PGSF stormwater management system may increase the values presented in Table 2 to account for a future additions of impervious area within the collection system. Figure 6 presents hydrographs
of the 2055 24-hour storm events used for PGSF sizing, separated by phase of improvement.
180
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120
100
80
60
40
20
0

24-hour Storm Event
Sewer M

Grand Avenue Phase 1

Grand Avenue Phase 2

Grand Avenue Phase 3 (Rucker Hill)

All Improvements

Figure 6. 2055 climate adjusted stormwater hydrograph

Planning of the PGSF stormwater management system sizes the stormwater infrastructure for buildout conditions. Table 3 summarizes the stormwater planning criteria derived from the hydrograph presented in Figure 6. Section 2.5 discusses additional stormwater planning criteria.
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Table 3. PGSF Stormwater Planning Criteria a
Condition

a

Criteria

Average flow, mgd

4.3

Peak instantaneous flow, mgd

155

Total volume to PGSF, MG

1.22

Stormwater planning criteria assume Sewer M, Grand Avenue Phase 1, Grand
Avenue Phase 2, and Grand Avenue Phase 3 (Rucker Hill) improvements.

2.2 Alternatives Analysis Workshops
In addition to hydraulic modeling, the PGSF planning team established service criteria for PGSF during two
planning workshops. The City and BC conducted these workshops to discuss the intended operation of the
facility and define the critical features. The decisions made during these workshops serve as initial screening
criteria in the alternatives analysis. The following sections summarize the planning criteria defined during
the alternatives analysis workshops.
Workshop 1 Planning Decisions
BC and the City held Workshop 1 on September 23, 2020. This planning session focused on defining design
criteria for the PGSF debris removal system, basin flushing, pumping systems, site ingress and egress, use
of existing infrastructure, site improvements, and staffing and operations.
City staff emphasized the importance of removing grit and debris from the combined sewer prior to onsite
storage. Specifically, staff noted that a grit removal system and ¼-inch bar screens, matching the Mahr
screens installed at the EWPCF, are the preferred equipment for debris removal. Operations staff requested
parallel debris removal systems for redundancy purposes. Multiple screens are also advantageous for equipment sizing and channel hydraulics, as well as wide ranges of influent flow rates.
The City prefers the PGSF design to maximize the use of the existing infrastructure and maintain separation
between the stormwater and combined sewer flows. The City emphasized the importance of equipping the
combined sewer storage basins with either tipping buckets or flushing gates for removing deposited debris
from the basins after a storage event. These systems will maximize operator safety and minimize labor
needed for basin cleaning.
Table 4 summarizes the planning criteria defined during Workshop 1.
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Table 4. Workshop 1 PGSF Planning Criteria
Feature

Criteria
• Maximize the use of the existing infrastructure

General facility

• Design to include architectural screening
• Minimize pumping

Combined sewer storage

• Minimize change in flow directions in storage basin
• Flushing gates or tipping buckets for basin flushing
• Basin access via ladders, not stairs

Stormwater

• Separate flow path, discharge to DWO 100
• Grit removal followed by ¼-inch bar screens
• Parallel debris removal systems (redundancy)

Debris removal

• Debris removal hydraulic bypass for high flow conditions
• Debris removal prior to stormwater equalization
• Debris stored in an onsite dumpster for landfill disposal

Odor control

• Activated carbon or other mechanical odor control system

Staffing and operations

• Remote operation or autonomous operation

Workshop 2 Design Decisions
Based on the planning criteria established in the first workshop, BC developed preliminary PGSF site layouts.
These layouts included concept variations for debris removal, use of the AB and SCs for storage, and filling
and draining process concepts for the storage basins. BC presented these site layouts to the City during a
second design criteria workshop held on October 26, 2020.
During this workshop, the City reviewed concepts and advanced alternatives for maximum use of the existing
infrastructure. Critical decisions made include maximizing the portion of the AB used for combined sewer
storage, planning for construction of the debris removal system in a structure adjacent to the existing AB,
and using the SCs for combined sewer storage only. Table 5 presents a summary of the planning criteria determined during Workshop 2.
Table 5. Workshop 2 PGSF Planning Criteria
Feature
Combined sewer debris removal
Storage basin

Criteria
• Grit removal and screens installed adjacent to the existing aeration basin
• Maximize combined sewer storage, minimum equalization for stormwater treatment
• Use secondary clarifiers for combined sewer storage

Stormwater

• Reserve aeration basin cell(s) for stormwater equalization

Effluent pumping

• Treated stormwater and excess combined sewage (resulting in a combined sewer overflow)

Lift Station X

• A new lift station will replace Lift Station 6 for dry and wet weather operation of the collec-

will and pumped to DWO 100 via separate effluent pump stations
tion system

2.3 Combined Sewer Storage
Planning assumes that two new 48-inch-diameter conveyance lines from the south and a new 36-inch-diameter pipeline from the north will convey combined sewer flow to the PGSF. One of the 48-inch-diameter lines
operates as a pressure pipe, one operates as an inverted siphon, and the 36-inch-diameter line is gravity
flow. These conveyance lines join at a common basin (referred to as the pre-settling basin) then convey flow
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through debris removal to the storage basin. The conveyance lines will be designed and constructed as part
of the City’s collection system improvement project. The Conveyance Alternatives Technical Memo further
defines the collection system improvements (HDR 2021).
The City decided to use the existing 6.5 MG AB as the primary combined sewer storage volume. Currently,
the basin is not ideally configured to provide CSO storage and will require structural and hydraulic modifications. As determined in the project workshops, the PGSF will include debris removal to separate solids upstream of the ABs and basin flushing to support cleaning after a storm event. After a storage event, the existing basin drainpipe network will convey the stored volume to the collection system by gravity. In addition to
the existing Lift Station 3, a new onsite or adjacent lift station (Lift Station X) will support conveyance to the
EWPCF for treatment. If a storm event exceeds the combined sewer storage capacity, a new effluent pump
station will convey the excess volume to the existing DWO 100 (resulting in a combined sewer overflow).
The following section outlines the major components of the PGSF facility as shown in Figure 7.

Figure 7. PGSF combined sewer storage concept

Figure 8. PGSF combined sewer storage site plan depicts a site plan of the combined sewer storage and debris removal concept outlined in this section.
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Figure 8. PGSF combined sewer storage site plan

Combined Sewer Debris Removal
Combined sewer flow conveyed from the collection system will discharge to a pre-settling basin upstream of
the PGSF screening and grit removal structure. The purpose of this basin is to prevent large debris from entering storage where it would be more difficult to remove. By settling this debris upstream, the material can
be flushed back to the collection system. A weir will separate the pre-settling basin and the debris removal
equipment. If a small wet weather event occurs and does not fill the pre-settling basin, flow will return to the
collection system via gravity for treatment at the EWPCF. Design of the presettling basin should assume installation of a davit crane and clamshell to remove any material not flushed back to the collection system.
If a storm event generates enough volume to fill the pre-settling basin, flow will overtop the basin weir and
pass into parallel open channels. These open channels each house self-cleaning bar screens for debris removal. Material separated by the screens may require further processing through a washer compactor prior
to storing in an onsite dumpster for landfilling. During concept development workshops, the City identified
that operation staff prefer that the PGSF screens match the make of the headworks screens at the EWPCF.
Downstream of the screens, the open channels will discharge into a grit removal system for separating particulate matter that would otherwise settle out in the storage basins. A stacked tray grit separator or forced
vortex grit chambers are suitable technologies for the grit removal system. After the grit removal system, flow
will pass to a distribution structure for conveyance to the storage basins.
The results of the combined sewer modeling estimate that approximately 80 percent of storm events will
have a combined sewer flow of less than 30 mgd. In addition, modeling forecasts a peak instantaneous flow
of 75 mgd. The screens and grit removal equipment will have a nameplate capacity of up to 30 mgd with the
hydraulic bypass designed to convey flows above 30 mgd directly to storage basins. The bypass would operate passively. Once the screens reach their capacity, flow would overtop a static weir and flow directly to the
basins, bypassing the screens and grit removal.
To limit odors and corrosion, BC recommends an odor control system be installed in the debris removal area.
In keeping with the planning criteria, the City wants odor control equipment that can remain idle/passive in
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between storage events. Granular activated carbon or a chemical scrubber are suitable technologies that
meet this criterion.
Combined Sewer Storage
The future facility will use the AB structure for combined sewer storage. The existing structure has three separate parallel trains. Baffle walls partition each train into five 54-foot by 54-foot square cells. Two of these
cells will serve as stormwater equalization and the remaining 13 cells will be upgraded for combined sewer
storage. Upgrading the AB structure will include demolishing the existing diffusers and air piping.
Planning alternatives configure the combined sewer storage basin so that each cell will operate as an isolated storage volume. Weir windows will separate the cells, allowing them to fill sequentially. Separating the
storage cells means that only the used portion of the basin will require flushing after a storage event. Figure
9 provides a graphic of the storage basin with arrows indicating direction and order of filling. In this layout,
train 3 cells 1, 2, and 3 will fill first, followed by train 2 then train 1.

Figure 9. PGSF combined sewer storage basin filling cycle

Design of the original AB structure assumes all cells of a train are in operation simultaneously. For this reason, the alternatives analysis included a structural evaluation to determine the maximum allowable hydrostatic load the internal basin walls can withstand. This analysis found that the walls separating each train
and the baffle walls separating the cells of each train can withstand a maximum water surface depth (WSD)
of 13 feet under static and seismic loading with the adjacent cells empty. At a WSD of 17 feet, these walls
will fail under seismic loading assumptions. The baffle walls separating the cells will fail under static conditions at a WSD of 21 feet. Based on this information, the City decided not to exceed a WSD of 13 feet during
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basin filling to minimize the risk of structural failure due to differential hydrostatic loads. Once all storage
cells have reached a WSD of 13 feet, all cells will simultaneously fill the remining 7 feet, to a final depth of
20 feet. Assuming a WSD of 20 feet (approximate water surface elevation of 32 feet, North American Vertical Datum of 1988), concrete fill added to slope the basin floors, and 13 storage cells in service, the total
storage volume of the combined sewer storage basin is approximately 4.8 MGs. Based on the preliminary
hydraulic modeling results presented in Table 1, the 4.8 MG of combined sewer storage equates to a 44
year return period storm event.
Design of the aeration basin upgrades will use gravity flow hydraulic modeling software to determine the
length and crest elevation of the weirs connecting each adjacent storage cell. The elevation of these weirs
will be set to accommodate this sequential basin filling as described in this section.
Basin Draining and Flushing
After a storm event, the combined sewer flow detained at PGSF will return to the collection system for treatment at the EWPCF. In order to drain the basin by gravity, basin improvements will include sloping the floors
and constructing drain trenches in each train. Flushing equipment manufacturers recommend sloping the
floors by 1 percent to accommodate a relatively short traverse across each train. In the event that basin
flushing does not remove all of the residual debris from the storage cells, basin upgrades should include infrastructure for a portable davit crane and a connection to high pressure water at each of the storage cells.
These davit cranes and water connections will accommodate the rare occasions when manual cleanup will
be necessary. Flap gates installed at each baffle wall will connect the drain trenches. During a basin filling,
the flap gates will remain closed, isolating each cell. When the basin drains, the flap gates will open, allowing
the stored volume to flow to the eastern most cells of each train.
After a storage event, the basin will drain to Lift Station X or Lift Station 3 to convey flow to the EWPCF. Recommended improvements include replacing the existing 18-inch-diameter drainpipe, adding check valves
and gate valves to the new drain system, and routing new pipe between the storage basin and Lift Station X.
In addition, small submersible pumps installed in each basin train will convey flow back to the pre-settling
basin upstream of debris removal. Operations staff will use these pumps for general basin maintenance or
in the instance of drain failure. Figure 10 depicts the combined sewer storage basin during a drain cycle.
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Figure 10. PGSF combined sewer storage basin drain cycle

After the combined sewer storage basin has drained, the flushing system will wash residual particulate matter to the basin drains. Tipping buckets or flushing gates are both suitable technologies for the basin flushing
system. The flushing gates would use the stored water in the basins for flushing and the tipping buckets
would require the use of potable water. A potable water connection is located at the northeastern corner of
the aeration basin structure to connect with the tipping bucket system. Regardless of the system selected,
BC recommends plumbing potable water to the top of the basins and installing hose bibs for additional ability to wash down basins when necessary.
Lift Station X
Port Gardner upgrades will include constructing Lift Station X to convey the combined sewer volume back to
the collection system. Constructing the storage basin drain system and Lift Station X piping will include
valving and conveyance lines for routing flow back to either the debris removal system or the collection system. Site layouts provided in Section 3 include sketches of Lift Station X and associated yard piping. The
Conveyance Alternative TM provides a system description, planning criteria, and cost estimates for Lift Station X (HDR 2021).
Table 6 summarizes the combined sewer storage basin planning criteria.
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Table 6. Combined Sewer Storage Planning Criteria
Feature

Criteria
Design capacity

30 mgd

Peak anticipated flow

75 mgd

Debris removal

• ¼-inch Mahr screens

Mechanical equipment

• Stacked tray or vortex grit removal
• Odor control

Storage basin

WSD during sequential cell filling

13 feet

WSD when basin is full

20 feet

Total volume

4.8 million gallons
• 2 X 1,045-gallon per minute(gpm) sub-

mersible drain pumps in each train

Mechanical equipment

• Flap gates between basin cells

Lift Station X

Mechanical equipment

Basin flushing

Mechanical equipment

See Conveyance System Alternative TM for
Lift Station X planning criteria
• Tipping buckets or flushing gates
• Connection to flushing water

2.4 Secondary Clarifiers
Initial concept development of the PGSF site evaluated upgrading the existing 150-foot-diameter SC structures for stormwater storage. Based on the primary goal of preventing combined sewer overflows to the Puget Sound, the City chose to instead use the SC structures for combined sewer storage only. If a storm event
exceeds the 4.8 MG basin volume, flow will overtop a weir at the storage basins structure and flow to the
clarifiers for storage.
When operating as an activated sludge facility, mixed liquor for the AB overtopped an effluent weir and
flowed by gravity to the two SCs. The site planning concept assumes the detention system will use this existing connection, allowing the clarifier structures to serve as storage basins. Conversion of the clarifiers into
storage structures requires removal of the existing sludge collection system. Assuming 2 feet of freeboard
and the existing clarifier geometry, the estimated storage volume of both clarifiers will be approximately 3.7
MG. In addition, clarifier upgrades will include installing submersible pumps to convey the stored volume
back to the aeration basin storage structure to drain to Lift Station X.
Initial planning efforts considered flushing mechanisms for cleaning the circular clarifier tanks . Flushing
mechanisms in the clarifier storage structures has the potential to reduce the amount of labor, cleaning
equipment, and potential confined space entries required after a storage event. BC’s communication with
flushing equipment vendors determined that there are no known instances of retrofitting clarifiers with vendor-supplied flushing equipment. For this reason, there are inherent unknowns with the design requirements
associated with this option. According to conversations with the manufacturer, prior projects eliminated this
option primarily because of the loss of volume associated with sloping the clarifier floors to accommodate
flushing and draining. For the PGSF clarifiers, there would be approximately a 30-percent loss of storage volume to install flushing equipment. The loss in storage combined with the use of the secondary clarifiers as
the wet wells for the effluent pump station led to the elimination of clarifier flushing from further consideration.
After facility upgrades, the total storage volume of both the basin and clarifiers will be approximately 8.5 MG.
HDR’s hydraulic models estimate that a 100-year storm event (1-percent likelihood per year) is below this
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total estimated storage capacity. If the combined sewer flow exceeds the storage volume of the secondary
clarifiers, flow passes to the effluent pump station for conveyance to DWO 100. Figure 11 provides a diagram of the secondary clarifier combined sewer storage concept.

Figure 11. Secondary clarifier combined sewer storage

Figure 12. Secondary clarifier combined sewer storage provides a site layout of secondary clarifiers serving
as combined sewer storage. This configuration shows a generic effluent pump station concept. Section 2.6
provides a more detailed analysis of the effluent pump station concepts considered for this facility.

Figure 12. Secondary clarifier combined sewer storage stie plan

Table 7 summarizes the planning criteria for upgrading the secondary clarifier structures into combined
sewer storage.
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Table 7. Clarifier Storage Planning Criteria
Feature

Criteria

Number of clarifiers

2

Total clarifier storage volume

3.7 MG

Drain pumps

2 X 1,240-gpm submersible pumps per clarifier structure

Overflow

Effluent pumps to DWO 100

2.5 Stormwater
The stormwater and collection system improvements developed concurrently with the PGSF alternatives initiated internal discussions with the City regarding how to manage separated stormwater. Currently, the
EWPCF treats stormwater prior to discharge to the Puget Sound. Separating stormwater for discharge to the
DWO without treatment will increase the City’s total pollutant discharge. Based on this separation of the
stormwater collection system, the City decided that the PGSF must include stormwater treatment prior to
conveyance to DWO 100.
Discussions with City staff and development of a planning level design concept determined that stormwater
management at PGSF will require debris removal, flow equalization, and treatment. Figure 13 provides a process flow diagram depicting the stormwater treatment concept for PGSF.

Figure 13. Stormwater treatment process flow diagram

Figure 14 shows the proposed site layout for the PGSF stormwater management system.
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Figure 14. Stormwater treatment site plan

Stormwater Debris Removal
Stormwater management at the PGSF site will require debris removal prior to equalization to prevent material from collecting in the basin, clogging the treatment system, or damaging the outfall. Currently, collected
stormwater does not receive best management treatment practices because it is part of a combined collection system and treated at the EWPCF.
Collection system upgrades will route stormwater to the PGSF site via a 60-inch-diameter pressure pipe.
Planning level concept development of the debris removal system at the PGSF site assumes this pressurized
pipe daylights near the northeast corner of the AB, splits into parallel 32-inch-daimeter conduits, and connects to a raised debris removal structure constructed on the exterior of the AB wall. The debris removal
structure will house hydrodynamic separators to separate trash and sediment from the stormwater before
discharging to the basin for equalization. Facility design may consider installation of an underflow baffle or
screen within the debris removal structure to separate large material upstream of the hydrodynamic separators.
Stormwater Equalization
The equalization basin will retain stormwater while it discharges to the onsite treatment system. The 2019
Stormwater Management Manual for Western Washington (SWMMWW) outlines stormwater treatment requirements. This manual defines that low impact stormwater treatment systems must treat 91 percent of
the total stormwater volume as determined by a Washington State Department of Ecology (DOE)-approved
continuous runoff model (DOE 2019). Based on these criteria, the equalization basin must retain, at a minimum, 91 percent of the forecasted stormwater flow for treatment before discharge to DWO 100. HDR’s hydraulic modeling estimates a total stormwater runoff volume of 1.22 MG for the 2055 24-hour climate adjusted storm; therefore, this planning effort estimated the size of the equalization basin required to capture
and convey 1.11 MG (91 percent) of the stormwater volume to the treatment system.
Assuming a constant outflow from the equalization basin to the treatment system, preliminary sizing of the
equalization basin estimates that a volume of approximately 766,500 gallons is required to capture and
treat 91 percent of the total stormwater volume.

24
PGSF Alternatives Analysis 20210706 DOE Review Addressed.docx

PGSF Alternatives Analysis

Design of the equalization basin will include a hydraulic bypass. This bypass will engage during peak wet
weather events, conveying flow above 91 percent of the total stormwater volume directly to the PGSF effluent pump station. In order to meet the minimum treatment requirements, the stormwater storage basin
overflow should be set to an elevation to retain 91 percent of the total storm volume, or a WSD of approximately 17.6 feet. Figure 15 provides a graphical representation of how the equalization basin will fill and
empty over the course of the 2055 24-hour climate adjusted storm event assuming two basin cells reserved
for stormwater equalization and treatment of 91 percent of the stormwater flow.
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110,000 gallons bypassed to
stormwater pump station

700,000

Volume (gallons)

600,000
500,000
400,000
300,000
200,000
100,000
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Cumulative Stormwater Storage

Equalization Basin Volume

Figure 15. Estimated stormwater equalization

The structural evaluation of the AB (see Section 2.3) determined that the existing basin walls can withstand
a hydrostatic differential of 13 feet. Increasing the water depth beyond 13 feet on one side of a basin wall
may lead to structural failure. Upgrading the existing AB structure for stormwater equalization will require
reinforcing the internal walls to withstand the required hydrostatic load.
Treatment
Following debris removal and equalization, the stormwater will pass through a treatment system and discharge to a dedicated stormwater pump station for conveyance to DWO 100. BC and the City discussed
stormwater treatment concepts and goals during the November 13 and December 9 conveyance improvement workshops.
The City stormwater group decided that a biofiltration technology, suitable for phosphorus removal, is an appropriate approach for treating stormwater conveyed to the PGSF although basic treatment would meet the
minimum standard. The City chose this technology because it provides a level of treatment that exceeds the
level of constituent removal stormwater currently receives at the EWPCF. This recommendation provides a
greater level of treatment to accommodate the sensitivity of Port Gardner and in anticipation that treatment
standards may increase in the future.
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Biofiltration technologies use soil and plants to remove constituents from stormwater. The City reviewed various options for biofiltration treatment systems and narrowed the options down to technologies approved under the DOE General Use Level Designation (GULD) for phosphorus removal (DOE 2020). Technologies that
have received GULD meet DOE treatment performance goals as defined by the Washington State Technology
Assessment Protocol—Ecology (TAPE). Based on this criterion, the Contech Bioscape system served as the
planning level design technology used for this alternatives analysis. Predesign of the stormwater treatment
system will include exploration of additional biofilter manufacturers to find the treatment system that best
suites the PGSF. In addition, design of the stormwater management system may include accommodations to
maintain vegetation during dry periods between storm events. Table 8 summarizes the TAPE performance
goals for phosphorus treatment using a biofiltration system.
Table 8. TAPE Phosphorus Removal Performance Goals
Constituent

Influent Concentration

Reported Removal Performance

100–200 milligrams per liter (mg/L)

80%

< 100 mg/L

Effluent of 20 mg/L

Phosphorus

0.01 to 0.5 mg/L

50%

Dissolved copper

0.005 to 0.02 mg/L

30%

Dissolved zinc

0.02 to 0.30 mg/L

60%

Total suspended solids (TSS)

Contech provided planning level sizing and cost estimates for the Bioscape treatment system. Based on the
collection system improvements, an assumed impervious area, and a defined treatment system infiltration
rate, the PGSF site will require a 1,740-sq ft treatment system. Assuming an infiltration rate of 100 inches
per hour, this stormwater treatment system will treat 1,810 gallons per minute. If the treatment system is
installed at grade, accommodations must be made to equalize the difference in hydraulic head between the
equalization basins and biofiltration system. Table 9 summarizes biofiltration treatment system sizing estimates delineated by drainage system improvement.
Table 9. Biofiltration System Sizing
Basin Area
(acres) a

Average Impervious Area
(percent) a

Filter Media Required
(square feet) b

Sewer M

131

30

400

Grand Avenue Phase 1

18

36

100

Grand Avenue Phase 2

40

44

400

Grand Avenue Phase 3 (Rucker Hill)

100

57

900

Total drainage area

289

42

1,800

Drainage Area

a

Conveyance system collection and impervious area defined by HDR

b

Total filter media required is based on stormwater design criteria estimated by Contech. These estimates used 15-minute
water quality flow rate as determined by the Western Washington Hydrology Model (WWHM2012). Filter media assumes a
GULD-approved filtration rate of 100 inches per hour. Values are approximate.

Stormwater Pump Station
Stormwater treatment planning assumes a dedicated stormwater effluent pump station installed at the terminus of the biofiltration system. Treated stormwater will discharge into this pump station for conveyance to
the effluent pipeline and DWO. Planning estimates for the stormwater pump station assume a manufacturer
supplied wet well and pump package sized for 1,800 gpm operation. This package includes submersible
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pumps, a fiberglass wet well, a valve vault adjacent to the pump station, and a controls package. Because
the treatment system will likely be installed at grade, the stormwater effluent pump station will be buried to
a depth of approximately 20 feet to achieve a lower hydraulic gradeline then the treatment system. A bypass
pipe will connect the stormwater equalization basin to the effluent pump station. If the equalization basin
should overflow during extreme storm events, stormwater will bypass treatment, directly to the stormwater
pump station for conveyance to the DWO.
Alternative Stormwater Concepts
Adjustments of the stormwater treatment system concept may allow for a reduction in the project and operations costs therefore BC recommends further system evaluation during project predesign. During planning
workshops with the City, it was determined that the stormwater separated within the collection system
should remain separate through treatment at the PGSF to the DWO. One option for project cost savings is to
eliminate the equalization basin, directing all stormwater flow to the treatment system, and retain aeration
basin train three to store both combined sewer and stormwater. If stormwater flows exceed treatment system capacity, an overflow weir at the debris removal structure will engage, passing stormwater to aeration
basin train three for conveyance to the WPCF for treatment. This approach will save construction costs on
reinforcing the equalization basin cell walls and eliminate the need for a stormwater bypass pipe.
Alternatively, design may further simplify the stormwater debris removal system concept. The planning concept reported in this TM assumes construction of a raised debris removal structure housing hydrodynamic
separators. Facility design may consider simplifying this concept by constructing a headbox adjacent to the
equalization basin, connected to the pressurized stormwater pipe conveying flow to the PGSF site. The pressurized stormwater flow will break to atmosphere at this head box, fill the structure, pass through a coarse
screen, and into the equalization cells. Design of this headbox should include solids handling sump pumps
to empty the residual stormwater water within the headbox to the equalization basin after a storm event, as
well as an access hatch to remove residuals and debris retained within the headbox.
Facility design may consider diverting peak stormwater flow (greater than 91 percent of flow) to the existing
nearshore outfall to minimize equalization basin and stormwater pump station sizing. This bypass would
need to occur upstream of the equalization basin and the benefits of discharging untreated stormwater to
the nearshore outfall must be compared against potential contamination of the East Waterway Cleanup site.
A third alternative to the proposed PGSF stormwater management concept is to forego a treatment system
and continue treating stormwater at the EWPCF. Separated stormwater conveyed to the PGSF will discharge
to the storage basin cells, mixing with the combined sewer flow. After the storm event has subsided, the system will convey the blended stormwater and combined sewer flow to the EWPCF. Compared to the previously
discussed concepts, this approach has the benefit of both capital and O&M cost savings.

2.6 PGSF Effluent Pump Station and DWO
The existing Port Gardner infrastructure includes a pump station that houses sludge and effluent pumps.
Transitioning the KCWWTP from using Possession Sound Outfall 005 to the EWPCF DWO 100 included installing effluent pumps in the sludge pump station. This pump station has experienced frequent flooding and
the mechanical equipment is in poor condition. For this alternatives analysis, BC developed four effluent
pump station concepts as potential options for the PGSF.
The effluent pump station will convey combined sewer flow to DWO 100 when the volume exceeds the clarifier storage capacity. Preliminary hydraulic modeling for a 32-year simulation period of a climate adjusted
storm estimates that a rainfall event large enough to exceed the capacity of the storage basins and secondary clarifiers is between the 95 and 100-year return period. This is the same frequency that the effluent
pump station will likely be needed, resulting in a CSO event. Planning estimates for the effluent pump station
assume an effluent pumping capacity of 30 mgd for average and peak combined sewer flow. The effluent
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pumps will discharge to the existing 32-inch-diameter high density polyethylene (HDPE) effluent pipeline. After leaving the pump station, this pipeline travels to the eastern border of the PGSF site, then south where it
eventually connects to the EWPCF effluent pipeline east of West Marine View Drive and 26th Street. Conveyance through this section of the EWPCF effluent pipeline occurs via gravity to the outfall diffusers in Possession Sound. Pump selection for the PGSF effluent pumps must account for the head conditions in the EWPCF
effluent pipeline.
An infrastructure resiliency assessment of the PGSF site and DWO 100 identified that, in addition to the existing hydraulic grade line in the EWPCF effluent pipeline, PGSF effluent pump selection must account for the
sea level rise estimated to occur in the Possession Sound by the year 2070. Preliminary modeling efforts
estimate a hydraulic grade line (HGL) of approximately 40 feet for the EWPCF effluent pipeline, assuming a
flow of 30 mgd from the PGSF, 50 mgd from the EWPCF, and the highest recorded tide in Possession Sound
(+12.14 feet). Assuming the flow remains the same as current conditions, under the worst-case scenario of
sea level rise (estimated to increase by 4.1 feet by 2070) the effluent pipeline HGL will increase to approximately 50 feet.
BC recommends more detailed hydraulic modeling of the PGSF effluent pumps, EWPCF effluent pipeline,
and DWO 100 prior to pump selection during facility design. The reported effluent pipeline HGL estimate assumes effluent flow from the EWPCF remains static over the next 50 years. BC recommends that design
modeling account for a potential increase in effluent discharge from the EWPCF. The Infrastructure Resiliency Assessment for Sea Level Rise technical memorandum reports additional information on the estimated
sea level rise of Possession Sound (BC 2021).
Table 10 provides a summary of the PGSF effluent pump station planning criteria.
Table 10. PGSF Effluent Pump Station Planning Criteria
Feature

Criteria
• Treated stormwater

Flow streams

• Stormwater overflow from equalization
• Combined sewer overflow from clarifier storage
• 30-mgd pump capacity for large events (one spare pump)

Effluent pumps

• Separate pumps for small events

Discharge point

Existing EWPCF effluent pipeline and DWO 100

Total dynamic head required

50 feet

The four effluent pump station concepts developed for this analysis intend to maximize the use of the existing plant infrastructure. Two concepts assume retrofitting the secondary clarifier into both storage and pump
station wet wells, one assumes retrofit of the existing pump station building, and one assumes construction
of a new pump station and wet well adjacent to the clarifiers. The following sections outline the four effluent
pump station concepts. All options assume that the yard pipe is in good condition.

Retrofit Existing Sludge Pump Building
In this configuration, dry pit centrifugal pumps are located in the existing effluent pump station. The existing
return sludge line connecting the secondary clarifiers to the pump station serves as the pump suction line
and the existing outfall connection adjacent to the sludge pump station is repurposed for connection to the
deep water outfall. This concept assumes installation of a total of five pumps, four to meet peak flow and
one for redundancy. The current pump station electrical room is on the second floor of the existing pump station building, and BC recommends reuse of this location for the new pump station electrical room. Level sensors in the clarifiers control the effluent pumps, activating when the storage volume of the clarifiers reaches
capacity. Demolition of the existing launders maximizes the storage capacity in the clarifiers. Combined
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sewer pass from the clarifiers to the effluent pump station via the bottom of the clarifiers, following the same
flow path as return activated sludge during previous facility operation.
Key items to consider with retrofitting the existing pump station with new effluent pumps include the known
flooding issues with the building, requiring special consideration for installation of electrical equipment. Connecting the effluent pumps directly to the secondary clarifiers requires the pumps to have a long suction line,
and while the net positive suction head available is adequate, the condition of the existing yard pipe is unknown and could potentially cause excessive headloss, potentially impacting pump operation. This option
maximizes the use of existing infrastructure by reusing the current sludge pump building and does not require the construction of any new structures. Figure 16 provides a concept sketch, assuming retrofit of the
existing effluent pump station building.

Figure 16: Effluent pump station option 1 layout

Secondary Clarifiers as Pump Station Wet Wells (Vertical Turbine Pumps)
Alternative to retrofitting the existing pump station building to house the effluent pumps, site planning may
consider upgrading the secondary clarifiers to serve as both combined sewer storage and wet wells for the
effluent pumps. This configuration assumes installation of vertical turbine pumps and a supporting structure
within each clarifier. The pumps will discharge to a combined header and route north through a new buried
conduit which connects to the existing HDPE effluent pipe north of the existing pump station building. Control of the effluent pumps occurs via level sensors in each clarifier. When the clarifiers reach capacity, the
vertical turbine pumps will engage and pump the retained combined sewer volume to the existing effluent
pipe and Outfall 100. This improvement requires a new connection between the effluent pump discharge
pipe and the existing outfall pipeline.
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This configuration requires six pumps, three in each clarifier, to meet capacity and redundancy requirements. This configuration includes construction of a new platform to support the vertical turbine pumps and
provide operator access. Concept development and cost estimates assume these platforms are located inside each of the clarifiers. Demolition of the existing launders allows maximum storage capacity in the clarifier and simplifies installation of the vertical turbine pumps in each clarifier. In addition, this concept requires a new electrical building within the vicinity of the clarifiers. Concept development and cost estimates
do not include the installation of a permanent crane for pump removal. This concept assumes use of a rental
crane for pump removal and maintenance due to the size of the vertical turbine pumps and relative infrequency of removal. The difficulty of removal, higher cost of vertical turbine pumps, and the requirement that
the platform must be constructed inside the clarifier all increase the cost of this option and potentially increases constructability issues and maintenance costs. Figure 17 provides a conceptual sketch of vertical
turbine effluent pumps in the secondary clarifiers.

Figure 17: Effluent pump station option 2 layout

Secondary Clarifiers as Pump Station Wet Wells (Submersible Pump in Clarifiers)
Alternative to the use of vertical turbine pumps, pump station design may assume submersible pumps installed in each of clarifier. Just as with the vertical turbine concept, this concept assumes three submersible
pumps installed within each clarifier to meet capacity and redundance requirements. Level sensors control
these effluent pumps and they discharge to a common header and a new yard pipe that connects to the existing effluent pipeline and outfall. This improvement requires a new connection between the effluent pump
discharge pipe and the existing outfall pipeline.
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A pump access platform installed outside of each clarifier includes davit cranes for pump access and
maintenance. The platform differs from the vertical turbine option because the submersible pumps do not
require direct overhead mounting. This simplifies the construction and lowers the cost of the access structure by building outside of the clarifier. This option also requires demolition of the clarifier launders to maximizes the storage volume and simplify pump access via davit crane. In addition, this concept assumes a
new electrical building is located adjacent to the clarifiers. This effluent pump station concept represents the
lowest cost option because submersible pumps are less expensive and because of the minimal modifications to the clarifier structures. Figure 18 provides a sketch of this effluent pump station concept.

Figure 18: Effluent pump station option 3 layout

Submersible Pump in New Wet Well
The final effluent pump station option includes a new wet well with submersible pumps constructed adjacent
to the secondary clarifiers. This configuration requires five pumps, one less than the previous options by consolidating the pumps at a single location. For this option the clarifier launders and distribution box remain.
When the clarifiers reach storage capacity, flow overtops the effluent weir, into the launder, and passes to
the existing effluent pipeline. Concept development assumes construction of the new pump station wet well
adjacent to the existing 48-inch-diameter effluent pipeline. During an overflow, the wet well fills, the pumps
activate, and discharge to the existing effluent pipe for conveyance to the outfall.
This option requires few upgrades to the existing yard piping. Installing the top of the pump station wet well
at grade provides easier access to the pumps for maintenance. This concept includes a davit crane for pump
access and removal. This option does not reuse the existing pump station building but does provide
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maximum reuse of the clarifiers and has the least interruption in the current hydraulic profile. Figure 19 provides a conceptual sketch of constructing a new effluent pump station adjacent to the secondary clarifiers.

Figure 19: Effluent pump station option 4 layout

Cost estimations for the four pump station concepts found that constructing a new wet well adjacent to the
existing clarifiers is the most expensive option. Because a primary planning criteria for this facility is to maximize the use of the existing infrastructure, the next most expensive pump station concept, vertical turbine
pumps installed in the secondary clarifiers, is incorporated into PGSF alternatives and carried forward for the
alternatives comparison. BC made this selection to account for the highest potential cost. The effluent pump
station layout may change during subsequent stages of planning and design.

2.7 Site Improvements
During the site condition assessment, BC conducted an inspection and evaluation of the above ground site
civil infrastructure in terms of the general condition, deficiencies, and concerns related to the suitability of
the existing site to be repurposed for the PGSF. The following section outlines general site improvements
universally applied to any future site use unless otherwise noted. The figure provided as Attachment A: identifies the site improvement locations.

Structure Demolition
BC recommends the demolition of the existing empty storage building north of the aeration basins, the two
gravity thickener structures, and the truck scale structure.
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Site Fencing and Access
Fencing throughout the site is in poor condition, and the perimeter security fencing is incomplete or insufficient. The existing access gates and locations left over from the previous site usage are not conducive to the
future needs of the site. BC recommends new fencing with secure vehicle and pedestrian access gates surrounding the repurposed PGSF facility.

Paving, Grading, and Drainage
The existing pavement, walkways, steps, and curbing across the site showed signs of severe deterioration.
Ponding areas indicate that grading and drainage structures across the site are also not adequate. Recommended improvements include re-grading and paving the entire site facility; replacing walkways, steps, and
curbing; adding site drainage inlets; and re-routing the parking lot drainage to connect to the City system.

Other Site Elements
Additional minor site improvements include the following items:
•
Updated facility signage
•
Additional designated parking spaces and accessibility updates
•
Replacement of deteriorated bollards

2.8 Yard Piping
Upgrade of the PGSF requires installation of new yard pipes. The yard pipe improvements include installation
of 60-inch-diameter HDPE stormwater conveyance pipe, yard valves, and valve vaults. This 60-inch-diameter
stormwater pipe will connect the PGSF to the City’s stormwater collection system from the east and convey
flow to the aeration basin structure for debris removal and equalization prior to treatment. In addition, facility
construction would include conveyance lines connecting the stormwater equalization basin to the biofiltration treatment system and stormwater effluent pump station. Planning estimates also assumes a new 36inch-diameter HDPE stormwater pipe running from the existing retention structure north of the parking lot to
the combined sewer storage structure for conveyance to the WPCF. The Site Condition Assessment provides
additional information on the existing site stormwater retention facility (BC, 2020). Along with the new stormwater piping, facility upgrades include a network of yard pipes constructed east of the aeration basin, connecting the structure to the collection system and Lift Station X.

2.9 Generator
Operation of the PGSF requires the installation of a generator to ensure facility reliability. The generator will
provide power to the debris removal equipment and effluent pump station. Planning assumes installation of
a single 1,500 kilowatt (kW) generator installed on a sheltered concrete slab. The City expressed that the
generator does not need a dedicated concrete masonry unit structure but rather a small shelter to protect
the equipment from the elements. Due to the site’s marine environment, facility design may require a more
robust structure with heating and ventilation to protect the generator and electrical equipment.

Section 3: PGSF Alternatives
Based on the established planning criteria, BC developed various facility and process configurations. As the
performance goals for PGSF became further refined, these configurations evolved into distinct arrangements, each representing a different design alternative capable of meeting as many of the City’s planning
criteria as possible. Three alternatives emerged from the development of these facility configurations. In total, BC identified seven alternatives. The following section provides an overview of these alternatives.
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3.1 Alternatives
Alternatives 1 through 3 primarily differ in the reuse of existing infrastructure for debris removal, detention,
and flushing of the combined sewer storage. Further refinement of the three alternatives results in different
iterations that vary by the degree of flushing in combined sewer storage basins.
While the City identified minimizing operator intervention during basin cleaning as a planning priority, optimizing the amount of basin flushing is justifiable because of preemptive debris removal before storage and
sequential basin filling will minimize the amount of material that will settle out after the first few storage
cells. This flushing optimization lowers project costs associated with installing fewer flushing mechanisms.
While Alternatives 1 through 3 represent different approaches to using the existing site infrastructure, they
do share common attributes. The following items are identical for all alternatives:
•
Site improvements
•
Stormwater debris removal and treatment
•
Lift Station X
•
Yard piping
•
Clarifier improvements
•
Generator structure
•
Effluent pump station
Alternative 4 assumes the minimum facility upgrades required to meet the performance criteria.

3.1.1 Alternatives 1a and 1b
Alternatives 1a and 1b retrofit the existing neutralization and chemical storage building, located east of the
AB, to house the combined sewer presettling basin and debris removal system. Figure 20 shows the general
site layout for these alternatives.

Figure 20. Site layout for Alternatives 1a and 1b
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Influent enters the neutralization basin structure through the existing 36-inch-diameter connections at the
southeast corner of the building. These influent pipes discharge to parallel 10-foot square chambers, which
serve as pre-settling basins. A weir separates the pre-settling basins from downstream debris separation,
constructed with parallel trains of screens and grit removal. Conceptual design of the debris removal system
includes a hydraulic bypass for high flow conditions. If influent rates exceed 30 mgd, flow will overtop a bypass weir at the screen channel and discharge directly to storage basin train 1 cell 1. At or below 30 mgd,
influent passes through the screens then the grit removal system, both constructed inside the repurposed
chemical neutralization cells.
Effluent from the grit removal system discharges to the existing distribution structure on the north side of the
neutralization basins. From here, the screened and degritted flow passes to storage basin train 3, cell 1
through the existing distribution pipe. Figure 21 and Figure 22 provide sketches of the combined sewer debris removal equipment within the existing neutralization basin.

Figure 21. Alternative 1 combined sewer debris removal equipment in existing neutralization basin structure
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Figure 22. Alternative 1 combined sewer debris removal equipment in existing neutralization basin structure

The main advantages to housing debris removal in the existing neutralization basins include space savings
and the flexibility for filling the basin trains by repurposing the existing distribution box. However, the unknown conditions of the interior of the neutralization basins may result in significant rehabilitation and design challenges. In addition, while the preliminary debris removal equipment selected does appear to fit in
the neutralization cells, there is minimal room for flexibility should design changes occur.
Alternatives 1a and 1b differ by the amount of combined sewer storage basin flushing. Alternative 1a assumes minimal basin flushing and 1b assumes moderate basin flushing. Further detail of these alternatives
follows in the next sections.
Alternative 1a
Alternative 1a pairs the placement of the debris removal equipment in the neutralization basins with minimal combined sewer storage flushing. This alternative consolidates basin flushing in the storage cells adjacent to the drains and in the basins where the largest volume of debris will likely accumulate (i.e., the first
basins to fill). These five cells represent the storage volume that would fill during a 5-year storm. This alternative includes the northernmost train and the cells that drain to Lift Station X. Figure 23 portrays the flushing assumptions for Alternative 1a.

36
PGSF Alternatives Analysis 20210706 DOE Review Addressed.docx

PGSF Alternatives Analysis

Figure 23. Alternative 1a, combined sewer flushing: minimum basin flushing

Alternative 1b
Alternative 1b pairs the placement of the debris removal equipment in the neutralization basins with flushing
of all combined sewer storage basin cells. For this alternative, the clarifier storage structures are the only
storge structures with no flushing mechanisms. The aeration basins filling represent storage required for a
50-year storm. Figure 24 depicts the basin flushing assumptions for Alternative 1b.

Figure 24. Alternative 1b, combined sewer flushing: storage basin only
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3.1.2 Alternatives 2a and 2b
Alternatives 2a and 2b preserve the neutralization basin structure as a combined sewer pre-settling basin
but replace the chemical storage building with a new structure to house the screening and grit removal systems. These alternatives assume retention of the existing basin drain system in the chemical storage building (see Section 2.3).
A new pipe connecting the debris removal system conveys combined sewer flow to storage basin train 3, cell
1. From cell 1, the basin cells and trains fill sequentially (northernmost to southernmost). This combined
sewer distribution system contrasts with Alternative 1, which repurposes the current distribution system between the neutralization and ABs. Constructing a new building provides flexibility for the layout of the debris
removal system, particularly for sizing and placing equipment.
Like Alternatives 1a and 1b, when influent flow exceeds 30 mgd, the debris removal system bypasses directly to the storage basin. Figure 25 shows a site layout for Alternatives 2a and 2b.

Figure 25. Site layout for Alternatives 2a and 2b

These alternatives assume the conversion of neutralization basin into a combined sewer influent equalization and pre-settling basin and construction of a new debris removal building. The neutralization basin structure provides approximately 190,000 gallons of storage volume upstream of debris removal. This volume is
in addition to the use of the existing flash mix chamber as a primary equalization chamber.
This layout includes the installation of pumps in the pre-settling basin. These pumps provide the option to
convey the stored water back to the primary equalization chamber. One advantage of using the existing infrastructure for as an equalization basin followed by a pre-settling basin is a greater capacity to handle small
events without requiring debris removal. This alternative may result in lower overall maintenance costs because fewer events will generate enough flow to PGSF to require the screens and grit removal cells to come
online. Any flow that only reached the pre-settling basins would drain back to the collection system. Figure
26 presents a sketch of the upgraded neutralization basin structure assumed for Alternatives 2a and 2b.
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Figure 26. Alternative 2 neutralization basin as combined sewer equalization and pre-settling

Alternative 2a
Alternative 2a assumes the use of the existing neutralization basin, a new structure for the debris removal
equipment, and minimal flushing for the combined sewer storage basins. Just as with alternative 1a, this
layout limits the flushing to basins adjacent to the drains and in the basins where the greatest volume of debris is expected (i.e., the first basins to fill). Figure 27 displays the flushing assumptions for Alternative 2a.

Figure 27. Alternative 2a, combined sewer flushing: minimum basin flushing

Alternative 2b
Alternative 2b pairs the neutralization basins and new debris removal structure with flushing of all storage
basin cells. For this alternative, the clarifier storage structures are the only storge structures with no flushing
mechanisms. The aeration basins filling represent storage required for a 50-year storm. Figure 28 displays
the flushing configuration for Alternative 2b.

39
PGSF Alternatives Analysis 20210706 DOE Review Addressed.docx

PGSF Alternatives Analysis

Figure 28. Alternative 2b, combined sewer flushing: basin only

3.1.3 Alternatives 3a and 3b
Alternatives 3a and 3b consider constructing the combined sewer debris removal system inside the AB structure. The advantages of this configuration include maximizing the use of the existing infrastructure and minimizing new construction. These alternatives assume removal of the neutralization basins and chemical storage building and construction of a new connection box on the east side of the AB structure. This box serves
as a connection point for the combined sewer conveyance lines to prevent the need to add penetrations to
the AB walls. Flow from the connection box feeds a pre-settling basin constructed in AB train 1, cell 1. From
this pre-settling basin, flow passes through parallel screen channels and grit removal systems constructed in
AB cells 2 and 3.
Alternative 3 provides the lowest storage volume of the three main alternatives, due to the use of three cells
for debris removal equipment and initial flow equalization. Like the previous concepts, alternatives 3a and
3b share the same base configuration but differ by the degree of basin flushing.
Figure 29 provides a sketch showing the general configuration of Alternatives 3a and 3b.
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Figure 29. Configuration for Alternatives 3a and 3b

During planning workshops, the City identified that maximizing the combined sewer storage as one of the
highest priority planning criteria. Based on this requirement, further alternatives analysis excludes Alternatives 3a and 3b because this configuration has a reduced combined sewer storage volume.

3.1.4 Alternative 4 Basic Facility Upgrades
During the February 2021 Alternative Analysis Workshop, the City expressed interest in exploring a facility
buildout that requires the fewest upgrades but still meets the defined performance criteria. This basic facility
upgrade alternative assumes the same build out conditions as alternative 1a – using the existing neutralization basin structure to house the debris removal equipment and installing minimum basin flushing. The improvements excluded from this alternative include upgrades to the aeration basin floors, installing flushing
mechanisms in the aeration basin cells, and minimizing the removal and replacement of the existing site asphalt. While this alternative represents the lowest cost buildout option for the PGSF, it will likely result in less
than optimal performance and potentially higher O&M costs compared to the other alternatives.
The previous alternatives assume the aeration basin floor is re-sloped and trench drains installed on the
south side of each basin train. These drain improvements intend to maximize the effectiveness of the basin
flushing system. The basic facility upgrade alternative does not include a flushing system and assumes use
of the existing basin drain, a 1.5-foot square trench running east to west through the center of each train,
connecting to an 18-inch-diameter drainpipe at the east side of the aeration basin. While excluding these
improvements may reduce design and construction costs, it may result in residual debris in the basins after
a storage event. In addition, the minimum alternative assumes each of the aeration basin storage cells remain connected rather than separating them by flap gates. This configuration results in each of the basin
trains filling sequentially rather than sequential filling of the individual cells of each train.
The basic facility upgrade alternative also minimizes removal and replacement of the asphalt at the existing
PGSF site. While eliminating site repaving will save on project costs, some areas of the facility may require
paving to abate the spread of small points of contamination identified in some locations around the facility
(Floyd Snider 2020). The minimum improvement alternative assumes that only 10 percent of the site is repaved rather than the entire property. Figure 30 summarizes the basic facility upgrades.
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Figure 30. Alternative 4 Basic Facility Upgrades

Table 11 summarizes the PGSF alternatives described in this section.
Table 11. PGSF Alternatives
Alternative

Combined Sewer Debris Removal

Basin Flushing

1a

In existing neutralization basin

Minimal (6 cells)

1b

In existing neutralization basin

All basin cells

2a

New building adjacent to aeration basin

Minimal (6 cells)

2b

New building adjacent to aeration basin

All basin cells

3a

In aeration basin

Minimal (six cells), eliminated from future analysis

3b

In aeration basin

All basin cells, eliminated from future analysis

4

In existing neutralization basin

None

Section 4: Alternatives Comparison
The following section compares the PGSF alternatives based on their ability to meet the defined planning
and performance criteria. Following this qualitative comparison, this section evaluates the total project costs
for each alternative.

4.1 Qualitative Alternative Comparison Matrix
The PGSF alternatives outlined in Section 3: offer different approaches for the storage facility to meet the
defined planning and performance criteria. As identified in Section 3.1.3, Alternatives 3a and 3b do not
meet the City’s planning criteria therefore the evaluation omits these alternatives. A comparison of the remaining alternatives identified the two primary differences.
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•
•

Modifying the existing neutralization basin to house debris removal equipment or construct a new building for this purpose.
The extent of basin flushing (minimum, partial, or complete).

The scoring system used to compare these concepts identifies whether the different alternatives fully, partially, or do not meet each of the planning criteria. For this comparison, a “+” indicates that an alternative
fully meets a criterion, a “0” indicates that a design option partially meets a criterion, and a “-” is assigned if
an alternative does not meet the criterion. Table 12 compares retrofitting the existing neutralization basin
structure with constructing a new buildings for debris removal. This table includes the number of criteria fully
met by each alternative for numeric comparison.
Table 12. Debris Removal Comparison
Debris Removal

Existing Neutralization Basin Converted to Debris Removal

New Debris Removal Structure

Minimize operator involvement

0

+

Active residuals management

+

+

Maximize use of existing infrastructure

+

-

Minimize equipment maintenance

0

+

Remote operation

0

0

Number of criteria fully met

2

3

The information presented in Table 12 reveals that constructing a new debris removal structure meets more
of the planning criteria then retrofitting the existing neutralization basin. While constructing a new building
does not maximize the use of existing infrastructure, the benefits include minimizing potential design issues
or equipment limitations that may occur with retrofitting the neutralization basin. For this reason, it’s assumed that design and construction of a new debris removal structure will minimize operator intervention
and equipment maintenance.
The alternatives presented in Section 3 explore different approaches to flushing the storage basins. Alternatives 1a and 2a assume minimum basin flushing while Alternatives 1b and 2b assume flushing of all storage
basin cells. Neither alternative assumes clarifier flushing. Table 13 compares these flushing configurations
to determine which meet the most planning criteria.
Table 13. Storage Basin Flushing Comparison
Storage Basin Flushing

Partial Storage Basin

All Storage Basin

Minimize operator intervention

O

O

Active residuals management

+

+

Maximize use of existing infrastructure

+

0

Minimize equipment maintenance

+

-

Minimize flow change directions in storage basin

+

-

Remote operation

+

+

Number of criteria fully met

5

2

The comparison presented in Table 13 identifies that only constructing flushing mechanisms in the first few
cells of the storage basin meets the most planning criteria of the three options. This configuration maximizes
the use of existing facility infrastructure by limiting the amount of retrofitting of storage cells and clarifiers,
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has the potential to minimize equipment maintenance, and minimizes flow changing directions during flushing. While installing fewer flushing mechanisms has the potential to increase operator demands after a storage event, this option will have an overall lower demand for equipment maintenance.

4.2 Alternative Capital Costs
BC performed cost estimation for the capital cost of each alternative. The estimates support alternative selection and concept development. Cost estimates for the PGSF improvements are in accordance with the
Advancement of Cost Engineering International criteria for a Class 4 estimate. Appendix B contains the Basis
of Estimate report and cost estimate summary. BC developed cost estimates based on the following assumptions:
•

Site contamination is minimal, and the existing quantities of contaminated soils are unknown (Floyd
Snider 2020). Estimates do not include allowances for removal and disposal of contaminated soils
during construction.

•

The existing electrical utility connection provides enough power for the future intended use of the
site.

•

A well point dewatering system will be adequate for below grade construction. The well point system
assumed for the estimates has wellpoints up to 25 ft deep at 10 ft spacing around the perimeter of
the excavation, assumed to be approximately 210 lf. The estimates include no steel sheet piles or
tremie slab for groundwater control. See site geotechnical report for information pertaining to soil
conditions and site groundwater (Dames & Moore 1995).

Table 14. Construction Cost Estimate Markup Assumptions, lists the markups assumed for the probable cost
of construction.
Table 14. Construction Cost Estimate Markup Assumptionsa
Markup

Rate

Labor

15%

Material

15%

Subcontractor

10%

Construction equipment

10%

Contractor General Conditions

15%

Undesigned/undeveloped contingency

50%

WA Sales tax

9.8%

a

Attachment B:contains the Basis of Estimate report and cost estimate summary

Some of the PSGF improvements are common to Alternatives 1a, 1b, 2a, and 2b, including yard piping, site
improvements, effluent pump station, interconnections to Lift Station X, and generator building. The costs for
these improvements are consistent for all alternatives. Table 15 outlines the capital costs developed for the
process area upgrades that are common to Alternatives 1a through 2b. Alternative 4, basic facility upgrades,
has a lower cost for these common improvements due to fewer aeration basin and site improvements. This
evaluation carries forward the total estimates reported in Table 15 as a line item for Alternatives 1a through
2b. Table 16 outlines the estimated costs associated with each alternative.
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Table 15. Probable Cost of Construction for Common PGSF
Improvements
Process Area

Estimate a,b,c

Stormwater treatment

$4.49

Effluent pump station

$5.09

Generator building

$3.23

Yard piping

$3.46

Lift Station X Interconnection

$1.28

Secondary Clarifiers

$2.55

Site improvements

$8.91

TOTAL

$29.01

a Cost

presented in millions of dollars

b Estimates
c

represent 2020 dollars

Attachment B:contains the Basis of Estimate report and cost estimate summary

Table 16. Probable Cost of Construction for each Alternative a,b,c
1a
DB=NBd
Min Flushing

1b
DB=NBd
Full Basin Flushing

2a
DB=New buildd
Min Flushing

2b
DB= New buildd
Full Basin Flushing

4e
DB=NBd
No Flushing

Debris removal

$10.73

$10.73

$16.89

$16.89

$10.73

Aeration basins

$18.19

$20.08

$18.19

$20.08

$11.02

Common costs

$29.01

$29.01

$29.01

$29.01

$23.12

Probable cost of construction

$57.94

$59.83

$64.10

$65.99

$44.87

a Cost

presented in millions of dollars

b Estimates
c

represent 2020 dollars

Attachment B:contains the Basis of Estimate report and cost estimate summary

d DB

= Debris removal, NB = Neutralization Basin

e. Basic

facility upgrades

Table 17 reports the total project costs for each alternative, including the markups for administration, legal
and engineering as well as engineering support during construction.
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Table 17. Total Capital Project Cost Estimates a,b,c
1a
DB=NBd
Min Flushing

1b
DB=NBd
Full Basin Flushing

2a
DB=New buildd
Min Flushing

2b
DB= New buildd
Full Basin Flushing

4e
DB=NBd
No Flushing

Probable cost of construction

$57.94

$59.83

$64.10

$65.99

$44.87

35% Admin, legal,
engineering

$20.29

$20.94

$22.43

$23.10

$15.70

10% engineering support during construction and construction
management

$5.79

$5.98

$6.41

$6.60

$4.49

Total project estimate

$84.01

$86.75

$92.94

$95.69

$65.06

($59 - $126)

($61 - $130)

($65 - $139)

($67 - $144)

($46 – $98)

Range (-30% to
+50%)
a Cost

presented in millions of dollars

b Estimates
c

represent 2020 dollars

Attachment B:contains the Basis of Estimate report and cost estimate summary

d DB

= Debris removal, NB = Neutralization Basin

e. Basic

facility upgrades

Alternatives 1a and 1b assume retrofitting the existing neutralization basin to house the debris removal
equipment. The cost of this improvement includes selective demolition of the neutralization basins, debris
removal equipment costs, and the installation of new concrete screen channels. Outside of the Alternative 4,
Alternative 1 represents the lower cost option, primarily due to greater repurposing of existing infrastructure.
The different variations in storage flushing that delineate Alternatives 1a and 1b influence the costs of the
AB modifications. Depending on the level of flushing, the number of flushing equipment units and modifications to the basin structure vary with each alternative. Greater flushing coverage of combined sewer storage
is associated with higher costs. Alternative 1a, which assumes the least amount of flushing and retrofit of
the existing neutralization basin, represents the lower cost of these two alternatives.
Alternatives 2a and 2b assume construction of a new debris removal structure at the current location of the
chemical storage building to house the debris removal equipment. Construction of the new debris removal
building accounts for the greatest cost for these alternatives. It would, however, provide the most flexibility
and optimal layouts for the debris removal equipment. Alternative 4, which represents the basic facility upgrades, provides the lowest cost alternative due to savings accounted for by not installing basin flushing, potable water conveyance lines for the flushing equipment, and minimizing the site improvements. While this
alternative has the lowest capital cost, the reduced buildout may result in less than optimal facility performance and higher operating costs associated with manual basin cleaning.

4.2.1 Alternative Comparison Business Case Evaluation
BC conducted a business case evaluation (BCE) to compare the net present value of each of the proposed
alternatives. The BCE process supports a business judgement decision for a proposed project by considering
factors such as capital costs, operating costs, and quantifiable risks. With costs and risks established in
terms of dollars, the BCE compares alternatives using a life-cycle present value benefit/cost analysis. The
BCE conducted for the PGSF analysis includes a comparison of the alternatives on the bases of capital, operating, and risk costs.
Assumptions used in a BCE include the year of analysis, term, escalation rate, and discount rate. The year of
analysis refers to the year for which the BCE calculates the net present value. Term refers to the duration of
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analysis or assumed life span of a capital investment. The escalation rate represents the average rate of
cost escalation expected over the life of the analysis. Finally, the discount rate represents the minimum effective annual interest rate required for an investment today to be equal to a future sum. This analysis calculates the net present value in 2021 dollars, based on a term of 30 years, an escalation rate of 3 percent,
and a discount rate of 5 percent.
In addition to capital costs, the BCE compares the alternatives on the basis of operating and risk costs. The
operating costs associated with each alternative differ primarily due to the degree of basin flushing and facility maintenance associated with each alternative. Alternatives 1A and 2A assume minimum basin flushing;
therefore, will require more manual cleaning compared to Alternatives 1B and 2B. Alternative 4 assumes no
basin flushing; therefore, requires the greatest amount of cleaning and maintenance after a storage event.
In addition to staffing requirements for basin cleaning, the O&M costs also accounted for maintenance and
upkeep associated with the flushing mechanics.
The BCE calculation also considered costs associated with the installation, operation, and upkeep of debris
removal equipment (Alternatives 1A, 1B, 2A, and 2B). Effluent pumping and odor control operation account
for the primary power consumption for these alternatives. The BCE analysis is based on the following assumptions:
•

O&M activities require two staff members onsite for any facility cleaning, maintenance, and upkeep.

•

Full time employee (FTE) yearly cost of $75,000.

•

The staff requirements for post storage event cleaning and maintenance demands are based on the
frequency and intensity of storm events presented in Figure 4 and the average number of precipitation events per year for the City of Everett reported by the Western Regional Climate Center (WRCC
2021).

•

Flushing equipment maintenance costs assume 2 FTE days of maintenance per flushing mechanism
per year.

•

Debris removal system maintenance and solids hauling assumes 0.5 days FTE for each storage
event.

•

Unplanned facility maintenance assumes 3 days per month October through April for Alternatives 1A,
1B, 2A, and 2B. Unplanned maintenance assumes 10 days per month October through April for Alternative 4.

•

Energy costs assume the general service small load rate of $0.09 per kilowatt hour reported by the
Snohomish County Public Utility (SnoPUD 2021).

•

The BCE assigns a $25,000 per year risk cost to Alternative 4 to account for the lack of odor control
and potential cost associated with public nuisance and complaints.

Table 18 summarizes the annual running costs assumed for each alternative.
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Table 18. Alternative O&M Annual Running Costs
Minimum Buildout
Minimum flushing & debris removal Full flushing & debris removal
No Flushing or debris removal
(Alternatives 1A & 2A)
(Alternatives 1B & 2B)
(Alternative 4)

Operating item
Post storage event facility cleaning

$30,000 a

$2,000 b

$140,000 c

Flushing equipment maintenance

$3,500

$7,500

-

Debris removal, maintenance, & hauling

$25,000

$25,000

-

Unplanned facility maintenance

$7,000

$7,000

$25,000

Energy cost d

$40,000

$40,000

-

-

$25,000

$105,500

$81,500

$190,000

Risk cost
Total
a. Post

-e

storage event facility cleaning requires 2 full days for two FTE, 3 visits per year

b. Post

storage event facility cleaning requires 1 full day for two FTE, 24 visits per year

c. Post

storage event facility cleaning requires 3 full days for two FTE, 82 visits per year

d.

Odor control, debris removal, and effluent pump station energy demand.

e.

Energy demands for Alternative 4 assumed negligible due to the infrequency of effluent pump station operation

The NPV calculation assumes facility design and construction between 2021 through 2027 and yearly operating costs starting in 2027 and running through 2051. Table 19 summarizes the capital costs, 30-year NPV,
and difference over the lowest cost option for each of the alternatives.
Table 19. Alternative Net Present Value Cost Summary
Alternative

Capital Cost a,b,c

30-Year NPV a,b,d

Cost Over Minimum NPV a,b

1A – Minimum flushing, debris removal in existing neutralization basin
structure

$84.01

$79.89

($16.04)

1B – Full Flushing, debris removal in existing neutralization basin
structure

$86.75

$81.77

($17.93)

2A – Minimum flushing, new debris removal building

$92.95

$88.16

($24.32)

2B – Full flushing, new debris removal building

$95.69

$90.34

($26.50)

4 – No Flushing or debris removal

$65.06

$63.84

-

a Cost

presented in millions of dollars

b Estimates

represent 2021 dollars

c Capital

costs include admin, legal, engineering, and service during construction estimates

d30-year

NPV includes both capital and operating costs

As presented in Table 19, Alternative 4 provides both the lowest capital cost and lowest net present value,
despite the higher operational costs associated with facility cleaning, unplanned maintenance, and assumed
risk cost. This alternative is not practical because of other non-quantified risks associated with facility downtime and heavy City resources that would be required to keep it operational. Of the alternatives that include
installation of debris removal and basin flushing, Alternative 1A is the lowest capital and NPV alternative.
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Section 1

Introduction and Purpose
Brown and Caldwell (BC) was contracted to provide subconsultant services to HDR, Inc., and the City
of Everett (City) to perform a condition and site assessment of the Port Gardner Storage Facility
(PGSF), formally the Kimberly-Clark (KC) wastewater treatment plant (WWTP). The purpose of this
technical memorandum is to present the findings of BC’s site assessment.
This site assessment focuses on aboveground civil infrastructure and identifies deficiencies or
concerns with the current condition and code compliance of the WWTP civil site items. The results of
this assessment will be used to inform the repurpose of the KC WWTP site to the PGSF. To perform
the site assessment of the PGSF, WWTP records were reviewed and a field inspection of the existing
plant site was conducted on June 22 and 23, 2020.
The site conditions are identified and assessment results are summarized in the body of this Report,
which is organized by item category as follows:
•
Section 1. Introduction and Purpose
•
Section 2. Site Overview
•
Section 3. Methodology
•
Section 4. Site Access and Security
•
Section 5. Vehicular Circulation and Parking
•
Section 6. Site Signage
•
Section 7. Paving, Grading and Drainage
•
Section 8. Site Utilities
•
Section 9. Erosion Control and Landscaping
•
Section 10. Other Site Elements
In addition, Appendix A contains a copy of the Condition Assessment Plan developed prior to the site
inspections, which documents the planned methodology.
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Section 2

Site Overview
This section provides an overview of the PGSF Site and a summary of the location and items
inspected during the field assessment.

2.1 Site Overview
The KC WWTP served as a primary and secondary wastewater treatment facility for the Kimberly
Clark pulp mill and tissue plant, located south of Port Gardner along the Possession Sound in Everett
Washington. Construction of a secondary treatment system located in the northern 350 feet of the
plant parcel was completed in 1982. Following the decommissioning of the mill and WWTP in 2012,
the City purchased the secondary treatment system to repurpose the existing infrastructure into the
PGSF for either wet weather storage or treatment. The parcel containing the PGSF is located at 2600
Federal Avenue (Parcel ID: 29051900201300). The PGSF property is bound by West Marine View
Drive on the east, the former Kimberly Clark mill currently owned by Port of Everett on the south, the
East Waterway to Possession Sound to the west and Naval Station Everett to the north (See Figure 21). The PGSF property consists of the secondary treatment plant site as well as the large parking lot
immediately north of the plant site.
The plant site contains several structures associated with the secondary treatment. These structures
are identified in Figure 2-1 and include neutralization basins, chemical storage building, three
aeration basins, two 150-foot diameter secondary clarifiers (east and west), a blower building,
general storage building, sludge pump station, two 35-foot diameter flotation thickeners, and truck
scale.
Within the Plant Site and Parking Lot areas, stormwater infrastructure, electric lighting and perimeter
security fencing is shared between both spaces. Additionally, potable water and sanitary sewer
service the Plant Site from the east along West Marine View Drive. A variety of site elements were
observed during the inspection. These are identified in the respective figures for each item category
section.

2-1
Use of contents on this sheet is subject to the limitations specified at the end of this document.
Everett PGSF Site Assessment.docx

Everett Port Gardner Storage Facility Site Assessment

Section 2

Figure 2-1. Everett PGSF property location, site areas, and structures
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Section 3

Methodology
3.1 Site Assessment Methodology
The civil inspection findings are summarized by category for the aboveground civil infrastructure.
Inspection and assessment of the underground civil infrastructure, including yard piping, was not
completed as part of this scope of work. The scoring methodology used in the condition assessment
report will not be used for the civil site elements. For all elements inspected, the general condition,
deficiencies and concerns are identified in this technical memorandum. BC completed the following
activities to complete the site assessment at PGSF. This site assessment was conducted using only
visual observations under current conditions and the findings are reflective of these conditions.
•
Information/data gathering: Review available records of site elements including plant record
drawings and publicly available historical aerial imagery.
•
Visual assessment: A civil engineer conducted site inspections with City staff to assess facility
items and evaluate their overall condition, functionality for site use and code compliance.
•
Staff interviews: Everett City staff provided input during the field inspections that informed the
evaluations made by the inspector. In addition, during the site visits, City staff identified
elements to be excluded from the assessment. These elements include the Possession Sound
outfall structure and seawall.
Summary of Assessment Findings by Category: All of the site elements were organized by category
to prepare a summary of the assessment findings. The findings enumerate the results of the visual
assessment and staff interviews. Comprehensive photographs were taken during visual inspection of
the site. A subset of representative photos depicting the typical site elements and their conditions
are included in each section.
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Figure 3-1. Site access and security elements
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Section 4

Site Access and Security
A variety of fence configurations were present during the site visit. A partial perimeter fence with
vehicular and pedestrian size gates as well as 8-foot tall chain link fence with barbed wire and 6-foot
tall chain link fence were identified. Fences located during the site visit are shown on Figure 4-1.
Perimeter Fence
The KC pulp mill and tissue plant installed perimeter fencing as part of the plant security. This
fencing was to prevent unauthorized pedestrians and automobiles from entering the property. Along
the shoreline, no fencing was installed. When the parcel was subdivided prior to sale to the City,
additional fencing was not installed along the newly created property boundary. Therefore, the
southern perimeter of the PGSF parcel is not completely fenced. The perimeter fence consists of an
8-foot tall chain link fence with 3-strand barbed wire at the top, Figure 4-2 is representative of the
perimeter fence’s typical condition.

Figure 4-1. Perimeter fence located east of neutralization basins

Perimeter fencing across the site was observed to have multiple deficiencies:
•
Leaning or bent sections
•
Separated structural components
•
Brace rails bent or separated from the fence posts
•
Bent wire arms
•
Missing or broken barbed wire
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Section 4

Appearance of surface metal corrosion and rust
Damaged fence fabric
Temporary fencing sections mounted on wheels

Interior Fence
Within the parcel perimeter shorter chain link fence has been installed to separate areas based
upon function. As an example, immediately south of the aeration basins, fencing appears to have
delineated storage areas. Temporary fencing was also identified within the parcel area. This
temporary fence is similar to the permanent fences, but the posts sit upon brackets. The majority of
interior fencing is 6-feet tall, chain link, Figure 4-3 is representative of the interior fence’s typical
condition. Figure 4-4 illustrates the temporary fencing located onsite.

Figure 4-2. Permanent interior chain link fencing located north of blower building
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Figure 4-3. Temporary fencing at parking lot access to plant site

Interior fencing across the site was observed to have the following deficiencies:
•
Leaning or bent sections
•
Torn fence fabric
•
Brace rails bent or separated from the fence posts
•
Missing clips
•
Appearance of surface metal corrosion and rust
•
Temporary fencing sections mounted on brackets
Storage Spaces
Two areas appear to have been used by KC for outdoor storage. These areas are immediately south
of the aeration basins and are separated with 8-foot tall chain link fencing, without barbed wire. The
fencing in these areas was observed to have the following conditions:
•
Fabric removed or disconnected from posts
•
Missing gates and other structural components
•
Damaged fencing fabric
•
Bent fence posts
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Figure 4-4. Storage area south of aeration basins

Truck Scale
A truck scale is located immediately east of the chemical storage building, between the two-story
structure and the property boundary. Perimeter fencing surrounds the truck scale area. Separate
entrance gates were identified at the northern and southern extents of the truck scale area.
Fencing surrounding the truck scale was observed to have the following conditions:
•
Bent or damage structural components
•
Bent wire arms
•
Missing or broken barbed wire
•
Appearance of surface metal corrosion and rust
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Figure 4-5. Truck scale east of the chemical storage building

Facility Entrances
During the inspection, 13 vehicular or equipment access gates and 2 pedestrian gates were noted.
All access gate locations are marked on Figure 4-1. The primary plant site entrance utilized during
the site visit is located in the northeast corner of the plant site off of the West Marine View Drive
parallel access road, see Figure 4-1. This manual swing gate is secured using a keyed padlock. A
sign is affixed to this entry gate and is the standard City of Everett property identification sign, shown
in Section 6.
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Figure 4-6. Main plant site access gate located in the northeast corner of the plant site

Additional access gates were identified within the perimeter fence as illustrated on Figure 4-1. These
access points vary in function (swing gate or rolling gate) and opening mechanism (manual or
mechanical). During the site visit it was observed that the primary entrance to the parking lot is
located north of the plant site gate. This gate is a rolling, mechanically opened gate.
Access gates were identified within the parcel’s interior fencing. Most of these gates were secured
with a padlock, with the exception of the storage areas immediately south of the aeration basins.
Pictures were taken of several of the gates and have been included below.
The existing entry gates were observed to have the following deficiencies:
•
Bent structural components
•
Damaged or detaching barbed wire
•
Damaged fence fabric
•
Appearance of surface metal corrosion and rust
•
Temporary fencing sections
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Figure 4-7. Access gate immediately east of chemical storage building within perimeter fence

Figure 4-8. Pedestrian gate and unfenced section along southern border of site
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Figure 4-9. Parking lot entry rolling gate

Figure 4-10. Interior access gate north of blower building
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Figure 4-11. Interior site access gate to storage areas south of aeration basins

Site Security
Additional security measures have been installed within the perimeter fence boundary. Razor wire
was found coiled around walkway supports and exposed piping between the blower building and
aeration basins. The wire appears to be installed to prevent climbing access to the entire outer north
wall of the aeration basin. The areas where razor wire was observed is shown on Figure 4-1. Pictures
of the razor wire installation are in Figure 4-13.
Security at the property has multiple deficiencies. The absence of complete perimeter fencing
surrounding the property allows access by unauthorized persons entering the site. The padlocks and
chains used to secure access gates appear to be vulnerable to being damaged with a pair of bolt
cutters, allowing entry to the site. Visits by City Staff occur at least twice per week. During these
visits, staff look for evidence of site intrusion. Access provisions for emergency personnel to enter
the site when necessary are also unknown. Typical physical security measures recommended for
wastewater/stormwater utility plant facilities include electronic security systems, access control
systems, closed-circuit television surveillance or on-site security staff (ASCE/AWWA, 2006). It was
unclear from visual inspection whether any of these additional security measures were in place or
functioning.
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Figure 4-12. Razor wire around ground access supports and piping between the blower building and aeration
basins

Figure 4-13. Razor wire coiled around conduits along outer north wall of aeration basins
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Figure 4-14. No fencing is present along the property border south of the clarifiers, or along the seawall side
of the property
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Vehicular Circulation and Parking
Vehicle access paths, parking areas, bollards, traffic signage, and concrete barriers (Ecology Blocks
and Jersey Barriers) were observed during the site visit. The interior fences, ecology blocks, bollards,
and traffic signage appear to restrict vehicular movement within the plant site. The jersey barriers
are located along the perimeter fence between the parking lot and the Naval Station Everett. The
locations of these elements are shown on Figure 5-1. During the site visit, no painted parking spaces
were noted in the plant area, only in the parking lot. All parking spaces within the parking lot are
sized for semitrucks with trailers. No ADA accessible parking was designated.
General Site Vehicular Access
As noted above, the primary plant site entrance is located in the northeast corner of the plant site off
of the West Marine View Drive parallel access road. Additional vehicular gates were observed at
multiple points along this access road. Interior to the project area, vehicles are currently blocked
from traveling between the parking lot and plant site by temporary fencing. Along the southern
property boundary, a former plant entrance/exit was observed.
To access the western half of the plant site, vehicles must travel along the northern edge of the plant
site via a 10-12 foot wide asphalt drive as shown in Figure 5-2. Existing traffic signage, described in
Section 6, suggests that during the KC ownership of the property, an entrance/exit to the plant site
was through the southern border between east secondary clarifier and the aeration basins. Stop
signs were observed to be facing west at intersections with the central route toward the southern
plant exit. Between the east secondary clarifier and the aeration basins 15 feet of clear space allow
for vehicles to pass as shown in Figure 5-3.
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Figure 5-1. Vehicular circulation and parking elements

5-2
Use of contents on this sheet is subject to the limitations specified at the end of this document.
Everett PGSF Site Assessment.docx

Everett Port Gardner Storage Facility Site Assessment

Section 5

Figure 5-2. Asphalt drive along northern edge of the plant site

Figure 5-3. Vehicle access between aeration basins and east secondary clarifier

Ecology blocks and jersey barriers are located along the north-northwest edge of the plant site, along
the shoreline and the western edge of the parking lot, as shown in Figure 5-1. The ecology blocks in
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the north-northwest corner of the plant site directs vehicles to stay on the paved areas of the plant
site and away from the grassy area in the far northwest corner of the plant site. Ecology blocks and
jersey barriers along the shoreline are located between the seawall and the western secondary
clarifier and stop vehicles before they enter the water. These blocks also mark the western boundary
of the City property, the area beyond is owned by the Port. The jersey barriers along the western edge
of the parking lot provide additional vehicular protection to the perimeter fence between the parking
lot and Naval Station Everett.
The condition of these concrete barriers is relatively consistent across the installations. The barriers
generally appeared to be showing signs of deterioration including exposed aggregate, chipping, or
crumbling edges with chunks of material missing. The barriers along the shoreline contain overgrown
vegetation and evidence of wind/rain erosion on the concrete surfaces, see Figure 5-4. The other
barriers are damaged due to poor installation techniques or vehicular impact, see Figure 5-5.

Figure 5-4. Barriers prevent vehicular access between seawall and western secondary clarifier along western
border of site
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Figure 5-5. Jersey barriers blocking access to stormwater retention structure. Barriers have shifted and
appear to be missing chunks of concrete

Figure 5-6. Ecology blocks showing signs of deterioration and exposed aggregate west of the sludge pump
station
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Truck Scale
As noted above, a truck scale is located east of the chemical storage building. The plant’s operation
history indicates that trucks would enter the scale area through a swing gates on the north or south
ends of the area, drive up a small ramp to the scale and be weighed. Following the weighing, trucks
would continue straight across the scale, down a small ramp and out the scale area through the
access gates.
The truck scale is no longer active as the gates that control vehicular access to the scale are blocked
with ecology blocks. Vegetation was growing within the deteriorated pavement surrounding the scale
structure, which appeared to be covered in surface corrosion, as seen in Figure 5-7.

Figure 5-7. Truck scale

Parking Spaces
No designated parking spaces were observed at the plant site, but space for vehicles was available
within the asphalt paved areas immediately adjacent to buildings without obstructing vehicular
traffic. 93 designated parking spaces were observed in the north parking lot area. The parking space
paint in the parking lot appeared to be sized to fit semitruck and trailers rather than personal
vehicles. Additional paint has been applied to each parking space to identify the parking space
number, see Figure 5-8. No designated ADA accessible parking spaces were observed. Grades were
not measured to evaluate potential existing ADA compliance.
The parking space paint was visible in most locations, with some sections difficult to read due to
debris buildup, fading or erosion of paint material.
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Figure 5-8. Parking spaces

Bollards
Several bollards were observed to be protecting various assets around the plant site from vehicular
damage. Bollard locations are marked on Figure 5-1. These bollards appear to be between 3 feet tall
and 4 feet tall. In some locations, additional rails were added to connect the top and middle of the
bollards in a fencelike manner. At the parking lot rolling gate, large diameter, lower profile bollards
protect the electronic actuators, see Figure 5-11. All bollards were painted yellow.
The conditions of the bollards were observed to be consistent across the site. The yellow paint has
faded due to sun exposure and many of the bollards appeared to be leaning or bent and have their
paint damaged by impacts with vehicles or machinery. The exposed areas of underlying metal have
evidence of surface metal corrosion.
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Figure 5-9. Bollards protecting the outdoor emergency shower

Figure 5-10. Bollards surrounding underground infrastructure
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Figure 5-11. Large diameter, low profile bollards at the north parking lot entrance
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Signage
There were several signs installed around the property. These signs were to direct vehicular traffic,
pedestrian traffic, provide warning and information. Some of the signs observed onsite appeared to
meet the requirements and specifications of the Manual on Uniform Traffic Control Devices (MUTCD).
Site assessment activities were limited to the exterior portions of the property and all signage
installed along aerial walkways are noted in the Condition Assessment Report.
Entrance and Property Ownership Signage
A “City of Everett Property” sign in Figure 6-1 was affixed to all of the vehicle entry gates. These signs
are affixed to the chain link fence with brackets and bolts at 5 feet off the ground.
These signs appeared to be relatively new and in good condition.

Figure 6-1. City of Everett property sign

Traffic and Parking Signage
During the site visit a variety of traffic signs were observed. Within the parking lot, two exit signs
direct drivers to the rolling gate. These exit signs are mounted to steel posts whose foundation is a
cylindrical concrete block, which makes these signs mobile. Both exit signs appear to be per MUTCD.
In addition to the mounted exit signs, an additional exit sign has been painted onto the north side of
the flotation thickener structure. This sign is a white arrow, with black text “EXIT” within, which
directs vehicles to the main plant site swing gate. An additional MUTCD exit sign was found on the
ground next to steel post and concrete block foundation within the plant site.
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Within the plant site, as mentioned above, two stop signs direct internal traffic to the south between
the aeration basins and the eastern secondary clarifier. These stop signs are mounted to steel posts
whose foundation is a plastic water barrel filled with concrete. Both stop signs are mobile, but the
signage appears to be per MUTCD.
Two signs are affixed to the eastern secondary clarifier and the flotation thickener structures which
state “No Thru Traffic”. These signs appear to meet MUTCD requirements and are affixed to the
structures with bolts.
Traffic signage observed appeared to have been in place from the previous access and usage of the
site by Kimberly Clark. Observed conditions of these signs included:
•
Physical damage
•
Severe fading
•
Missing sign material
•
Sign detachment

Figure 6-2. Exit signs in parking lot
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Figure 6-3. Painted traffic arrow on flotation thickener

Figure 6-4. Stop sign and No Thru Traffic sign located north of the eastern secondary clarifier
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Facility and Safety Signage
Informational and safety signage was observed at the plant site. A large wooden sign was affixed
with bolts to the seaboard side of the western secondary clarifier warning boats of the underwater
pipeline.
Safety signage included confined space, high voltage, and hearing protection warnings. These signs
were installed throughout the plant site and appear to be affixed in the appropriate locations. A sign
indicating the emergency shower and eyewash station was affixed to the feeder pipe of the shower
with wire ties. Confined space signage was present at the entrance to underground structures. These
signs were affixed to the infrastructure immediately adjacent to the access point. High voltage signs
were observed at several points within the plant site. These signs were immediately adjacent to
conduit and the door to the blower room. A hearing protection sign was affixed to the entrance door
to the blower room.
The secondary clarifiers have been painted with large text that indicates the structure name and its
capacity.
Observed conditions of these signs included:
•
Physical damage
•
Severe fading, warping, and cracking from the elements
•
Missing sign material
•
Sign detachment
•
Debris buildup

Figure 6-5. Wooden sign affixed to west clarifier facing harbor to warn boats

6-4
Use of contents on this sheet is subject to the limitations specified at the end of this document.
Everett PGSF Site Assessment.docx

Everett Port Gardner Storage Facility Site Assessment

Section 6

Figure 6-6. Painted identification signage located on the west secondary clarifier

Figure 6-7. Safety signage observed at the site. In clockwise order: Confined space warning sign northwest of
aeration basins, outdoor emergency shower and eyewash signage, hearing protection warning sign, high
voltage warning sign at northwest corner of aeration basins.
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Paving, Grading and Drainage
Most of the site is covered with pavement or graveled impervious surface. Two small areas of grass
were present during the site visit – at the northern edge of the parking lot and the northwestern
corner of the plant site. Along the eastern and southern perimeter of the parking lot, grass islands
were observed. An asphalt walkway was observed near the sludge pump station. Curbing was
observed next to the blower building, chemical storage building, and surrounding the parking lot
islands.
Nine catch basins, two trench drains, a gravel/grass lined swale, and a concrete swale were
observed to manage runoff across the property. In the northwest corner of the parking lot, a
stormwater retention facility was identified. Four monitoring well locations have been identified by
City staff but were not observed during the site inspection.
Figure 7-1 shows the extents of graveled and unpaved areas across the site. The remaining areas
are paved. Ponding areas, drainage structures, monitoring well locations and the estimated direction
of overland flows across the site are also noted based on field observations.
Pavement Condition
Asphalt pavement condition varies across the site but was generally observed to have the
appearance of age-related deterioration. Saw-cuts and patching, alligator and linear cracking,
potholing, sunken, exposed base aggregate and vegetation growth through the pavement was
observed across the asphalt paved areas. A section of unpaved train track was present east of the
chemical storage building, see Figure 7-4. Concrete slabs were observed to have cracking, shifting
and intruding vegetation growth.
Figure 7-2 illustrates the deteriorated ground cover north of the storage building that indicates
potholing, vegetation intrusion, exposed aggregate and signs of ponding.
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Figure 7-1. Paving, grading, and drainage elements
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Figure 7-2. Deteriorating ground cover within the plant site north of storage building

Figure 7-3. Area west of aeration basins with depressions, patching, fatigue cracking (alligator cracking),
vegetation intrusion, and poor drainage
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Figure 7-4. Unpaved train tracks east of chemical storage building

Figure 7-5. Concrete pad with vegetation intrusion at bottom of stairs southwest of the west secondary
clarifier
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Gravel
Graveled areas were observed to be overgrown with vegetation and moss. The extents were difficult
to determine due to the well-established vegetation, but were estimated on Figure 7-1 based upon
observations, historical aerial imagery, and original design plans.

Figure 7-6. Graveled area west of clarifier overgrown with vegetation

Figure 7-7. Overgrown gravel area north of aeration basins
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Walkways
Asphalt walkways were present near the entrance of the sludge pump station. The walkway surfaces
were bumpy and vegetation growth was encroaching upon the edges. The measured width of the
asphalt walkways was found to be less than the 32 inches, which is the minimum travel path width
required to meet Americans with Disabilities Act (ADA) accessibility standards where applicable.

Figure 7-8. Walkway to sludge pump station entrance

Steps
One set of small steps and associated railing were observed leading to the area between the
aeration basins and blower building from the chemical storage area. The steps were painted yellow
to improve visibility, but the color appeared to be darkened by debris buildup. The concrete wall
supporting the step railing was noted to be crumbling underneath the rail supports.
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Figure 7-9. Steps and metal railing between aeration basins and blower building. The corner of the retaining
wall appears to be crumbling, undermining metal railing.

Curbing
Curbing was observed to have signs of extreme deterioration, including cracks and broken sections.

Figure 7-10. Broken curbing sections north of chemical storage building
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General Site Drainage and Ponding Areas
As noted above, nine catch basins were observed across the property. Evidence of multiple areas of
ponding were present during the inspection and are shown on Figure 7-1. During the site inspection,
catch basins and other drains in the plant site were observed to have both standing water within the
structures and signs of frequently ponded water above the inlets. Vegetation growth was present
around most of the catch basins. Debris was observed to have collected on the pavement
immediately adjacent to several catch basins. This debris can be evidence that water ponds
frequently in these areas. The visual inspection was conducted during a period of dry weather,
suggesting that more severe ponding occurs during wet weather.

Figure 7-11. Ponding at north entrance of chemical storage building near a trench drain

7-8
Use of contents on this sheet is subject to the limitations specified at the end of this document.
Everett PGSF Site Assessment.docx

Everett Port Gardner Storage Facility Site Assessment

Section 7

Figure 7-12. Ponding observed north of blower building during a preliminary site visit conducted after wet
weather

Figure 7-13. Evidence of ponding observed east of flotation thickeners
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Figure 7-14. Catch basin between aeration basins and east secondary clarifier. Area around catch basin has
vegetation growth and debris collection

Figure 7-15. Trench drain at north flotation thickener structure. Ponding and vegetation observed
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Asphalt Drainage Swale
The asphalt drainage swale along the southern property boundary immediately south of the aeration
basins, collects stormwater runoff and conveys it to an existing pump station located immediately
west of the former south plant exit/entrance. Multiple catch basins were observed along the flow line
of the swale and these catch basins appeared to contain old filter fabric catch basin inserts. Debris
and sediment has accumulated within the swale where vegetation has grown.

Figure 7-16. Asphalt drainage swale south of aeration basins. Vegetation was observed throughout the entire
swale and drainage areas. Flow direction noted by arrow.
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Figure 7-17. Evidence of water ponding along asphalt drainage swale south of aeration basins. Flow direction
noted by arrow.

Rock Drainage Swale
A riprap lined swale, present along the southern border of the plant site immediately south of
secondary clarifiers, collects stormwater runoff and conveys it to the east to the pump station. A
large inlet structure appears to capture the runoff from this riprap lined swale and feed it into the
pump station. A historical site drawing indicates that a grit trap and oil/water separator may be
installed at the west end of the swale, but only aboveground items related to the facility were
inspected. Debris and sediment has accumulated, allowing vegetation to become established within
the swale.
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Figure 7-18. Riprap drainage swale south of clarifiers

Figure 7-19. Storm drainage inlet at east end of riprap lined swale
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Pump Station
A pump station is installed at the east end of the swale. City of Everett staff indicated that the water
captured in the asphalt and rock lined swales is pumped to the secondary clarifier. Inspection of the
pump station equipment is part of the Condition Assessment Report.

Figure 7-20. Pump station located at eastern end of swale

Figure 7-21. Pump station equipment access and manhole
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Parking Lot Drainage
The parking lot area north of the plant site is graded to drain into two catch basins. Evidence of
ponding was present in the parking area during the inspection and is marked on Figure 7-1. During
the site inspection, catch basins were observed to have both standing water within the structures
and signs of ponded water adjacent to the inlets. Debris was observed to have collected on the
pavement immediately adjacent to the inlets and surrounding the parking lot entry gate. The
presence of this debris is evidence that water ponds frequently in these areas. The visual inspection
was conducted during a period of dry weather, suggesting that more severe ponding occurs during
wet weather. City staff have indicated that these facilities currently drain to the adjacent Navy
property.

Figure 7-22. Catch basin in northern parking lot area, with evidence of adjacent ponding areas

Parking Lot Area Stormwater Retention Facility
A stormwater retention facility was observed at the north end of the parking lot. The facility is owned
by the City and flows into the Navy drainage system. Details of the facility were not located on
available drawings or City GIS. The facility is lined with concrete ecology blocks that were measured
to be at least 3 feet deep. A storm manhole was observed to be located in the northeast corner of
the retention facilities embankment. The physical condition, inlets and outlets were not visible due to
excessive vegetation growth.
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Figure 7-23. Retention facility and storm manhole at north end of parking lot area. Excessive vegetation
observed in the facility.
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Site Utilities
Utilities servicing the property were located and identified during the site visit. These utilities include
water service (potable and fire), sanitary sewer, underground and overhead power, natural gas, and
communications. Water service is provided by the City of Everett. A fire hydrant and natural gas
standpipe were noted outside of the eastern perimeter fence. A fiber optic cable box was observed
servicing the sludge pump station. Overgrown vegetation and bent, deteriorating bollards were
observed around the hydrant and water manhole.
Underground yard piping and utilities were not part of the civil site inspection. During the site
inspection it was observed that underground utility access points outside of asphalt paved areas are
currently difficult to locate and access due to overgrown vegetation.

Figure 8-1. Water manhole, meter, and fire hydrant

8-1
Use of contents on this sheet is subject to the limitations specified at the end of this document.
Everett PGSF Site Assessment.docx

Everett Port Gardner Storage Facility Site Assessment

Section 8

Figure 8-2. Fire hydrant located outside of the perimeter fence east of the chemical storage building

Figure 8-3. Natural gas standpipe outside of eastern perimeter fence
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Figure 8-4. Sanitary sewer manhole north of blower building

Figure 8-5. Overhead power supplied to blower building and light pole
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Figure 8-6. Fiber Optic lines outside of sludge pump station

Figure 8-7. Underground electrical access north of aeration basins
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Erosion Control and Landscaping
Vegetation and Trees
The majority of the site is paved or graveled, although unwanted vegetation has become established
in these areas while the site has been unoccupied. Herbicide appears to have been used to control
growth of some areas of unwanted vegetation across the site. Historical imagery from 2011 in Figure
9-1 shows landscaped areas as maintained during site occupancy. A small area located in the
northwestern corner of the plant site contains grass and several fruit trees. A row of evergreen
bushes are located in the southeastern corner of the site.
The parking lot area contains curbed landscaping and tree islands, as well as a northern area
landscaped with grass and pine trees surrounding the retention facility. During the site inspection,
overgrowth of unintended vegetation including invasive species was noted across the site. The
excessive vegetation growth could have obstructed visual inspection of the site facilities. No
evidence of erosion issues was noted on site. The seawall and associated riprap along the western
property line were excluded from the site assessment inspection, as these items are owned by the
Port.
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Figure 9-1. Kimberly Clark Plant site during operation in 2011
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Figure 9-2. Grassy area with fruit trees and invasive knotweed in the northwest corner of the plant site

Figure 9-3. Row of evergreen bushes located in southeast corner of the site
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Figure 9-4. Curbed parking lot island with trees located in parking lot

Figure 9-5. Grassy area with pine trees and retention facility located in the northern area of the parking lot
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Figure 9-6. Invasive knotweed above western seawall
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Other Site Elements
Additional site elements observed included pedestrian accessibility to building entrances, emergency
eyewash and shower stations, and an outdoor fire extinguisher.
Pedestrian Accessibility
Many of the building entrances have steps or rough, graveled access paths which would not meet
current ADA standards for handicap accessibility if applicable for the future building usages.

Figure 10-1. East entrance to the chemical storage building with a single step
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Figure 10-2. South entrance to blower building with a single step

Emergency Shower and Eyewash Stations
An emergency shower was identified outside of the chemical storage building and a combination
emergency shower and eyewash station were observed outside the flotation thickeners. Regular
testing and maintenance of these emergency facilities is normally required to ensure proper function
and that water quality standards are met. The existing emergency facilities appeared to be dirty and
unmaintained, suggesting they may not meet these required standards.
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Figure 10-3. Outdoor emergency shower station north of chemical storage building

Figure 10-4. Emergency eyewash and shower station on north side of flotation thickeners

Outdoor Fire Extinguisher
A fire extinguisher was observed inside a cabinet attached to the north wall of the aeration basins.
Regular inspections, testing and replacement of fire extinguishers are normally required to ensure
they are kept in operable condition. Outdoor extinguishers are more susceptible to corrosion or
debris blockages, and the cabinet was noted to be unsealed on the bottom, exposing the
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extinguisher to the elements. Overgrown vegetation was also observed surrounding the location of
the cabinet.

Figure 10-5. Fire extinguisher box on north outer wall of aeration basins
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Summary of Assessment Findings
11.1 Summary of Key Findings
Table 11-1 summarizes civil items, issues, problems, and drivers. Most of the items discussed in the
civil assessment are not assets by definition, so performance scores were not assigned.
Table 11-1. Civil Site Assessment Findings Summary
Item

Issue/Problem/Driver
Site Access and Security

Perimeter Fence

Physical damage and the appearance of surface metal corrosion and rust throughout the site perimeter fencing.
Temporary fencing in some sections. No perimeter security fencing is present along portions of the southern
border of the property.

Interior Fence

Physical damage and the appearance of surface metal corrosion and rust throughout the site. Temporary fencing
in some sections.

Storage Spaces

Physical damage and missing structural components.

Truck Scale Fence

Physical damage and the appearance of surface metal corrosion and rust rusted appearance.

Facility Entrances

Access gate locations placed for previous site usage and extents may not be conducive to the future PGSF
access needs. Gates observed to be physical damaged with a rusted appearance. Temporary fencing used for a
gate in parking lot area.

Site Security

Site is not protected from unauthorized access due to incomplete perimeter fencing. Padlocks and chains can be
damaged, allowing entry to site. It is unknown whether additional typical security measures were in place such
as electronic security systems, access control systems, surveillance, or on-site security staff.

Vehicular Circulation and Parking
Vehicular Access

Access drive from current main entrance is only 10-12 feet wide, limiting the size of vehicles that may enter at
this location. Access from the parking lot is currently blocked with temporary fencing. 15 feet of space is
available for vehicles to pass between the east secondary clarifier and aeration basins.

Ecology Blocks/Jersey
Barriers

Existing placement may not be conducive to the future PGSF access needs. Physical deterioration noted.

Truck Scale

Scale was installed to serve previous site usage and may not fit the needs of the future PGSF site. Scale structure
has signs of deterioration.

Parking Areas

No designated, painted parking areas are present within the plant site. Parking spaces in the north lot are sized
for semitrucks and trailers. No designated ADA accessible parking is present. Paint is in poor condition.

Bollards

Missing sections of paint, signs of rust and physical damage.

Site Signage
Traffic and Parking
Signage

Physical damage, age-related deterioration and sign detachment observed. Faded, damaged signs were difficult
to read.

Facility and Safety Signage Deterioration of signage included missing material, warping, fading, debris build-up and detachment.

Paving, Grading, and Drainage
Paving

Signs of deterioration, saw-cuts and patching, alligator and linear cracking, potholing, sunken sections, exposed
base aggregate and vegetation growth through the pavement. Exposed train tracks present.

Concrete slabs

Cracking, shifting and intruding vegetation present.
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Table 11-1. Civil Site Assessment Findings Summary
Item

Issue/Problem/Driver

Gravel

Overgrown with vegetation and moss, making extents difficult to determine.

Walkways

Surfaces bumpy with encroaching vegetation. Width does not meet ADA accessibility standards, if applicable.

Steps

Visibility coatings are faded and dirty. Railing attachment points undermined by crumbling concrete wall.

Curbing

Cracked and broken curbing sections across site.

Site Drainage

Evidence of multiple ponding areas across plant site and parking area. Catch basins and drains surrounded by
vegetation and filled with standing water that do not appear to be draining properly.

Asphalt Drainage Swale

Debris, sediment accumulation, and established vegetation within the swale.

Rock Drainage Swale

Debris, sediment accumulation, and established vegetation within the swale.

Retention Structure

Overgrown vegetation within the structure. Structure walls, inlet and outlet not visible and contributing drainage
unknown.

Site Utilities
Fire Hydrant

Vegetation growing around hydrant and associated water manhole. Bollards appear to have physical damage.

Underground Utilities

Access points outside of asphalt paved areas obstructed by overgrown vegetation.

Erosion Control and Landscaping
Vegetation and Trees

Unwanted vegetation has become established in graveled areas during site unoccupancy. Invasive species noted
including knotweed and blackberry. Vegetation may obstruct access to site facilities.

Other Site Elements
Site Accessibility

Building entrances have steps or graveled access.

Emergency
Testing and maintenance history of these facilities is unknown. Facilities appear to be dirty and unmaintained,
Shower/Eyewash Stations suggesting that they do not meet proper function and water quality standards.
Outdoor Fire Extinguisher

Testing and maintenance history of the extinguisher is unknown. Unsealed cabinet base exposes extinguisher to
the elements.

11.1.1 Summary of Key Findings for Recommended Additional Inspection or Study.
This site assessment was conducted using only visual observations under current conditions and the
findings are reflective of these conditions. Specific improvement recommendations for the civil site
items will be included in the site wide Alternatives Analysis TM. There are elements that were not part
of this aboveground inspection or would benefit from more detailed inspections to verify the present
conditions. The items listed in this section are recommendations for further inspection or study.
•
Underground Yard Piping and other Utilities: Recommend closed-circuit television of underground
piping, and inspection of stormwater drainage systems that do not appear to be draining properly.
Underground utilities were not part of the civil site inspection.
•
Utility Capacity Research: Utility capacity available at the facility is unknown. Research into the
current electrical capacity for powering pumping equipment or water pressure available for testing
and flushing is recommended.
•
Wet Weather Inspection: The site inspections by civil staff were completed during a period of dry
weather, making it more difficult to determine extents of ponding areas.
•
Retention Structure: The inlet, outlet and contributing area to the retention structure is unknown.
•
Swale: Inspect for underground facilities noted on plan drawing including grit chamber and
oil/water separator.
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Section 12

Limitations
This document was prepared solely for the City of Everett, Washington, in accordance with
professional standards at the time the services were performed and in accordance with the contract
between HDR Engineering Inc. and Brown and Caldwell dated April 30, 2020. This document is
governed by the specific scope of work authorized by the City of Everett; it is not intended to be relied
upon by any other party except for regulatory authorities contemplated by the scope of work. We
have relied on information or instructions provided by the City and other parties and, unless
otherwise expressly indicated, have made no independent investigation as to the validity,
completeness, or accuracy of such information.
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Section 1: Introduction
Brown and Caldwell (BC) has been contracted to provide subconsultant services to HDR Inc. and the City of
Everett (City) to perform a condition and criticality assessment of the Port Gardner Storage Facility (PGSF),
formally the Kimberly Clark (KC) wastewater treatment plant (WWTP).
The KC WWTP served as a primary and secondary wastewater treatment facility for the Kimberly Clark pulp
mill and tissue plant, located south of Port Gardner along the Possession Sound in Everett Washington. The
KC WWTP was designed to treat up to 22 million gallons per day (MGD) of paper mill wastewater. The facility
was constructed to include primary through secondary treatment including pH neutralization of high acidic
wastewater. Kimberly-Clark decommissioned the wastewater facility in 2012 and the City of Everett will be
re-purpose it as a wet weather storage and possible future treatment facility. BC will conduct an inspection
of the existing plant secondary treatment infrastructure.
This Condition Assessment Plan identifies target areas of the plant and assets that will be the focus of the
condition assessment. It describes the methodology BC will be use for the individual asset evaluations. BC
and the City will use the results of the condition and criticality assessment to develop a planning level
estimates of the remaining useful life of inspected items based on the asset condition and functionality. BC
will then use the results of the condition and criticality assessment to develop rehabilitation, repair, and
replacement recommendations within a Condition Assessment Results technical memo.

Section 2: Condition and Criticality Assessment Methodology
This section describes the activities and proposed methodology for the condition and criticality assessment.

2.1 Summary
To begin the condition assessment, BC developed a preliminary list of plant areas and assets for inspection.
The list includes assets related to the existing treatment process, major equipment, structures, and
supporting systems. The preliminary asset list is provided as Attachment A and will be reviewed with the City
prior to site inspections. The City will be responsible for helping BC finalize the asset list by identifying
additional items to be included in the condition assessment, removing any items deemed unnecessary, and
prioritizing items based on importance and need.
Following City approval of the facility asset list, BC staff will visually inspect each asset during site visits and
assign a score to each asset’s physical condition and performance. The asset evaluation scores will help
inform the Condition and Criticality Assessment Results Technical Memorandum (TM).
The Plant condition and criticality assessment will include the following activities:
1. Information/data gathering and review
a. Review any available plant record drawings
b. Review any available asset maintenance history and operational performance
c. Review any existing WWTF facility plans
d. Review City asset organization hierarchy and naming conventions
e. Conduct a preliminary site walk and information gathering session with the City
f. Develop a preliminary critical asset list, including asset naming, for City review
2. Site walk and individual asset evaluation
a. Collection of asset imagery and observations
b. Visual assessment and condition scoring of assets
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c. Estimate the probability and consequence of failure of each inspected asset
3. Follow up data evaluation and summary
a. Conduct desk top analysis of aeration basin structural condition based on drone footage
b. Develop planning-level estimates of remaining useful life based on condition and functionality of
each asset
c. Rank assets’ condition and criticality based on site visit data
d. Rank probability and consequence of failure based on site visit information
e. Identify deficiencies with regards to site civil performance and/or code compliance
f. Summarize results and develop a Condition Assessment report and Site Condition Assessment TM
A multidisciplinary team of consultant subject matter experts (SME) will perform the condition assessment
with support from City staff. The field assessment team will include SMEs from process mechanical, site civil,
and structural.

2.1.1 Asset Record Review
The first condition assessment activity will be a review of available records relating to Plant assets. This
record review includes asset lists, record drawings, O&M manuals, and any other information related to the
maintenance history of individual plant assets. The results of this task will depend on the nature of historical
information the City has available for each area of the Plant. The review of record documents will be
performed by SMEs for their respective disciplines in preparation for the field visit. BC will use Information
gathered from this asset record review to develop the preliminary asset list.

2.1.2 Preliminary Asset List Naming Convention
Development of the preliminary asset lists includes assigning asset names following the City defined asset
naming convention. In addition, the site inspection will include recording assets not previously identified
from facility record documents. When a new asset is logged, BC will tag the asset with unique asset ID
following the City of Everett’s asset naming convention and hierarchy system.
The asset naming convention includes five groups of three to four characters, separated by a dash,
identifying the asset’s workgroup, site location, system, component type, and number. An example asset ID
is provided below, including descriptions of the individual components.
Asset: PGSF – BB – AIR – BLWR - 001
Workgroup – Port Gardner Storage Facility (PGSF)
Site Location and sub location (if applicable) – Blower Building (BB)
System – Process Air (AIR)
Component Type – Blower (BLWR)
Unit Number – 001 (blower 1 of 4)
Assets inspected at the site will be tagged with the workgroup location PGSF to denote the Port Gardner
Storage Facility. Table 1 provides example naming criteria to be used for unnamed assets. If the identifies
provided in Table 1 are not appropriate for a specific asset, a temporary identifier will be used and later
confirmed with the City prior to finalization of the Condition Assessment Report.
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Table 1. Port Gardener Storage Facility Asset Naming Identifiers
Workgroup

PGSF – Port
Gardner Storage
Facilitya

Site Locationb

Systemb

Component Typeb

• AB – Aeration Basins

• AIR – Process Air

• BLWR – Blower

• BB – Blower Building

• BSN - Basin

• C - Crane

• CSB– Chemical Storage Building

• BLDG - Building

• CVY- Conveyor

• FT – Flotation Thickeners

• CLAR - Clarifier

• DS – Distribution Structure

• NB– Neutralization Basins

• EFF - Effluent

• F- Feeder

• SC – Secondary Clarifiers

• INF - Influent

• FRP – Fiberglass Reinforced Pipe

• SCV – Site Civil

• LIME – Lime

• FS- Filter Silencer

• SB – Storage Building

• PP – Process Pipe

• GT- Gate

• SLS – Swale Lift Station

• RCTR – Reactor

• GR – Guard Rail

• SPS – Sludge Pump Station

• RS – Recycled Sludge

• H- Headbox

• SF - Safety

• LS – Lift Station

• SC – Scum

• MS – Mechanical System

• SD – Site Drainage

• OS – Outfall structure

• SL- Sludge

• P – Pipe

• TH - Thickener

• SCRN – Screen
• ST – Stairs
• STR – Structure
• SW – Swale
• T – Tank
• VLV – Valve
• WLK – Walkways
• ZN - Zone

a.

All assets at the Port Gardner Storage Facility to be designated as part of the PGSF workgroup.

b. Site locations, systems, and component types listed in Table 1 are not intended to be an exhaustive list of
identifiers but are provided to serve as examples to guide asset naming.

2.2

Wastewater Treatment Facility Assets

Table 2 lists typical plant assets that will be included in the condition assessment, organized by discipline.
This methodology includes process mechanical, site civil, and structural inspection.
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Table 2. Typical Plant Assets by Discipline Category
Discipline Category

Typical Assets
• Blowers and aeration equipment
• Aeration basin slide gates

Process mechanical

• External inspection of piping systems and valves
• Secondary clarifier internals and mechanical components
• Hoists/equipment handling
• Site access/security
• Fencing

Site Civil

• Paving and grading
• Site drainage
• Signage
• Yard Piping

Structural

• Structures and building
• Tank exteriors
• Tank interiors (when accessible)

A preliminary list of assets that will be inspected during the condition assessment site visits, organized by
plant area, is provided in Attachment A. The City will review the asset list prior to site visits to make
determinations about grouping or simplifying ancillary equipment and review the Asset IDs assigned to each
item. Attachment A is not intended to serve as an exhaustive list of assets to be inspected during the
condition assessment. Additional plant assets will be added to the asset list during the site inspections if the
SME or City deems the asset to have re-purpose value as part of the future storage facility.

2.3 Visual Assessment and Scoring of Assets
Field inspections will include visually assessing the existing infrastructure condition. This section
summarizes the condition assessment methodology and scoring to be used during the visual condition
assessment of the wastewater plant assets.

2.3.1 Inspection Criteria
The assessment team includes discipline-specific SMEs familiar with both the scoring criteria and
operational environment of the assets. SMEs will use their visual, auditory, tactile, and olfactory senses to
document findings. The condition evaluation will focus on the equipment/system-level assessments rather
than component-level assessments. For example, the process mechanical SME will evaluate the overall
condition and performance of each process air blower, but the assessment will not determine the condition
of individual blower components (bearing, casing, and motor). That said, as much as can be discerned about
the condition of these individual components from visual inspection will be factored into the overall
equipment score.
Each SME will digitally document their inspection using a condition inspection form on a mobile application
loaded on handheld tablets. Discipline-specific inspection forms will be preloaded into the application and
tailored to the Port Gardner Storage Facility site. In addition, any assets identified prior to the site inspection
will be loaded into the mobile application prior to the field inspections. An example condition assessment
form is included in Attachment B.
No instruments or tools will be provided or used by the assessment team to open equipment or take
measurements (i.e., vibration levels or equipment temperatures). Photo documentation and videos will be
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recorded during the field visit. The typical field observations that will be noted for each asset category are
shown in Table 3.
Table 3. Condition Assessment Field Observations by Category
Category

Assets
• Corrosion/erosion

Process mechanical

• Missing equipment or components
• Leakage
• Concrete and steel support damage
• Accessibility/condition of security assets
• Fencing condition
• Pavement extents, damage, condition

Site Civil

• Site Grading
• Pooling water, inlet condition, outfall condition
• Presence of signage
• Yard piping material, damage, corrosion
• Concrete/masonry damage
• Excessive settlement
• Connection conditions
• Exposed/missing aggregate

Structural

• Exposed/missing rebar
• Paint condition
• Standing water
• Steel, wood, and water damage
• Excessive corrosion

2.3.2 Asset Scoring
Using a 5-point scale, the assessment team will assign scores that represent the physical condition and
potential operating performance of all evaluated assets. These assets will then be mapped into regions
according to Table 4. Performance will be evaluated as a measure of whether the asset will be able to
deliver the level of service required or meeting its intended purpose. Condition is considered a measure of
the asset’s physical state. Attachment C contains a detailed explanation of possible scores.
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Table 4. Condition and Performance Scoring Regions for Recommendation
Performance Score
(decreasing performance from left to right)
Asset Physical Condition

Excellent (1)

Functioning
as
Intended
(1)

In Service,
Higher-thanExpected O&M
(2)

Region 1

In Service,
Function
Impaired
(3)

In Service,
Function Highly
Impaired
(4)

Not Functioning
as Intended
(5)

Region 4

Slight visible degradation (2)
Visible degradation (3)

Region 2

Integrity moderately compromised (4)

Region 3

Region 5

Integrity severely compromised (5)

◆ Region 1: Good Physical Condition and Performance
Assets with good (i.e., low) physical condition and performance scores of 1 or 2 will be in Region 1.
Typically, no action is recommended for these assets.

◆ Region 2: Moderate Physical Condition and Performance
Assets with at least one moderate score of 3 and no higher scores will be in Region 2. The
recommended action for assets in this category depends on the findings of the risk assessment. A lowrisk/non-critical asset will typically require no action, whereas a high-risk/critical asset typically may
require some form of improvement.

◆ Region 3: Poor Physical Condition Ranking
Assets with poor physical condition scores of 4 or 5 but with performance scores of 1, 2, or 3 will be in
Region 3. Assets in this category are physically worn or degraded but still meet their intended
performance function/capacity. Although the assets are in service and functioning, issues related to
the condition of these assets should be addressed.

◆ Region 4: Poor Performance Ranking
Assets with poor performance scores of 4 or 5 but with physical condition scores of 1, 2, or 3 will be in
Region 4. These assets are in good to moderate physical condition but their function does not meet
required performance measures. An example of a Region 4 asset is a flow meter that is in good
physical condition but does not provide accurate readings, and so is not meeting its intended
performance for flow monitoring.

◆ Region 5: Poor Condition and Performance
Assets with poor physical condition and performance scores of 4 or 5 will be in Region 5. The
recommended action for these assets will typically include replacement/refurbishment, given the
asset is not functioning properly and the integrity of its components is either moderately or severely
compromised.

The regions in Table 4 reflect only the performance and condition of assets; regions do not reflect the
criticality of those assets to Plant operations or the risks associated with asset failure. The risk analysis,
completed as part of the reporting phase, will look at the possible failure modes and estimate probabilities
and consequences of failure based on the results of the condition assessment and O&M interviews.
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2.3.3 Limitations of Visual Assessment
While a sensory-level observation is not an exhaustive inquiry, it does represent an appropriate, prudent, and
reasonable level of effort, particularly as a preliminarily method to prioritize needs. Water Environment &
Reuse Foundation (WERF) and other industry standards recognize that this is a reasonable approach to
reduce, but not eliminate, the level of uncertainty regarding the potential for recognized conditions of capital
elements that require attention. When the visual assessment is combined with review of historical data and
interviews with O&M staff, it forms a decision-making basis to justify the need for repairing/replacing assets
or to identify needs for potential specialized testing or additional monitoring.

2.4 Site Visit Logistics
Plant inspections are scheduled to occur June 22, 23, and 24, 2020. The visual condition assessment
requires varying degrees of engagement by the SMEs. The City will coordinate site access, and the
assessment team will follow all City health and safety protocols for entry into each area of the plant. The
following number of days are anticipated for the respective discipline site walks:
Monday June 22
• Steven Drangsholt – Project manager
• Anthony VanHaverbeke – Drone inspection/structural
• Casey Gish – Process mechanical
• Karina Eyre – Process mechanical
• Abbi Dorn – Civil
• Amanda Lawler – Civil
Tuesday June 23
• Steven Drangsholt – Project manager
• Anthony VanHaverbeke – Drone inspection/structural
• Casey Gish – Process mechanical
• Chun Lau - Structural
Wednesday June 24
• Flex day – site visits to be scheduled as necessary

2.4.1 Specialized Access or Inspections
The need for specialized access or inspections, or any recommended specialty testing or follow-up condition
monitoring, will be determined based on the findings from the asset history review and visual assessments.
Recommendations will be developed based on the City’s priorities and SME’s evaluation results.
Some types of specialized inspection that could be recommended include:
•
Core drilling structural elements to determine condition of concrete and rebar
•
Concrete material testing
•
Specialty vendor inspections (i.e. detailed geotechnical investigation)
If appropriate, the consultant team may also recommend that the City conduct follow-up specialized testing
or monitoring (not included in the current consultant scope), including:
•
Mechanical equipment performance inspection including specialized vibration, temperature, or noise
testing that requires supplemental instrumentation
•
Closed circuit television (CCTV) inspection of buried yard piping
•
Power or temperature monitoring that requires supplemental instrumentation
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2.5 Risk Analysis
The risk assessment will use the condition assessment’s major findings to estimate the probabilities and
consequences of various risks. A score will be calculated for each risk based on assigned impact and
probability factors as shown in Table 5. The resulting risk scores are mapped into three regions:
1. High (risk score is greater than or equal to 10, colored red): Risks where action should be taken to
reduce probability and/or consequence and move the risk into a lower region.
2. Medium (risk score is greater than or equal to 4 and less than 10, colored yellow): Risks that can be
accepted but that require active attention in the form of maintenance or operating strategy to keep the
scores from elevating above 10 (in the red). Contingency plans or trigger points for action should be
prepared.
3. Low (risk score is less than 4, colored green): Acceptable risks that do not warrant additional attention
beyond standard operational practices.
Table 5 Risk Scoring Matrix
Risk Score = Impact Factor X Probability Factor
Probability Factor
Impact Factor

Very Low
(1)

Low
(2)

Medium
(3)

High
(4)

Very High
(5)

Minor (1)

1

2

3

4

5

Significant (2)

2

4

6

8

10

Serious (3)

3

6

9

12

15

Severe (4)

4

8

12

16

20

Extreme (5)

5

10

15

20

25

The risk scores and corresponding asset condition scores will be the starting point for developing planning
level estimates of the remaining useful life of the inspected equipment.

Section 3: Next Steps
3.1 Development of Condition and Criticality Assessment Results TM
Results of the field assessment, asset scoring, and risk assessment will be developed into a Condition and
Criticality Assessment Results TM that documents the findings of the analysis. The TM will contain
documentation and discussion of the Plant assessment from each SME, results of a risk analysis, and a
qualitative discussion of failure risks and consequences. In addition, the report will provide a planning-level
estimate of remaining service life of assets based on observed asset condition and functionality, and on the
typical service life of similar assets.

3.2 Inputs to Other Tasks
BC will use the information developed in the Condition and Criticality Assessment Results TM to prepare
proposed modifications for converting the Kimberly Clark WWTF into the Port Gardner storage facility. Asset
and system information gathered during the condition assessment will identify what is useable infrastructure
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for the PGSF and what assets need to be repaired or replaced during the repurposing of the facility. The
proposed modifications to the PGSF will be incorporated into the General Sewer Plan.
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Attachment A: PGSF Asset List
Number

System

Component Type

Asset ID

Current
Equipment
number

Description

Discipline to
Conduct Inspection

Notes on Asset Inspection

Site Location: Chemical Storage Building
Chemical Storage Building Structure

Structural

Portable flood lamps required for inspection. Chemical storage building ground level and
second floor to be inspected as single asset.

PGSF – CSB – INF – FRP - 001

36-inch-diameter Aeration Basin No. 1 Influent Pipe

Process Mechanical

External pipe inspection only. Portable flood lamps required for asset inspection. Pipe invert
approximately 24 feet from floor. Asset may not be accessible from inside room. Influent pipe 2
and 3 to serve as surrogate.

Fiberglass pipe

PGSF – CSB – INF – FRP – 002

36-inch-diameter Aeration Basin No. 2 Influent Pipe

Process Mechanical

External pipe inspection only. Portable flood lamps required for asset inspection. Pipe invert
approximately 17 feet from floor.

Influent

Fiberglass pipe

PGSF – CSB – INF – FRP – 003

36-inch-diameter Aeration Basin No. 3 Influent Pipe

Process Mechanical

External pipe inspection only. Portable flood lamps required for asset inspection. Pipe invert
approximately 13 feet from floor.

Recycled sludge

Fiberglass pipe

PGSF – CSB – RS – FRP – 001

30-inch-diameter recycled Sludge Line

Process Mechanical

External pipe inspection only. Portable flood lamps required for asset inspection. Pipe invert
approximately 8 feet from floor.

1

Building

Structure

PGSF – CSB – BLDG – STR – 001

2

Influent

Fiberglass pipe

3

Influent

4
5

Site Location: Neutralization Basin
6

Reactor

Tank

PGSF – NB – RCTR – T – 001

pH Neutralization Basin Flash Mix Tank and Reactor Chambers

Structural

Internal inspection of neutralization basin using a pole camera is possible if basin internals are
accessible through hatch or opening, otherwise external structural inspection only. Flash mix
tanks and reactor chambers 2 and 3 to be inspected as a single asset.

7

Reactor

Tank

PGSF- NB – RCTR –DS – 001

Aeration Distribution Structure

Structural

Internal inspection of distribution structure using a pole camera is possible if basin internals
are accessible through hatch or opening, otherwise external structural inspection only. Aeration
basin distribution boxes 1 – 4 to be inspected as a single asset.

8

Safety

Guard Rail

PSGF – NB – SF – GR - 001

North and South Pipe Cross – Stile and Handrails

Structural

North and south cross-stile and handrails to be inspected as a single asset.

9

Reactor

Gate

PGSF- NB – RCTR – GT – 001

Slide Gate No. 1

80040-1027

Process Mechanical

Gate will not be operated during inspection.

10

Reactor

Gate

PGSF- NB – RCTR – GT – 002

Slide Gate No. 2

80040-1028

Process Mechanical

Gate will not be operated during inspection.

11

Reactor

Gate

PGSF- NB – RCTR – GT – 003

Slide Gate No. 3

80040-1029

Process Mechanical

Gate will not be operated during inspection.

12

Reactor

Gate

PGSF- NB – RCTR – GT – 004

Slide Gate No. 4

80040-1030

Process Mechanical

Gate will not be operated during inspection.

13

Reactor

Gate

PGSF- NB – RCTR – GT – 005

Slide Gate No. 5

80040-1031

Process Mechanical

Gate will not be operated during inspection.

14

Reactor

Gate

PGSF- NB – RCTR – GT – 006

Slide Gate No. 6

80040-1032

Process Mechanical

Gate will not be operated during inspection.

15

Reactor

Gate

PGSF- NB – RCTR – GT – 007

Slide Gate No. 7

80040-1033

Process Mechanical

Gate will not be operated during inspection.

16

Reactor

Gate

PGSF- NB – RCTR – GT – 008

Slide Gate No. 8

80040-1034

Process Mechanical

Gate will not be operated during inspection.

Site Location: Aeration Basin
17

Safety

Guard Rail

PGSF – AB – SF – GR - 001

Aeration Basin Hand and Guard Rails

Structural

Hand and guard rails to be inspected as single asset.

18

Safety

Stairs

PGSF – AB – SF – ST – 001

Aeration Basin Stairs

Structural

Aeration basin stairs.

19

Safety

Walkway

PGSF – AB – SF – WLK – 001

Aeration Basin Walkways and Grating

Structural

Aeration basin walkways and grating to be inspected as a single asset.

20

Basin

Zone

PGSF – AB – BSN – ZN – 101

Aeration Basin No. 1, Zone 1

Structural

Drone inspection only, no basin entry.

21

Basin

Zone

PGSF – AB – BSN – ZN – 102

Aeration Basin No. 1, Zone 2

Structural

Drone inspection only, no basin entry.

22

Basin

Zone

PGSF – AB – BSN – ZN – 103

Aeration Basin No. 1, Zone 3

Structural

Drone inspection only, no basin entry.

23

Basin

Zone

PGSF – AB – BSN – ZN – 104

Aeration Basin No. 1, Zone 4

Structural

Drone inspection only, no basin entry.

24

Basin

Zone

PGSF – AB – BSN – ZN – 105

Aeration Basin No. 1, Zone 5

Structural

Drone inspection only, no basin entry.

25

Basin

Zone

PGSF – AB – BSN – ZN – 201

Aeration Basin No. 2, Zone 1

Structural

Drone inspection only, no basin entry.

26

Basin

Zone

PGSF – AB – BSN – ZN – 202

Aeration Basin No. 2, Zone 2

Structural

Drone inspection only, no basin entry.

27

Basin

Zone

PGSF – AB – BSN – ZN – 203

Aeration Basin No. 2, Zone 3

Structural

Drone inspection only, no basin entry.

28

Basin

Zone

PGSF – AB – BSN – ZN – 204

Aeration Basin No. 2, Zone 4

Structural

Drone inspection only, no basin entry.
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Current
Equipment
number

Description

Discipline to
Conduct Inspection

Number

System

Component Type

Asset ID

Notes on Asset Inspection

29

Basin

Zone

PGSF – AB – BSN – ZN – 205

Aeration Basin No. 2, Zone 5

Structural

Drone inspection only, no basin entry.

30

Basin

Zone

PGSF – AB – BSN – ZN – 301

Aeration Basin No. 3, Zone 1

Structural

Drone inspection only, no basin entry.

31

Basin

Zone

PGSF – AB – BSN – ZN – 302

Aeration Basin No. 3, Zone 2

Structural

Drone inspection only, no basin entry.

32

Basin

Zone

PGSF – AB – BSN – ZN – 303

Aeration Basin No. 3, Zone 3

Structural

Drone inspection only, no basin entry.

33

Basin

Zone

PGSF – AB – BSN – ZN – 304

Aeration Basin No. 3, Zone 4

Structural

Drone inspection only, no basin entry.

34

Basin

Zone

PGSF – AB – BSN – ZN – 305

Aeration Basin No. 3, Zone 5

Structural

Drone inspection only, no basin entry.

35

Influent

Fiberglass pipe

PGSF – AB – INF – FRP - 001

36-inch-diameter Aeration Basin No. 1 Influent Pipe

Process Mechanical

External pipe inspection only. Influent pipe continued from chemical storage building. Pipe
supports and connections to be included in asset inspection.

36

Influent

Valves

PGSF – AB – INF - VLV – 001

Valving on 36-inch-diameter Aeration Basin No. 1 Influent Pipe

Process Mechanical

All valving to be inspected as single asset.

37

Influent

Fiberglass pipe

PGSF – AB – INF – FRP – 002

36-inch-diameter Aeration Basin No. 2 Influent Piping

Process Mechanical

External pipe inspection only. Influent pipe continued from chemical storage building.

38

Influent

Valves

PGSF – AB – INF - VLV – 002

Valving on 36-inch-diameter Aeration Basin No. 2 Influent Pipe

Process Mechanical

All valving to be inspected as single asset.

39

Influent

Fiberglass pipe

PGSF – AB – INF – FRP – 003

36-inch-diameter Aeration Basin No. 3 Influent Piping

Process Mechanical

External pipe inspection only. Influent pipe continued from chemical storage building.

40

Influent

Valves

PGSF – AB – INF - VLV – 003

Valving on 36-inch-diameter Aeration Basin No. 3 Influent Pipe

Process Mechanical

All valving to be inspected as single asset.

41

Basin

Gate

PGSF – AB – BSN – GT – 001

Aeration Basin No. 1, Zone 1 gates

Process Mechanical

Individual gates to be identified, inspected, and labeled in field. Gate will not be operated
during inspection.

42

Basin

Gate

PGSF – AB – BSN – GT – 002

Aeration Basin No. 1, Zone 2 gates

Process Mechanical

Individual gates to be identified, inspected, and labeled in field. Gate will not be operated
during inspection.

43

Basin

Gate

PGSF – AB – BSN – GT – 003

Aeration Basin No. 1, Zone 3 gates

Process Mechanical

Individual gates to be identified, inspected, and labeled in field. Gate will not be operated
during inspection.

44

Recycled Sludge

Pipe

PGSF – AB - RS – FRP – 001

Aeration Basin Recycled Sludge Piping

Process Mechanical

External pipe inspection only. Large diameter white pipe. Pipe supports and connections to be
included in asset inspection.

45

Recycled Sludge

Valves

PGSF – AB - RS – VLV – 001

Valving on Recycled Sludge Piping

Process Mechanical

All valving to be inspected as single asset.

46

AIR

FRP

PGSF – AB – AIR – FRP – 001

Large and Small Diameter Process Air piping

Process Mechanical

External pipe inspection only. All large and small diameter process air piping to be inspected as
a single asset. Piping insulation, supports, and connections to be included in asset inspection.

47

AIR

Valves

PGSF – AB - AIR – VLV – 001

Valving on Process Air Piping

Process Mechanical

All valving to be inspected as single asset.

Site Location: Secondary Clarifiers
48

Safety

Stairs

PGSF – SC – SF – ST – 001

East and West Secondary Clarifier Stairs

Structural

East and west secondary clarifier stairs to be inspected as a single asset.

49

Safety

Guard Rail

PGSF – SC – SF – GR – 001

East and West Secondary Clarifier Guard Rail

Structural

East and west secondary clarifier guard rails to be inspected as single asset.

50

Safety

Walkway

PGSF – SC – SF – WLK – 001

East and West Secondary Clarifier Walkways and Grating

Structural

East and west secondary clarifier walkways and grating to be inspected as a single asset.

51

Clarifier

Tank

PGSF – SC - CLAR – T – 001

East Secondary Clarifier

Structural

Complete internal and external inspection of east secondary clarifier structure include effluent
launder and scum pit structure.

52

Clarifier

Tank

PGSF – SC – CLAR – T – 002

West Secondary Clarifier

Structural

Complete internal and external inspection of east secondary clarifier structure include effluent
launder and scum pit structure.

53

Clarifier

Distribution Structure

PGSF – SC – CLAR – DS – 001

Secondary Clarifier Distribution Structure

Structure

Structural condition of secondary clarifier distribution structure

54

Clarifier

Headbox

PGSF – SC – CLAR – OS – 001

Secondary Clarifier Plant Outfall Structure

Structural

Standalone structure south west of west secondary clarifier.

55

Clarifier

Effluent

PGSF – SC – EFF – P – 001

36-inch-diameter East Secondary Clarifier Effluent Pipe

Process Mechanical

External pipe inspection only. Process pipe and connection condition.

56

Clarifier

Effluent

PGSF – SC – EFF – P – 002

36-inch-diameter West Secondary Clarifier Effluent Pipe

Process Mechanical

External pipe inspection only. Process pipe and connection condition.

57

Clarifier

Mechanical System

PGSF – SC – CLAR – MS – 001

East Clarifier Internal Mechanical System

Process Mechanical

East secondary clarifier sludge collection system, raking arm, energy dissipating inlet, feed well,
skimmer arm, and effluent weir to be inspected as single asset. Drive motor and not to be
included in asset inspection.
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Attachment A: PGSF Asset List
Number

System

Component Type

Asset ID

58

Clarifier

Mechanical System

PGSF – SC – CLAR – MS – 002

Current
Equipment
number

Description

West Clarifier Internal Mechanical System

Discipline to
Conduct Inspection

Notes on Asset Inspection

Process Mechanical

West secondary clarifier sludge collection system, raking arm, energy dissipating inlet, feed
well, skimmer arm, and effluent weir to be inspected as single asset. Drive motor not to be
included in asset inspection.

Site Location: Flotation Thickeners
59

Thickener

Tank

PGSF – FT – TH – T – 001

Flotation Thickener No. 1 (South)

Structural

South floatation thickener structure.

60

Thickener

Tank

PGSF – FT – TH – T – 002

Flotation Thickener No. 2 (North)

Structural

North flotation thickener structure.

Site Location: Sludge Pump Station
61

Building

Structure

PGSF – SPS – BLDG – STR - 001

Sludge Pump Station Structure

Structural

62

Recycled Sludge

Fiberglass Pipe

PGSF – SPS – PP – FRP – 001

Fiberglass Recycled Sludge Pipe

Process Mechanical

External pipe inspection only. All sludge return pipe to be inspected as a single asset.

Structural

Portable flood lamps required for inspection. Electrical room and blower room to be included in
inspection.

Site Location: Blower Building
63

Building

Structure

PGSF – BB – BLDG – ST – 001

Blower Building Structure

64

Process Air

Blower

PGSF – BB – AIR – BLWR – 001

Blower 1

80050-1001

Process Mechanical

Portable flood lamps required for inspection. Inspection of physical condition only.

65

Process Air

Blower

PGSF – BB – AIR – BLWR – 002

Blower 2

80050-1002

Process Mechanical

Portable flood lamps required for inspection. Inspection of physical condition only.

66

Process Air

Blower

PGSF – BB – AIR – BLWR – 003

Blower 3

80050-1003

Process Mechanical

Portable flood lamps required for inspection. Inspection of physical condition only.

67

Process Air

Blower

PGSF – BB – AIR – BLWR – 004

Blower 4

80050-1004

Process Mechanical

Portable flood lamps required for inspection. Inspection of physical condition only.

68

Process Air

Pipe

PGSF – BB – AIR – P – 001

Blower 1 – 4 Discharge Header and Piping

Process Mechanical

Portable flood lamps required for inspection. Inspection of physical condition only.

69

Process Air

Crane

PGSF – BB – PA – C – 001

12 ton overhead crane

Process Mechanical,
Portable flood lamps required for inspection.
Structural

Site Location: Site Civil
70

SD

LS

PGSF – SLS – SD – LS – 001

Swale Lift Station

71

SD

SW

PGSF – SLS – SD – SW – 001

Drainage Swale

City to provide pump station access.

72

Site Access and Security

Individual assets, if any, to be identified and categorized during site inspection.

73

Site Fencing

Individual assets, if any, to be identified and categorized during site inspection.

74

Paving and Grading

Individual assets, if any, to be identified and categorized during site inspection.

75

Site Drainage

Individual assets, if any, to be identified and categorized during site inspection.

76

Signage

Individual assets, if any, to be identified and categorized during site inspection.

77

Yard Piping

Buried piping not included in condition assessment. Individual assets, if any, to be identified
and categorized during site inspection.
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Attachment B: Template Asset Forms and Scoring Criteria

B-1
PGSF Condition Assessment Plan

Proc Mech
Asset ID
Asset Description
Approx. Age (Years)
Capacity/Size
Manufacturer
Model
Type

(A) Visual Inspection

(check all that apply)
Corrosion
Leakage
Concrete Supports
Steel Supports
Other

Condition Score

(check one)
1 - Excellent
2 - Fair - Slight visible degradation
3 - Moderate - Visible degradation
4 - Poor Condition- Asset compromised
5 - Failed - Asset severely compromised
(check one)
1 – Excellent - Asset functioning as intended
2 – Fair - In service, but higher than expected O&M
3 – Moderate - In service, but function is impaired
4 – Poor Performance- In service, but function is highly impaired
5 – Failed - Asset is not functioning as intended
(check one)
1 - No immediate action required

Performance Score

Recommendation

2 - Initiate more detailed inspection

Comments

Photos

3 - Schedule corrective action work order near term
4 - Replace/Refurbish
5 - Immediate corrective action required

(attach)

Criteria
Corrosion

Leakage

Concrete Support

Steel Supports

Mechanical (Process/HVAC) Visual Condition Assessment
Evaluation
1
2
3
4
Surface only
None
<10%
10%-50%
>50% - 75%
Structural (loss of
None
1 location
metal)
Gaskets /
None
Historic only
Drip only
Stream 1 loc
Connections
Holes / Failures
None
1 location
Surface Cracking /
None
<10%
10%-50%
>50% -75%
Loose Grout
Through Cracks
None
<25%
Missing Pieces
None
Surface Corrosion
None
<10%
10%-50%
50%-75%

5
>75%
>1 location
Stream >1 loc
>1 location
>75%
>=25%
1 or more
>75%

Structural Corrosion

None

-

-

<25%

>=25%

Missing/Broken
Anchors

None

-

-

<25%

>=25%

Structural Assessment
Asset ID
Asset Description
Approx. Age (Years)
Size/Dimensions

(A) Visual Inspection

(check all that apply)
Paint Condition
Concrete/Masonry Damage
Steel Damage
Wood Damage
Water Damage
Asphalt Surfaces
Roof Condition
Windows/Doors
Other

Condition Score

(check one)
1 - Excellent
2 - Fair - Slight visible degradation
3 - Moderate - Visible degradation
4 - Poor Condition- Asset compromised
5 - Failed - Asset severely compromised
(check one)
1 – Excellent - Asset functioning as intended
2 – Fair - In service, but higher than expected O&M
3 – Moderate - In service, but function is impaired
4 – Poor Performance- In service, but function is highly impaired
5 – Failed - Asset is not functioning as intended
(check one)
1 - No immediate action required
2 - Initiate more detailed inspection
3 - Schedule corrective action work order near term
4 - Replace/Refurbish
5 - Immediate corrective action required

Performance Score

Recommendation

Comments

Photos

(attach)

Criteria
Paint Condition
Leakage

Concrete/Masonry Surface
Damage/Joint Damage

Steel Damage

Wood Damage

Water/Drainage

Asphalt Surfaces

Roof Condition

Windows/doors

Condition
Surface only

Structural Visual Condition Assessment
1
2
None
<10%

3
10%-50%

4
>50% - 75%

Cracks/Joints

None

Historic only

Drip only

Stream 1 loc

Penetrations / Failures

None

-

1 location

Cracking (Width of crack)

None

< 1/16 inches

Exposed Reinforcement

None

-

1/16-1/8
inches
-

Spalling, Exposed Aggregate.,
Pitting, Delamination,
Freeze/Thaw Damage

None

<10%

Settling/Heaving
Cracking
Fatigue/Connection Failure
Deformation
Corrosion/Metal Loss
Dry Rot
Warping/Splitting
Connection Failure
Loss of Section
Evidence of Standing Water
along Foundation (soil
settling)

None
None
None
None
None
None
None
None
None

5
>75%
Stream >1
loc
>1 location

1/8-1/4 inches >1/4 inches
1 location

>1 location

10%-50%

>50% - 75%

>75%

<10%
<10%
<10%

10-50%
10-50%
10-50%

1 location
1 location
1 location
>50% - 75%
>50% - 75%
1 location
1 location
1 location
>50% - 75%

>1 location
>1 location
>1 location
>75%
>75%
>1 location
>1 location
>1 location
>75%

None

<10%

10-50%

>50% - 75%

>75%

Sealer Condition

None

<10%

10-50%

>50% - 75%

>75%

Cracking

None

<10%

10-50%

>50% - 75%

>75%

Aggregate Exposure

None

<10%

10-50%

>50% - 75%

>75%

Ponding
Shingle Grit Loss/cracking
Missing Shingles

None
None
None

<10%
<10%

10-50%
10-50%

>50% - 75%
>50% - 75%
<10

>75%
>75%
>10

Dry Rot of Rubber Membrane

None

1 location

>1 location

Torn/split Membrane
Flashing Issues
Attic Issues/leaks
Broken Glass
Caulking
Warpage/alignment/rot
Hardware Issues

None
None
None
None
None
None
None

1 location
1 location
1 location
1 location
>50% - 75%
1 location
1 location

>1 location
>1 location
>1 location
>1 location
>75%
>1 location
>1 location

<10%

10-50%

Port Gardner Storage Facility Condition and Criticality Assessment Plan

Attachment C: Equipment Scoring Descriptions and
Characteristics

C-1
PGSF Condition Assessment Plan

Score = 1: Excellent Condition
Description and Characteristics
Fully operable, well maintained, and consistent with current standards. Little wear
shown and no further action required.
Primary Equipment Characteristics
• Equipment appears new with factory-applied painting/coating, which is not
corroded or degraded by UV exposure.
• Equipment is not leaking or showing any evidence of historical leaks.
• Equipment does not exhibit any vibration or noise outside of normal operating
levels.
• Equipment pedestals and mounting equipment are not damaged in any way.
• Equipment appears to be well maintained with no evidence of
rehabilitation/overhaul. Note whether grease fittings appear used, filters are
replaced regularly, etc.
• Equipment is in the beginning part of its estimated useful life and no
rehabilitation or renewal actions are required.
Ancillary Items
• Piping and valves are well supported and maintained with no evidence of leakage
or corrosion.
• Instrumentation and local control panels are well maintained and functioning
properly.
• Electrical connections are sound with no evidence of damage to junction boxes or
conduits. All components are well supported.

Score = 1: Excellent Condition Example

Example of chemical pumps in excellent condition (Score = 1). Note the pumps are
newly installed with no signs of wear or corrosion.

Score = 2: Fair Condition
Description and Characteristics
Sound and well maintained but may be showing slight signs of early wear. Delivering
full efficiency with little or no performance deterioration. Only minor renewal or
rehabilitation may be needed in the near term.
Primary Equipment Characteristics
• Equipment could be older, but physical appearance is very good, may have been
repainted since installation.
• Operating environment is generally clean and dry without the potential for
excessive heat/cold (temperature changes), humidity, or potential for
corrosion (exposure to corrosive chemicals, H2S gas, etc.).
• Equipment may have some minor surface corrosion or UV degradation (<10% of
surfaces).
• Equipment is not leaking but may have evidence of historical leaks.
• Equipment may exhibit very little vibration or noise outside of normal operating
levels.
• Equipment pedestals and supports are not damaged and have little to no surface
corrosion (<10% or surface).
• Equipment appears to be well maintained. Equipment may have recently
undergone rehabilitation/overhaul. Note whether grease fittings appear used,
filters are replaced regularly, etc.
• Equipment is in the middle of its estimated useful life and will need only minor
renewal or rehabilitation in near term.
Ancillary Items
• Piping and valves are well supported and maintained with minor surface corrosion
(<10%). There should be no visible leakage. There may be evidence of
maintenance/replacement.
• Local control panels may have some minor maintenance issues (dents, surface
corrosion <10%). No evidence of leakage or internal corrosion. All panelmounted instruments and devices should be functional.
• Field instruments: All field instruments should be functional. There should be no
visible leakage—could be evidence of historical leakage.
• Electrical connections are sound with no evidence of damage to junction boxes or
conduits. All components are well supported. There may be evidence of
maintenance/replacement.
Note: If equipment has been rehabilitated or renewed, the highest rating it can receive
is “Good.” Excellent condition applies only to new equipment.

Score = 2: Fair Condition Example

Example of sludge pumps in fair condition (Score = 2). Note the equipment is well
maintained with little signs of wear.

Score = 3: Moderate Condition
Description and Characteristics
Functionally sound and acceptable and showing normal signs of wear. May have minor
failures or diminished efficiency and with some performance deterioration or increase in
maintenance cost. Moderate renewal, or rehabilitation needed in near term.
Primary Equipment Characteristics
• Equipment is generally older, with physical appearance of good to fair.
• Operating environment could be subject to periodic wet conditions or the
potential for excessive heat/cold (temperature changes), humidity, or potential
for corrosion (e.g., exposure to corrosive chemicals).
• Equipment may have surface corrosion or UV degradation (<50% of surface) and
is in need of painting/coating.
• Equipment may have minor leaks (visible slow drip at connections only—not
from holes or other damage) or evidence of historical similar leaks.
• Equipment may exhibit moderate vibration or noise outside of normal operating
levels (equipment feels and sounds rough—need to discuss with O&M staff).
• Equipment pedestals and supports may have surface cracking, grout loosening,
etc. (no through cracks) and/or surface corrosion (<50% of surface).
• Equipment appears to require routine or preventive maintenance of normal wear
items (e.g., lubrication, belts, gaskets, seals, etc.).
• Equipment is approaching the end of its estimated useful life and will need
moderate renewal or rehabilitation in near term.
Ancillary Items
• Piping and valve supports may have surface corrosion (<50% of surface), minor
damage, or require minor maintenance. There may be evidence of minor leaks
(dripping at joints/gaskets only—not from holes).
• Local control panels may have some minor maintenance issues (dents, surface
corrosion <50%). No evidence of leakage or internal corrosion. All panelmounted instruments and devices should be functional.
• Field instruments: All field instruments should be functional. Minor leaks could
be present at connections only.
• Electrical connections appear sound but conduit and/or junction boxes show
minor damage (surface cracking, gaps—missing gaskets/seals, surface corrosion
<20%). Wiring is not exposed.

Score = 3: Moderate Condition Example

Example of mixer drive in moderate condition (Score = 3). Note equipment is fully
operable with visible surface corrosion.

Score =4: Poor Condition
Description and Characteristics
Functions but requires a high level of maintenance to remain operational. Shows
abnormal wear and is likely to cause significant performance deterioration in the near
term. Replacement or major rehabilitation needed in the near term.
Equipment
• Equipment is generally older, with physical appearance of fair to poor.
• Operating environment could be subject to frequent wet conditions or the
potential for excessive heat/cold (temperature changes), humidity, or potential
for corrosion (e.g., exposure to corrosive chemicals).
• Equipment has extensive surface corrosion or UV degradation (>50% of surface
area) and/or evidence of structural corrosion (one location).
• Equipment has heavy leakage at gaskets/connections (steady stream) and/or there
is evidence of current or previous leakage from holes or other failure (one
location).
• Equipment exhibits excessive vibration or noise outside of normal operating
levels with evidence of nonstructural damage resulting from excessive vibration
(loose guards, connections, etc.)—need to discuss with O&M staff.
• Equipment concrete pedestals have 50%–75% surface cracking and/or are cracked
through (<25% of pedestal) and/or steel supports are damaged (<25% of steel
supports with structural corrosion, missing/broken anchors or other similar
damage).
• Equipment appears to require corrective action beyond routine or preventive
maintenance of normal wear items. Action involves extended downtime to
implement (e.g., alignment, leveling, etc.).
• Equipment is at the end of its estimated useful life and will need to be replaced or
rehabilitated in near term.
Ancillary Items
• Piping and valve supports exhibit heavy surface corrosion (>50%) and/or
structural corrosion (flaking, section loss). Connections are damaged with
missing and/or broken anchors. There are heavy leaks on piping or valves (steady
stream) and/or evidence of current or previous leakage from holes or other failure.
• Local control panels show heavy surface rust (>50%) and/or structural damage.
Evidence of leakage and/or internal corrosion. Some panel-mounted
instruments/indicators non-functional (<20%).
• Field instruments <20% exhibit damage, corrosion, and/or are non-functional.
Electrical connections appear unsound. Conduits and/or junction boxes heavily
corroded or damaged (<50%) and/or wiring is exposed (one location).

Score = 4: Poor Condition Example

Example of pump in poor condition (Score = 4). Note equipment exhibits heavy
corrosion

Score = 5: Failed Condition
Description and Characteristics
Effective life exceeded and/or excessive maintenance cost incurred. A high risk of
breakdown or imminent failure. No additional life expectancy with immediate
replacement needed.
Equipment
• Equipment is generally older, with physical appearance of poor to very poor.
• Operating environment could be subject to frequent wet conditions or the
potential for excessive heat/cold (temperature changes), humidity, or potential
for corrosion (e.g., exposure to corrosive chemicals).
• Equipment has extensive and heavy surface corrosion or UV degradation (>75%
of surface area) and/or evidence of structural corrosion (two or more locations).
• Equipment has heavy leakage at gaskets/connections (steady stream) and/or there
is evidence of current or previous leakage from holes or other failure (two or
more locations).
• Equipment exhibits excessive vibration or noise outside of normal operating
levels (evidence of structural damage resulting from excessive vibration—need to
discuss with O&M staff).
• Equipment pedestals and/or supports are heavily damaged (>25% of concrete
pedestal cracked through with loose or missing pieces), (>25% of steel supports
with structural corrosion, missing/broken anchors or other similar damage).
• Equipment appears inoperable in current state—need to discuss with O&M staff.
• Equipment has exceeded its estimated useful life.
Ancillary Items
• Piping and valve supports exhibit heavy surface corrosion (>75%) and/or
structural corrosion (flaking, section loss). Connections are damaged with
missing and/or broken anchors. There are heavy leaks on piping or valves (steady
stream) and/or evidence of current or previous leakage from holes or other
failure—multiple locations.
• Local control panels show heavy surface rust (>75%) and/or structural damage
(two or more locations). Evidence of leakage and/internal corrosion. Some panelmounted instruments/indicators non-functional (>=20%).
• Field instruments >=20% exhibit damage, corrosion, and/or are non-functional.
• Electrical connections appear unsound. Conduits and/or junction boxes heavily
corroded or damaged and/or wiring is exposed (two or more locations).

Score = 5: Failed Condition Example

Example of chemical pump in failed condition (Score = 5). Note equipment exhibits
extensive leaking.

Example of gauges in failed condition (Score = 5). Note equipment exhibits heavy corrosion
and is inoperable.

