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FINAL DRAFT INTRODUCTION TO ENGINEERING STANDARDS

Purpose and Background

Based upon discussions with King County staff, the Local Agencies and regional I/ programs
across the nation, it has been determined that factors contributing to I/1 in the local and regional
wastewater systems include improper construction practices and materials; lack of adequate
inspection and testing prior to acceptance of a new and rehabilitated sections of sewer; improper
system maintenance; and inadequate enforcement of existing ordinances.

This section presents standards, guidelines and procedures for future King County and Local
Agency sewer system planning and design that have been developed to focus on correcting
shortcomings in design, construction, inspection and testing that have been responsible for I/1.
The standards, guidelines and procedures address only those features of sewer systems
associated with 1/1. They are intended to augment and emphasize standards published by the
individual Local Agencies that outline design requirements for overall sewer system design,
construction and rehabilitation.

Contributing I/l Factors
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Inflow is surface water that enters the sanitary sewer system by direct connections from roof
drains, area drains, catch-basins and unimproved surface drainage. Groundwater sources
connected to the system including footing drains and sump pumps, and surface water entering
the system through manhole covers are also sources of inflow (see diagram).
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The following are key factors contributing to impairment of sewer systems’ structural abilities,
resulting in infiltration and/or inflow:

e Sewer mains, laterals and side sewers that are not properly supported are subject to vertical
displacements over time, causing joints to open and pipeline trenches to settle, producing
cracks or breaks in sections of the pipe.

e Manholes constructed in wet ground become recipients of groundwater if the exterior walls
are not adequately sealed to make joints and connections watertight.

e Structural failure of sewer pipes allows groundwater to enter the system at the point of
connection to manholes. Deep cuts and poor ground conditions often result in a larger than
necessary excavation, leading to unequal settlement if uniform support is not provided for the
pipe and manhole. Inadequate support often causes failure of the pipe in shear at the
manhole and provides a point of entry for groundwater.

e Materials must be appropriate for the ground conditions present. Pipeline failures often
occur due to the misuse of materials.

e Woyes and tees not properly plugged with a manufacturer’s watertight plug, snugly fit and
firmly secured, until services are installed and connected can be a source of I/l. Improperly
connected service lines, unplugged wyes and tees, and broken plugs allow groundwater
infiltration.

e Root systems of plants and trees seeking underground water supplies for nourishment will
grow into a sewer through deteriorated and non-gasketed joints or other openings.
Groundwater will follow the path of the roots into the sewer. Root intrusion also impedes the
normal flow in the pipe, and can eventually stop the flow entirely.

e Manholes that are subject to inundation or located in the path of surface water flow can
contribute significant quantities of runoff to the sanitary sewer system.

Recognizing past situations that have allowed extraneous flows to enter the system and
establishing standards to prevent these deficiencies on future projects can greatly reduce future
I/1. Equally important is ensuring that the standards are followed during construction. Even
when adequate standards are in place and used for sewer system design, a lack of inspection and
testing during construction allows deficiencies in the system that let extraneous flows enter the
system. The standards, guidelines and procedures in this section address testing and inspection
requirements for sewer system construction as well as requirements for sewer system planning
and design.

Development of Standards, Guidelines and Procedures

The process of developing the Standards, Guidelines and Procedures was a collaborative effort
among King County, the Local Agencies and the Earth Tech Consultant Team that spanned
several years, as described in the Introduction to this report.

The E&P Subcommittee developed the initial draft standards and policies while considering cost,
experience and feasibility factors. In discussing the level of control that should be included in
the standards, the group determined that the approach to requiring new and/or different
engineering techniques, procedures and policies would be most successful if introduced to the
Region’s Local Agencies in relatively small, incremental steps. The Subcommittee made this
decision based upon financial and political realities. For this reason, the group often opted for
the specific alternative of each Standard that required the least risk or financial impact. The
group agreed that some alternatives should be considered voluntary Guidelines instead of
mandatory Standards. A working draft set of Standards, Guidelines, Procedures and Policies,
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dated October 21, 2002 resulted from this effort. A summary of the original and rewritten
standards is included in Appendix A.

The E&P Subcommittee decided to apply the working draft Standards, Guidelines, Procedures
and Policies to the pilot projects, in order to test their effectiveness and the impacts on staff time
and the Local Agency’s resources. Following completion of the pilot project construction, the
Standards, Procedures and Policies were revisited by the Earth Tech Team to review their
effectiveness, incorporate the lessons learned during the project design and construction, and
make recommendations for any proposed changes to the documents. The proposed changes were
presented and reviewed with the E&P Subcommittee, and a final draft set of Regional I/1 Control
Standards and Procedures was established. A summary of the proposed changes to the working
draft and the Subcommittee’s recommendations and accepted changes is included in Appendix
A. The Final Draft Standards and Procedures appear below.

Organization of Standards and Guidelines
The standards and guidelines are divided into the following three major categories:

e Planning Standards and Guidelines (PS)- The planning standards and guidelines provide
criteria to be followed during the planning phase of sewer projects and I/l investigations.

e Public Facilities (PUB)- The public facility standards and guidelines provide
requirements for sanitary sewer systems that will be owned, operated and maintained by
King County or a Local Agency. These systems include sewers to be constructed within
public rights-of-way and developer extensions constructed within easements that
eventually will be transferred to a Local Agency. Categories here include design and
construction standards, testing standards, inspection standards and warranty
requirements.

e Private Facilities (PRV)- The public facility standards and guidelines provide
requirements for privately owned sanitary sewers. It addresses the segments of sanitary
side sewers and laterals belonging to the property owners being served. Categories here
include design and construction standards, testing standards, inspection standards and
warranty requirements.

Separate standards and procedures are provided for new construction and rehabilitation projects.
New construction includes the addition of sanitary sewer infrastructure in areas that do not
currently have sewer service, as well as the replacement of existing systems. Rehabilitation
projects include improvements to existing sanitary sewer systems, including collection mains,
manholes and side sewers. Rehabilitation techniques such as cured-in-place liners, pipe bursting,
slip-lining and manhole liners fall into this category.

Outline of Individual Standards and Procedures

Each standard or procedure in this document is listed on a separate sheet. While some standards
originally offered several alternatives to provide a variety of levels of I/l control with
considerations for impact to the Local Agencies, the E&P Subcommittee has narrowed these
alternatives to one recommendation per standard, shown in this section. Each standard consists
of the following:

e /I Control Standard Title — A brief name of the Standard.

e 1/1 Control Measure Description — A description of why the Standard is being proposed,;
essentially what 1/1 source is being targeted.
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e Standard/Guideline — This describes the Standard/Guideline in sufficient detail for engineers
and Local Agency representatives to compare the intent with existing standards.

e Potential Local Agency Impacts — This indicates the potential impacts on Local Agencies
adopting the standard. Impacts may include additional staffing requirements and impacts on
Local Agency procedures such as record keeping, inspections, maintenance, equipment, and
other elements of daily operations. Elements of the Standards that could bring added or
reduced cost to the normal processes of an Local Agency are listed. Due to the variability
between Local Agencies, no specific dollar amounts are presented.

e Potential King County Impacts — This indicates the potential impacts on King County of
adopting the Standard. Impacts may include additional staffing requirements and impacts on
County procedures, record keeping, inspections, maintenance, equipment, and other elements
of daily operations by Department of Natural Resources staff. Elements of the Standards that
could bring added or reduced cost to the normal County processes are listed.

e Potential Private Property/Ratepayer Impacts — Many of the Standards have the potential to
impact private property owners or affect sewer rates. These impacts may include increased
maintenance responsibilities for property owners, construction impacts, and cost increases or
reductions.

Standard Details

The Standards and Guidelines also include a set of standard details that outline specific
requirements for the construction of manholes, sewer mains, and side sewers to help prevent 1/1
from entering a new sewer system. The details only address specific features of sewer
construction that impact I/l control, and are intended to augment current Local Agency standard
details for sewer construction.

Similar to the Standards and Guidelines, the standard details were tested during the pilot project
design and construction, and later revisited by the Earth Tech Team and reviewed by the E&P
Subcommittee for any final revisions. A summary of the proposed changes to the working draft
details and the Subcommittee’s recommendations and accepted changes is included in
Appendix A.

Summary of Standards and Guidelines

The following table provides a summary and brief description of the final draft Standards and
Guidelines. A total of 40 standards/guidelines were incorporated into the final draft, with 28
being accepted by the Subcommittee as standards and 12 being accepted as guidelines.
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Regional I/l Control Program

Summary of Listed Design Standards & Guidelines

Standard/Guideline Number & Title

Standard

Guideline

New
Projects
ONLY

Rehabilitation
Projects
ONLY

Both New &
Rehabilitation
Projects

PS-1:

Storm Drainage Connections to
the Sanitary Sewer

v

PS-2:

Design Capacity for Pipeline
Rehabilitation Projects

v

PS-3:

Visual Inspection of Manholes
for SSES Investigations

<

PS-4:

Closed Circuit Television
(CCTV) Inspection of Sewers for
SSES Investigation

PS-5:

Smoke Testing for SSES
Investigations

PS-6:

Dye Testing for SSES
Investigations

S

PS-7:

Modeling and Engineering
Analysis

PUB-1: Connections to Existing

System

PUB-2: Pipe Anchoring

PUB-3: Manhole Location

PUB-4: Manhole Size

PUB-5: Manhole Joints

PUB-6: Side Sewer Connection

Location and Taps

PUB-7: Sewer System Design

PUB-8: Abandonment Requirements

SN S INSNSNSN 5SS

PUB-9: Pipe Rehabilitation Methods

SSNSN S NSNS SN S

PUB-10: Manhole Rehabilitation

PUB-11: Spot Repairs

SN S

PUB-12: Manhole Leveling Rings

<

PUB-13: Manhole Lids/Inserts

PUB-14: Root Intrusion

PUB-15: Pipeline Leak Testing

PUB-16: Manhole Leak Inspection

PUB-17: CCTV Inspection

PUB-18: Inspection of Pipe Installation

and Backfill

PUB-19: Product Specific Inspection

SIS (SNSNSNSN NS

PUB-20: Certification, Warranty and

Qualifications

PRV-1: Pipe Protection — Depth of

Cover

PRV-2: Allowable Connections to Side

v

S SRS SRS
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Standard/Guideline Number & Title

Standard

Guideline

New
Projects
ONLY

Rehabilitation
Projects
ONLY

Both New &
Rehabilitation
Projects

Sewers

PRV-3:

Pipe Zone Bedding and Trench
Backfill

S

v

PRV-4:

Pipe Materials

v

PRV-5:

Inspection Wyes/Cleanouts

<

PRV-6:

Lateral and Side Sewer
Rehabilitation Methods

<

PRV-T7:

Spot Repairs

<

PRV-8:

Root Intrusion

PRV-9:

Side Sewer/Lateral Leak
Testing

PRV-10: Sanitary Side Sewer CCTV

Requirements

PRV-11: Product Specific Inspection

PRV-12: Product Specific Certification

PRV-13: Bonding and Warranty

Inspection

SNSN S (S |NS

SINSN SIS

TOTAL ITEMS:

12

13

B-8:

Individual Design Standards: Planning Standards (PS)
B-19: Public Facilities (PUB) Standards
B-42: Private Facilities (PRV) Standards
B-60: Standard Detail Drawings
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I/ CONTROL STANDARD TITLE: Storm Drainage Connections to the
Sanitary Sewer

e T TR =

STANDARD NO. PS-1

I/l CONTROL MEASURE ISSUE:

Direct connection of storm water collection systems to the sanitary sewer reduces the capacity of the
collection system and increases surcharging potential of the pipe, which can contribute to sewer
deterioration and increase the potential for pipeline collapse. Some agencies allow surface water runoff
collected from areas subject to high pollutant loading to discharge to the sanitary sewer. Numerous
connections of this type can overload both the Local Agency sanitary sewer collection system and the
regional conveyance system.

STANDARD

@ No storm drainage connections shall be made to the sanitary sewer system unless approved by the
Local Agency first and then by King County, and only under special circumstances. The discharges shall
be defined by discharge permit, contract or other such document.

POTENTIAL LOCAL AGENCY IMPACTS

& Provisions for water quality treatment from surface water collection areas subject to high
pollutant loading that the agency may have previously connected to the sanitary sewer will need to be
addressed.

& Requests to connect storm water collection areas to the sanitary sewer will have to be reviewed
for conformance with the special circumstances negotiated between the Local Agencies and King County.
® Special fee structures may be adopted for connection of storm drainage sources to the sanitary
sewer.

POTENTIAL KING COUNTY IMPACTS
& King County and the Local Agencies will need to determine the special circumstances under
which a storm drainage collection source can be connected to the sanitary sewer system.

POTENTIAL PRIVATE PROPERTY/RATEPAYER IMPACTS
& No impact.
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I/ CONTROL STANDARD TITLE: Design Capacity for Pipeline
Rehabilitation Projects

e T TR =

STANDARD NO. PS-2

e o — ERE L R s v

I/l CONTROL MEASURE ISSUE:

Many pipeline rehabilitation techniques for I/l control involve some loss in the hydraulic capacity of the
system because the technique reduces the effective internal diameter of the pipe. Hydraulic capacity loss
can range from moderate for techniques such as CIPP to high for techniques such as sliplining.
Surcharging and sanitary sewer overflows can result if the hydraulic capacity is reduced below the
required service capacity of the line.

STANDARD

# The design of pipeline rehabilitation projects for 1/l control shall consider any loss in the
hydraulic capacity of the system resulting from a decrease in the effective internal diameter of a pipeline.
A Professional Civil Engineer shall verify that the rehabilitated pipe maintains the required hydraulic
capacity to service peak demand flow projections for the area tributary to the pipeline.

POTENTIAL LOCAL AGENCY IMPACTS
% Agencies will need to verify that the project designer has addressed the hydraulic capacity of the
pipeline.

POTENTIAL KING COUNTY IMPACTS
% King County will need to verify that the project designer has addressed the hydraulic capacity of
the pipeline.

POTENTIAL PRIVATE PROPERTY/RATEPAYER IMPACTS
% No impact.
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I/l CONTROL GUIDELINE TITLE: Visual Inspection of Manholes for SSES
Investigations

GUIDELINE NO. PS-3

------------ R TR

I/l CONTROL MEASURE ISSUE:
Manhole inspections are one of the most important efforts of an SSES investigation because manholes
can account for up to 50 percent of the I/l entering a sanitary sewer system. The inspection provides a
means for viewing the manhole internally to assist in:

e Determining whether the cover is subject to ponding or surface water runoff.

e Inspecting for internal leaks.

e Analyzing structural deficiencies in the manhole structure.

e Estimating I/l quantities in the manhole.
Investigation of the internal condition of a manhole should be conducted from the inside of the manhole.
Performing the investigation only from the surface and failing to thoroughly check the manhole interior
commonly results in an inadequate inspection. Leaks around taps in the manhole are often confused with
flow from the tap itself. If not closely inspected, leaks on the floor, in the channel, and around the pipe
seals are often misidentified as eddies in the normal pipe flow.

GUIDELINE

& Visual inspection of manholes shall be performed by experienced personnel trained in the proper
safety measures for performing the inspection including, but not limited to, confined space entry and
traffic control measures. It is recommended that the visual inspection be performed during the wet season
when surrounding soils are fully saturated. Results of the manhole inspections shall be documented on a
standard form which contains the following information:

e Manhole identification or reference number and street location.

The date of the inspection.

Name of the inspector.

Pavement surface type and condition.

Cover information including size, number of pick holes, gasket condition, if present, and whether
the cover is locking or not.

e Frame information including size, grade, condition and presence and condition of an internal
boot.

e Chimney information including material and condition, diameter, height, seal condition at cone or
top slab, presence and location of manhole steps, and evidence of infiltration.

Cone information including type and condition, seal at barrel and evidence of infiltration.

e Barrel information including type, lateral locations, diameter and condition, seal at bench and
bottom slab, and evidence of infiltration. Location and size of cracks and leak locations shall be
documented.

o Condition of channel and bench concrete and location of infiltration at the flow line and bench.

e Presence, location and condition of drop connections.

e Whether the manhole cover is depressed below the adjacent surface grade and whether its
location makes it subject to surface water flows or ponding.

o Significant site features that may affect rehabilitation access or methods, including whether the
manbhole is located on private property or is located near sensitive habitat.

Investigation of the internal manhole condition shall be conducted from inside the manhole if I/l is
present in the manhole. Manhole inspection results shall be archived by the Local Agency.
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—l

POTENTIAL LOCAL AGENCY IMPACTS

# Training and upgrading of staffing skills to perform the manhole inspections and interpret results,
if not contracted with outside vendors.

% Additional staff resources (FTES) may be required.

& Additional staff time for conducting inspections, interpreting results, reporting and archiving of
data.

POTENTIAL KING COUNTY IMPACTS

& Training and upgrading of staffing skills to perform the manhole inspections and interpret results,

if not contracted with outside vendors.
& Additional staff resources (FTES) may be required.

#® Additional staff time for conducting inspections, interpreting results, reporting and archiving of
data.

POTENTIAL PRIVATE PROPERTY/RATEPAYER IMPACTS

® No impacts.
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I/ CONTROL GUIDELINE TITLE: Closed Circuit Television (CCTV)
Inspection of Sewers for SSES Investigations

GUIDELINE NO. PS-4

------------ R TR

I/l CONTROL MEASURE ISSUE:
CCTV inspection during a sewer system evaluation survey provides a safe, low-cost and rapid means for
viewing the sewer line internally to assist in:

e Determining the physical condition of pipe joints.
e Analyzing structural deficiencies and corrosion in pipelines.
e Identifying sources of I/I.
e Estimating quantity of infiltration.
e Identifying changes in the sewer from the last CCTV inspection.
GUIDELINE
] CCTV inspection of sewers for an SSES investigation shall include a complete television

inspection of the sewer main and may include laterals and side sewers that connect to the main. It is
recommended that the CCTV inspection be performed during the wet season when surrounding soils are
fully saturated. The decision to CCTV inspect laterals and side sewers shall be based on evidence that a
significant source of the I/1 originates from the laterals or side sewers. The factors that shall be
considered include:

e Flow monitoring data that suggests rapid infiltration.

o Lack of I/l sources identified from CCTV inspection of the sewer main or smoke testing.

Sewer cleaning shall be performed before beginning television inspection of sewer mains, laterals and
side sewers. Television inspection shall be accomplished using a closed-circuit system specifically
designed for sewer inspections. For each pipeline inspected, records shall be collected on both videotape
and on a field form. The videotape shall include the date of the inspection and a brief narrative description
of the pipeline being inspected (manhole to manhole run, or service address) and discuss each defect that
is observed. Field forms for sewer main inspections shall contain the following information:

e The date of the inspection.
Name of CCTV crew members and their company or agency.
The reason for the inspection.
The location of the pipeline and the upstream and downstream manhole numbers.
The direction of the camera’s travel.
The pipe size, type, pipe joint length, and overall footage of the inspected sewer.
The location and a description of each service connection.
A description of each defect observed and its distance from the point at which the viewing began.
e Severity of I/l at each defect location.

Field forms for lateral and side sewer inspections shall contain the following information:
e The date of the inspection.
Name of CCTV crew members and their company or agency.
The reason for the inspection.
The service address.
The pipe size, type, pipe joint length, and overall footage of the inspected lateral/side sewer.
A description of each defect observed and its distance from the point at which the viewing began.
Severity of I/ at each defect location.
e The location and a description of any observed connections to the lateral/side sewer.
Field forms and videotape of inspections shall be archived by the Local Agency so that they may be
compared to subsequent CCTV inspections that are performed on the same portions of the line. Digital
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G 0]
footage of the CCTV inspection is an acceptable alternative to videotaped footage.
POTENTIAL LOCAL AGENCY IMPACTS
# Training and upgrading of staffing skills to perform the CCTV inspections and interpret results, if
not contracted with outside vendors.
% Additional staff resources (FTES) may be required.
& Acquisition of CCTV inspection equipment and vehicles, or contracting with outside vendors.
& Additional staff time for conducting inspections, interpreting results, reporting and archiving of
data.

$ Additional cost for CCTV of laterals/side sewers.

POTENTIAL KING COUNTY IMPACTS
& Training and upgrading of staffing skills to perform the CCTV inspections and interpret results, if
not contracted with outside vendors.

% Additional staff resources (FTES) may be required.

# Acquisition of additional CCTV inspection equipment and vehicles, or contracting with outside
vendors.

& Additional staff time for conducting inspections, interpreting results, reporting and archiving of
data.

POTENTIAL PRIVATE PROPERTY/RATEPAYER IMPACTS

& No impact.
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I/l CONTROL GUIDELINE TITLE: Smoke Testing for SSES Investigations

------------ e ST

GUIDELINE NO. PS-5

I/ CONTROL MEASURE ISSUE:

Smoke testing is the process of blowing a nontoxic smoke made from mineral oil at low pressure into the
sewer system. Smoke testing provides a low-cost and rapid means for determining direct connections of
inflow and rainfall-induced infiltration sources, such as:

Roof drains

Foundation drains

Catch basins

Area drains

Abandoned building sewers

Uncapped cleanouts

Illegal connections

Storm sewer cross connections

GUIDELINE

% Smoke testing for SSES investigations shall be performed by experienced personnel who know
the effects of groundwater table, frozen ground, wind, rain, trapped service connections and snow cover
on the test findings. Smoke used for the testing shall be non-toxic, odorless and non-staining. Blower
capacity shall be determined based on the size of area to be tested, but in no case shall it be less than
1,750 cfm. The vacuum effect of flowing water drawing smoke downstream shall be taken into account.
Police and fire departments shall be notified daily of test locations, and residents shall be notified in
advance of the testing by a written testing notice. Residents shall also be informed individually on the day
of testing by personnel having proper identification. The following chronological steps shall be used for
smoke testing:

e Isolate the sewer main line to be tested with plugging up to 400 feet at a time noting any
surcharged line sections. Smoke will not pass through a flooded section.

e Prepare a basic smoke sketch of the area being tested including location, date and the name of the
company or agency and personnel performing the test.

e Commence smoke testing using one blower at each manhole and enough smoke bombs to ensure
smoke travels throughout the entire test section. Smoke shall be continuously generated while
visual inspection and photography are in progress.

e Visually inspect the entire area by walking around front and back yards and around buildings.
Watch for smoke leaks; typical sources are roof leaders, area drains, foundation drains, house
foundations, holes in the ground over the sewer or services, areas around manholes, and catch
basins. Roof vents are not to be considered as smoke leaks.

o Document whether or not smoke is observed to be discharging through the roof vents for each
house and building included in the test area.

e Photograph all smoke leaks.

e Show the location of each leak on a sketch. Include the photograph number and compass
directions taken, and a description of the leak including address. Provide dimensions to the leak
from at least two easily identified site features and the estimated area (square footage) and surface
type (i.e., grass, pavement, etc.) drained by the leak.

e Photographs shall show the maximum amount of smoke emitted from the leak and the exact
source of the leak. Photographs shall be taken from far enough back to provide a physical
reference to the location of the smoke. They shall be numbered consecutively to ensure leaks can
be identified at a later date.
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—————————————————— )
POTENTIAL LOCAL AGENCY IMPACTS

% Time and resources to conduct smoke testing, if not already part of agency procedures.
& Acquisition of smoke testing equipment, if not already owned.
$ Cost for additional staff workload, or contract with outside vendor.

POTENTIAL KING COUNTY IMPACTS
$ Cost for additional staff workload, and contract with outside vendor.

POTENTIAL PRIVATE PROPERTY/ RATEPAYER IMPACTS
$ Identified defects and illicit connections on private property may need to be corrected by the
property owner.
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I/l CONTROL GUIDELINE TITLE: Dye Testing for SSES Investigations

------------ e ST

GUIDELINE NO. PS-6

I/l CONTROL MEASURE ISSUE:

Dye testing is a rainfall simulation technique used to identify specific defects that can contribute I/1
during rainfall or snowmelt. Dye testing can also be effective in quantifying the amount of I/1 that can
enter a section of sewer or specific defect under a controlled runoff situation. Depending on the sources of
I/1 to be identified and the configuration of the runoff situation being simulated, the procedures for dye
testing differ. Five examples of dye testing situations are as follows:

e Determining Conditions Caused by Storm Drains—Storm drains that parallel or cross sanitary
sewer pipes and have an invert elevation higher than the crown elevation of the sanitary sewer
can be a source of rainfall-induced infiltration or inflow. They are inflow sources if there are
cross connections between the storm drain and the sanitary sewer; they are infiltration sources if
stormwater can exfiltrate from them, percolate through soil, and enter the sanitary sewer through
pipe or joint defects.

e Determining Conditions Caused by Stream or Ditch Sections—Streams and stormwater
ditches are inflow sources if there are cross connections between them and the sanitary sewer;
they are infiltration sources if the surface water can percolate through soil and enter the sanitary
sewer through pipe or joint defects.

e ldentifying I/l Sources from Private Property—Roof leaders; basement, yard and area drains;
foundation drains; abandoned building sewers; and faulty connections are sources of private
property defects that can be identified by dye testing.

o ldentifying Structurally Damaged Manholes—Dye testing can be used to verify structurally
damaged manholes that leak when subjected to flooding or when groundwater elevations are
high.

o Verifying Sources Found by Other Testing Means—Dye testing can verify suspected sources
of I/l identified in a visual survey or smoke testing study. Examples include manholes affected by
surface water runoff, holes in the ground smoking over services or sewer mains, and cracks in the
street pavement that are smoking.

GUIDELINE

% Dye testing for SSES investigations shall be performed by experienced personnel trained in the
proper safety measures for performing the testing including, but not limited to, confined space entry into
storm drain and sanitary sewer manholes, measures for controlling water head buildup behind plugs, and
traffic control measures. A fluorescent dye having a distinct color readily detectible by eye shall be used
for dye testing. The dye shall be safe to handle, visible in low concentrations, miscible in water,
biodegradable and inert to solids and debris in the sewer. Procedures for dye testing shall be as follows:

Determining Conditions Caused by Storm Drain
1. Plug both ends of the storm drain section to be tested with sand bags or sewer plugs and block all
overflow and bypass points in the storm drain section. Bypass flow around the section under test
if necessary.
2. Fill the storm drain section and stormwater inlets or catch basins to just below the grate with
water. Add dye to the water.
Monitor the next downstream manhole in the sanitary sewer system for evidence of dyed water.
4. Measure the flow in the sanitary sewer manhole before and during dye testing. As an alternative,
measure flow simultaneously at both the upstream and downstream sanitary manholes during the
test.
5. Record the location of storm drain and sanitary sewer lines being tested; the time and duration of

€9
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the tests; the manholes where the flows are monitored; the observed presence, concentration and
travel time of the dyed water to the flow monitoring manholes; and the soil characteristics.

Determining Conditions Caused by Streams or Ditch Sections
1. Plug or dam stream sections, ditch sections or ponded areas to be tested and fill to desired level
with dyed water. Bypass flow around the section under test if necessary.
2. Follow steps 3 through 5 above.

Identifying Sources on Private Property
1. Notify property owners and receive permission for testing in advance of testing.
2. Insert dyed water into suspected inflow source and monitor closest downstream sanitary sewer
manhole for evidence of dyed water.
3. Record the date of the test; address and type of the inflow source; duration of the test; the
manholes where the flows are monitored; and the observed presence, concentration and travel
time of the dyed water to the flow monitoring manholes.

Identifying Structurally Damaged Manholes
1. Flood the area around suspected manholes with dyed water.
2. Monitor manhole frame, chimney, cone and manhole walls for entry of dyed water.
3. Record the date of the test; manhole number; duration of the test; and the observed presence,
concentration and travel time of the dyed water into the manhole.

Verifying Sources Found by Other Testing Means

1. Notify property owners and receive permission for testing in advance of testing if performed on
private property.

2. Flood the area where visual survey or smoke testing study revealed potential I/l source. It may be
necessary to restrict runoff from the area with sand bags to allow the area to become saturated.

3. Monitor the next downstream manhole in the sanitary sewer system for evidence of dyed water.

4. Measure the flow in the sanitary sewer manhole before and during dye testing. As an alternative,
measure flow simultaneously at both the upstream and downstream sanitary manholes during the
test.

5. Record the location of sources being tested, including address if on private property; the time and
duration of the tests; the manholes where the flows are monitored; the observed presence,
concentration and travel time of the dyed water to the flow monitoring manholes; and the soil
characteristics.

A field log shall be filled out for all dye tests that are performed, regardless of whether a positive
transference to the sanitary sewer is observed. A sketch of each testing setup shall be prepared showing
testing location, manholes checked, dye transference information, and flooding time. The sketch shall also
include the date and time of the test and the names of personnel. A photograph of each testing setup shall
be taken and numbered. Photographs of the testing setup shall be referenced on the setup sketch. The
appropriate agencies shall be notified of impending dye testing prior to test commencement.

POTENTIAL LOCAL AGENCY IMPACTS

$ Obtaining required permits for handling and disposal of test water volumes.
& Obtaining and appropriately disposing of test water volumes.
] Cost for additional staff workload, or contract with outside vendor.

POTENTIAL KING COUNTY IMPACTS

#® Obtaining required permits for handling and disposal of test water volumes.

& Obtaining and appropriately disposing of test water volumes.

] Cost for additional staff workload, or contract with outside vendor.

POTENTIAL PRIVATE PROPERTY/ RATEPAYER IMPACTS

® Property owners need to provide permission to perform testing on private property.
# Some disturbance to yards/landscaping could occur during testing.
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I/l CONTROL GUIDELINE TITLE: Modeling and Engineering Analysis
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GUIDELINE NO. PS-7

I/ CONTROL MEASURE ISSUE:

Following the completion of the basin modeling performed during the Regional I/I Control Program, the
modeling basins should be reevaluated with updated flow and system network information to provide an
ongoing tool for monitoring the integrity of the sewer system as it both ages and expands. Hydraulic
models can also be used to evaluate system response to potential high-flow sources such as high-water-
use industries, adjoining jurisdictions, or large developments.

GUIDELINE

] Basin modeling shall be conducted to assess system loading and capacity for ongoing and future
sewer planning efforts. A dynamic software modeling program should be used that can be used to
calibrate measured flow data with rainfall measured during the corresponding storm. The maximum
model basin size shall be equivalent to the basins modeled by King County. Consideration should be
given to selecting software that will provide output compatible with the King County model. Flow data
shall be obtained by the Local Agency using the same methodology developed in the Regional I/1 Control
Program, including measurement of wet-weather/storm conditions and concurrent rainfall data. The flow
monitoring preferably will coincide with the basins delineated for the King County 1I/I Control Program.

% Development of a reliable, well-calibrated model requires good as-built plans and maps, and
long-term flow monitoring data. The agency shall maintain an as-built record for new and modified
piping.

POTENTIAL LOCAL AGENCY IMPACTS

& Competency of staff in computer modeling and interpretation, or outsourcing to a consultant on a
periodic basis.

& Proactive planning and logistics for maintaining an as-built database.

$ Purchase of license for a sewer software model, or cost to develop alternative model.

% Cost for training and operation of model by agency staff.

$ Expense for flow monitoring equipment and staff, whether purchased or leased/rented on a

periodic basis.

POTENTIAL KING COUNTY IMPACTS
% No impact, since King County now performs modeling analysis on a regular basis.

POTENTIAL PRIVATE PROPERTY/ RATEPAYER IMPACTS
® No impact.
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I/ CONTROL STANDARD TITLE: Connections to Existing System
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STANDARD NO. PUB-1
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I/ CONTROL MEASURE ISSUE:

When new connections are made to the existing system, 1/1 potential exists from three general locations:
1) the connection itself leaks, 2) the system being added has leaks, and/or 3) the system being added has
illegal connections that are inflow sources.

STANDARD

® Connections to the existing system will only be allowed at manholes, to a main via an existing tee
or a tap, or to the end of an existing pipe that meets all applicable I/l Standards.

# Where a new manhole is being installed in an existing system, the 1/l Standards for new manholes
shall apply.

Testing and inspection:

k2 The new conveyance system to be connected shall be inspected to confirm that no illicit
connections contributing inflow have been added.

% At manhole locations, the connection at the existing manhole shall be visually inspected for water

tightness after the pipe has been completely backfilled and groundwater has returned to its natural
elevation. The new line shall not be put into service until the connection has been inspected and approved.

POTENTIAL LOCAL AGENCY IMPACTS
& Inspection requirements to confirm work performed correctly.

POTENTIAL KING COUNTY IMPACTS
# No impact. King County already providing full-time inspection for construction and testing of
new pipelines.

POTENTIAL PRIVATE PROPERTY / RATEPAYER IMPACTS
& No impact.
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I/ CONTROL STANDARD TITLE: Sewers on Steep Slopes
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STANDARD NO. PUB-2

o v P —

I/ CONTROL MEASURE ISSUE:

Pipe that is installed on steep slopes is more susceptible to movement, breakage, and slipped joints, which
may allow I/I into the system. Special measures to anchor pipes installed on steep slopes may be required
depending on the stability of the existing soils, local groundwater conditions, and the quality of the
bedding and backfill construction during pipe installation.

STANDARD
k2 Sewer mains on steep slopes shall be designed by a Professional Engineer to ensure the integrity
of the system to prevent leakage and minimize I/1.

POTENTIAL LOCAL AGENCY IMPACTS

& Agencies will need to verify that a Professional Engineer has addressed pipe anchoring
requirements on steep slopes.

# Pipe anchors can cost as much as $1,000 each; however anchors are typically a requirement on
steep slope pipeline installations.

% Inspectors will need to verify that anchors are installed as designed.

POTENTIAL KING COUNTY IMPACTS

% The County will need to verify that a Professional Engineer has addressed pipe anchoring
requirements on steep slopes.

# Pipe anchors can cost as much as $1,000 each; however anchors are typically a requirement on
steep slope pipeline installations.

% Inspectors will need to verify that anchors are installed as designed.

POTENTIAL PRIVATE PROPERTY/RATEPAYER IMPACTS
& No impact.
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I/ CONTROL STANDARD TITLE: Manhole Location and Covers
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STANDARD NO. PUB-3

I/ CONTROL MEASURE ISSUE:

Placement of manholes is important for two reasons. The potential for I/ will decrease by not placing it
in a location subject to surface water flows or ponding. Proper location can improve an agency’s ability
to inspect and maintain the system, thus reducing I/1. When manholes must be placed in areas subject to
surface water flows, inflow can be prevented by providing a watertight frame and cover system.

STANDARD

k2 Manholes shall not be installed in areas subject to surface inundation such as pavement
depressions and gutters. If this cannot be avoided, then the entire manhole, including cover, shall be
designed as a watertight system. Buoyancy of the watertight manhole shall be accounted for in the
design. For manholes placed in lakes or ponds a special watertight manhole, including access system,
shall be designed to prevent leakage and to insure maintainability.

& For manholes located in paved roadways, parking lots, or other areas that become subject to
channelized stormwater flow due to re-grading, the manhole shall be retrofit with a watertight frame and
cover system to prevent inflow.

@ Watertight frame and covers shall consist of a solid, gasketed cover or an approved manhole
cover insert that stops the inflow of surface water into the manhole. Manhole cover inserts may be
installed beneath a standard cover. Manhole cover inserts shall be in conformance with Standard Detail
MH-3.

POTENTIAL LOCAL AGENCY IMPACTS

& Added cost for watertight design in areas that may not now be required to be watertight.

% Sewer system plan review would need to include an assessment of locations where manhole cover
inserts are required.

& Field inspection to ensure watertight manhole covers are installed where specified would be
required.

POTENTIAL KING COUNTY IMPACTS

& Added cost for watertight design in areas that may not now be required to be watertight.

& Sewer system plan review would need to include an assessment of locations where manhole cover
inserts are required.

# Field inspection to ensure watertight manhole covers are installed where specified would be
required.

POTENTIAL PRIVATE PROPERTY/RATEPAYER IMPACTS
% Potentially higher ratepayer cost for watertight design.

Final Draft Proposed Standards, 10/19/04 B-20



Regional Infiltration/Inflow Control Program
¢ D

I/l CONTROL STANDARD TITLE: Manhole Size
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STANDARD NO. PUB-4

I/ CONTROL MEASURE ISSUE:

Providing a watertight seal at pipe penetrations is difficult when new or existing manholes are too small
to accommodate all penetrations for incoming and outgoing pipes. Provisions to provide a minimum
distance between manhole knockouts and minimum manhole sizes based on pipe size insure a watertight
pipe connection can be made and help prevent structural failure of the manhole.

STANDARD

& New manholes shall be sized so that the minimum distance between knockouts is in accordance
with the requirements of the WSDOT/APWA Standard Specifications and the manhole manufacturers
standards. A connection detail stamped and signed by a Professional Civil Engineer and approved by the
manhole manufacturer shall be provided where the minimum distance between openings cannot be
maintained.

POTENTIAL LOCAL AGENCY IMPACTS

& Review of manhole shop drawings are required to insure that the minimum sizing and spacing
requirements are being met, or that a connection detail prepared by a Professional Engineer is being
provided.

# Manhole construction costs may increase moderately in those agencies that allow contractors to
make connections to existing manholes or size new manholes without requiring the specified minimum
sizes or distance between knockouts and adjacent pipe connections.

% Inspection of manhole construction is required to insure that the pipe locations and connections
are as detailed and not field modified.

POTENTIAL KING COUNTY IMPACTS

$ Review of manhole shop drawings is required to insure that the minimum sizing and spacing
requirements are being met, or that a connection detail prepared by a Professional Engineer is being
provided.

® Inspection of manhole construction is required to insure that the pipe locations and connections
are as detailed and not field modified.

POTENTIAL PRIVATE PROPERTY/RATEPAYER IMPACTS
& Potentially higher ratepayer costs in those agencies that do not require minimum distances
between knockouts.
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I/l CONTROL STANDARD TITLE: Manhole Joints
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STANDARD NO. PUB-5
I/ CONTROL MEASURE ISSUE:
Joints in manholes present potential sources of I/l from the precast concrete manhole segments to
adjustments rings and pipe penetrations.

STANDARD

k2 All manholes shall be completely watertight from the top of the casting down.

# Manholes materials and construction shall be in accordance with WSDOT/APWA Standard
Specifications except as modified by this standard and Standard Details MH-1 and MH-2.

& Precast concrete manhole sections shall be joined with either rubber or flexible plastic gaskets.
k2 All lifting holes shall be completely filled with non-shrink grout.

$ Typical pipe penetrations through precast concrete sections shall be either factory knockouts or

core drilled (not line drilled or rough broken) cutouts. Pipe shall enter the manhole through a rubber
gasketed entry coupling specifically design for a flexible, watertight connection either cast into the
manhole section or grouted in place with non-shrink grout.

# Where a new manhole is being constructed as a “saddle manhole”, which is built around an
existing sewer main, the manhole shall be designed by a Professional Civil Engineer. The saddle manhole
shall be of sufficient diameter to provide a watertight connection between the manhole and the wall of the
existing pipe.

POTENTIAL LOCAL AGENCY IMPACTS

% No major impact because most agencies currently meet this standard.

POTENTIAL KING COUNTY IMPACTS
& No impact because King County currently meets this standard.

POTENTIAL PRIVATE PROPERTY/RATEPAYER IMPACTS
% No impacts.
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I/ CONTROL STANDARD TITLE: Side Sewer Connection Location and Taps
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STANDARD NO. PUB-6

I/ CONTROL MEASURE ISSUE:

The location of a side sewer connection to a mainline in an area with difficult access or in such a manner
as to induce unnecessary stress on the system can make them more prone to damage and less apt to be
maintained, thus resulting in I/1. Good construction techniques and proper selection of materials for side
sewer taps can reduce I/l by protecting the mainline from damage by providing a watertight seal.

STANDARD

k2 No side sewers shall be connected to a main located in a lake or similar body of water except
under special circumstances.

% If a side sewer must be connected at a manhole, then it shall penetrate the manhole wall through a
watertight rubber gasketed factory manhole adapter specially designed for the side sewer material type. A
mortared connection at a manhole will not be permitted unless the structure is constructed as a saddle
manhole.

& All connections to existing mains shall be made at an existing tee fitting or by core drilling a hole
in the existing sewer main and installing an approved gasketed factory sewer saddle or cutting in a
gasketed factory tee. The Local Agency may consider other connection alternatives if the method can be
demonstrated to provide a watertight connection. Line drilling or rough breakouts shall not be used.

k2 For a tapped connection to the mainline, the hole shall be as small as possible to accommodate
the outside diameter of the side sewer pipe with adequate space for minor angle alignment adjustments of
the side sewer. The connection shall be made with a factory saddle specifically designed for side sewer
connections and fabricated of corrosion resistant materials and mechanically attached to the pipe to
withstand the anticipated loads. The saddle shall provide a rubber gasketed joint between the sewer main
and the saddle.

% Factory tees shall be appropriate for the soil conditions encountered in the connection location
and shall have rubber gasketed joints. Material selection shall take into account the soil corrosistivity,
compatibility of materials with the existing pipe, strength requirements, and bedding/backfill conditions.
The tee shall be connected to the existing sewer main pipe by short sections of plain end pipe and an
approved stainless steel repair clamp. The short sections of pipe shall match the sewer main pipe material
and shall meet or exceed the strength of the existing system. Stainless steel repair clamps shall be
gasketed, with a minimum length of two pipe diameters, and assembled with all stainless steel bolts and
nuts.

POTENTIAL LOCAL AGENCY IMPACTS

$ Inspection requirements to confirm compliance with standards or do tap itself.
& Moderate cost of using saddles.
& High cost of using cut in tees and dealing with active sewer line.

POTENTIAL KING COUNTY IMPACTS

# No impact, since King County does not normally allow side sewer connections to its conveyance
system.

POTENTIAL PRIVATE PROPERTY/RATEPAYER IMPACTS

% Added cost for doing the tee when the side sewer is too large for a tap.

® Added cost to core drill the pipe.

Final Draft Proposed Standards, 10/19/04 B-23



Regional Infiltration/Inflow Control Program
¢ D

I/l CONTROL STANDARD TITLE: Sewer System Design

S—— ERE L R v

STANDARD NO. PUB-7
I/ CONTROL MEASURE ISSUE:
Structural failure of pipe and manholes can lead to infiltration of groundwater. The following are key
factors contributing to the impairment of a sewer systems’ structural abilities, resulting in I/1:

e Sewer mains, manholes, laterals and side sewers that are not properly supported are subject to
vertical displacements over time, causing joints to open and pipeline trenches to settle, producing
cracks or breaks in sections of the pipe.

o Materials must be appropriate for design conditions and the ground conditions present. Pipeline
failures often occur due to the misuse of materials.

o Structural failure of sewer pipes allows groundwater to enter the system at the point of connection
to manholes. Deep cuts and poor ground conditions often result in a larger than necessary
excavation, leading to unequal settlement if uniform support is not provided for the pipe and
manhole. Inadequate support often causes failure of the pipe in shear at the manhole and
provides a point of entry for groundwater.

Recognizing past situations that have allowed extraneous flows to enter the system and requiring sound
and appropriate design measures to prevent these deficiencies on future projects can greatly reduce future
I/.

STANDARD

# Sewer system design shall be performed by a civil engineer licensed in the State of Washington.
The designer shall verify that sound and appropriate standards and measures have been employed in the
design of new sewer systems. This shall include the choice of sewer materials for the design conditions,
pipe bedding and backfill requirements, and the evaluation for pipe casing requirements.

POTENTIAL LOCAL AGENCY IMPACTS
& Agencies will need to verify that the designer has adequately addressed elements of the sewer
design that relate to the structural integrity of the system.

POTENTIAL KING COUNTY IMPACTS
& King County will need to verify that the designer has adequately addressed elements of the sewer
design that relate to the structural integrity of the system.

POTENTIAL PRIVATE PROPERTY/RATEPAYER IMPACTS
& No impacts.
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I/ CONTROL STANDARD TITLE: Abandonment Requirements
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STANDARD NO. PUB-8

I/ CONTROL MEASURE ISSUE:

Abandoned sewer pipes and manholes that are not completely isolated from the remaining system pose
potential sources for I/I. Abandoned sewer mains are defined as any section of pipe extended beyond a
manhole with no services attached and no plan for future extension or service connection(s). Abandoned
side sewers fall into two categories. If no future connection is anticipated, then the entire side sewer from
the main is considered abandoned. If a future connection is anticipated, then the side sewer shall be
considered abandoned at the property line.

STANDARD

% Manholes: Manholes shall not be abandoned if they are on the end of an active sewer main. If the
manbhole is part of an abandoned pipe system, then it shall be completely filled and all pipes physically
connected to the manhole shall be plugged.

@ Sewer Main Pipe: Abandoned sewer main pipes shall be plugged with a minimum of length of 3
pipe diameters with a non-shrink grout or other impermeable material at the manhole. The pipe shall be
prepared to provide a watertight bond between the plug material and existing pipe.

L2 Sewer Main Abandonment Inspection: The plug shall be visually inspected for any leaks during
the wet season while under warranty.
k2 Side Sewers: Abandoned side sewer pipe shall be capped with a watertight plug for future use or

plugged with a minimum of length of 3 pipe diameters with a non-shrink grout or other impermeable
material. The pipe shall be prepared to provide a watertight bond between the plug material and existing
pipe.

# Side Sewer Abandonment Inspection: Plugged side sewers shall be CCTV inspected for leakage
at the sewer main connection during the wet season while under warranty.

POTENTIAL LOCAL AGENCY IMPACTS

% Inspection requirements to confirm that the work was done correctly.

POTENTIAL KING COUNTY IMPACTS
% No impact, since pipe abandonment is not anticipated in the King County system.

POTENTIAL PRIVATE PROPERTY/ RATEPAYER IMPACTS
% Potentially higher ratepayer costs for increased inspection costs.
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I/ CONTROL STANDARD TITLE: Pipe Rehabilitation Methods
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GUIDELINE NO. PUB-9

I/ CONTROL MEASURE ISSUE:

Once the decision has been made to rehabilitate a sewer to control I/1, several alternatives may be used to
replace the existing sewer. These include trenchless rehabilitation techniques such as cure-in-place
lining, pipe bursting and conventional dig and replace. An evaluation should be made to determine
suitability (technical and cost effectiveness) of trenchless methods versus conventional dig and
replacement of the sewer. The technical evaluation should assess specific issues such as the sewer
location, alignment, condition of the pipe being replaced, and future service requirements for the sewer.

If the rehabilitation technique will reduce the cross sectional flow area of the pipe the technical evaluation
should consider loss in hydraulic capacity of the line in accordance with the 1/1 Design Capacity for
Pipeline Standard. The alternative pipe rehabilitation methods that should be considered include:

Pipe bursting is a trenchless pipeline rehabilitation method that can be used to replace sewer pipes.
Reduction of excess flow is achieved by eliminating sources of infiltration in the piping being replaced. It
is possible to increase the size of the pipe; however, site specific constraints may limit the ability to
increase the size. Using pipe bursting to replace a pipe may be restricted depending upon adjacent
utilities, proximity to a road surface, the type of existing pipe being replaced, and soil conditions. There
are a number of variations on pipe bursting such as pneumatic, hydraulic expansion, and static pull
systems. All of these displace the old pipe into the adjacent ground and pull a new pipe in to replace the
old pipe. There are also related processes such as pipe reaming, which is a variation of horizontal
directional drilling, where pieces of the old pipe are removed rather than pushing them into the adjacent
soil. Pipe bursting may be used for mainline, lateral, and side sewer repair. The most common pipe
material used is HDPE but other types of pipe material such as cast iron, MDPE, and ABS can be used for
the replacement pipe.

Cure-in-place pipe (CIPP) liner is a trenchless pipeline rehabilitation method that can be used to repair
existing sewer pipes. Reduction of excess flow is achieved by eliminating sources of infiltration in the
piping being rehabilitated. CIPP liner involves inverting an epoxy-resin-impregnated flexible tube into an
existing line using hydrostatic head. The resin is then cured using heat to produce a pipe inside the
existing pipe. The outside diameter of the replacement pipe is smaller than the existing pipe to allow the
system to be installed. Capacity in the pipeline will be reduced because of the reduction in pipe size.

Slip lining is a trenchless pipeline rehabilitation method that can be used to replace sewer pipes.
Reduction of excess flow is achieved by eliminating sources of infiltration in the pipe being replaced.
Slip lining involves pushing or pulling a replacement pipe into an existing pipe. The outside diameter of
the replacement pipe is smaller than the inside diameter of the existing pipe to allow the replacement pipe
to be installed. Capacity in the pipeline will be reduced because of the reduction in pipe size. A variety
of pipe materials may be used for slip lining including HDPE, ductile iron, PVC, concrete and fiberglass.
The annular space should be grouted unless there are project specific reasons to do otherwise.

Fold and form lining is a trenchless pipeline rehabilitation method that can be used to repair existing
sewer pipes. Reduction of excess flow is