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Municipality of Metropolitan Seattle

million gallon(s)

million gallons per day

maintenance hole(s)

mean higher high water

minutes

MIKE URBAN

National Oceanic and Atmospheric Administration
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Office of Planning and Community Development
observed

Project Delivery and Engineering Branch

pump station

quality assurance and quality control

regulator station

supervisory control and data acquisition
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Seattle Public Utilities

sanitary sewer overflow

Storm Water Management Model, Version 5
U.S. Army Corps of Engineers
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Washington State Department of Transportation
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Seattle Public Utilities (SPU) is currently undertaking an ambitious effort to integrate planning for its
drainage and wastewater systems. The goal of this integrated planning effort is to identify the best
investment strategy to achieve the greatest envir onmental and community benefits for Seattle at the lowest

cost to our customers. The Wastewater System Analysis (WWSA)provides a technical analysisofSeat t | e d s

wastewater system to support the development of the Integrated System Plan (ISP), which will b e prepared
by SPW Brainage and Wastewater (DWW) Line of Business (LOB).

The WWSA is a citywide technical analysis of wastewater system capacity that includes an accompanying
community outreach effort. The technical component of the WWSA builds from prev iously developed
hydraulic and hydrologic (H&H) models to conduct a citywide modeling analysis that identifies areas at risk
from limited wastewater capacity. Lack of wastewater system capacity causes sewer overflows through

maintenance holes (MHs) inthest r eet or backups into residentdh@® and

C

outreach effort expands SPU6s understanding of wastew

communities of color, who historically ucamhenitiessr epor t

provides an opportunity to learn about current capacity issues from customers and residents and provide
information to the community about how to report issues.

The WWSA focu®s on the following challenges:

il
il
il

Public Health and Safety
Growth
Climate Change

Goals and Objectives:

The goal of the WWSA is to provide the technical analysis of the wastewater system needed to develop the

ISP.

The project objectives to meet the goal are as follows:

il
il
il

Identify and understand wastewater system capacity needs
Set a transparent and consistent method to prioritize wastewater system needs

Provide analysis of the wastewater system that aligns with the Drainage System Analysis (DSA)and
provides technical foundation for the ISP

In addition, SPU developed and implemented the Equity Strategy for System Analysis Projectsto ensure that
considerations of racial equity were embedded in the WWSA. The goals of the equity strategy are to:

il
il

Incorporate analysis of equity impacts into the WWSA in a meaningful way

Build shared understanding among the project team members and project leadership that considering
equity early in the integrated system planning process is valuable

Reinforce that equity is an important factor every time DWW makes a decision or selects a preferred
option

Lay groundwork for the ISP equity framework

ES1
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Wastewater Capacity Performance Goals and Thresholds

A primary objective of the WWSA is to identify and understand wastewater capacity needs. To meet this
objective, SPU selectedwastewater system Performance Thresholds to achieve performance goals, for
private property and public rights -of-way (ROW), that are consistent with SPU risk tolerance.

Performance Goals

Performance goals for wastewater system capacity were developed basedon previous work. For the WWSA,
the wastewater system performance goals are:

1 Provide adequate capacity in the public wastewater system to minimize the risk of sewer backups into
private property

1 Provide adequate capacity in the public wastewater system to minimize the risk of sewer backups into
the public ROW

Performance Thresholds

For the WWSA, a Performance Threshold defines adequate capacity; it was used for the citywide modeling
analyses to identify areas at risk from limited capacity. Performance Thresholds are made up of two
components: a performance parameter and a design storm.

Performance Parameters.

A performance parameter is a set hydraulic grade line (HGL) that defines when simulated surcharging or
flooding represents a potential impact. The following three performance parameters were selected to
conduct the analysis:

1 Surcharged pipes: Greater than or equal to 1 -foot of surcharge above the crown of the pipe

1 MHflooding: Peak HGL > MH rim elevation leaving no freeboard

1 Capacitylimited pipes: Qpeak/Qcapacity > 1.0, where Q is flow. 100% of existing pipe capacity is utilize d,
when all restrictions are removed.

Design Storm.

A design storm is a specified amount of rainfall distributed over time and space. The selected performance
parameters were evaluated in the following three design storms:

1 1-year, 24-hour design storm (1.4 inches of rain in 24 hours)
1 2-year, 24-hour design storm (2.0 inches of rain in 24 hours)

1 5-year, 24-hour design storm (2.7 inches of rain in 24 hours)

Performance Threshold Selection

Prior to selecting the Performance Thresholds, a comprehensive methoddogy was developed to analyze and
characterize the wastewater system. Citywide hydrologic and hydraulic (H&H) models were run to analyze
system performance under the 1-, 2-, and 5-year, 24-hour design storms. A summary of the citywide
analysis is presented in Table ES 1.

ES2
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Table ES-1. Citywide Performance T  hreshold Results

Surcharged Surcharged Capacity Capacity Flooded
. . . . ’ . ) Flooded MHs
Design Storm Pipes Pipes Limited Pipes Limited Pipes MHs (% of system)
(miles) (% of System) (miles) (% of System) (count) y
1-year, 24-hour 86 6% 57 4% 179 <1%
2-year, 24-hour 240 17% 150 11% 839 2%
5-year, 24-hour 419 30% 264 19% 2,073 6%

Note: Total length of SPU wastewater g/stem pipe analyzedis approximately 1,400 miles

American Academy of Cost Engineers (AACE) Class 5 cost estimates were developed to compare the cost to
upsize capacity limited pipes under each design storm. Total cost projections for the three design storms
ranged from $0.862 billion for the 1 -year design storm with -30% uncertainty to $8.685 billion for the 5 -
year design storm with +50% uncertainty. Citywide pipe upsizing costs were used to inform the selection of
Performance Thresholds, along with other non -technical metrics.

To help understand how Performance Thresholds may impact the community, the WWSA project team
completed a racial equity toolkit that was developed by DWW and Environmental Justice and Service Equity
(EJSE staff for this analysis. The toolkit contained questions to help the project team compare and identify
possible inequitable impacts of the potential Performance Thresholds

The 5-year, 24-hour design storm that delivers 2.7 inches of rain in 24 -hours was selected for the
Performance Threshold storm event. The following considerations supported selection of 5-year, 24-hour
design storm:;

9 It is robust; it incorporates the most up to date understanding of precipitation in Seattle

1 Itis protective of customers. High upfront costs to address sewer capacity issues on private property,
e.g. installing backflow preventors, are a considerable burden for people of color and low -income
customers. More customers will benefit from the 5 -year, 24-hour storm because relative to the 1- or 2-
year, 24-hour storms, a larger number of capacity issues will be addressed over time by SPU programs
or projects

1 Itis a good measure of what DWW should be planning for long-term. The ISP will identify projects and
programs to address wastewater capacity issues over a 50-year period, and planning for a 1 - or 2-year,
24-hour storm did not seem appropriate for the 50 -year planning horizon

The performance goals and thresholds shown in Table ES-2 were approved and accepted by the Planning
Management Team.

Table ES-2. Wastewater System  Performance Goals and Thresholds

Performance Goal Performance Threshold
Provide adequate capacity in the public Adequate capacity is defined as surcharging less than one foot above the
wastewater system to minimize the risk of crown of the wastewater pipe for the storm event that delivers 2.7 inches of
sewer backups into private property. rain in 24 hours.
Provide adequate capacity in the public Adequate capacity is defined as no flooding at the wastewater maintenance

wastewater system to minimize the risk of hole rim for the storm event that delivers 2.7 inches of rain in 24 hours.
sewer backups into the public ROW.

ES3
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Additionally, future conditions modeling was completed accounting for climate change impacts (changes in
precipitation and sea level rise) and growth and redevelopment across the city. Results of the future
conditions modeling were used as a comparison to the existing conditions modeling to forecast potential
future impacts to the wastewater system.

Community Outreach

The WWSA included community outreach to supplement the technical analysis. Feedback from residents and
business owners helped SPU determine whether modeled wastewater system capacity isues such as
backups on private property or sewer overflows in the ROW have occurred. Data gathered through
community outreach was incorporated into risk area prioritization.

Outreach Goals

Outreach goals for the WWSA were:

i Use strategic citywide outreach and targeted priority area outreach to confirm WWSA findings and to
identify potential new wastewater capacity risk areas

f Educate SPU system users about Seattlebs wastewater
service and response tools, and the Integrated System Planning effort

1 Use various outreach strategies to engage communities of color to ensure their needs are represented
in outreach findings

Outreach Strategy

SPU determined that a qualitative survey sent to parcel owners and occupants would best meet the
outreach goal to confirm WWSA model results. Three primary groups were targeted for outreach:

1. SPU customers who live in specific areas
2. Communities of color though partnership with SPUb6s
3. SPU customerscitywide to identify potential gaps in results from the target ed outreach

SPU prioritized potential outreach areas. The prioritization process yielded 13 final priority areas for targeted
mailings and door-to-door outreach. An additional 30 priority areas received targeted mailings only.

SPU tailored outreach tactics based on the specific character and needs of each neighborhood. These tactics
included post card mailings (and targeted follow -up mailings), door-to-door canvassing, targeted social
media advertising, outreach to business and industrial groups, and coordination with community -based
organizations. Priority outreach areas and strategies are shown in Figure ES1.

SPU worked to engage communities of color by partnering with community -based organizations that are
contracted through its Community Connections program consisting of Chinese Information Service Center
(CISC), Horn of Africa Services (HOAS), and ECOSS.

ES4
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Figure ES -1. Priority Areas and Outreach Strategies
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Outreach Results

WWSAoutreach efforts included over 19,000 mailers with links to surveys distributed to 43 outreach priority
areas. Additionally, over 2,400 homes and businesses in 13 priority areas were visited by door-to-door
outreach teams as a follow up to the mailer. The density of survey responses throughout the City is shown
in Figure ES2. SPU received 468 completed surveys from outreach in priority areas. Ninety-two reports of
sewer overflows received through survey responseswere reviewed by SPU and incorporated into risk area
prioritization.
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Risk Area ldentification and Prioritization

Risk areas were delineated and prioritized to understand areas in the city at risk of not meeting the WWSA
Performance Thresholds. The following steps were completed to identify and understand the areas at risk of
not meeting the WWSA Performance Thresholds:

1 Delineate risk areas

91 Develop risk-based prioritization criteria
1 Develop a prioritization tool
1

Use the tool to score and prioritize risk areas

Risk Areas

Arisk area is an area, including parcels and ROW, served by hydraulically connected wastewater pipes that
exceed Performance Thresholds. Three hundred eightyfour risk areas were delineated, and risk-based
criteria were used to prioritize the risk areas.

Risk-Based Prioritization Criteria

SPU developed riskbased criteria to prioritize the wastewater capacity risk areas.

Risk was assess®d based on the consequenceof a sewer overflow or backup and simulated likelihood of that
backup or overflow, with consideration that vulnerable communities are disproportionately impacted by
sewer overflows. To calculate risk, the consequence score is multiplied by the likelihood score, which each
have a maximum value of five points. An equity score of up to five points is added to the product of
consequence and likelihood for a final maximum risk score of 30 points.

The equation to calculate the risk score is shown in Figure ES 3. The higher the risk score, the higher the
risk associated with a potential sewer backup or overflow.

Risk |— ( Consequence| | Likelihood ) + |Equity Score
Points Possible | 2-30 1-5 1-5 1-5

Figure ES -3. Risk Score Equation

Consequence Criteria

Consequence, also referred to as impact is the potential consequenceof the wastewater system being
under capacity. The consequencescore is the sum of the following five criteria:

9 Existing conditions model results
Future conditions model results
Confidence in model results
Presence of critical facilities
Presence of high use areas

= =4 =4 A
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Likelihood Criteria

Likelihood is the second component of the risk score. A likelihood score is determined by storm recurrence,
which is based on the probability that a storm will be equaled or exceeded in a given year. Likelihood
categories included:

1 Annual or more frequent storm recurrence ( simulated flooding in 1-year, 24-hour design storm)
Storm recurrence between 1 and 2 years (simulated flooding in 2-year, 24-hour design storm)
Storm recurrence between 2 and 5 years (simulated flooding in 5-year, 24-hour design storm)
Storm recurrence between 5 and 10 years (not simulated for the WWSA)

Storm recurrence of more than 10 years (not simulated for the WWSA)

= =4 =4 A

Equity Criteria

The equity score is used to acknowledge that areas of racial and socioeconamic disparity are at a relative
disadvantage to recover from a sewer overflow. This score is based on the Racial and Social Equity Index
developed by the Office of Community Planning and Development (OPCD) The composite index includes
measures of race, Emglish speaking ability, national origin, socioeconomic disadvantage, and health
disadvantage. The index is mapped by census tract and includes five categories that range from low to high
racial and social equity disadvantage and priority.

Risk Area Prioriization

A prioritization tool was developed using the Microsoft Excel platform to prioritize risk areas and house the
inventory of wastewater capacity risk areas. The tool includes the consequence, likelihood, equity, and total
risk scores for all risk areas.

The prioritization tool was used to prioritize th e 384 risk areas into critical, high, medium, medium low, and
low categories using the risk-based prioritization criteria. Citywide prioritization results are shown in Figures
ES4 through ES-7.
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In summary, 45 (12%) risk areas were categorized as critical, 51 (13%) were categorized as high, 104
(27%) were categorized as medium, 106 (28%) were categorized as medium low, and 79 (20%) were
categorized as low priority. The distribution of risk area scores is shown in Figure ES8.

120
106 104

100

79
80

60 51

40

20

Low (<= 7) Medium Low (>7 and Medium (>11and <= High (> 15and < 19) Critical (>=19)
<=11) 15)

Figure ES -8: Risk Area Priority and Numeric Score

Suspected causes that contribute to limited wastewater capacity were identified for critical and high priority
risk areas. Contributing causes include the following:

Simulated flow exceeds pipe capacity causing surcharge or MH flooding (most cases)
Low pipe slopes reduce capacity below simulated flow

SPU operational controls cause upstream backups

King County system is backing up into the SPU system

Pump station capacity is too low to convey simulated flow, or

= =4 =4 -4 -4 -

Any combination of the above

Additional Analyses

Two additional analyses were completed through the WWSA to develop informational GIS layers for use in
the ISP:

1 Identification of drainage connections to the combined system

1 Inflow and infiltration (I/) contribution estimates in separated sewer areas

Identification of Drainage Connections to the Combined System

Understanding the source of inflow to a wastewater capacity risk area provides valuable information for
determining the appropriate method to improve the conveyance capacity. SPU mapped drainage
connections to the combined system to identify stormwater inputs that contribute to limited conveyance
capacity in risk areas.
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I/l Contribution Estimates

SPU6s I nfiltration and I nflow Mitigation niodelin§epar at ed

indicates I/l contributions are greater than 3,500 gallons per acre per day ( gpad) for a 20-year peak event
storm, an I/l reduction project is a potential solution to capacity issues (Seattle Public Utilities, 2018).
Hydrologic modeling was run for the 20 -year storm event to identify separated sewer areas with 1/]
contributions greater than the 3,500 gpad.

Recommendations for Future Use

How information could be used for the ISP

The WWSA provides critical data and analysis required to complete the ISP. Results of the WWSAcan or will
be used in the ISP to:

1 Be synthesized into representative maps or graphics that demonstrate how DWW systems, social, and
environmental conditions are connected or related to each other

1 Populate a crossissue inventory that will include both wastewater and drainage risk areas and issues
identified in Asset Management Plans (AMPs) and the LongTerm Control Plan (LTCP), including the
Integrated Plan

Develop focus areas that include multiple issue types and opportunities

1 Perform a crossissue, risk-based prioritization of focus areas for directing solution development and
evaluation

1 Identify a suite of solutions to address capacity issues in wastewater risk areas

How information could be used outside of the ISP

The results of the WWSA could be used in a number of ways. The results could be used to inform existing
SPU programs including combined sewer overflow (CSO), sewer capacity, pump station rehabilitation, and
Capacity, Management, Operation and Maintenance (CMOM) programs. The results could be used to
support evaluation of partnership opportunity projects led by transportation agencies or private
development. The results could be used to direct flow monitoring and model calibration resources to model
basins within critical or high priority risk areas that are either uncalibrate d or of poor calibration quality.
Finally, the results could be used to provide information on wastewater system performance to other City
departments to support their planning processes and outreach efforts.
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The Wastewater System Analysis (WWSA)provides a technical analysis of S e a t tvdstewiater system to
support the development of the future Integrated System Plan (ISP), which will be prepared by Seattle
Public Utilitiesd SRY Drainage and Wastewater (DWW) Line of Business (LOB).

The WWSA focuss on the following challenges:

1 Public Health and Safety: The need to supplement our complaint-based knowledge of wastewater issues
relatedtothecapacity of Seattleds wastewater system

T Growth: The need to quantitatively evaluate impacts of ¢

Climate Change Theneedtoassess pot enti al i mpacts of changing prec
wastewater system

This report is organized to walk the reader through the steps involved in developing the WWSA The report
is organized into six sections as follows:

1. Introduction: Provides a history of the wastewater system, a description of integrated system
planning, and the project background, goals, and objectives

2. Wastewater Capacity Performance Goals and Thresholds: Summarizes the method and
process to select Performance Thresholds

3. Community Outreach : Provides an overview of outreach goals, strategy, and results

4. Risk Area ldentification and Prioritization . Describes process to delineate and prioritize risk
areas

5. Additional Analyses : Describesadditional analyses including drainage connections to the
combined system and infiltration and inflow (I/) contribution estimates

6. Products and Recommendations for Future Use: Lists products created as part of the WWSA,
provides recommendations on how results can be used to support the ISP and recommendations on
how results may be used for purposes beyond the ISP

1.1  History of Wastewater System

S e at wdsteviater system has rich a history that has been shaped by the physical landscape ofthe city as
well as by politicaland cultural i nf | uences. Seattl eds hasbeenmshapad bytlest ewat e
following events and eras:

I 1853 - 1880: White settlement and the need to control disease caused by growth and lack of proper
methods to dispose of sewage

1 1880si 1890s: population booms associated with Northern Pacific Railway expansion and Klondike Gold
Rush

1889: Great Fire and reconstruction

1900s 7 1930s: substantial modification of natural topography t hrough regrades and land reclamation
efforts

1 1940si 1960s: post WWII economic expansion and population growth
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1 1960s: changing values toward environmental protection

1 1968171 1970: voter-approved measures known as Forward Thrust

1 1972: amendments to the Federal Water Pollution Control Act (Clean Water Act)
1 1996: creation of Seattle Public Utilities

T

o understand Seattlebés wastewater system, one must f
city.
The Puget Sound area has been home to Coast Salish tribes for over 10,000 years, and Seattle is the home
of the Duwamish people. White settlers arrived in the region in 1851, and the town of Seattle was platted
shortly after in 1853 (Crowley, 1998). The town developed without an adequate plan for conveying
wastewater and maintaining the quality of the streams, river, lakes, and Puget Sound that form its
landscape. Settlers utilized surrounding waterbodies as sources of drinking water as well as locations to
dispose of raw sewage. By 1865, when the population was approximately 300, primitive open sewers
discharged to Elliott Bay and Lake Union, contaminating drinking water sources.

In1875 wh e n S eppulatiorevias approximately 1,500, the first effort to plan and construct se wers
began. Puget Sound, Lake Union, Lake Washington,the Duwamish River, and other waterbodies were used
to receive and convey domestic and industrial wastewater away from the city. Impacts from this approach
quickly caused public health problems, including outbreaks of Typhoid fever and diphtheria as soon as 1885.

Seattlebs popul ation boomed f r omas3a,resulofthe exterkiBn®thet o ov e
Northern Pacific Railway from Tacoma to Seattle in 1883 (City of Seattle, n.d.). Commerce and population

followed the railroad. Additionally, population increased to over 80,000 by 1900 as a result of the Klondike

Gold Rush in the late 1890s.

After the Great Fire of 1889, to address the urgent need to provide sewer service and improve drainage, the
City commissioned plans for a comprehensive sewer system.In 1890, b ased on recommendations from the
report, the City began constructing combined sewers to convey wastewater and stormwater in the same
pipe (Brown and Caldwell, 1958). Combined sewers were installed despite anticipated limitations, such as
overflows during storm events and water quality impacts to waterbodies from those overflows (Brown and
Caldwell, 1958). Cost and the need for formal stormwater conveyance were primary drivers for installing
combined wastewater and sewer pipes. By the turn of the century over 30 miles of combined pipe had been
constructed within the or iginal city limits, much of which is still in use today. The merits of combined sewers
have been questioned since the first pipes were installed.

ManyoftheCG t y6s current challenges with wastewater capaci
growth and reliance on combined sewers to convey wastewater and stormwater. As early as 1910, trunk

sewers did not have adequate capacity to convey wastewater flow due to growth and connections from

smaller tributary areas (Brown and Caldwell, 1958). In 1928 the City Engineer recommended constructing

separate stormwater sewers. A 1948 report to City Council recommended discontinuing construction of

combined sewers completely, predicting financial problems if construction continued.

In the 1950s, the City and voters took action to address deteriorating water quality and lack of adequate

wast ewater infrastructure. Seattle City Ordinance No.
Sewer Utility was tasked with financing, maintaining, and operating the existing sewerage system and

improvements. A $1 per month sewer service charge for single-family homes was established and approved
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by voters in 1956 (City of Seattle, n.d.). The City completed construction of its first modern primary sewage
treatment plant, the Alki Wastewater Treatment Plant, in 1957.

In 1954, the unincorporated area of King County between North 85 ! Street and North 145" Street became
part of Seattle, as approved by voters in 1953 (Wilma, 2005). The properties in this 10-square mile area
developed under King County regulations and were served by smaller sewer districts prior to annexation.
Under King County development regulations, sewer pipes were fully separated, and formal drainage systems
were not required for all suburban residential developments.

In 1958, Seattle and King County voters approved the creation of the Municipality of Metropolitan Seattle

(Metro), a new regional entity tasked with conveying and treating wastewater from the region and leading

the effort to clean up Lake Washington and Puget Sound(Oldham, 2006). The City transferred ownership of
wastewater infrastructure within city boundaries that conveyed wastewater from basins larger than 1,000

acres to Metro. As a result, SPU6s wastewater coll ect
service areas, which typically do not exceed 1,000 acres in size.

The Metropolitan Sewerage and Drainage Surveywas developed in 1958. It was the first regional
comprehensive sewer plan to address population growth, raw sewage discharges and overflows, Lake
Washington and Duwamish River pollution, suburban sewerage problems, and combined sewer roblems.

In 1968 and 1970, voters approved i F o r wa r @ ballohinitiatises to fund sewer separation projects as

well as other public projects such as parks, youth service centers, fire stations, and the Kingdome. The City
Engineering Department completed partial separation projects in combined sewer basins. Fully combined

systems were separated such that only rooftop stormwater runoff and raw sewage continued to enter the

wastewater collection system. Street stormwater runoff was directed to newly constructed separated

stor mwater pipes. As a result, SPUbds wastewater coll e
wastewater and stormwater, and partially separated wastewater pipes. Approximately 27 percent of the

Ci twastewater collection system is sanitary (mostly in the north end in areas that developed under King

County regulations), 33 percent is fully combined (mostly in the central core), and 40 percent is partially

separated (throughout the southern parts of the city but also in several north ern basins) (see Figure 1-1).
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Nati onal policy has also shaped Seattl eds wastewater
amended (also referred to as the CWA), was significantly amended in 1972. The CWA establishes a broad
goal of restoring and maintaining the chemical, phy si cal , and bi ol ogi cal integrit

Some of the ways the CWA hasmost influenced wastewater operation, maintenance, and capital
improvement projects are:

1 Requiring permitting of point source discharges of pollutants into waters of the United States under the
NPDES program (Section 402)

1 Guiding the development of effluent limitations to regulate such wastewater treatment and
management

1 Mandating that states set water quality standards (WQS) to protect beneficial uses and requires periodic
listing of water bodies that do not meet WQS (Section 303(d) list)

1 Prohibiting oil and hazardous material discharges to waters

I n 1990, the structure of Metro was deemed unconstitu
clarified by Board of Estimate of City of New York v. Morris, 489 U.S. 688 (1989). As a result, Metro joined

King County in 1994 (Oldham, 2006). Today the county's Wastewater Treatment Division (WTD) serves

about 1.7 million people within a 424 -square-mile service area, which includes most urban areas of King

County and parts of south Snohomish County and northeast Pierce County(King County, n.d.).

In 1996, the City established Seattle Public Utilities. Operation and management of the wastewater system
formerly housed in the Seattle Engineering Department were merged with the Water Department, along
with the Customer Service Call Center and Construction Engineering Sections of City Light. Today the DWW
LOBin SPUmanages S e a t tradiradge sind wastewater reliably and affordably to protect public health,
safety, and the environment.

SPU6s DWW LOB serves a population of approximately 74
complex wastewater collection system network comprised of 1,423 miles of separated and combined sewer

pipes and maintenance holes (MH), 68 pump stations (P
(CSO) outfalls in Puget Sound, Lake Washington, and the Duwamish Waterway Se at t | ed6s wast ewat
is complex for a number of reasons. As previously stated, there are three types of systems: combined,

partially separated, and separated, each with unique challenges. Split ownership of the system, where

smaller collection pipes are owned and managed by SPU and large trunk sewers and wastewater treatment

plants are owned and managed by King County, adds further complexity to providing adequate capacity in

the wastewater system.

Continual growth and development have made providing adequate sewer capacity a challenge throughout
Seattlebs history. We hayv eityandaregion giverrteadnubhlothepr ogr ess a
wastewater system was designed and installed when primary wastewater treatment technology was not

available and values surrounding environmental protection were markedly different . Irrespective of regional

progress, individual residents and customers continue to be impacted by lack of adequate wastewater

capacity at a localized scale. Providing adequate capacity h the wastewater system requires constant effort ,

and it is a challenge we continue to face. Now, and in the future, we must address this challenge with in an

aging system, growing population, and a changing climate. While the need to provide adequate capacity

remains constant, methods to meet this challenge need to evolve over time.
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1.2

Integrated System Planning

SPU is currently undertaking an ambitious effort to integrate planning for its drainage and wastewater

systems. The WWSA is a critical componentofnt egr at ed
systems. The goal of this integrated planning effort is to identify the best investment strategy to achieve the
greatest environmental and community benefits for Seattle at the lowest cost to our custome rs. The effort

pl anning

for

will integrate planning across drainage and wastewater systems, emphasize engagement, and focus on

leveraging effective partnerships to meet Seattle's infrastructure challenges.

The integrated system planning effort is broken into four stages: Analysis, Visioning, Planning, and
Implementation. Figure 1-2provides a description of each stage and summaries of some of the key
outcomes from each stage.

Identify current
and future risks
and
opportunities
citywide
Prioritize
drainage and
wastewater
risks and
opportunities

Visioning

Cultivate wide
range of
stakeholders to
participate in
the process

Planning

Collaboratively
set vision,
goals,
objectives and
guiding
principles

>

Figure 1-2. Integrated System Planning

Brainstorm solutions and
develop alternatives with
stakeholders

Evaluate alternatives
against social / equity,
environmental,
affordability, and
resilience goals set
during visioning

Select preferred
alternative with
stakeholders

Stages

Implementation

Pilot new approaches
throughout all planning
stages

Implement preferred
alternative with partners

Develop and train
Internal and external
workforces

Monitor and manage
adaptively, stay
accountable to
stakeholders

The Analysis stage is focused on identifying and prioritizing current and future risks and opportunities

citywide. The Analysis stage includes both technical analysis and community outreach. The WWSA is one of

the major analysis projects that has be en initiated as part of this stage of planning.

The Visioning stage consists of engagement and collaboration with our community, other city departments,
and partners. In this stage we will develop goals, objectives, guiding principles, and measures of success for

the drainage and wastewater system to guide long-range planning and investment.

The Planning stage will build from the knowledge acquired through the A nalysis stage and will be guided by
the goals, objectives and principles set through the Visioning stage. The Planning stage will culminate in the

completion of an Integrated System Plan (ISP). The ISP will include both a long-term (50-year) vision for

drainage and wastewater services in Seattle and a short-term (6 -year) implementation plan that sequences

actions for the City of Seattle, SPU, and our partners. In addition, the plan will include an adaptive
management approach to implementation, including procedures for revisiting and refining the planned

actions over time.

SPUb s

dr a



SPU Wastewater System Analysis

Final Report

1.3  Project Background

The Wagewater System Analysis is a technical, citywide analysisthat incorporates equity to improves on
our complaint-based knowledge of wastewater capacity issues and identifies priorities for future investment.
The WWSA was initiated to meet the need for a citywide analysis of the wastewater system to better
understand current and potential future wastewater capacity issues.

Lack of wastewater system capacity causes sewer overflows through MHs in the street or backups into
residentsd and customersd homes o raséanycverflow, spill aisersiodd s ewe
or release of wastewater from or caused by the Sanitary Sewer System or the Combined Sewer System, not

including CSOs or Dry Weather Overflows (DWOs) discharged from the CSO outfalls regulated by SPU's

wast ewater NPDES per mit. SPU uses the acronymsSSO fo
from combined sewers as well as those from sanitary sewers.

There are numerous plans and technical documents that preceded the WWSA including the Wastewater
Systems Plan(Brown and Caldwell, 2006), the Sanitary Sewer Wastewatr Capacity Improvement
Programmatic Business Case(Seattle Public Utilities, 2010), and CMOM Phase Il Task 3- Sewer Capacity
Analysis Design Rainfall Time Series Developmen{Aqualyze, 2016).

In the past, SPU reliedheavily on customer complaints or field reports to identify locations with wastewater
capacity issues. This approach has many drawbacks: it favors neighborhoods or business districts that
communicate more frequently with City government, it provides an incomplete picture of how the
wastewater system functions, and it does not provide insight on how the wastewater system may be
impacted by growth and climate change.

The technical component of the WWSA builds from previously developed hydraulic and hydrologic (H&H)

models to conduct a citywide modeling analysis (AppendixA). The outreach effort expa
understanding of wastewater capacity challengesand focuses on communities of color where under

reporting is likely in order to learn about current capacity issues from customers and residents and provide

information to the community about how to report issues. Underreporting of capacity issues may occur for a

number of reasons including lack of action by the City when issues were reported in the past, language

barriers, or lack of awareness of how to report issues.

1.4  Goals and Objectives

The goal of the WWSA is to provide the technical analysis of the wastewater system needed to develop the
ISP.
The project objectives to meet the goal are as follows:
1 Identify and understand wastewater system capacity needs
- Set wastewater system Performance Thresholds
- Incorporate appropriate projections for growth and climate change
- Improve the wastewater system H&H models, by making them predict observed data better, prior
to completing capacity analysis
- Use citywide H&H models as a tool to assesscapacity citywide and to counter bias in complaint -
based approaches to understanding capacity issues
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- Further our knowledge of the contribution of infiltration and inflow (1/1) to locations that exceed
system Performance Thresholds

- Incorporate current knowledge of t he operations, maintenance, criticality and condition of the
wastewater system in higher priority locations that exceed system Performance Thresholds

- Improve knowledge of our system needs through equitable community engagement
1 Setatransparent and consistent method to prioritize wastewater system needs

- Apply appropriate criteria to prioritize wastewater system capacity issues

- Incorporate equity into those criteria

- Link those criteria back to the SPU priorities

1 Provide analysis of the wastewater system that aligns with the Drainage System Analysis (DSA and
provides technical foundation for the ISP
- Coordinate with the team completing the DSAto ensure that deliverables are consistent and
compatible so that they are useful for the ISP
- Coordinate with the team developing the Vision Plan for the ISP to ensure that the WWSA meets
the vision

- Adaptively align the WWSA with the DSAand ISP

In addition, SPU developed and implementedthe Equity Strategy for System Analysis Projects to ensure that

considerations of racial equity were embedded in the WWSA (Appendix B). The goals of the equity strategy

are to:

1 Incorporate analysis of equity impacts into the WWSA in a meaningful way

9 Build shared understanding among the project team members and project leadership that considering
equity early in the integrated system planning process is valuable

1 Reinforce that equity is an important factor every time DWW makes a decision or selects a preferred
option

1 Lay groundwork for DWW Vision and ISP equity framework

A primary objective of the WWSA is to identify and understand wastewater capacity needs. One strategy to
meet this objective is to select wastewater system Performance Thresholds to achieve performance goals,
for private property and public rights-of-way (ROW), that are consistent with SPU risk tolerance. This
section summarizesthe method used in the WWSAto select the Performance Thresholds for the wastewater
system. For detailed information refer to Appendix C. Wastewater System PerformanceThresholds.
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2.1 Performance Goals

Performance goals for wastewater system capacity were developed based on assessment of service leves
outlined in the 2006 Wastewater Systems Plan, the SPU Strategic Business Plarf2015), the DWW Level of
Service (LOS) Framework(2016) and review of similar work conducted by other ut ilities. LOS Framework
provided recommendations for DWW Service Goals andthe future development of technical Performance
Targets. The LOSFramework recognized the need to further develop the Performance Targets, especially
where technical studies were needed to support the development of specific and measurable targets or
thresholds for DWW system performance.

Wastewater system capacity performance goals were established from the DWW Service Goals proposed in
the LOS Framework

For the WWSA, the wastewater system performance goals are:

1 Provide adequate capacity in the public wastewater system to minimize the risk of sewer backupsinto
private property

1 Provide adequate capacity in the public wastewater system to minimize the risk of sewer backupsinto
the public ROW

2.2 Performance Threshold s

Since developing the LOS Framework, SPU decided to us
APer f or man ¢athdViWwSd eaPerfarmance Threshold defines adequate capacity; it was used for

the citywide modeling analyses to identify risk areas. Performance Thresholds are made up of two

components: a performance parameter and design storm.

Performance Parameters.

A performance parameter is a set hydraulic grade line (HGL) that defines when simulated surcharging or
flooding represents a potential impact. Performance parameters were defined to conduct the analysis.
Through a series of workshops and discussions with the project team the following three performance
parameters were selected:

1. Surcharged pipes: Greater than or equal to 1 -ft of surcharge above the crown of the pipe

2. MH flooding: Peak HGL > MH rim elevation leaving no freeboard

3. Capacitylimited pipes: Qpeak/Qcapacity > 1.0, where Q is flow. 100% of existing pipe capacity is utilized,
when all restrictions are removed

Design Storm.

A design storm is a specified amount of rainfall distributed over time and space. The selected performance
parameters were evaluated in the following three design storms:

1. 1-year, 24-hour design storm

2. 2-year, 24-hour design storm

3. 5-year, 24-hour design storm
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These design storms were selected because they were thought to be the most helpful for selecting
Performance Thresholds for the wastewat er system, based on the design of the majority of the combined
system (Brown and Caldwell, 1958) and review of preliminary modeling results from these events.

A set of three synthetic rainfall hyetographs, based on current intensity-duration-frequency (IDF) curves
(Tetra Tech, 2017), for a 1-, 2- and 5-year return period and a 24-hour duration were developed (see
Appendix D: Design Rainfall Time Series Development and Capacity AnalysisMethodology). These rainfall
hyetographs were developed by applying the alternating block methodology, which ensures that the peak
precipitation occurs at the midpoint of the storm and the falling limbs of the hyetograph successively
decrease in depth. A 24-hour duration was used as rainfall response varies from short term to longer
durations across the city. The design storms were embedded in a 24-month rainfall time series that was
developed for this project. Using the rainfall time series in the system-wide models provided a way to
analyze the system performance under a suite of storms of varying return periods, with typical antecedent
conditions. Figure 2-1. shows the 24-hour duration hyetographs of the three design storms used.

— 1-yr, 24-hr
—2-yr, 24-hr

‘ —5-yr, 24-hr

0.1

rain (inch)
o
&

0.06

0.04

0.02

0 180 360 540 720 900 1080 1260 1440

time (min)

Figure 2-1. Synthetic Design Rainfall Hyetographs
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2.2.1 Modeling Methodology

Prior to selecting the Performance Thresholds, a comprehensive methodology was developed to analyze and
characterize the wastewater system. Modeling was completed to evaluate the wastewater system response
to the selected rainfall storm events for the existing system. Boundary conditions in regional models were
set at 26 discharge locations to the KC system to account for possible backwater impacts from the KC
system. The boundary conditions were generated by running a system-wide model (built from the regi onal
models) for the 24-month rainfall time series and exporting the flow and head time series data at the 26
locations. A flow boundary condition was used as upstream input while a head boundary condition was used
if the system terminat ed at a key structure (typically PSs andregulator stations (RS)).

Modeling was also completed for an idealized system. An idealized system is defined as a system with no
hydraulic constraints, and it was used to calculate Qpeak for the capacity limited performance parameter.

Model output was processed to extract peak HGLat each MH and peak flow at each pipe for the three
design storms. The processing of results included the following data and calculations:

1 System inventory data (e.g., pipe diameter, length, invert elevations, and connecting MH information
such as invert and rim elevations)

1 For performance parameters:
- Feet of surcharged pipe
- MH freeboard

- Feet of capacity limited pipe (Qpeak/Qcapacity), Where Qcapaciiy Wasc al cul at ed usi ng Manni
for a full-flow circular pipe

1 8 3727 _¢ where2 -

See Appendix A for additional details on modeling methodology.

2.2.2 System Performance Under Simulated Existing Conditions

Using the modeling methodology described in Section 2.2.1, citywide H&H models were run to analyze
system performance under the selected design storms. Parametersto interpret modeling results, as
summarized in Section 2.2 were used to generate tables and maps for the citywide analysis. System wide
pipe upsizing costs were computed based on pipe capacity limitations as identified from modeling. System
performance under existing conditions and associated costs required to upsize the system are discussed and
presented in this section.

Existing system performance was analyzed for the 1-, 2-, and 5-year, 24-hour design storms described in
Section 2.2. A summary of the citywide analysis is presented in Table 2-1. Pipe surcharging ranged from 86
miles during the 1-year, 24-hour design storm event to 419 miles under the 5 -year, 24-hour event, and 179
flooded MHs to 2,073 MHSs respectively under the 1-year, 24-hour and 5-year, 24-hour events. It is
important to note that the capacity limited pipes statistics show a lesser degree of problem indicating that
not all pipes surcharged are capacity limited, but surcharge is likely caused due to system bottleneck
downstream.
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Capacity .
. Surcharged U Capacity Flooded MHs
Design Storm Surcharged Pipes (% of Lln_uted Limited Pipes Flooded (% of
Event Pipes (miles) Pipes MHs
System) . (% of System) system)
(miles)
1-year, 24-hour 86 6% 57 4% 179 <1%
2-year, 24-hour 240 17% 150 11% 839 2%
5-year, 24-hour 419 30% 264 19% 2,073 6%

Note: Total length of SPU wastewater g/stem pipe analyzedis approximately 1,400 miles

Table 2-2 distinguishes pipe surcharging and MH flooding by system type categorized as combined, partially
separated and separated. A stark difference in system performance can be seen in both pipe surcharging
(7%) and MH flooding (5%) between the separated system and the other two system types. This is likely a
direct result of inflow connected to the combined and partially separated systems.

Performance Threshold Simulated surcharge 1 ft or greater Simulated MH Flooding
Length (miles) £ el aIL?:éZhar ged Flooded MHs e ::I::Ilglgoded
System Type
Combined 248 59% 1,481 71%
Partially Separated 143 34% 489 24%
Separated 28 7% 103 5%
Total 419 100% 2,073 100%

Maps showing the distribution of simulated surcharge across the city for each design storm are presented in
Figure 2-2 through Figure 2-5 and maps of capacity limited pipes for each design storm are presented in
Figure 2-6 through Figure 2-9. These results were presented to SPU in a series of workshops held between
May and October of 2018. Finer resolution details at a sub-basin level can be found in Appendix E: Sub-
basin Summary Sheets.
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Model results were reviewed in further detail at the sub -basin level for the three design storms. Sixty-five
sub-basins were delineated for the WWSA,; they vary in size and hydraulic complexity. See AppendixF:
Basin Delineation Methodology and WWSA Sukbasin Definition for more details. Performance parameter
summaries were normalized by unitizing over the sub-basin area to facilitate comparisons between sub-
basins. It was noted that sub -basins with a relatively high rate of flooded MHs also had a high rate of
capacity limited pipes per area for the same design storm event and vice versa. Some sub-basins saw
significant increases in flooded MHs or capacity limited pipes from one design storm event to another (e.g.,
Wallingford sub-basin), while others responded more moderately to changes in the design storm event (e.g.
Duwamish PS subbasin). Figure 2-10 and Figure 2-11 present results for simulated MH flooding and pipe
surcharging.

Figure 2-12 presents the results of capacity limited pipes. It should be noted that the number of pipes
showing capacity limitations are less than the pipes surcharged within the same sub-basin when compared
with Figure 2-11. This indicates that many pipes that surcharge do not have a hydraulic capacity limitation
but are surcharged due to possible downstream capacity limitations. This is evident by comparing the
statistics of surcharged versus capacity limited pipes statistics in Table 2-1 where 419 miles or 30% of the
system was surcharged under the 5-year, 24-hour design storm as compared to 264 miles or 19% of the
system with limited capacity. This has a direct impact in com puting the system wide costs of upsizing or
improving the infrastructure. Costs presented in Section 2.2.3 are based on capacity limited pipes.
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For each of the performance parameters evaluated i pipe surcharge, hydraulic capacity limitations
(Qpeak/Qcapacity), and flooded MHs i system performance decreased as design storm event severity (1-year,
2-year, and 5-year 24-hour events) increased, as expected.

Citywide modeling analysis using consistent standards provided a sound approach to compare and evaluate
the hydraulic capacity of the wastewater system. The approach to include peak flow to pipe capacity ratio in
the analysis resulted in not only analyzing the system for existing conditions but also provided insight into
future impacts on downstream systems if the bottlenecks in existing locations were alleviated.

2.2.3 Pipe Replacement Cost Estimates

American Academy of Cost Engineers AACE Class 5 cost estimates were developed to compare the cost to

upsize capacity limited pipes under each design storm. Standard pipe sizes, ranging from 10 inches to 72

inches, were used in the cost estimate. Unit cost for pipe construction, per lineal foot, was based on the

2017 SPU Cost Estimating Guide and Cost Model. To compute total capital pipe replacement costs,

addi tional costs and uncertainties per SPU6s Cl aomss 5
Appendix C.

Total cost projections for the three design storms, as presented in Table 2-3, ranged from $0.862 billion to
$8.685 billion. Total cost projection range is $0.862 billion for the 1 -year design storm event with -30%
uncertainty to $8.685 billion for the 5 -year design storm event with +50% uncertainty.

Table 2-3. Citywide AACE Class 5 Cost Estimate (  in billions )

Design Storm
Cost Item @

1-Year, 24 -hr 2-Year, 24 -hr 5-Year, 24 -hr

Construction Cost

) . ®) $0.501 $1.323 $2.355
(including 10.1% sales tax)
Total Cost Projection

i ) ) (.$) $1.232 $3.253 $5.790
(including soft cost, contingency and management reserve)
Opinion of Costi Low

P . $0.862 $2.277 $4.053
(-30% uncertainty)
Opinion of Costi High

P g $1.848 $4.880 $8.685

(+50% uncertainty )
a. All costs are in 2018 dollars

For all three design storms, nearly 75% of all costs were for pipe diameters ranging from 10 to 24 inches.
Roughly 20% of the costs were for pipe diameters ranging from 30 to 48 inches, and the remaining 5% of
costs were for pipe diameters between 54 and 72 inches.

Citywide pipe upsizing costs were used to inform the selection of Performance Thresholds, along with other
non-technical metrics. These are discussed in the following section.
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2.2.4 Performance Threshold Selection

Selecting Performance Thresholds for private property and public ROW involved SPU staffinput from
multiple SPU Divisionsincluding DWW, Project Delivery and Engineering Branch (PDEB), andEnvironmental
Justice and ServiceEquity Division (EJSE. The merits of each design storm event were identified and
discussedduring three workshops and communicated with key stakeholders at SPU.

The WWSA project team followed the recommendation of the Equity Strategy for System Analysis Projects
(Appendix B) to embed equity into the selection of Performance Thresholds by completing a racial equity
toolkit. A modified racial equity toolkit w as developed by DWW and EJSE staff that contained questionsto
help the project team compare and identify possible inequitable impacts of the potential Performance
Thresholds. The project team completed the modified toolkit together during a meeting, where customer
experience and affordability were the main topics that were discussed in detail. Refer to Appendix G for the
completed toolkit.

It was determined as part of the racial equity toolkit that while the cost to meet each Performance
Threshold was important, the higher cost of the 5 -year, 24-hour design storm was not the most important
factor. The project team assumed that over time individual customers who experience basement backups
would incur higher out -of-pocket costs if the 1-year, 24-hour design storm was selected for the Performance
Threshold storm event compared to the 5 -year, 24-hour design storm. A 1-year, 24-hour design storm event
would potentially impact lower -income customers disproportionately. In Seattle, lower median household
income is correlated with race, where people of color have lower median household incomes than white,
non-Latino residents (U.S. Census Bureau, 2017)

The 5-year, 24-hour design storm that delivers 2.7 inches of rain in 2 4-hours was selected for the
Performance Thresholdstorm event. The following considerations supported this recommendation:

1 While affordability to meet each Performance Threshold was an important topic of discussion, it was
determined that the higher cost of the 5-year, 24-hour design storm was not the most important factor.
Other considerations were valid, such as the fact that a larger number of customers would have to pay
high upfront costs if the 1 -year, 24-hour design storm was selected given that fewer wastewater
capacity issueswould be addressed by SPU

1 The 5-year, 24-hour event is robust, in that it includes rainfall intensities for several durations, which
are based on IDF curves developed based on historical data from 1977-2017 fromallof SPUG6 s r ai n
gages. It incorporates the most up to date understanding of precipitation in Seattle

1 The ISP will identify projects and programs to address wastewater capacity issues over a 50-year
period. The team felt that the 5 -year, 24-hour storm was a good measure of what DWW should be
planning for long-term and that 1 - and 2-year, 24-hour storms were too insignificant for the 50-year
planning horizon

The performance goals and thresholds shown in Table 2-4 were approved and accepted by the Planning
Management Team.
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Table 2 -4. Wastewater System  Performance Goals and Thresholds

Performance Goal Performance Threshol d
Provide adequate capacity in the public Adequate capacity is defined as surcharging less than one foot above the
wastewater system to minimize the risk of crown of the wastewater pipe for the storm event that delivers 2.7 inches of
sewer backupsinto private property. rain in 24 hours.
Provide adequate capacity in the public Adequate capacity is defined as no flooding at the wastewater maintenance

wastewater system to minimize the risk of hole rim for the storm event that delivers 2.7 inches of rain in 24 hours.
sewer backupsinto the public ROW.

2.3  System Performance Under Simulated Future Conditions

Future system performance was evaluated to understand
change in the future due to several factors. A modeling methodology was developed for SPUto estimate

future wastewater flows accounting for redevelopment, population growth, and climate change i both sea

level rise and changes to precipitation patterns (Osborn Consulting, Inc., 2018). These factors are

anticipated to impact future wastewater flows in the following ways:

1 Redevelopment can result in additional impervious areas which can increase peak flows and affect
conveyance capacity. Duetothe G t y6s st or mwater code requirements,
areas associated with development may require flow control, which mitigate the increased flows and
sometimes decrease existing flows
9 Population growth increases dry weather flow into the wastewater system.
1 While sea level rise will not increase flows, it will increase the HGL at outfalls to Puget Sound. A higher
HGL could result in backups upstream of the CSO outfalls
1 Changing precipitation patterns can result in increased precipitation, increasing peak flows in the
conveyance system

The future flows methodology recommended estimating p opulation growth and redevelopment based on
Puget Sound Regional Council 6s predicted population <c
available and set the future conditions to year 2035 for all the data used.

This methodology was applied for the WWSA to evaluate future wastewater system performance.

The first step was to modify the existing conditions models to develop future conditions models. Key steps
included the following:

1 Adjusting DWF average values to account for changes in popuhtion

1 Adjusting model subcatchment percent imperviousness to reflect redevelopment and compliance with
the City®6s StThisvaluescoukl mncre@se drelecrease depending onredevelopment
patterns and the Stormwater Code requirement

1 Updating tidal boundary conditions to reflect a higher projection of sea level rise for the year 2035.
Mean Higher-High Water (MHHW) was adjusted up 11.3 inches from the existing conditions value of
9.02 feet

1 Using modified design rainfall time series with increased rainfall peak intensities and magnitudes to
account for climate change. Each analysis design storm was multiplied by a scaling factor based on the

27



SPU Wastewater System Analysis

Final Report

scaling factors in Combined Sewer Overflow Sizing Approach Implementation: Perturbing Precipitation
Time Series to Future Climate Conditions(CH2M, 2017). The storms with 1 -year and 2-year return
periods were increase by 5.6 percent and the storms with higher return periods were increased by 5.5
percent

In addition to t he existing conditions models, the models used to identify capacity limited pipes were
updated to reflect future conditions. Additional modifications were required for the se models to ensure no
flow restrictions.

Once the models were updated to represent future conditio ns, model runs were performed, and results
were processed for the same Performance Thresholds as the existing conditions models. Table 2-5 shows
the results for the 5 -yr 24-hr design storm broken out by system type.

Table 2-5. Citywide Performance  Threshold Results for Future Conditions 5 -yr, 24 -hr Design
Storm by System Type

Performance Threshold Simulated surcharge 1 ft or greater Simulated MH Flooding
Length (miles) ~ °°f a'L?;éZharged Flooded MHs 7 ©f elt'/:l_fl';mded
System Type
Combined 269 58% 1,712 71%
Partially Separated 164 35% 584 24%
Separated 31 7% 117 5%
Total 464 100% 2,413 100%

Note: Total length of SPU wastewater §/stem pipe analyzedis approximately 1,400 miles

In general, future conditions results showed a higher degree of surcharging in all sub-basins except for one
where the existing and future conditions surcharge results were the same. Table 2-6 shows the comparison
between existing and future conditions. Citywide, the percent of surcharged pipe length increased slightly
from 30% under existing conditions to 33% under future condition s for the 5-yr, 24-hour storm. Simulated
MH flooding increased to a lesser degree from 6% under existing conditions to 7% under future conditions.
Maps showing change in system performance across the city for the 5-yr 24 hour design storm are
presented in Figure 2-13 through Figure 2-16. Finer resolution details at a sub-basin level can be found in
Appendix E: Sub-basin Summary Sheets.

Table 2-6. Existing Vs. Future Citywide Performance T hreshold Result s
Capacity Capacity

Surcharged U o g Flooded
Design Storm Event Surcharged Pipes (% of lelted Limited Pipes Flooded MHs (% of
Pipes System) Pipes (% of MHs system)
(miles) Y (miles) System) y
Existing 5-year, 24-hour 419 30% 264 19% 2,073 6%
Future 5-year, 24-hour 464 33% 288 21% 2,143 7%
Difference +45 +3% +24 +2% +70 +1%

Note: Total length of SPU wastewater g/stem pipe analyzedis approximately 1,400 miles

28



SPU Wastewater System Analysis

Final Report

Figure 2-13. Comparison of Existing and Future Conditions Results i Southwest Quadrant

29







































































































































