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GLOSSARY

TERMS

20-Year Peak Flow—A level of wastewater flow expected to be reached once every 20 years, on average,
based on statistical analysis of historical rainfall and system flows; the 20-year peak flow is the design
flow that King County conveyance facilities should be built to accommodate

Benefit/Cost Ratio—The ratio of savings associated with reduction or elimination of a conveyance system
improvement project to the cost of the I/l reduction project that allows the reduction or elimination

Cost-Effective—Having a benefit/cost ratio of 1.0 or greater

Infiltration—Groundwater that enters a wastewater conveyance system through cracks or other defects in
the buried infrastructure

Inflow—Precipitation runoff that enters a wastewater conveyance system through manholes, roof drains
or other surface openings connecting to the system

Lateral—The portion of a pipe connecting a private property to the public sewer system that is in the
public right of way

Mini-Basin—A drainage basin (geographic area encompassing all portions of the wastewater collection
system draining to a single point) defined by King County’s Regional I/l/ Control Program in order to
establish manageable target areas for sewer system evaluation and rehabilitation. Mini-basins typically
include about 20,000 feet of sewer main pipeline.

Side Sewer—The portion of a pipe connecting a private property to the public sewer system that is on the
private property

ABBREVIATIONS

B/C—Benefit/cost

CCTV—=Closed circuit television

cfs—Cubic feet per second

CMP—Corrugated metal pipe

CSI—Conveyance System Improvements

CSU—Concrete segments, unbolted

CT—Clay tile

E&P Subcommittee—Engineering and Planning Subcommittee

gpm—~Gallons per minute
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I/l—Infiltration and Inflow

IMAP—Interactive Mapping System

KCDNRP—King County Department of Natural Resources and Parks
MG—Million gallons

mgd—~Million gallons per day

MWPAAC—Metropolitan Water Pollution Abatement Advisory Committee
NGPA— Native Growth Protection Area

NGPE— Native Growth Protection Easement

NRCS—Natural Resource Conservation Service

PVC—Polyvinyl chloride

ROE—RIight of entry

RWSP—Regional Wastewater Services Plan

SSES—Sanitary sewer evaluation survey

WDFW—Washington Department of Fish and Wildlife
WDNR—Washington Department of Natural Resources

WTD—Wastewater Treatment Division
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EXECUTIVE SUMMARY

BACKGROUND

The Initial Infiltration and Inflow Reduction Project Alternatives Analysis report presents
recommendations for projects to reduce infiltration and inflow (I/1) in portions of King County’s regional
wastewater conveyance system. Reducing I/, which consists of stormwater and groundwater entering a
sanitary sewer system from various sources, makes more capacity available for sewage in the county’s
wastewater system. This increased capacity helps prevent overflows and reduce the need for capital
projects to add system capacity. King County is engaged in a long-term program to reduce I/1 when cost-
effective to do so, and the projects outlined in this alternatives analysis represent an early test of the
effectiveness of I/I reduction measures over a large area.

Previously, King County conducted a six-year study on I/l control, which included pilot-testing in several
small areas of the county and a detailed benefit/cost analysis. The benefit/cost analysis outlined a general
process for assessing whether the cost of I/l reduction measures can be recaptured through savings
associated with elimination or reduction in size of capital projects that otherwise would be needed to
increase system capacity. Specifically, the process looks at potential savings in the cost of projects
planned under King County’s Conveyance System Improvement (CSI) Program. The 2007 update to the
CSI Program identifies 33 needed projects, assuming no broad I/l reduction across the service region.
Successful I/1 reduction projects may eliminate the need for an identified CSI project, reduce the required
size of the project, or allow for delay in the implementation of the project. Any of these results can lead to
cost savings in the CSI Program.

The initial 1/I reduction projects fulfill the key components of the Executive’s recommendation based on
the six-year study:

e Select, implement, and evaluate two or three initial I/l reduction projects to test the cost-
effectiveness of I/1 reduction on a larger scale than the pilot projects.

o  After completion of the initial projects, make recommendations to the King County Council
regarding long-term I/1 reduction and control.

Mini-Basin—A drainage basin
(geographic area encompassing all

PROJECT DESCRIPTION portions of the wastewater collection
. . system draining to a single point) defined
Areas Investigated and Affected CSI Projects by King County’s Regional I/i/ Control

. .. . . ] Program in order to establish
Four project areas for the Initial I/l Reduction project were selected in October | manageable target areas for sewer

2006 by the Engineering and Planning (E&P) Subcommittee of the | system evaluation and rehabilitation.
Metropolitan Water Pollution Abatement Advisory Committee (MWPAAC), | Mini-basins typically include about
which represents all the jurisdictions served by the King County regional |20.000 feetof sewer lines.

wastewater system. The four project areas—Eastgate, Issaquah, Renton and
Skyway—were chosen from a list of nine that were originally identified as potentially cost-effective in
the November 2005 Benefit/Cost Analysis Report. Each project area consists of one or more “mini-
basins,” which were previously delineated by King County’s Regional 1/l Control Program. Figure ES-1
shows the locations of the four project areas.

The following CSI projects could be affected by I/1 reduction in each project area:

» Eastgate Project Area (City of Bellevue)—The 2.33-million-gallon (MG) Eastgate Storage
project

ES-1



Initial Infiltration and Inflow Reduction Project Alternatives Analysis Report...

Figure ES-1. Project Areas and Mini-Basins Evaluated for Initial I/l Reduction Project
» Issaquah Project Area:
— The 2.33-MG Eastgate Storage project
— The 1.77-MG lIssaquah Storage project
— The 1.72-million-gallon-per-day (mgd) Issaquah Interceptor Parallel
* Renton Project Area—The South Renton Interceptor project
» Skyway Project Area—The 0.27-MG Bryn Mawr Storage project
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...EXECUTIVE SUMMARY

Initial Evaluations Performed

For each mini-basin, the county has performed computer modeling to estimate the amount of 1I/I that
would enter the sewer system within the mini-basin for a 20-year peak-flow event. These estimates are
used as the baseline I/l flow for each mini-basin in this alternatives analysis. The evaluation of
alternatives involved estimating how much each mini-basin’s 20-year peak I/l flow could be reduced by
implementing each alternative.

Investigations were conducted to assess the sewer system and surrounding environment for each project
area. The sewer system evaluation survey (SSES) consisted of video inspections of sewers, smoke-
testing, new flow monitoring, and limited dye testing and field visits to evaluate the condition of the
existing sewer system and the level of flows attributable to 1/l. The environmental assessment used field
visits and review of previous studies to determine whether I/l reduction projects would have the potential
for negative impacts on groundwater, surface water, geotechnical features or local drainage systems.

Alternatives Analysis Approach

Following the initial evaluations of the sewer system and surrounding environment, the analysis of
alternatives for the initial 1/1 reduction project consisted of the following steps:

» Rehabilitation unit costs were developed based on field conditions in each mini-basin. Each
property in the project areas was assigned a rehabilitation difficulty rating (easy, medium or
difficult) and associated unit cost for rehabilitation.

* I/l quantities were uniformly apportioned across each mini-basin and were equated to an
average I/1 per property in the mini-basin.

» Rehabilitation alternatives were developed that consisted of rehabilitation in single or
multiple mini-basins, including alternatives that combine rehabilitation in the Issaquah and
Eastgate project areas where there are mutual benefits in the reduction of regional
downstream conveyance needs. The alternatives considered a range of I/l reduction
effectiveness from 60 to 75 percent.

» Alternatives were rated using criteria developed by the E&P Subcommittee. To be considered
cost-effective under these criteria, an 1/1 reduction project must reduce, delay or eliminate a
recommended downstream CSI project; and the associated cost savings must equal or exceed
the cost of the I/l reduction project. Rehabilitation scenarios found to be cost-effective were
evaluated in greater detail to identify preferred alternatives.

GENERAL FINDINGS

The following findings were made based on the analysis of project areas:

» The SSES revealed a moderate number of defects in mains, laterals and side sewers in each
project area. I/l appears to be fairly uniformly allocated across each project area.

» The SSES generally confirmed the conventional wisdom that laterals and side sewers
represent the major source of I/1 in a system.

* New flow monitoring data collected in each project area during the 2007/2008 wet season
was generally consistent with previous data; and both the new and old data suggest that a
large percentage of I/1 in the project areas originates from private property.

» The only significant difference between new and previous flow monitoring data was in the
Renton project area, where the new data showed lower peak I/l levels. The SSES, including
smoke tests and CCTV inspections, failed to identify the source of peak inflows in this

ES-3



Initial Infiltration and Inflow Reduction Project Alternatives Analysis Report...

project area. However, several manholes in a wetland within the project area were identified
as becoming submerged during heavy rainfall events; water entering the system through these
manholes is a likely significant source of inflow.

» Although geotechnical, groundwater and environmental conditions were found to vary widely
across the project areas, no conditions were found that pose significant issues for potential
rehabilitation projects.

e It is likely that instances of drainage-related problems will result from I/l reduction
improvements. In order to address drainage complaints that could be caused by any initial I/]
reduction projects, it is recommended that a portion of the project construction cost be
allocated to fixing any associated drainage problems that occur following rehabilitation.

» For some of the basins, rehabilitation unit costs, which were developed based on actual field
conditions in each project area, are substantially higher than previously estimated in King
County’s 2005 benefit/cost analysis because of the degree of difficulty in accessing mains,
laterals and side sewers. This was particularly true for portions of the Eastgate and Issaquah
project areas. Table ES-1 summarizes the unit costs developed for this project.

* A general finding of the analysis was that basins with an I/l allocation of less than 3 gallons
per minute (gpm) per property were not good candidates for cost-effective removal of 1/I
because achieving the total targeted I/l reduction in those basins would require rehabilitation
of too many properties.

ALTERNATIVES ANALYSIS
Mini-Basin Scenarios

Mini-basin rehabilitation scenarios were developed consisting of varying combinations of rehabilitation
of side sewers and laterals, and direct disconnections of roof drains and yard drains from the sewer
system. The following are typical mini-basin rehabilitation scenarios:

* Rehabilitate laterals and side sewers on 50 percent of service parcels; rehabilitate only side
sewers on 45 percent of service parcels; and implement direct disconnects on 4 percent of
service parcels (this scenario, which does not distinguish between easy, medium and difficult
parcels, was defined as “Technique 4 in the 2005 Benefit/Cost Analysis Report and was the
recommended scenario in that report).

* Rehabilitate laterals and side sewers on all service parcels.
» Rehabilitate laterals and side sewers on 95 percent of service parcels.

* Rehabilitate laterals and side sewers on all easy and medium service parcels.

Variations of these scenarios were developed for each mini-basin. The goal was to establish and evaluate
a reasonable range of I/l reduction approaches in order to find a suitable balance between construction
cost and I/l reduction. Where smoke testing identified direct inflow sources, direct disconnects to
eliminate the inflow sources are included in the rehabilitation scenarios. In all, 46 rehabilitation scenarios
were developed and evaluated for nine mini-basins. Based on the evaluation, 20 scenarios in seven mini-
basis were selected to create initial 1/ reduction alternatives.
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I/l Reduction Alternatives

Mini-basin rehabilitation scenarios selected for use in alternatives were evaluated individually or in
combinations, based on the downstream CSI project that could be affected by their implementation.
Twenty-seven alternatives were developed from the selected scenarios.

The alternatives and their estimated impacts on 1/l were provided to King County’s modeling group to
assess the potential for reducing or eliminating downstream CSI projects due to the reduced I/1 flows.
Cost savings associated with CSI project reduction allowed by each initial 1/l reduction alternative were
estimated for comparison to the construction costs for the alternative. Alternatives with a benefit/cost
ratio of 1.0 or greater may be recommended for implementation as initial 1/l reduction projects.

RECOMMENDATIONS

The alternatives analysis indicated that cost-effective rehabilitation is feasible in only four mini-basins.
Cost-effective rehabilitation in all other mini-basins is limited due to a low I/l allocation per property
(requiring a greater number of properties to be rehabilitated) and high unit costs for rehabilitation because
of difficult field conditions. Two I/l reduction alternatives, consisting of rehabilitation in three of the four
feasible mini-basins, are recommended for implementation:

» Eastgate/lssaquah Alternative BEL/ISS-B (see Figure ES-2)—This alternative includes
rehabilitation of laterals and side sewers in Eastgate Mini-Basin BEL031 and Issaquah Mini-
Basin 1SS003. Components include the following:

— 82 easy and 25 medium lateral and side sewer replacements in Mini-Basin BEL031
(50 percent of 213 properties in the mini-basin).

— 37 easy and 76 medium lateral and side sewer replacements in Mini-Basin 1SS003
(85 percent of 133 properties in the mini-basin).

— The combined estimated range of I/l reduction for the two mini-basins is 1.04 mgd
(75-percent reduction effectiveness) to 0.85 mgd (60-percent reduction effectiveness).

— Reduction in the Eastgate Storage requirement is between 320,000 gallons (75-percent
reduction effectiveness) and 260,000 gallons (60-percent reduction effectiveness).
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Figure ES-2. Eastgate/lssaquah Alternative BEL/ISS-B
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— Reduction in the Issaquah Storage requirement is between 450,000 gallons (75-percent
reduction effectiveness) and 370,000 gallons (60-percent reduction effectiveness).

— Reduction in the downstream CSI project costs is between $6.37 million (75-percent
reduction effectiveness) and $5.12 million (60-percent reduction effectiveness).

— The estimated project cost for the 1/l rehabilitation is $5.23 million. Although this project
is marginally below the cost-effectiveness threshold of 1.0 if only 60-percent I/l removal
is achieved, past similar projects have shown I/l removal rates on average of 77 percent.
The cost estimate for I/l reduction is also conservative, so the risk is minimized that the
project would not achieve cost-effectiveness.

e Skyway Alternative BLS-F (see Figure ES-3)—This alternative includes rehabilitation of
laterals and side sewers in Skyway Mini-Basin BLS002. Components include the following:

— 292 easy and 51 medium lateral and side sewer replacements (89 percent of the
386 properties in the mini-basin).

— The estimated range of I/l reduction is 2.29 mgd (75-percent reduction effectiveness) to
1.88 mgd (60-percent reduction effectiveness).

— The rehabilitation eliminates the need for the 270,000-gallon Bryn Mawr Storage project,
and the associated $5.37 million total project cost.

— The estimated project cost for the I/l rehabilitation is $5.63 million, requiring cost-
sharing of $260,000 by the Skyway Water and Sewer District to make the project cost-
effective.

— The Skyway Water and Sewer District wants to add rehabilitation of mains and manholes
to this project. The District has agreed to pay for the additional construction cost to add
these components.

Estimates and project details will be refined through the predesign process in 2009 and the final design in
2010. The predesign will identify exact parcels for rehabilitation and confirm the preferred construction
method. During final design, contract documents will be prepared, rights of entry will be acquired, and
the public participation program will be carried out. Construction of the projects will take place in 2011
and 2012. Post-project evaluation and the King County Executive’s submittal of recommendations for
future work to the King County Council will occur in 2013.

For the Renton project area, flow monitoring performed for this alternatives analysis did not indicate the
level of I/1 that had previously been measured or predicted by modeling. It is possible that Washington
State Department of Transportation construction on the SR-167 on-ramp resulted in changes to the
surface water drainage patterns, diverting surface water away from the sewer line in the wetland area.
Given the current levels of measured I/l in the mini-basin, it does not appear that rehabilitation in the
mini-basin will meet the cost-effectiveness criteria established for this project. At the April 16, 2008 E&P
Subcommittee meeting, a decision was made to remove the Renton project area from further
consideration of large-scale rehabilitation under the Initial 1/l Reduction project.
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Figure ES-3. Skyway Alternative BLS-F
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CHAPTER 1.
PROJECT BACKGROUND AND STUDY AREAS

This alternatives analysis report presents recommendations for projects to reduce infiltration and inflow
(/1) in portions of King County’s regional wastewater conveyance system. It describes the analysis
performed to identify and evaluate potential projects, provides estimates of project cost and benefit, and
presents considerations that must be addressed in moving forward to design of the recommended projects.

1.1 PLANNING BACKGROUND
1.1.1 Regional I/l Control Program

The King County Wastewater Treatment Division (WTD) serves 34 local cities and sewer districts in the
county’s regional service area. WTD must provide adequate capacity in its system to convey and treat
wastewater flows sent by the cities and districts through their collection systems. With the exception of
portions of the City of Seattle that have combined sewers (designed to convey wastewater and stormwater
in the same pipes), sewers in the regional wastewater system are designed to convey only wastewater.
However, many of these “separated” sewers also convey clean groundwater and stormwater that enter
through leaky pipes, improper storm drain connections, and other means.

This clean water consists of infiltration, which is groundwater that enters a wastewater conveyance
system through cracks or other defects in the buried infrastructure, and inflow, which is rainwater runoff
that enters the system through manholes, roof drains or other surface openings connecting to the system.
The combined contribution of infiltration and inflow (I/1) takes up capacity that could otherwise be used
for wastewater alone and generates the need to build added capacity in pipelines, treatment plants and
other facilities. This need for added capacity results in higher capital and operating costs for the regional
system that are borne by ratepayers in all local jurisdictions. Reducing I/I in the system has the potential
to lower the risk of sanitary sewer overflows and decrease the costs of conveying and treating wastewater.

The King County Regional 1/l Control Program was created in 1999 as part of the Regional Wastewater
Services Plan (RWSP). The purpose of the program is to reduce I/ in the county’s wastewater
conveyance system when it is cost-effective to do so. The county worked with local agencies to conduct a
six-year I/l control study beginning in 2000. The study included pilot testing and a benefit/cost analysis of
potential I/l control approaches, and culminated with an Executive’s recommendation for regional I/l
control. The key thrusts of the Executive’s recommendation are twofold (King County, 2005a):

» King County and the local agencies would select, implement, and evaluate two or three
“initial” I/l reduction projects to test the cost-effectiveness and feasibility of I/l reduction on a
larger scale than the pilot projects.

o After completion of the initial projects, recommendations would be made to the King County
Council regarding long-term I/1 reduction and control.

The Initial Infiltration and Inflow Reduction Project is the implementation of the Executive’s
recommendation. Figure 1-1 shows the milestones included in the project. The project’s scope includes an
analysis of alternatives for four candidate I/l project areas and final design and construction for up to
three initial I/l reduction projects.
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Figure 1-1. Projected I/l Program Milestones

The recommended projects will consist of replacing or rehabilitating sanitary sewer collection system
facilities in local agency systems to remove groundwater and stormwater sources from the sewer system.
Work on private property might consist of rehabilitation or replacement of side sewers (the private-
property portion of a pipe connecting the property to the public sewer system). Work in the public right-
of-way would generally include the rehabilitation or replacement of main lines, service connections to the
main line, laterals (the public-property portion of a pipe connecting a private property to the public sewer
system), and manholes. Construction techniques could include pipe bursting, pipe replacement, pipe
lining, manhole rehabilitation, manhole replacement, cleanout installations, and disconnection or repair of
direct-connection inflow sources.

1.1.2 Conveyance System Improvement Program

King County’s Conveyance System Improvement (CSI) Program outlines needed capital improvements to
the county-owned regional conveyance system to provide adequate capacity for 20-year peak wastewater
flows through 2050. The process for identifying capacity needs consisted of four main steps:

» Estimating current 20-year peak flow demands on the regional conveyance system to
establish a baseline that represents how the system currently performs under peak flow
conditions.

» Projecting 20-year peak flows by decade through 2050 for the regional conveyance system
using population and employment growth projections.

» Using a hydraulic model of the conveyance system to identify capacity constraints based on
when the 20-year peak flows will exceed the capacity of existing regional conveyance
facilities.

» Verifying and adjusting identified growth assumptions and capacity constraints using updated
information from component agencies.

The most recent update to the CSI Program (King County, 2007a) presents 33 project recommendations
assuming no broad I/1 reduction across the service region. Successful I/l reduction projects may eliminate
the need for an identified CSI project, reduce the required size of the project, or allow for delay in the
implementation of the project. Any of these results can lead to cost savings in the CSI Program.

1.1.3 Benefit/Cost Analysis

King County’s November 2005 Benefit/Cost Analysis Report; Regional Infiltration and Inflow Control
Program compared the estimated costs of constructing conveyance system improvement projects with the
estimated costs of 1I/I reduction projects. The report drew upon pilot test results and discussions with local
agencies to establish assumptions for estimating rehabilitation costs for 1/I rehabilitation projects and the
expected amount of I/l reduction. Among these was the assumption that unit costs could be established
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for components of I/l rehabilitation work that would be uniform across King County. These unit costs
included the following:

*  $3,900 for rehabilitation of a lateral on any one property
» $3,500 for rehabilitation of a side sewer on any one property
»  $6,800 for rehabilitation of a lateral and side sewer on any one property

» $3,000 for disconnection of any direct source of inflow to the sewer system (these projects
are called “direct disconnects”).

The benefit/cost report also presented assumptions for the amount of I/l in a sewer basin that could be
removed by a given set of I/1 rehabilitation projects. It defined four techniques for 1/1 reduction in a basin,
and presented the following conservative I/l reduction estimates for each:

e Technique 1—Perform direct disconnects on 4 percent of basin parcels: 10-percent I/l
reduction

» Technique 2—Rehabilitate 95 percent of sewer mains, manholes, laterals and side sewers;
perform direct disconnects on 4 percent of basin parcels: 80-percent I/I reduction

o Technique 3—Rehabilitate 50 percent of sewer mains, manholes and laterals; perform direct
disconnects on 4 percent of basin parcels: 40-percent I/l reduction

e Technique 4—Rehabilitate 50 percent of laterals and side sewers and 45 percent of side
sewers only; perform direct disconnects on 4 percent of basin parcels: 60-percent I/
reduction

The report identified Technique 4 as its preferred approach for 1/1 reduction projects based on pilot project
results, which suggested that it provides the most cost-effective I/l removal. The benefit/cost report
assumptions were used as a starting point for this alternatives analysis, but were modified as appropriate
based on new information collected as part of this project.

1.2 PROJECT GOALS

The overall objective of the initial I/l reduction projects is to remove enough I/l to downsize, delay or
eliminate the need for downstream conveyance improvement projects, resulting in a net savings to the
county. The benefit/cost report outlined specific 1/ reduction targets for flows to nine proposed CSI
projects. Four of those were selected for evaluation in the initial I/1 reduction project. Table 1-1
summarizes the benefit/cost report’s estimates for the four projects. These results established a starting
point for the analysis of alternatives for initial 1/l reduction. The costs and I/l reduction targets were
updated as part of the analysis to select initial projects. The results of the initial projects will be used to
inform further recommendations to the King County Council regarding long-term I/l reduction, including
applicable changes to policy or code.

Much is yet to be learned about the feasibility and cost-effectiveness of I/l reduction on a large scale,
therefore the Executive’s recommendation called for implementation of two or three initial demonstration
projects to gain more information prior to the county launching a full I/l reduction program. If 1/I
reduction on a large scale proves to be cost-effective and feasible, a recommendation would be made that
it be considered as a project alternative during planning and pre-design for any conveyance improvement
project. For future work, wherever I/l reduction is less expensive than the otherwise needed conveyance
project, WTD would fund the I/1 project, including work in local agency systems and on private property.
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TABLE 1-1.
ORIGINAL TARGETS AND ESTIMATED BENEFITS AND COSTS
FOR INITIAL I/l REDUCTION PROJECT

I/1 Reduction

Target to

Achieve Benefit
Affected CSI Intended I/1 Reduction CSl Project  / Cost
Project Intended Benefit Benefit Project Cost _ Cost Savings  Ratio
Eastgate Eliminate the need for Eastgate 3.55 million  $14.46 million $16.63 million 1.2
Storage & Tube Storage gallons/day
Trunk (mgd)

Issaquah 2 Eliminate the need for Issaquah 2 1.05 mgd $3.96 million ~ $5.77 million 1.5
Trunk Trunk upgrades; reduce required
size for Issaquah Tube Storage

South Renton  Eliminate the need for South 0.81 mgd $2.22 million ~ $7.27 million 3.3
Interceptor Renton Interceptor upgrade

Bryn Mawr Reduce the size of the Bryn 2.04 mgd $6.02 million ~ $8.51 million 1.4
Storage Mawr Storage

Source: King County, 2005b.

Once completed, the initial I/ reduction projects are to be evaluated to determine whether they were able
to reduce I/l levels enough to delay, downsize or eliminate the need for downstream CSI projects, and
whether 1/1 reduction on this scale is cost-effective.

The following are the goals of the Initial I/l Reduction Project:

» Conduct an I/l reduction alternatives analysis for four project areas: Eastgate, Issaquah,
Renton and Skyway.

» Select and implement up to three initial I/l reduction projects in 2010-12 to test the cost-
effectiveness of I/l reduction on a scale large enough to potentially reduce the need for
downstream conveyance or storage facility capacity. The total construction cost budget for all
projects combined will not exceed $8.5 million.

* Analyze the results of these initial projects and make recommendations to the King County
Council regarding long-term I/1 reduction and control, including applicable changes to policy
or code.

1.3 DESCRIPTION OF PROJECT AREAS

Four candidate project areas for the Initial I/l Reduction project were selected in October 2006 by the
Engineering and Planning (E&P) Subcommittee of the Metropolitan Water Pollution Abatement Advisory
Committee (MWPAAC), which represents all the jurisdictions served by the King County regional
system. The four project areas—Eastgate, Issaquah, Renton and Skyway—were chosen from a list of nine
that were originally identified as potentially cost-effective in the November 2005 Benefit/Cost Analysis
Report. The selection was based on a comparative evaluation using criteria established by the MWPAAC.
Figure 1-2 shows the locations of the four project areas.
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Each project area consists of one or more “mini-basins,” which were previously delineated by King
County’s Regional 1/l Control Program. For each mini-basin, the county has performed computer
modeling to estimate the amount of I/l that would enter the sewer system within the mini-basin for a
20-year peak-flow event. These estimates are used as the baseline I/l flow for each mini-basin in this
alternatives analysis. The evaluation of alternatives involved estimating how much each mini-basin’s
20-year peak I/1 flow could be reduced by implementing each alternative.

The following sections provide additional information about each project area and its component mini-
basins.

1.3.1 Eastgate

Physical Area

The Eastgate project area is in the City of Bellevue, south of the 1-90 corridor and following 148th/150th
Avenue SE through the Eastgate and Hilltop neighborhoods (see Figure 1-3). The project area consists of
five mini-basins:

* Mini-Basin BEL011—259 Parcels, 97 acres

*  Mini-Basin BEL012—441 Parcels, 221 acres

e  Mini-Basin BEL014—225 Parcels, 131 acres

e Mini-Basin BEL031—213 Parcels, 93 acres

e Mini-Basin BEL032—223 Parcels, 94 acres
The mini-basins in this project area vary in size but share similar physical attributes: steep topography,
winding rights of way, and numerous areas of heavy forest separating adjacent rights of way.
Sewer System

The Eastgate project area is served entirely by gravity sewers, consisting primarily of cement concrete
pipe, with isolated pockets of polyvinyl chloride (PVC) side sewers. Based on the results of King County
modeling, the 20-year peak I/l flow contribution to Eastgate mini-basins is as follows:

e Mini-Basin BEL011—0.78 million gallons per day (mgd)

e Mini-Basin BEL012—1.35 mgd

e Mini-Basin BEL014—0.56 mgd

e Mini-Basin BEL031—1.31 mgd

e Mini-Basin BEL032—0.72 mgd
Flow monitoring before and during the efforts included in this report did not reveal any need for
modifications to the modeling results, so these values are used in calculating potential downstream
impacts of I/l reduction in the Eastgate project area.
Affected CSI Projects

The CSI Program capital project downstream of this project area that is expected to be affected by I/1
reduction in the project area is the 2.33-million-gallon (MG) Eastgate Storage project. Flows would have
to be reduced by 5 mgd to allow for elimination of the facility.
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1.3.2 Issaquah

Physical Area

The Issaquah project area is in the west-central portion of the City of Issaquah (see Figure 1-4). The
project area consists of two mini-basins:

e Mini-Basin 1ISS003—133 Parcels, 81 acres
e Mini-Basin 1SS004—293 Parcels, 136 acres

Mini-Basin 1SS003 extends east from the eastern side of Squak Mountain to about Issaquah Creek. Mini-
Basin 1SS004 extends east from the eastern side of Squak Mountain to about Newport Way SE.

The project area consists of single-family residences and multi-family apartments and condos. There is no
commercial development. Most properties within the project area are on hillside developments. Storm
drainage infrastructure is present.

Sewer System

The Issaquah project area is served entirely by gravity sewers. Wastewater flows are conveyed generally
east and north. Older neighborhoods in the project area are served by concrete sewers, and newer
neighborhoods are served by PVC sewers. Based on the results of King County modeling, the 20-year
peak I/l flow contribution is as follows:

e Mini-Basin 1SS003—0.65 mgd
e Mini-Basin 1S5004—0.81 mgd
Flow monitoring before and during the efforts included in this report did not reveal any need for

modifications to the modeling results, so these values are used in calculating potential downstream
impacts of I/l reduction in the Eastgate project area.

Affected CSI Projects

The following CSI Program capital projects downstream of this project area have the potential to be
impacted by the amount of I/1 in the system:

* The 2.33-MG Eastgate Storage

e The 1.77-MG lIssaquah Storage

» The 26.6-mgd Sunset/Heathfield Pump Station Replacement
* The 1.72-mgd Issaquah Interceptor Parallel

The Sunset and Heathfield pump stations will be sized to accommodate the peak flows that can reach the
facilities. 1/ reduction upstream of these pump stations will affect the sizing requirements for the
Issaquah Storage and the Issaquah Interceptor Parallel, but will not significantly reduce the required pump
station capacity requirements. Therefore, any slight capacity reduction in the Sunset/Heathfield Pump
Station Replacement determined by this analysis will not be considered in the analysis of potential 1/1
projects in this area.










...1. PROJECT BACKGROUND AND STUDY AREAS

1.3.3 Renton

Physical Area

The Renton project area lies at the foot of the east slopes of the Green River valley (see Figure 1-5). The
project area consists of one mini-basin, RNTO0O05, which is east of SR-167, roughly between about South
36th Street and South 47th Street. The 2005 Benefit/Cost Analysis Report identified a second mini-basin
in this project area as potentially cost-effective for 1/l reduction—Mini-Basin SO0O021; however, this
mini-basin was excluded from the analysis because it was determined that only slight I/l reduction in the
mini-basin is feasible and because it includes many commercial properties, which would not easily be
rehabilitated. Evaluation for this project focused on the western portion of the Renton project area, where
a north-south sewer line crosses a wetland between SR-167 and Valley Medical Center.

Mini-Basin RNTO005 includes about 185 property parcels, including multi-family development,
undeveloped land, single-family housing, the Valley Medical Center and its appurtenant clinics, and small
businesses. Approximately 20 percent of the 111-acre mini-basin is single-family housing and 50 percent
is multi-family housing. The hospital is currently undergoing an expansion.

Sewer System

The Renton project area is served entirely by gravity sewers; there are no wastewater pump stations.
Wastewater flows generally southeast to northwest. According to modeling performed for the 1/1 Control
Program, the 20-year peak I/l contribution to sewers in this project area is 7 mgd.

Affected CSI Projects

The CSI Program capital project downstream of this project area that is expected to be affected by I/1
reduction in the project area is the South Renton Interceptor project, which will be a parallel pipeline
constructed to increase capacity in the regional sewer system

1.3.4 Skyway

Physical Area

The Skyway project area is immediately west of the southern end of Lake Washington above Rainier
Avenue South (see Figure 1-6). The project area consists of three mini-basins:

e Mini-Basin BLS001—391 Parcels, 93 acres
e Mini-Basin BLS002—386 Parcels, 157 acres
¢ Mini-Basin BLS003—232 Parcels, 63 acres

The 2005 Benefit/Cost Analysis Report did not identify Mini-Basin BLS002 as a potential candidate for
I/l reduction. This mini-basin was part of the I/l pilot project performed in 2003, which replaced sewer
mains and manholes and rehabilitated approximately 175 laterals and side sewers. Comprehensive flow
monitoring of the mini-basin was not performed following the pilot project, so the amount of /I
remaining in the mini-basin following rehabilitation was undefined. The mini-basin was added for this
analysis after flow monitoring performed as part of this project revealed high levels of I/l remaining in the
portions of the mini-basin that were not rehabilitated during the pilot project.

Development within each of the three mini-basins is predominantly single-family residential, constructed
in the late 1950s and early 1960s. Mini-Basin BLS002 includes additional properties not included in this
analysis because they were rehabilitated as part of the pilot project.
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Sewer System

The Skyway project area is served entirely by gravity sewers. Wastewater generally flows from south to
north in Mini-Basins BLS001 and BLS003 and from east to west in Mini-Basin BLS002. The sewer
collection system in the three mini-basins conveys flow to Rainer Avenue South, where the system
discharges to King County’s regional sewer system. Sewer mains, laterals and side sewers are constructed
primarily of concrete pipe, which was installed in the 1950s by the Bryn Mawr Sewer District, which
provided sewer service to the area at the time.

According to the Skyway Water and Sewer District, several portions of the collection system have
experienced capacity problems during significant rain events. Overflows and sewer backups have
occurred in several locations; including the northeast portion of Mini-Basin BLS003 and the downstream
portion of Mini-Basin BLS002 near Rainer Avenue South.

Based on King County modeling, the 20-year peak I/l contributions in this project area are as follows:
e Mini-Basin BLS001—0.97 mgd

e Mini-Basin BLS002—3.00 mgd (this is the quantity attributed to the portion of the mini-
basin not rehabilitated in the pilot project; based on post-pilot-project monitoring, the
remaining I/l within the rehabilitated area is estimated to be an additional 0.39 mgd)

*  Mini-Basin BLS003—1.68 mgd

Flow monitoring before and during the efforts included in this report did not reveal any need for
modifications to the modeling results, so this value is used in calculating potential downstream impacts of
I/l reduction in the Skyway project area.

Affected CSI Projects

The CSI Program capital project downstream of this project area that is expected to be affected by I/1
reduction in the project area is the Bryn Mawr Storage Facility, a 0.27-MG underground off-line storage
facility to be located northwest of the Renton Airport. The project consists of a 12-foot diameter storage
pipe with a small pump station to discharge stored flows after a peak flow event. Waterfront property
acquisition costs have been included in the project cost estimate for siting the facility. The storage facility
would limit downstream flow to the existing capacity of the Bryn Mawr Trunk. Flow reduction at the
Bryn Mawr Storage Facility would also help to maintain available capacity in King County’s Eastside
Interceptor Section 1.

1.4 ALTERNATIVES ANALYSIS APPROACH

The analysis of alternatives for the initial I/l reduction project consisted of the following steps:

» The results of smoke testing and closed-circuit television (CCTV) inspection of sewer mains,
laterals and side sewers were reviewed. Smoke testing and CCTV inspection help to identify
specific locations where infiltration or inflow may be entering the sewer system.

» Flow monitors were installed in each project area during the 2007/2008 wet season. The data
collected is to be used as follows:

— The results were compared to previous flow monitoring data to identify where I/
conditions have changed since previous monitoring was performed, affecting the scope of
potential I/l reduction measures.
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— The results allow assessment of whether I/l appears to be coming from shallow side
sewers and laterals or from deeper sewer main lines, based on how quickly flows increase
in response to rainfall.

— The results provide “before-project” data that can be used to help assess the effectiveness
of any implemented I/1 reduction measures.

» Field visits and reviews of previous reports were performed for the following reasons:

— Geotechnical, groundwater, environmental and storm drainage conditions were evaluated
in the field and by review of existing documents to identify any locations where 1/I
reduction measures could have negative impacts on these conditions.

— A field visit to a wetland in the Renton project area was conducted to identify manholes
that may become submerged during heavy storm events, representing significant sources
of inflow.

— Limited field investigations were performed to assess conditions of individual parcels in
the project areas that could affect constructability of I/l reduction measures.

* Rehabilitation unit costs were developed for each project area. The unit costs are for
rehabilitation of sewer system components and are based on actual field conditions in each
mini-basin. Each property in the project areas was assigned a rehabilitation difficulty rating
(easy, medium or difficult) and associated unit cost for rehabilitation. The unit costs were
used in developing overall project cost estimates for identified I/l reduction alternatives.

e 1/l quantities were uniformly apportioned across each mini-basin and were equated to an
average I/l per property in the mini-basin. The I/l allocation per property provided a
benchmark for areas that would be most cost-effective to rehabilitate.

» Rehabilitation alternatives were developed that consisted of rehabilitation in single or
multiple mini-basins, including alternatives that combine rehabilitation in the Issaquah and
Eastgate project areas where there are mutual benefits in the reduction of regional
downstream conveyance needs. The alternatives considered a range of 1/l reduction
effectiveness from 60 to 75 percent.

The alternatives analysis used criteria developed by the E&P Subcommittee. To be considered cost-
effective under these criteria, an I/l reduction project must reduce, delay or eliminate a recommended
downstream CSI project; and the associated cost savings must equal or exceed the cost of the I/l reduction
project. A project was designated as “cost-effective” if its benefit/cost ratio, calculated as follows, is 1.0
or greater:

(CSI Project Cost Savings After I/l Reduction)
(Cost of Proposed I/l Reduction Project)

Benefit/Cost Ratio =

In order to measure I/l reduction rates achieved and confirm the appropriateness of reducing or
eliminating a downstream CSI project, the I/l Control Program will conduct flow monitoring within each
project mini-basin after I/l reduction work has been completed. The results of the post-project evaluations
will be presented to the E&P Subcommittee, and a recommendation regarding whether to proceed with
additional 1/1 reduction projects will be presented to the King County Council.
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CHAPTER 2.
SEWER SYSTEM EVALUATION SURVEY

The analysis of I/l reduction alternatives required a detailed assessment of the current physical condition
of the sewer system in each project area as well as the best available estimates of current sewer flows and
peak I/l levels. These characteristics were assessed through a sewer system evaluation survey (SSES)
using updated flow monitoring, extensive CCTV inspection and smoke testing, and, in the Renton project
area, limited dye testing. This chapter describes procedures and results for each element of the SSES.

2.1 ACCESS PROCEDURES

Prior to performing smoke testing and CCTV inspection, King County provided mailers to all residents in
the project areas describing the methods of evaluation that would be performed and the general timing of
the investigations. The mailers included a county contact person and phone number to address any
guestions or concerns that residents had about the investigations. All questions, concerns and
requirements raised by the public were logged into a database for tracking the communications.

Smoke testing required physical access to each property to assess whether 1/ sources were present. In the
Eastgate, Issaquah and Renton project areas, city ordinances allowed access to properties for inspection
purposes, and these rights were passed on to the county through interlocal agreements established with the
agencies. Skyway Water and Sewer District does not have such ordinances, so a right-of-entry agreement
from each property owner was required in order to perform the investigations. The county gathered all
rights-of-entry required for the smoke testing in the Skyway project area.

2.2 FLOW MONITORING
2.2.1 Techniques and Requirements for Evaluation

New flow monitoring was performed to acquire current data on I/l flows in the project mini-basins, at
selected downstream CSI project locations, and at selected control mini-basins where no I/l reduction is
being considered. The flow monitoring results are to be used as follows:

* Current flow estimates for each mini-basin can be used to quantify and confirm the I/l
reduction that could be achieved by projects in each mini-basin.

» Evaluation of how quickly flows increase after the start of rainfall events helps to identify
whether I/1 is entering the sewer system primarily through shallow side sewers and laterals or
through deeper main sewers.

e Current flow estimates for each mini-basin serve as a “before-project” baseline value for
comparison to “post-project” monitoring, in order to assess the effectiveness of implemented
projects.

* Flow monitoring of the control mini-basins allows an assessment of the change in I/l over
time for mini-basins where no I/1 reduction project was implemented.

Monitoring was conducted from September 2007 through June 2008 using 23 flow meters throughout the
four project areas. Meters were placed at the downstream outlet of mini-basins to measure mini-basin
outflows, and, where necessary, at upstream locations to measure flows into the mini-basin. Proposed
monitoring locations were physically inspected prior to the installation of the flow meters to assess ease
of access, safety, availability of a telemetry connection, and physical and hydraulic suitability. Accessible
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sites with suitable flow characteristics that would produce high-quality flow data were selected. County
field crews installed and field-verified each flow monitor.

The monitors measured sewer flow depth and velocity and calculated flow rate from the measured
parameters. Details on the monitor installation and data collection and analysis methods are provided in
Initial 1/1 Projects Flow Monitoring Report (King County, August 2008). Results of the monitoring were
used by King County’s modeling group to produce the estimates of 1/l for each mini-basin used in this
project.

2.2.2 Eastgate Flow Monitoring Results

Seven monitoring locations were established to evaluate flows for the five Eastgate mini-basins, one
control mini-basin, and the location of the downstream Eastgate Storage CSI project. The Eastgate flow
monitoring locations are shown in Figure 2-1 and described in Table 2-1.

TABLE 2-1.
EASTGATE PROJECT AREA FLOW MONITORING LOCATIONS

Reporting

Monitor ID__Monitoring Location Flows Monitored Period
BELO11 Middle of SE 44th Court Mini-Basin BELO11 outflows; 9/1/2007 -
Mini-Basin BEL012 inflows 6/13/2008
BELO012 North side of 37th Road, along chain link Mini-Basin BEL012 outflows 9/1/2007 -
fence facing 1-90 in field 6/13/2008
BELO014 4800 SE 152nd Place Mini-Basin BEL014 outflows 9/1/2007 -
6/10/2008
BELO16 In the middle of intersection of 150th Avenue Control Mini-Basin BEL016 9/1/2007 -
SE and SE 43rd Street outflows 6/13/2008
BELO031 In street SE 46th, opposite 14503 Mini-Basin BEL031 outflows; 9/1/2007 -
Mini-Basin BEL032 inflows 6/13/2008
BEL032 In entrance driveway of East Gate Park Mini-Basin BEL032 outflows 9/1/2007 -
6/13/2008
BELO081 In parking lot behind 15220 37th SE (76 gas Eastgate Storage CSI project 9/1/2007 -
station) by fence closest to 1-90 inflows 6/13/2008

The monitoring results were integrated into the existing county hydraulic models to provide a comparison
between the latest monitoring results and previous model predictions. The results compared favorably in
all five Eastgate mini-basins. An example of this, for Mini-Basin BELO11, is shown in Figure 2-2, which
compares the measured flow in the mini-basin to the flow rate predicted by the model for the same
measured rainfall event. The two lines track very close to one another, indicating that previous
assumptions for I/1 levels in the mini-basin are valid.

The flow monitoring results for all five mini-basins continue to exhibit a rapid response to rainfall,
indicating that side sewers, sewer laterals and inflow sources are the most likely contributors to I/I.
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Figure 2-2. Modeled and Measured Flow Comparison for Mini-Basin BEL011

2.2.3 Issaquah Flow Monitoring Results

Six monitoring locations were established to evaluate flows for the two Issaquah mini-basins, one control
mini-basin, and the location of the downstream Issaquah Storage CSI project. The Issaquah flow
monitoring locations are shown in Figure 2-3 and described in Table 2-2.

TABLE 2-2.
ISSAQUAH PROJECT AREA FLOW MONITORING LOCATIONS

Reporting

Monitor ID__Monitoring Location Flows Monitored Period
1SS002 Intersection of Sunrise Place SW and Wildwood Mini-Basin ISS003 inflows ~ 9/1/2007 -
Blvd 6/13/2008
1ISS003 Across from 40 Newport Way close to Newport ~ Mini-Basin 1SS003 outflows; ~ 9/1/2007 —
Way and Sunset Way intersection Mini-Basin ISS004 inflows  6/13/2008
1SS004 595 Newport Way NW (Morgan Manor) Mini-Basin ISS004 outflows  9/1/2007 —
6/13/2008
ISS014 Intersection of Mountain Park and Mt Everest Mini-Basin ISS004 inflows ~ 9/1/2007 -
Lane SW 6/13/2008
ISSAQO038 1500 19th Avenue NW in front of Bldg #10 Control Mini-Basin ISSAQ038 9/1/2007 —
outflows 6/13/2008
ISSCK39A 1875 NW Poplar Way Issaquah Storage CSI Project  9/1/2007 —
inflows 6/13/2008
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The flow monitoring results compared favorably with previous model data for Mini-Basin 1SS003, as
shown in Figure 2-4. The results for Mini-Basin 1SS004 are less conclusive because the flow monitor was
not functioning properly during the peak of the storm event. Figure 2-5 compares the flow monitoring
results and predicted model flows for Mini-Basin 1SS004. The flow monitoring results for Mini-Basin
ISS003 continue to exhibit a rapid response to rainfall, indicating potential defects in side sewers, sewer
laterals and inflow sources.
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Figure 2-4. Modeled and Measured Flow Comparison for Mini-Basin ISS003
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Figure 2-5. Modeled and Measured Flow Comparison for Mini-Basin ISS004
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2.2.4 Renton Flow Monitoring Results

Four monitoring locations were established to evaluate flows for the one Renton mini-basin and the
location of the downstream South Renton Interceptor CSI project. The Renton flow monitoring locations
are shown in Figure 2-6 and described in Table 2-3.

The results of the flow monitoring do not show the same levels of peak flow and I/I predicted by previous
modeling. Figure 2-7 shows a relatively modest peak flow during the peak of the December 3, 2007 storm
event. The model predicted much higher peak flows for the event. One possible explanation for the
discrepancy is that a previous inflow source in the mini-basin is no longer present. This possibility is
discussed in Section 2.6.6.

TABLE 2-3.
RENTON PROJECT AREA FLOW MONITORING LOCATIONS
Reporting
Monitor ID  Monitoring Location Flows Monitored Period
RNTO005 In the back of car lot of Yonker Nissan ~ Mini-Basin RNTO005 outflows; South  9/1/2007 -
5 feet from fence next to light post Renton Interceptor CSI Project inflows  6/13/2008
RNTO006 3431 Shattuck Avenue South Mini-Basin RNT005 inflows 9/1/2007 -
6/13/2008
S00021 Intersection of 98 Ave S and S 178th Mini-Basin RNT005 inflows 9/1/2007 -
Street 6/13/2008
SRENT?21 404 South 37th Street across street on Mini-Basin RNTO005 inflows 1/10/2008 -
edge of field (installed to verify SO0021) 6/13/2008
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Figure 2-7. Modeled and Measured Flow Comparison for Mini-Basin RNT005
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2.2.5 Skyway Flow Monitoring Results

Six monitoring locations were established to evaluate flows for the three Skyway mini-basins, one control
mini-basin, and the location of the downstream Bryn Mawr Storage CSI project. The Skyway flow
monitoring locations are shown in Figure 2-8 and described in Table 2-4.

Flow monitoring results compared favorably with predicted model results for Mini-Basins BLS001 and
BLS003, as shown in Figures 2-9 and 2-10. Monitoring in Mini-Basin BLS002 shows high levels of I/
remain in the mini-basin. The monitoring results do not appear to compare favorably with the predicted
model results in this mini-basin; this is because the model did not include the I/l reductions that were
achieved following the pilot project construction. When the approximately 3.9 cubic feet per second (cfs)
peak I/l reduction attained in the mini-basin is factored into the predicted model results, the comparative
results are more favorable. Figure 2-11 compares flow monitoring results and predicted model flows for
Mini-Basin BLS002.

The flow monitoring results for all three mini-basins exhibit a rapid response to rainfall, indicating
potential defects in side sewers, sewer laterals and inflow sources.

TABLE 2-4.
SKYWAY PROJECT AREA FLOW MONITORING LOCATIONS
Reporting
Monitor ID__Monitoring Location Flows Monitored Period
BLS001 11900 87th Ave. South Mini-Basin BLS001 outflows 9/1/2007 -
6/13/2008
BLS002 11015 Rainer Ave. S. In side Mini-Basin BLS002 outflows 11/10/2007 —
walk in front of house 6/5/2008
BLS003 8421 S. 114th St. Mini-Basin BLS003 outflows 9/1/2007 -
6/13/2008
BLS003A 8225 S. 116th St. in East bound Mini-Basin BLS003 inflows (installed to 9/6/2007 -
lane avoid adding an upstream subtraction meter)  6/13/2008
BLS006 8050 S. 114th St. Control Mini-Basin BLS006 outflows; 9/17/2007 —
Mini-Basin BLS003 inflows 6/13/2008
BLS43B 11416 Rainer Ave. S., upstream Bryn Mawr Storage CSI Project inflows 9/1/2007 -
of flow meter vault (west of 6/13/2008
siphon inlet structure)
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Figure 2-9. Modeled and Measured Flow Comparison for Mini-Basin BLS001
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Figure 2-10. Modeled and Measured Flow Comparison for Mini-Basin BLS003
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Figure 2-11. Modeled and Measured Flow Comparison for Mini-Basin BLS002

2.3 CCTV INSPECTION
2.3.1 Techniques and Requirements for Evaluation

Closed circuit television (CCTV) inspections use remotely operated video cameras to assess the condition
of an existing main sewer, side sewer or lateral, and to identify potential sources of 1/l. CCTV inspection
provides a means to identify illegal connections, bad connections and joints, and structural and
operational defects in the sewer.

CCTV inspection for this project consisted of running a remotely operated camera through sewer mains
and recording the results on DVDs for review by design engineers. The cameras also had the ability to
launch a second cable mounted camera out of the sewer main and into a sewer lateral and side sewer.
Field work required to facilitate the inspection, such as hydraulic cleaning, root removal and debris
removal, was performed before the inspection began.

CCTV work is best performed during a rainfall event after groundwater levels have begun to rise,
allowing visual confirmation of specific I/l entry points. A small amount of the CCTV work for this
project was completed during periods of high precipitation, but much of it took place during dry weather,
so it was difficult to pinpoint specific locations where I/1 is entering the system.

2.3.2 Eastgate CCTV Analysis

Scope of Investigation
The extent of the CCTV analysis in the Eastgate project area was as follows:
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* Mini-Basin BELO11—Approximately 12,000 feet of 8-inch-diameter sewer mains and
4,500 feet of 6-inch-diameter laterals and side sewers were inspected. A total of
119 individual laterals and side sewers were inspected in the mini-basin.

* Mini-Basin BELO12—Approximately 26,000 feet of 8-, 12- and 15-inch-diameter sewer
mains and 8,500 feet of 6-inch-diameter laterals and side sewers were inspected. A total of
223 individual laterals and side sewers were inspected in the mini-basin.

e Mini-Basin BEL014—Approximately 27,500 feet of 8-inch-diameter sewer mains and
7,200 feet 6-inch-diameter laterals and side sewers were inspected. A total of 192 individual
laterals and side sewers were inspected in the mini-basin.

e Mini-Basin BEL031—Approximately 14,500 feet of 8-inch-diameter sewer mains and
6,000 feet of 6-inch-diameter laterals and side sewers were inspected. A total of
154 individual laterals and side sewers were inspected in the mini-basin.

e Mini-Basin BEL032—Approximately 16,000 feet of 8-inch-diameter sewer mains and
5,500 feet of 4-, 6-inch-diameter laterals and side sewers were inspected. A total of
181 individual laterals and side sewers were inspected in the mini-basin.

General System Age and Materials

Most of the sewer system serving the Eastgate project area was constructed in the 1970s; the system was
built in 1970 in Mini-Basin BEL031, in 1976 in Mini-Basins BEL031 and BELO11, and in 1979 in Mini-
Basin BEL012. The only exception is Mini-Basin BEL014, where the system was built in 1980.

Sewer mains in the Eastgate project area consist primarily of cement concrete pipe. The vast majority of
side sewer and lateral pipe materials also are of cement concrete pipe, although PVC side sewers are used
in isolated pockets. PVC laterals and side sewers are installed on less than 10 percent of the total number
of properties in most of the project area. The exception is Mini-Basin BEL014, which has more extensive
areas of both PVC mains and PVC side sewers and laterals.

Deficiencies and Observed I/l Sources

Deficiencies identified through CCTV inspection did not include many structural problems. A few offset
or separated joints in the mains were observed, but these were infrequent and indicated no larger patterns
for the overall system.

A generally consistent deficiency was observed with regards to the joint conditions in the laterals and side
sewers. These sewers were largely constructed of cement concrete pipe with ungasketed joints, which was
typical for the era of construction and the size of these lines. This type of joint construction is extremely
susceptible to infiltration as well as root intrusion and loss of bedding and support material at the joint.
Few structural defects were noted, but there were many instances of root intrusion and separated joints.

2.3.3 Issaquah CCTV Analysis

Scope of Investigation
The extent of the CCTV analysis in the Issaquah project area was as follows:

* Mini-Basin 1SS003— Approximately 16,000 feet of 8-inch-diameter sewer mains and
1,200 feet of 6-inch-diameter laterals and side sewers were inspected. A total of 51 individual
laterals and side sewers were inspected in the mini-basin.




Initial Infiltration and Inflow Reduction Project Alternatives Analysis Report...

* Mini-Basin 1SS004— Approximately 27,000 feet of 8-, 12- and 15-inch-diameter sewer
mains and 2,000 feet of 6-inch-diameter laterals and side sewers were inspected. A total of
177 individual laterals and side sewers were inspected in the mini-basin.

General System Age and Materials

The sewer system in the Issaquah project area consists of a wide variety of pipe material, such as concrete
segments unbolted (CSU), PVC, ductile iron (DI), asbestos cement (AC), polyethylene (PE) and some
other unidentified pipe materials. Most of the single-family neighborhoods in the project area were built
in early 1960s and 1970s with concrete pipe mains, laterals and side sewers. Newer construction of both
single-family and multi-family areas generally used PVC pipe for mains, laterals and side sewers.

Of the inspected sewer mains in Mini-Basin 1SS003, 52 percent of pipes were CSU pipes, 41 percent
were PVC pipes, 4 percent were DI pipe, and the remainder were unidentified materials. Of the lateral
sewers inspected, 20 percent were PVVC and 80 percent were concrete.

Of the inspected sewer mains in Mini-Basin 1SS004, 43 percent of pipes were CSU pipes, 50 percent
were PVC pipes, and the remainder were varying materials. Of the lateral sewers inspected, 70 percent
were PVVC and the rest were concrete or AC pipe.

Deficiencies and Observed I/l sources

Most of the main lines in Mini-Basin 1SS003 have moderate to few defects, with the CSU pipes having
the majority of the defects. For most of the laterals, the inspection was not completed due to frequent
changes in pipe size and/or orientation. Still, about 50 percent of the concrete laterals and 50 percent of
the PVC laterals were found to have structural defects in this mini-basin.

The CSU pipes in Mini-Basin 1SS004 have more defects than the pipes made of PVC and other materials.
About 60 percent of the concrete laterals and 45 percent of the PVC laterals were found to have structural
defects in this mini-basin.

CCTV videos indicated that few of the main lines and laterals in the Issaquah project area had evidence of
infiltration (deposits and encrustation on the walls of the pipe, and fine to medium root intrusions in the
pipe). This indicates that this project area is a low to medium source of slow-response infiltration.

2.3.4 Renton CCTV Analysis

Scope of Investigation

CCTV inspection of the Renton project area included mains on the west side of SR-167, a sewer main
under SR-167, mains west of the Valley Medical Center and north of South 43rd Street, the three mains
serving the hospital, and one main in the South 37th Street alignment. The focus of the inspection was to
identify pipe defects and I/l in the wetland area northwest of the hospital. Roughly 5,000 feet of 8-
through, 24-inch-diameter sewer mains were inspected in Mini-Basin RNT005. No laterals or side sewers
were inspected in this basin.

General System Age and Materials

Most of the single-family development in the Renton project area is served by concrete pipe installed in
the 1960s and 1970s. Most of the commercial and multi-family development is served by concrete pipe
installed in the 1980s and 1990s, with some PVC pipe in areas of newer construction.
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Deficiencies and Observed I/l sources

Overall, the inspected pipes are in generally good condition. There were some signs of infiltration at pipe
joints, indicated by light root intrusion and encrustation. Small amounts of infiltration were observed in a
few locations. Some minor corrosion problems were noted, but none that indicated structural problems.
Indicators of potential future problems were the large number of sags in the mains and a few misaligned
joints. One pipe has already been repaired.

The pipeline in the wetland was in the worst condition of those inspected. These pipes are shallow (5 to
6 feet deep) and have large cottonwood trees growing near and on top of them; a few of the trees have
fallen over. Several of the manholes in this area are buried, likely because of the heavy growth of grass
and shrubs, which trap soils being transported by moving water and contribute material through their own
death and decay that can help bury the manholes.

2.3.5 Skyway CCTV Analysis

Scope of Investigation
The extent of the CCTV analysis in the Skyway project area was as follows:

* Mini-Basin BLS001—Approximately 12,000 feet of 6-, 8- and 12-inch-diameter sewer mains
and 3,100 feet of 6-inch-diameter laterals and side sewers were inspected. A total of
88 individual laterals and side sewers were inspected in the mini-basin.

e Mini-Basin BLS002—This mini-basin was added to the project area after the study had
begun, so CCTV inspection was conducted on a limited portion of the basin. Approximately
2,200 feet of 8-inch-diameter sewer mains and 400 feet of 6-inch-diameter laterals and side
sewers were inspected. A total of 12 individual laterals and side sewers were inspected in this
mini-basin.

e Mini-Basin BLS003— Approximately 8,500 feet of 8-inch-diameter sewer mains and
1,800 feet of 4-, and 6-,inch-diameter laterals and side sewers were inspected. A total of
41 individual laterals and side sewers were inspected in the mini-basin..

General System Age and Materials

Most of the sewer system in the Skyway project area was built during the late 1950s and early 1960s. The
sewer system consists of a wide variety of pipe material, such as CSU, PVC, clay tile (CT) pipe and some
other unidentified pipe materials. The materials observed in the CCTV analysis were as follows:

e Mini-Basin BLS001—Of the inspected sewer mains, 79 percent were CSU pipe, 19 percent
were PVC (both 8-inch and 12-inch), and 2 percent were CT pipe. Of the lateral sewers
inspected, 67 percent were concrete pipe and the remainder were PVC.

e Mini-Basin BLS002—All the main lines and laterals inspected were CSU pipe.

* Mini-Basin BLS003—Of the inspected sewer mains, 94 percent were CSU pipe and the
remainder were PVC. Of the lateral sewers inspected, 88 percent were CSU pipe and the
remainder were PVC.

Deficiencies and Observed I/l sources

A major portion of the CSU mains and CT mains in Mini-Basin BLS001 have substantial defects. The
inspection videos showed structural defects to the main lines such as exposed aggregate and encrustation.
The PVC mains inspected showed no visible infiltration. Approximately 61 percent of the CSU laterals
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and 22 percent of the PVC laterals inspected had defects. Based on the CCTV inspection results, the main
lines and laterals in this mini-basin are moderately to severely defective.

CCTV inspection videos in Mini-Basin BLS002 indicated defects including broken pipes, cracks,
exposed aggregates, sags in the pipe and encrustation around the joints of the pipe. Based on the number
of general visual observations, pipe defect observations and infiltration observations, the main lines in this
mini-basin are moderately to severely defective and require rehabilitation. About 75 percent of laterals
inspected were found defective in this mini-basin. Most of the main lines and laterals in this mini-basin
have a high number of defects and require rehabilitation.

The CSU mains in Mini-Basin BLS003 have more defects than the PVC main lines. CCTV videos
indicated that the defects include rough pipe surface, stains on the pipe wall, exposed aggregates and
encrustation around the pipe joints. The PVC mains inspected showed no visible infiltration.
Approximately 40 percent of the CSU laterals and 25 percent of the PVC laterals inspected were found
defective in this mini-basin.

2.4 SMOKE TESTING
2.4.1 Techniques and Requirements for Evaluation

Smoke testing is done by blowing low-pressure, non-toxic, non-staining vapor or smoke into a section of
sewer line through manholes, allowing the smoke to flow through the system and escape at any exposed
surface connection to the system. Smoke testing is used to identify two types of I/I:

» Direct inflow connections—Direct connections for surface water to enter the sanitary sewer
system typically include pipes from roof drains, cross connections from storm sewer systems,
open cleanouts, and holes in a sewer pipe that are exposed to the ground surface. These are
identified by smoke rising from an identifiable source during the test, such as a roof
downspout or a cleanout.

» Sewer system defects (infiltration)—Smoke leaks rising from the ground rather than from an
observable structure generally indicate defects in sewer mains, laterals, side sewers and
manholes. These smoke sources may indicate the need for rehabilitation if the observed leaks
are in locations where surface water runoff flows over or near the manholes. Smoke testing
only indicates these types of problems above the flow line in the pipe; the smoke does not
indicate holes and cracks below the flow line and it cannot indicate problems for broken pipes
that are buried too deep in the ground.

In the evaluation of I/l reduction measures, it is assumed that direct inflow connections can be
disconnected relatively easily and inexpensively to reduce I/I. In order to estimate the reduction benefit of
these direct disconnects, the quantity of flow entering the sewer system at sources where smoke tests
indicated direct inflow connections was estimated based on the following equation:

Q=C*i*A™*(448.83/43,560)
Where
Q = Peak flow in gallons per minute (gpm).

C = Runoff coefficient; a runoff coefficient of 0.9 was used for runoff from highly
impervious areas such as roofs and pavement, and a runoff coefficient of 0.35 was used
for less impervious areas such as lawns.

i = Peak-hour rainfall intensity in inches per hour; a peak-hour rainfall intensity of 0.7 inches
per hour was assumed.
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A = Tributary area in square feet; tributary areas were approximated from the smoke testing
videos.

(448.83/43,560) = Is a factor to convert area from acres to square feet and flow from cubic
feet per second to gallons per minute.

2.4.2 Smoke Test Results

Smoke testing showed a significant number of I/l sources in the Eastgate and Skyway project areas, but
few in the Issaquah and Renton project areas:

* In the Eastgate mini-basins, 33 instances of smoke leakage were observed, of which
15 indicated direct inflow connections.

* In the Skyway mini-basins, 127 instances of smoke leakage were observed, of which
53 indicated direct inflow connections. A comparison between the CCTV inspection videos
and the smoke testing videos for Mini-Basins BLS001 and BLS003 indicated broken laterals
at the point where smoke was generated on the ground, suggesting that these mini-basins
have sources of infiltration. No correlation was obtained between the smoke testing data and
the CCTV inspections for Mini-Basin BLS002 as CCTV was performed on few laterals in
this mini-basin.

*  Only three leaks were observed in Issaquah, all of which indicated direct inflow.

» Smoke testing was not performed in the Renton project area near Valley Medical Center due
to concerns of smoke getting into the hospital buildings. Smoke testing in other portions of
the Renton project area yielded seven hits—four at sewer line cleanouts, two around the lids
of manholes, and one in a side sewer that was temporarily cut during construct