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March 31, 2004

TO: All Holders of the Highway Runoff Manual M 31-16
y £%
FROM: Don Nelson w(;:’) X
MS 47321

SUBJECT: Deployment of the March 2004 Highway Runoff Manual

Effective immediately, the Highway Runoff Manual M 31-16, revised March 2004,
supersedes previously published directional guidance found in:

e February 1995 Highway Runoff Manual

o Instructional Letter 4020.02 — Endangered Species Act (ESA) Stormwater Effects
Guidance

e Instructional Letter 4049.00 — Water Quality Sampling and Reporting for
Construction Projects

o LA (Local Agency) Instructional Letter 03-02 — Stormwater Treatment

e Project Delivery Memo #02-03 - Interim Infiltration Design Guidance

The information covered in the directional guidance listed above is now contained in the
revised Highway Runoff Manual (HRM).

In a letter to WSDOT (see attachment), the Department of Ecology states that it will
continue to honor the direction put forth in the February 1995 HRM plus Instructional
Letter 4020.02 for projects going to ad during the 2003-05 biennium. As such, even
though these two directional documents have been superceded and rescinded,
respectively, they remain available in hard copy to those offices that need them.

During this transitional biennium either the 95 HRM + IL 4020.02, or the 2004 HRM
may be used for project design depending upon, but not limited to, the following factors:

Status of a project’s drainage and stormwater BMP design,

Cost of redesign and schedule impacts of redesign,

Cost- and environmental-effectiveness of stormwater BMP options, and
The type and status of environmental approvals and permits required of the
project.

However, use of the 2004 HRM is required for all projects going to ad in the 2005-07
biennium.

As a general rule, questions regarding the content of the 2004 Highway Runoff Manual
should be directed to regional environmental, hydraulic, and/or maintenance staff prior to
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initiating contact with the Headquarters Hydraulics Branch, Environmental Services
Office Water Quality Unit, and/or Highway Maintenance environmental support staff.

However, questions pertaining to: stormwater outfall inventory, retrofit priorities,
NPDES municipal stormwater permit, water quality monitoring/sampling, use of
experimental Best Management Practices (BMPs), and BMP research and development
should be directed to Headquarters Environmental Services Office Water Quality Unit
staff.

Questions specific to the content of this memorandum and the transitional biennium
referred to, should be directed to Ken Stone at 360-570-6642 or Larry Schaffner at 360-
570-6657.

DN:xx
Cc: Megan White

Ken Stone
File



STATE OF WASHINGTON

DEPARTMENT OF ECOLOGY

P.O. Box 47600 ¢ Olympia, Washington 98504-7600
(360) 407-6000 * TDD Only (Hearing Impaired) (360) 407-6006

March 15, 2004

Mr. Don Nelson, Director

Environmental and Engineering Programs
Washington State Department of Transportation
PO Box 47321

Olympia, WA 98504

RE: WSDOT'’s 2004 revised Highway Runoff Manual (HRM)

o
Dear Mr., son:

This letter is to document our agreements regarding this manual. This version of the HRM is a
substantial improvement in many ways over the existing HRM. Specifically, this version:

e Incorporates current science

e Provides a statewide approach for managing stormwater

e Considers the watershed context of projects

o Replaces conflicting information presented in other previous WSDOT manuals

¢ Merges the planning and design of stormwater-related project elements into the WSDOT

project development process
e Encourages application of low impact techniques.

We have appreciated WSDOT'’s cooperation with Ecology during the manual’s revision process.
Both agencies committed substantial resources to this effort. By working together in developing
the manual, we significantly shortened the approval time.

This version of the highway runoff manual is intended to be equivalent to Ecology’s 2001
Stormwater Management Manual for Western Washington (SMMWW) and the upcoming
Stormwater Management Manual for Eastern Washington (SMMEW). WSDOT developed this
manual as a directional document to provide stormwater management requirements and
standards for its projects. In other words, WSDOT asserts that projects designed in accordance
with the revised Highway Runoff Manual will achieve compliance with federal and state water
quality regulations per the presumptive approach.

Ecology will continue to honor the direction put forth in the '95 Highway Runoff Manual plus
WSDOT Instructional Letter 4020.02 for WSDOT projects going to ad during the "03-'05
biennium. Ecology conditionally approves the revised Highway Runoff Manual for use by
WSDOT as an equivalent approach to the SMMWW, and for compliance with Ecology permits,
including 401 certifications, with the following conditions:

e Items listed in the manual as “guidance” must be followed

s g ‘ ’
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e Unless the existing condition is forested, projects requiring Ecology approval for flow
control in iy estern Washington, per an individual permit, will need to have the flow
control standard decided and approved on a case-by-case basis;

e The average daily traffic (ADT) threshold for enhanced treatment is approved for
WSDOT projects going to ad through the ‘05-'07 biennium.jHowever, Ecology plans to
review this threshold through an expanded examination of existing data and/or the
collection of additional data;

e  WSDOT may use the flow control-exempted water bodies included in its Instructional
Letter 4020.02 that have been incorporated into the revised HRM.%Based on the outcome
of the WSDOT/ Ecology sponsored large-river exemption study in progress, we may
approve a revised exempted waterbodies list.

Please note that WSDOT’s future NPDES permit for municipal stormwater may set additional
or revised conditions{The timing of those conditions will be spelled out in the permit.

With the conditions listed above, Ecology and WSDOT expect this manual to be equivalent to
the upcoming SMMEW }However, the SMMEW is not final.{The revised HRM is approved for
use in Eastern Washington, subject to the conditions above.\When the SMMEW is completed,
we will notify you if any changes to the conditions are necessary forfgastern Washington
projects going to ad beyond the '05-'07 biennium.

Ecology will allow the use of the Highway Runoff Manual by local governments provided:
e All the conditions listed above apply:
¢ The manual is used only for road an& other linear transportation projects;
e The exemption in Section 2-2.2 for upgrades from BST to other surfaces is not allowed
for non-WSDOT project:
e All of the manual requirements, including maintenance, post-construction requirements,
and requirements from other WSDOT guidance documents are followed.

When the SMMEW is completed, we will issue conditions for the use of the HRM by local
governments in Eastern Washington.

If you have any questions regarding this letter, please contact Melodie Selby at 360.786.6018 or
Ed O’Brien at 360.407.6438.

Sincerely,
/&(/ /éM—A\

Richard K. Wallace, Manager
Water Quality Program
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Persons with disabilities may request this information be prepared
and supplied in alternate formats by calling the Washington State
Department of Transportation ADA Accommodation Hotline
collect 206-389-2839. Persons with hearing impairments may
access Washington State Telecommunications Relay Service
(TTY) at 1-800-833-6388, or Tele-Braille at 1-800-833-6385,

or Voice at 1-800-833-6384, and ask to be connected to
360-705-7097.

Note:

Some pages in this document have been purposefully skipped or blank pages inserted so
that this document will be correct when printed or copied double sided.
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Chapter 1. Introduction

1-1. Basis for Manual Development

1-1.1. Purpose, Need, and Scope

The Highway Runoff Manual was developed to direct the planning and design of stormwater
management facilities for existing and new Washington State highways, rest areas, park-and-ride
lots, ferry terminals, and highway maintenance facilities throughout the state. The Washington
State Department of Transportation (WSDOT) manages its stormwater discharges to protect
water quality, beneficial uses of water, and the aquatic environment in general. Conformance to
the provisions of this manual will result in consistent design procedures statewide, and should
support acceptance of WSDOT stormwater planning by regulatory agencies. Guidance is
provided for both western and eastern Washington, taking into account variations in climatic,
geologic, and hydrogeologic conditions.

This manual’s approach is consistent with WSDOT’s objective of implementing a statewide
highway runoff program that applies sound engineering principles to satisfy federal and state
requirements. While federal and state stormwater requirements are subject to change, this
manual is based on the best practicable engineering approaches to stormwater management
currently available for WSDOT facilities.

The manual establishes minimum requirements and provides uniform technical guidance for
avoiding and mitigating water resource impacts associated with the development of state-owned
and operated transportation infrastructure systems, and for reducing and minimizing water
resource impacts associated with the redevelopment of those facilities. It will be updated
periodically to reflect advances in the management of stormwater runoff, roadside vegetation,
and roadway maintenance practices.

Primary users of this manual include:

= WSDOT engineers who design drainage systems and who develop Hydraulic
Reports, Temporary Erosion and Sediment Control (TESC) Plans, and Spill
Prevention, Control, and Countermeasures (SPCC) Plans.

. WSDOT project inspectors in construction project offices who are responsible for
inspection and maintenance of Temporary Erosion and Sediment Control Plans.

. WSDOT maintenance staff responsible for developing Roadside Management
Plans and roadway maintenance practices.

. Developers of projects adjacent to WSDOT right-of-way that are linked to
roadway and/or drainage facilities within the right-of-way.

jr /01-02047-007 chapter 1 word2000.doc
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Chapter 1—Introduction

. Consultants hired to develop Hydraulic Reports, Temporary Erosion and
Sediment Control Plans, and Spill Prevention Plans, and/or to design stormwater
facilities for WSDOT.

= Counties, municipalities, and other jurisdictions that design transportation projects

supported by federal or state funding.

The Headquarters Hydraulics Branch and Environmental Services Office are jointly responsible
for manual revisions and implementation oversight. The design criteria and procedures
presented in this manual supersede conflicting information presented in other previously
published WSDOT manuals.

Many aspects of stormwater management for environmental protection relate to drainage
collection and conveyance systems, culverts, drainage outfalls, and a variety of other hydraulic
features. The WSDOT Hydraulics Manual is dedicated in large part to addressing analysis and
design of those hydraulic features. This manual makes frequent references to the Hydraulics
Manual, with the intention that the two are to be used in tandem for complete analysis and design
of stormwater facilities for roadway and other transportation infrastructure projects.

1-1.2. Review Process and Regulatory Standing of the Manual

This manual covers the entire state and meets the level of stormwater management established by
the Washington Department of Ecology (Ecology) in the Stormwater Management Manual for
Western Washington (SMMWW) (August 2001), and the Stormwater Management Manual for
Eastern Washington (SMMEW), which is in the process of being finalized. Washington State
stormwater management requirements were developed to protect receiving waters from adverse
hydrologic change and water quality degradation that can occur with project development. The
applicable requirements vary for western and eastern Washington, due to differences in climate,
soils, receiving water characteristics, and environmental concerns. Ecology has been involved in
a review capacity throughout the development of this manual.

This manual also provides guidance to support WSDOT in its efforts to comply with
requirements of the federal Endangered Species Act (ESA). National Oceanic and Atmospheric
Administration (NOAA) Fisheries and the United States Fish and Wildlife Service (USFWS) did
not formally review the Ecology stormwater management manuals for programmatic
“concurrence” under the ESA. Thus, to accomplish WSDOT’s need for one set of stormwater
treatment design guidance to meet all regulatory requirements, NOAA and USFWS were invited
to comment on the Highway Runoff Manual during the development process.

This manual reflects the best available science in stormwater management to ensure that
WSDOT projects adequately protect the functions and values of critical environmental areas
including wetlands, streams, lakes, and marine waters. Best available science includes
information presented in the Ecology stormwater manuals for western and eastern Washington,
research findings and successful stormwater management strategies from other areas of the

Jjr /01-02047-007 chapter 1 word2000.doc
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Chapter 1T—Introduction

country, and results of WSDOT’s own testing of innovative stormwater management practices.
WSDOT considers this manual to include All Known, Available, and Reasonable methods of
prevention and Treatment (AKART) for stormwater runoff discharges consistent with state and
federal law.

1-1.3. Presumptive versus Demonstrative Approaches to Protecting
Water Quality

This manual is intended to provide project engineers and designers with technically sound
stormwater management practices, equivalent to guidance provided in Ecology’s stormwater
management manuals, to achieve compliance with federal and state water quality regulations
through the presumptive approach. Engineers and designers have the option of not following the
stormwater management practices in this manual and seeking compliance via the demonstrative
approach. However, this requires: 1) Demonstrating that the project will not adversely impact
water quality by collecting and providing appropriate supporting data to show that the alternative
approach protects water quality and satisfies state and federal water quality laws; and

2) Performing the technology-based requirements of state and federal law.

Both the presumptive and demonstrative approaches are based on best available science and
result from existing federal and state laws that require stormwater treatment systems to be
properly designed, constructed, maintained and operated to:

1. Prevent pollution of state waters and protect water quality, including compliance
with state water quality standards.

2. Satisfy state requirements for all known available and reasonable methods of
prevention, control, and treatment (AKART) of wastes prior to discharge to
waters of the state.

3. Satisfy the federal technology-based treatment requirements under 40 CFR part
125.3.

Under the demonstrative approach, the timeline and expectations for providing technical
justification of stormwater management practices depend on the complexity of the individual
project and the nature of the receiving water environment. In each case, the engineer or designer
may be asked to document, to the satisfaction of the Department of Ecology or other approval
authority, that the practices selected will result in compliance with the water quality protection
requirements of the permit or of other local, state, or federal water-quality-based project approval
condition. This approach may be more cost-effective for large, complex, or unusual types of
projects.

Projects that follow the stormwater best management practices (BMPs) contained in this manual
are presumed to have satisfied this demonstration requirement and do not need to provide
technical justification to support the selection of BMPs. Following the stormwater management
practices in this manual means adhering to the guidance provided for proper selection, design,
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Chapter 1—Introduction

construction, implementation, operation, and maintenance of BMPs. This approach will
generally be more cost-effective for typical WSDOT projects.

1-1.4. Overview of Manual Development

The original Highway Runoff Manual was published in 1995 for primary application in the Puget
Sound basin. The manual was designed to be consistent with Ecology’s Stormwater
Management Manual for the Puget Sound Basin (published in 1991), with specific guidance for
transportation projects. The Stormwater Management Manual for the Puget Sound Basin
became obsolete when Ecology published the SMMWW in August 2001. Ecology will soon
publish the SMMEW to provide the first comprehensive stormwater management manual for
eastern areas of the state. The guidance included in these two manuals forms the basis for this
revised Highway Runoff Manual and supports WSDOT’s mission by providing technical and
uniform guidance consistent with the intent of Ecology’s stormwater guidance for all areas of the
state.

The manual represents a culmination of over two years of extensive research, collaboration, and
negotiation by an interdisciplinary technical team made up of water quality specialists,
stormwater and erosion control specialists, designers, hydrologists, geotechnical and hydraulic
engineers, landscape architects, and maintenance staff. The technical team also included several
county representatives, and benefited from work contributed by consultants and outside
reviewers. The technical team recognized that it is inefficient, and in some instances ineffective,
to attempt to emulate how local jurisdictions manage runoff from residential, commercial, and
industrial land uses. Consequently, their approach to revising the manual took into consideration
the following:

1. WSDOT needs a statewide approach for managing stormwater.

2. Highway projects are linear in nature, and as such are faced with practical limitations in
terms of locating and maintaining stormwater treatment facilities within state-owned
right-of-way.

3. WSDOT has limited control over many pollution sources entering its right-of-way, such
as pollutants generated from atmospheric deposition, vehicle operation, litter, organic

debris, and surrounding land uses.

4. Stormwater drainage systems within the state right-of-way are often separate from the
local jurisdiction’s drainage system.

5. WSDOT lacks funding mechanisms (i.e., stormwater utility fees) and land use controls
(i.e., zoning and land use ordinances) available to local governments.

6. WSDOT must be accountable to taxpayers to provide cost-effective stormwater facilities.

Jjr /01-02047-007 chapter 1 word2000.doc
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1-1.5. Overview of Federal, State, and Local Regulations Related to
Stormwater

Water pollution control was formally established as a federal concern when Congress passed the
first Water Pollution Control Act in 1948. For many years, the emphasis was on control of point
source pollution, typically outfalls from industrial factories and municipal sewage treatment
plants. Since the early 1980s, water pollution control efforts have broadened to address non-
point sources of pollution. Pollution collected and carried by stormwater often originates from
non-point sources but may be collected, conveyed, and discharged as a point source.

Major amendments to the Federal Water Pollution Control Act (which has become known as the
Clean Water Act) in 1987 addressed stormwater pollution by extending the National Pollutant
Discharge Elimination System (NPDES) permit program to include stormwater discharges. Also
in 1987, the Puget Sound Water Quality Authority issued the Puget Sound Water Quality
Management Plan. This plan called for a Highway Runoff Program, which was subsequently
developed in detail by the Department of Ecology and codified in Chapter 173-270 of the
Washington Administrative Code (WAC).

In 1995, Ecology prepared NPDES municipal separate storm sewer permits for several state
municipalities with populations greater than 100,000. The Phase I NPDES permittees included
the cities of Seattle and Tacoma, the counties of Clark, King, Pierce, and Snohomish, and
WSDOT.

The Phase I NPDES permit (effective through the year 2000, and subsequently extended by
Ecology pending an updated Phase I permit) requires WSDOT to implement a stormwater
program within the Phase I jurisdictional areas, including minimum requirements and best
management practices equal to those found in the Stormwater Management Manual for the
Puget Sound Basin or equivalent. The stormwater management plan developed in accordance
with this Phase I permit requires WSDOT to “reduce pollutants in discharges to the maximum
extent practicable (MEP).” To attain future compliance with its revised NPDES permit, and to
continue to meet the general standards of AKART and MEP, WSDOT must implement a
stormwater program that includes minimum requirements and best management practices
consistent with those found in the SMMWW and SMMEW.

Beginning in 1995, WSDOT construction projects were also required to comply with the
Ecology NPDES requirements specific to construction activities. The threshold for a site
disturbance area that typically triggered an NPDES construction stormwater general permit was
five acres. Some large WSDOT projects with particularly sensitive environmental concerns are
required to obtain individual NPDES construction stormwater permits from Ecology. NPDES
construction stormwater permits require detailed documentation and implementation of
temporary erosion and sediment control measures and other pollution prevention and control
measures. Activities at sites such as the Washington State Ferries Eagle Harbor maintenance
facility are covered under the NPDES General Industrial permit.
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Beginning in 1999, several fish species in Washington State were listed as threatened or
endangered under the ESA, thus expanding the necessity for stormwater runoff control at
WSDOT project sites in many parts of the state. The ESA requires that a biological evaluation
be conducted to determine potential project impacts on threatened or endangered species,
including impacts associated with stormwater. Stormwater management measures implemented
at many WSDOT sites have been shaped by requirements necessary to avoid, minimize, or
reduce potential impact to threatened and endangered species under the ESA. The Section 7
Consultation process serves as the primary ESA compliance pathway for WSDOT projects.

Beginning in March 2003, Ecology extended the NPDES permit program for municipal separate
storm sewer systems to encompass many more jurisdictions throughout the state. This Phase II
of the NPDES program extends the requirements for effective stormwater management to most
of the state’s populated areas. Also in 2003, Ecology revised the NPDES construction
stormwater general permit. The threshold for construction projects that require general NPDES
construction stormwater permits was lowered to one acre of ground disturbance, thus
encompassing a much higher percentage of WSDOT projects. The revised NPDES general
construction stormwater permit incorporates additional regulations of the U.S. Environmental
Protection Agency’s nationwide Phase II program, and requires implementation of construction
site BMPs in conformance with the SMMWW and SMMEW.

With development of the Phase II permit program underway, Ecology is turning its attention to
reissuing the Phase I NPDES municipal permits. As part of that process, WSDOT is seeking
statewide NPDES permit coverage for all of its municipal separate storm sewer discharges.

Additional state regulations applicable to stormwater include:

= Implementation of Total Maximum Daily Load (TMDL) plans by Ecology and
local partners, resulting in limitations on pollutants in stormwater discharges.
(TMDLs are addressed in Section 303(d) of the Clean Water Act.)

. Conditions of the underground injection control (UIC) program (Chapter 173-218
WAC). The UIC program, administered by Ecology to implement provisions of
the federal Safe Drinking Water Act, applies to subsurface drainage facilities that
discharge water to the ground (e.g., drywells).

. Site-specific Section 401 (of the Clean Water Act) Water Quality Certifications
issued by Ecology in relation to projects that require federal Section 404 permits
for in-water work. Section 404 of the Clean Water Act provides federal
regulatory protection for wetlands.

. Conditions of aquatic lands use authorizations. The aquatic lands use
authorization is administered by the Washington State Department of Natural
Resources and may apply to stormwater outfalls (Chapter 79.90 through 96 RCW
and Chapter 332-30 WAC).

. State Surface Water Quality Standards (Chapter 173-201A WAC).
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In most instances, local stormwater management requirements will not override the requirements
in this manual. Cases where more stringent stormwater management requirements may apply are
addressed in WAC 173-270-030(3).

= When a state highway is located in the jurisdiction of a local government that is
required by Ecology to use more stringent standards to protect the quality of
receiving waters, WSDOT will comply with the same standards to promote
uniform stormwater treatment. The key emphasis here is that the local
government has to be required by Ecology to use more stringent standards (e.g.,
via an existing TMDL) rather than simply opting on its own to do so.

. WSDOT will comply with standards identified in watershed action plans for
WSDOT rights-of-way as required by WAC 400-12-570. This is similar to the
condition described above; however, its application is complicated by the fact that
WAC 400-12-570 (Action Plan Implementation) was repealed on December 7,
1991.

Other instances where more stringent local stormwater standards can apply are projects subject
to permit conditions associated with critical area ordinances (under the Growth Management Act)
and shoreline master programs (under the Shoreline Management Act). In addition, WSDOT
needs to comply with local jurisdiction stormwater standards when WSDOT elects, and is
granted permission, to discharge stormwater runoff into a municipality’s stormwater system.

WSDOT is seeking coverage under a statewide municipal NPDES permit. Once issued, this
permit will further reduce the number of stormwater related permits required by no longer
regulating stormwater discharges under Section 401 Water Quality Certification and Hydraulic
Project Approval permits.

This manual represents a set of tools and options that support compliance with local, state, and
federal regulations related to stormwater management. Incorporation of local and regional
stormwater requirements into project design is discussed in Chapter 3.

1-2. The Importance of Stormwater Management

1-2.1. Background and Objectives

Land development can have a dramatic impact on the natural hydrologic cycle. In western
Washington, land cover that once consisted primarily of mature forest has been replaced in many
areas with impervious surfaces such as rooftops, parking areas, roadways, and manicured
landscapes. Similar transitions have occurred in eastern Washington, where prairies, pine forests,
shrub-steppe landscapes, and channeled scablands have been replaced by farmland and
urbanization. The creation of impervious surfaces has two main effects on the hydrologic cycle:
1) a reduction in infiltration, and 2) an associated increase in surface runoff. Reducing land
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cover, mainly by tree removal, can also significantly increase runoff, even though pervious
surfaces remain.

The creation of impervious surfaces increases both the volume of surface runoff and the peak
rate of flow resulting from a storm event, leading to increased flooding rate, extent, and severity.
Increasing impervious surfaces also decreases the time to peak discharge. The higher velocity
and greater quantity of flow may cause stream bank erosion and aquatic habitat destruction that
could potentially result in geomorphological impacts. Sediment from cleared areas and eroded
and unstable stream banks is deposited downstream, filling ponds, streambeds, and stormwater
facilities. Construction projects with exposed and unstabilized soils, especially on slopes, can be
significant sources of soil and sediments that adversely affect drainage systems and receiving
waters.

Stormwater and snowmelt runoff functions as the transport mechanism for non-point sources of
pollution. In addition to hydrologic effects, land development significantly increases the amount
of pollutants available for entrainment in stormwater and snowmelt runoff. Increased pollutant
loadings resulting from human habitation and activity can result in measurable degradation of
receiving waters.

A more subtle impact of development on the hydrologic cycle is the reduction of infiltration.
Infiltration of precipitation, stormwater, and snowmelt runoff recharges ground water and
produces interflow, the subsurface flow particularly common in many of the soils of
Washington. Shallow ground water is typically the source of summer base flows in streams and
sustains water levels in some wetlands. Reduction in infiltration can dry up small streams and
wetlands in the summer, and in turn render aquatic systems uninhabitable during these times.

1-2.2. Impacts of Roadway Runoff

Runoff from roadways and associated facilities may contain: suspended solids; oil and grease
(hydrocarbons); heavy metals such as lead, copper, and zinc; nutrients; and, in some cases, toxic
organic compounds. Almost all of the pollutants in roadway runoff are related to motorized
vehicles. Wearing of brake linings, thrust bearings, engine crankshafts, and tires results in
deposition of numerous heavy metal particles on the roadway surface. Drippings of oil and other
engine fluids deposit heavy metals, phosphorus, hydrocarbons, and other toxic organic
compounds on the roadway surface. Atmospheric deposition of airborne pollutants via rain and
snow events also contributes to the pollutant content on roadways, particularly in heavily
urbanized areas. Litter, organic debris, and other materials that are common in roadway
corridors also contribute to the pollutant loading in roadway runoff. The motor vehicle industry
is engaged in various efforts to reduce the extent to which vehicles produce pollutants, such as
manufacture of brake pads with less copper content and engines powered by alternative energy
sources, which may reduce pollutant loadings in roadway runoff in the future.

Transportation projects, which tend to be linear in nature, may encompass multiple drainage
basins and impact multiple receiving waters. While the runoff discharged from highways and
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other transportation infrastructure represents only a portion of the urban runoff affecting nearby
water bodies, it contributes to the cumulative degradation of those waters. The effects of
stormwater runoff on receiving waters are typically a function of the proximity of development
site discharges to the receiving water body, and the size of the receiving water body relative to
discharge volumes and flow rates. The impacts of stormwater runoff from state-owned rights of
way vary widely, depending on traffic volumes, climate patterns, soil characteristics, receiving
water characteristics, and other local factors.

The construction of roadway improvement projects also contributes to surface runoff
contamination, due mainly to suspended sediments associated with soil erosion. Construction
activities can also result in stormwater and nearby surface waters being contaminated with oil,
heavy metals, and other pollutants resulting from vehicle operations and maintenance, runoff
from areas where solvents, paints, and other liquid materials are used and stored, leaching of
asphalt emulsion and concrete slurry, and a variety of other sources. Those impacts can be
severe and long-lasting if appropriate actions are not taken to control construction site runoff
quality.

1-2.3. Management of Runoff from Transportation Projects

The key to controlling problems created by stormwater is the application of best management
practices (BMPs). BMPs are defined as physical, structural, and managerial practices that, when
used individually or in combination, prevent or reduce pollution of water and attenuate peak
flows and volumes. In order to address the types of problems discussed above, BMPs are
grouped into two types: temporary and permanent. Temporary BMPs are typically used only
during the construction phase of a project. Permanent BMPs are used to control and treat runoff
throughout operation of the highway, park-and-ride lot, rest area, ferry holding area, or other
transportation project site. Some BMPs, such as detention ponds, may be useful as both
temporary and permanent BMPs.

Temporary BMPs are designed to prevent the introduction of pollutants into runoff for the
duration of the construction project and concurrent with construction of the permanent BMPs.
Common examples of temporary BMPs include mulching of bare ground, silt fencing, and spill
control and containment. Permanent runoff treatment BMPs include facilities that remove
pollutants from runoff by simple gravity settling of particulate matter, and/or by filtration,
biological uptake, and soil adsorption. Common examples include wet ponds and vegetated
swales. Flow control BMPs reduce the peak rate of runoff during a storm event by storing the
flow and releasing it at a slower rate, thus protecting stream ecosystems from excessive erosion.
Typical examples are detention ponds and dry vaults. Permanent BMPs are used to treat
highway runoff for the design life of the project site.

Stormwater problems can be grouped into two categories: 1) impacts associated with existing
impervious areas, and 2) impacts arising from new impervious areas if no stormwater controls
are used. New projects that must comply with this manual are required to provide stormwater
treatment for the new impervious surfaces.
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Project designers should keep in mind that the ultimate goal is to provide practicable stormwater
treatment for runoff from the existing impervious surfaces, and to protect beneficial uses of the
receiving waters. Existing highway sections that have no stormwater treatment, or where
treatment is substandard, may eventually be retrofitted in accordance with the WSDOT retrofit
program. If it is cost-effective to include a BMP to treat the entire project site, even though only
a portion of the facility is undergoing expansion or redevelopment, the BMP should be designed
and constructed to treat the larger area, thus saving the cost of retrofitting in the future.

Guidance for determining whether it is cost-effective to provide stormwater treatment beyond
what is required can be found in Section 2-4.

In some cases, it may not be practicable to provide treatment and/or flow control for runoff from
project site areas, due to various factors such as site limitations, costs, or other obstacles. If
on-site mitigation is not feasible, opportunities that use this manual’s off-site treatment options
must be identified and considered. Chapter 3 presents a process for analyzing offsite treatment
options. WSDOT will continue to develop, pursue, and expand off-site options. However these
options are currently constrained to the “in-kind” variety, as Ecology has said they will not
authorize the use of “out-of-kind” mitigation options.

1-3. Organization of this Manual

The manual is divided into six chapters. Chapter 1 provides background information on the
development of the manual and an overview of the stormwater problems associated with
highways and other transportation infrastructure.

Chapter 2 lists minimum stormwater treatment requirements. Guidance is provided to determine
which of the nine minimum requirements must be met for a given transportation project. The
function and applicability of each minimum requirement are described. Guidance is also
provided for determining whether it is cost-effective to provide stormwater treatment retrofits
beyond what is called for under these requirements.

Chapter 3 provides an overview of the WSDOT project design process and how the
stormwater/drainage design elements should be integrated into that process. Guidance is
provided for gathering pre-design data and analyzing design alternatives.

Chapter 4 provides a description of the different hydrologic analysis methods that must be used
to design stormwater runoff treatment and flow control facilities. These methods differ from
those WSDOT has used in the past. Because of this, Chapter 4 explains the analysis methods in
detail.

Chapter 5 guides the project designer through the selection of permanent stormwater treatment,
infiltration, and flow control BMPs and their design process. It includes a process for BMP

selection in both western and eastern Washington. Guidance for the use of emerging
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technologies and discussions of operation and maintenance are included. Detailed design criteria
for each permanent BMP are included in Section 5-4.

Chapter 6 guides the project designer through the process of selection and design of temporary
construction-related BMPs. It includes guidance for selecting appropriate erosion and sediment
control (ESC), as well as spill prevention, containment, and countermeasures (SPCC) BMPs.
Operation and maintenance of these BMPs are also discussed. Design criteria for each
temporary BMP are included in Appendix 6-A. Appendix 6-B provides guidance on water
quality monitoring for those projects required to monitor runoff quality and/or receiving water
effects during construction.

1-4. How to Use this Manual

The designer should follow the guidance in Chapter 2 to determine which minimum
requirements must be satisfied for a specific project. Based on the applicable minimum
requirements, the designer must then follow the project design process described in Chapter 3.
This process will likely include the design of temporary and permanent BMPs, following the
guidance in Chapters 4, 5, and 6.

Most projects lend themselves to relatively straightforward installation of one or more of the
BMP options presented in this manual. However, many WSDOT sites are not conducive to easy
installation of any BMPs. When these types of problems arise, contact the following for
assistance:

= BMP selection—Region environmental and/or hydraulic staff, then Headquarters
Hydraulics Branch or Environmental Services Office Water Quality staff.

. Outfall Inventory/Field Screening Results, Retrofit Priorities, NPDES
Municipal Stormwater Permit, and Sampling—Staff in the Headquarters
Environmental Services Office Water Quality Unit.

. Spill Control, Containment, and Countermeasure activities—Region
environmental staff, then staff in the Headquarters Environmental Services Office
Hazardous Waste Unit.

. Temporary Erosion and Sediment Control Plans and Construction Site
BMPs—Region environmental staff, then the Headquarters Environmental
Services Office Water Quality Unit.

. Vegetation Management—Region and Headquarters landscape architects, then
Headquarters Highway Maintenance staff.

= Roadway Maintenance Practices—Region maintenance staff, then Headquarters
Highway Maintenance environmental staff.
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= Experimental BMPs—Region environmental staff, then the Headquarters
Environmental Services Office Water Quality Unit.
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Chapter 2. Minimum Requirements

2-1 Introduction

Note to the designer: It is extremely important to take the time to thoroughly understand the
minimum requirements presented in this chapter when making stormwater design decisions
for a project. Having a firm grasp of the terminology used in this chapter is essential. Please
consult the manual’s Glossary, which is intended as an aid in clarifying the intent and/or
appropriate use of these terms. Questions should be directed to the Region hydraulics
representative, the Headquarters Hydraulics Office, or the Headquarters Environmental
Services Office.

This chapter describes the nine minimum requirements that apply to the planning and design of
stormwater management facilities and best management practices for existing and new
Washington State highways, rest areas, park-and-ride lots, ferry terminals, and highway
maintenance facilities throughout the state. In order to plan and design stormwater management
systems appropriately, the designer must determine specific parameters related to the project,
such as new impervious area created, converted pervious area, area of land disturbance, presence
of wetlands, and applicability of basin and watershed plans. Projects that follow the stormwater
management practices in this manual achieve compliance with federal and state water quality
regulations through the presumptive approach. As an alternative, see Section 1-1.3 for a
description of using the demonstrative approach to protecting water resources in lieu of
following the stormwater management practices in this manual.

Not all of the minimum requirements apply to every project. See the thresholds and applicability
information in Section 2-2 to determine the applicable minimum requirements for each project.

The minimum requirements are:

1. Stormwater Planning

2. Construction Stormwater Pollution Prevention
3. Source Control

4. Preservation of Natural Drainage

5. Runoff Treatment

6. Flow Control

7. Wetland Protection

8. Basin/Watershed Planning

0. Operations and Maintenance.
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This chapter is organized as follows: The introduction provides information on applying the
minimum requirements to various types and sizes of projects. Flowcharts (Figure 2.1 for western
Washington, and Figure 2.2 for eastern Washington) are provided to assist designers in
determining which requirements apply to their projects. Consulting the flowchart is the initial
step in the process. The next step involves checking the detailed information provided for each
minimum requirement in terms of its objective, applicability (and potential exemptions), and
guidance for application. Consult the Glossary to ensure complete understanding of the
minimum requirements. Additional guidance for retrofits not triggered by the minimum
requirement is provided at the end of this chapter. For the purposes of this manual, the boundary
between eastern and western Washington is the Cascade Crest, except in Klickitat County where
the boundary line is the 16-inch mean annual precipitation contour (isopleth).

2-2 Applicability of the Minimum Requirements
2-2.1  Project Thresholds

Unless otherwise noted, the designer should assume that all requirements apply throughout the
entire state. However, in some instances design criteria, thresholds, and exemptions for eastern
and western Washington differ due to different climatic, geologic, and hydrogeologic conditions.
Regional differences for each minimum requirement are presented under the Applicability
sections in Section 2-3. Additional controls may be required, regardless of project type or size,
as a result of adopted basin plans or to address special water quality concerns via a critical area
ordinance or an established total maximum daily load (TMDL).

Not all of the minimum requirements apply to every improvement or preservation project. Use
the Figure 2.1 and 2.2 flow charts, along with the narrative below, as the initial step in
determining which requirements may apply. The next step involves reviewing the detailed
information provided for each minimum requirement in Section 2-3. Consult the Glossary to
gain a clear understanding of the following terms. They are key to correctly assessing minimum
requirement applicability.

= Impervious surface
. Converted pervious surface
= Pollution-generating impervious surface (PGIS)
. Pollution-generating pervious surface (PGPS)
= Land disturbing activity
. Native vegetation
= Non-road-related projects
= Project limits
= Replaced impervious surface
. Road/parking lot-related projects.
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Western Does the project have 2,000 square feet or more of new, replaced, or new
Washington plus replaced impervious surfaces?

Projects P OR

Start Here Does the project have land-disturbing activities of 7,000 square feet or more?

Yes

No

Y

Minimum Requirements 1 through 4 apply to
the new and replaced impervious surfaces and
the land disturbed.

Next Question

I

Apply Minimum Requirement 2.

OR

Does the project add 5,000 square feet or more of new impervious surfaces?

Does the project convert % acre or more of native vegetation to lawn or landscaped area?

Yes

No

v

Minimum Requirements 1 through 9 apply to the new
impervious surfaces and converted pervious surfaces.

Next Question

For road/parking lot-related projects (including pavement,
shoulders, curbs, and sidewalks) adding 5,000 square feet or
more of new impervious surfaces: Do new impervious surfaces
add 50% or more to the existing impervious surfaces within the
project limits?

OR

For non-road-related projects (including rest area, maintenance
facility, and ferry terminal buildings): Is the total of new plus
replaced impervious surfaces 5,000 square feet or more, AND
does the value of the proposed improvements — including interior
improvements — exceed 50% of the replacement value of the
existing site improvements?

I

No additional requirements.

A

Yes

Y

Minimum Requirements
1 through 9 also apply
to replaced impervious
surfaces.

Figure 2.1. Flow chart for evaluating western Washington minimum project requirements.
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Eastern Does the project have 2,000 square feet or more of new, replaced, or new
Washington plus replaced impervious surfaces?
Projects > OR
Start Here Does the project have land-disturbing activities of 7,000 square feet or more?
Yes No
Minimum Requirements 1 through 4 apply to l
the new and replaced impervious surfaces and Apply Minimum Requirement 2.
the land disturbed.

Next Question

Does the project add 10,000 square feet or more of new impervious surfaces?

Yes No

; I

Minimum Requirements 1 through 9 apply to the new

impervious surfaces and converted pervious surfaces. No additional requirements.
A
Next Question
\ 4
For road/parking lot-related projects (including pavement, No

shoulders, curbs, and sidewalks) adding 10,000 square feet or
more of new impervious surfaces: Do new impervious surfaces
add 50% or more to the existing impervious surfaces within the
project limits?

OR

For non-road-related projects (including rest areas and

maintenance facilities: Is the total of new plus replaced

impervious surfaces 10,000 square feet or more, AND does the
. . .00 . Yes

value of the proposed improvements — including interior

improvements — exceed 50% of the replacement value of the

existing site improvements?

Y

Minimum Requirements
1 through 9 also apply
to replaced impervious
surfaces.

Figure 2.2. Flow chart for evaluating eastern Washington minimum project requirements.

Jjr /01-02047-007 chapter 2 word2000.doc
Page 2-4 Highway Runoff Manual
March 2004




Chapter 2—Minimum Requirements

Upgrading by resurfacing state facilities from gravel to bituminous surface treatment (BST or
“chip seal”), asphalt concrete pavement (ACP), or Portland cement concrete pavement (PCCP) is
considered to be adding new impervious surfaces and is subject to the minimum requirements
that are triggered when the thresholds are met.

All projects are required to comply with Minimum Requirement 2. In addition, projects that
exceed certain thresholds are required to comply with additional Minimum Requirements as
follows:

Projects that meet the following criteria must comply with Minimum
Requirements 1 through 4 for the new and replaced impervious surfaces and the
land disturbed:

Creates or adds 2,000 square feet or more of new, replaced, or new plus
replaced impervious surface area, OR

= Has land-disturbing activity of 7,000 square feet or greater.

Projects that meet the following criteria must comply with Minimum Requirement
1 through 9 for the new impervious surfaces and converted pervious surfaces:

In western Washington:

. Adds 5,000 square feet or more of new impervious surface area,
OR
= Converts ¥ acre or more of native vegetation to lawn or

landscaped area.

In eastern Washington:

= Adds 10,000 square feet or more of new impervious surface area.

For road/parking lot-related projects (including pavement, shoulders, curbs, and
sidewalks), in addition to the new impervious and converted pervious surfaces,
runoff from replaced impervious surfaces must also comply with Minimum
Requirements 1 through 9 if:

In western Washington:

. The new impervious surfaces total 5,000 square feet or more AND
add 50 percent or more of the existing impervious surfaces within
the project limits.
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In eastern Washington:

= The new impervious surfaces total 10,000 square feet or more
AND add 50 percent or more of the existing impervious surfaces
within the project limits.

For non-roadway projects (including rest areas, maintenance facilities, and ferry
terminal buildings), runoff from replaced impervious surfaces also must comply
with Minimum Requirements 1 through 9 if:

In western Washington:

= The total of new plus replaced impervious surfaces is 5,000 square
feet or more, AND the valuation of proposed improvements —
including interior improvements — exceeds 50 percent of the
assessed value of the existing site improvements.

In eastern Washington:

= The total of new plus replaced impervious surfaces is 10,000
square feet or more, AND the valuation of proposed improvements
— including interior improvements — exceeds 50 percent of the
assessed value of the existing site improvements.

Basin planning is encouraged and may be used to tailor applicable Minimum Requirements to a
specific basin (i.e., Minimum Requirement 8). Meeting runoff treatment and flow control
requirements may also be achieved through regional stormwater facilities.

2-2.1.1 Engineering and Economic Feasibility

For some projects, obstacles may exist that make it infeasible to fully meet certain Minimum
Requirements, particularly runoff treatment and flow control, within the project right-of-way.
These obstacles may be infrastructural, geographical, geotechnical, hydraulic, environmental, or
cost related. In these instances, the planning and design team must conduct a formal assessment
to document the obstacles that make it infeasible for a project to meet the Minimum
Requirements within the project limits. This procedure is referred to as Engineering and
Economic Feasibility (EEF) assessment. Section 3-3.4 provides further information on EEF
assessment and includes the EEF Checklist in Appendix 3A. The EEF Checklist provides
guidance for identifying the critical limiting factors that may inhibit or preclude construction of
stormwater facilities in a project's right-of-way. Alternative options to meet regulatory
requirements will need to be considered for projects that fall into this category. These options
include using low impact development techniques or watershed-based options to create
additional capacity in the receiving water. In addition, Section 1-1.3 describes the demonstrative
approach as an alternative to following the stormwater management practices in this manual to
achieve compliance with state and federal water quality laws.
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2-2.2 Exemptions

Some types of activities are fully or partially exempt from the minimum requirements. These
include some road maintenance/preservation practices and some underground utility projects as
described below.

The following road maintenance and preservation practices are exempt from the Minimum
Requirements:

. Pothole and square cut patching.

= Overlaying existing bituminous surface treatment (BST or “chip seal”), asphalt
concrete pavement (ACP), or Portland cement concrete pavement (PCCP) with
BST, ACP, or PCCP without expanding the area of coverage.

. Shoulder grading.

. Reshaping/regrading drainage systems.

. Crack sealing.

. Resurfacing with in-kind material without expanding the road prism.
. Vegetation maintenance.

. Upgrading by resurfacing WSDOT facilities from BST to ACP or PCCP without
expanding the area of coverage.'

The following practices are subject only to Minimum Requirement #2 — Construction
Stormwater Pollution Prevention:

. Underground utility projects that replace the ground surface with in-kind material
or materials with similar runoff characteristics.

= Removing and replacing a concrete or asphalt roadway to base course or subgrade
or lower without expanding or upgrading the impervious surfaces.

= Repairing the roadway base or subgrade.

2-3 Minimum Requirements

This section describes the Minimum Requirements for stormwater management at project sites.
Consult Section 2-2, above, to determine which requirements apply to any given project. See

! This exemption is applicable only for WSDOT projects, whereas the “gravel-to-BST” exemption in the
Department of Ecology’s stormwater management manuals is available to local governments. As is the case for
local governments, WSDOT upgrades that involve resurfacing from gravel to ACP or PCCP are considered new
impervious surfaces and are not categorically exempt.

jr /01-02047-007 chapter 2 word2000.doc
Highway Runoff Manual Page 2-7
March 2004




Chapter 2—Minimum Requirements

Chapter 5 for Best Management Practices (BMPs) to use in meeting Minimum Requirements 3,
5,6,7,and 9. See Chapter 6 for BMPs to use in meeting Minimum Requirement 2.

2-3.1  Minimum Requirement 1 — Stormwater Planning

All projects that meet the thresholds in Section 2-2 require Stormwater Planning. The two main
Stormwater Planning components are Construction Stormwater Pollution Prevention Planning
and Permanent Stormwater Control Planning. Multiple documents are used to fulfill the
objective of this requirement, since addressing stormwater management needs are thoroughly
integrated into WSDOT’s design, construction, and maintenance programs. WSDOT’s
construction stormwater pollution prevention planning components consist of Spill Prevention,
Control, and Countermeasures (SPCC) plans and Temporary Erosion and Sediment Control
(TESC) plans. WSDOT’s permanent stormwater control planning components include
Hydraulic Reports and aspects of the Maintenance Manual.

2-3.1.1 Obijective

The stormwater planning components collectively demonstrate how stormwater management
will be accomplished both during project construction and in the final, developed condition.

2-3.1.2 Applicability

Contractors are required to prepare SPCC plans for all projects, since all projects have the
potential to spill hazardous materials. WSDOT prepares TESC plans on projects that expose
more than 7,000 square feet of erodible soil. Both plans must be kept on site or within
reasonable access of the site during construction, and may require updates with changing site
conditions.

To meet the objectives of the permanent stormwater control planning requirements, WSDOT
prepares Hydraulic Reports and follows the Maintenance Manual. Hydraulic Reports are a
complete record of the engineering justification for all drainage modifications and are prepared
by WSDOT for all major and minor hydraulic projects, based on guidance from this manual as
well as the Hydraulics Manual. As noted in the Hydraulics Manual, the Hydraulic Report must
contain detailed descriptions of the following items:

= Existing and developed site hydrology

. Flow control and runoff treatment systems
= Conveyance system analysis and design

= Wetland hydrology analysis (if applicable)
= Off-site analysis (if applicable).
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2-3.1.3 Guidance

Instructions on how to prepare SPCC and TESC plans are provided in Minimum Requirement 2,
and in Chapter 6.

Stormwater runoff treatment and flow control BMP maintenance criteria are included with each
BMP in Chapter 5 and summarized in Section 5-5. Additional standards for maintaining
stormwater BMPs are found in the Regional Road Maintenance/Endangered Species Act
Program Guidelines (“® http://www.wsdot.wa.gov/biz/maintenance/htm/esa.htm). The criteria
and guidelines are designed to ensure that all BMPs function at design performance levels and
that the maintenance activities themselves are protective of water quality and its beneficial uses.

2-3.2 Minimum Requirement 2 — Construction Stormwater Pollution
Prevention

All non-exempt projects must address Minimum Requirement 2 — Construction Stormwater
Pollution Prevention. The two components of construction stormwater pollution prevention are:

. Temporary Erosion and Sediment Control (TESC) planning.

. Spill Prevention, Control, and Countermeasures (SPCC) planning.

Erosion control is required to prevent erosion from damaging project sites, adjacent properties,
and the environment. The emphasis of erosion control is to prevent the erosion process from
starting by preserving natural vegetation, limiting the amount of bare ground, and protecting
slopes. A TESC plan must address the following elements:

= Element 1: Mark clearing limits.

= Element 2: Establish construction access.
= Element 3: Control flow rates.

= Element 4: Install sediment controls.

= Element 5: Stabilize soils.

= Element 6: Protect slopes.

= Element 7: Protect drain inlets.

= Element 8: Stabilize channels and outlets.
. Element 9: Control pollutants.

. Element 10: Control dewatering.

- Element 11: Maintain BMPs.
= Element 12: Manage the project.
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All projects that involve mechanized equipment or construction materials that could potentially
contaminate stormwater or soils require Spill Prevention, Control, and Countermeasures (SPCC)
plans. The SPCC plan is a stand-alone document that is prepared by the contractor. The
contents of the spill plan are:

. Site information and project description

= Spill prevention and containment

. Spill response

. Material and equipment requirements

= Reporting information

. Program management

. Plans to contain preexisting contamination (if necessary).

Detailed requirements for each of these elements are provided in Sections 6-2 and 6-3. The
TESC and SPCC plans must demonstrate compliance with all of those detailed requirements, or,
when site conditions warrant the exemption of an element(s), provide a clear explanation in the
narrative as to why a requirement does not apply to the project.

2-3.2.1 Objective

The objective of Minimum Requirement 2 is to ensure that construction projects do not impair
water quality by allowing sediment to discharge from the site or allowing spills of pollutants.

2-3.2.2 Applicability

All projects must address Construction Stormwater Pollution Prevention per Standard
Specification 1.07.15(1). All projects that disturb 7,000 square feet or more of land, or add 2,000
square feet or more of new, replaced, or new plus replaced impervious surface must prepare a
TESC plan in addition to a SPCC plan.

2-3.2.3 Guidance

Instructions on how to prepare SPCC and TESC plans are provided in Minimum Requirement 2,
and in Chapter 6.

2-3.3 Minimum Requirement 3 — Source Control of Pollutants

All known, available and reasonable source control BMPs must be applied to all projects.
Source control BMPs must be selected, designed, and maintained in accordance with this
manual.
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2-3.3.1 Obijective

The intention of source control is to prevent pollutants from coming in contact and mixing with
stormwater. In many cases, it is more cost-effective to apply source control than to remove
pollutants after they have mixed with runoff. This is certainly the case for erosion control and
spill prevention during the construction phase.

2-3.3.2 Applicability

Source control (i.e., erosion control and spill prevention) applies to all projects during the
construction phase per Minimum Requirement 2. Post-construction source controls are
employed programmatically via WSDOT’s maintenance program. Thus, in instances where
structural BMPs may not be sufficient, the designer should consult with the Maintenance and
Operations Program’s environmental support staff to explore operational source control options
that may be available to meet regulatory requirements.

2-3.3.3 Guidance

Source control BMPs include operational BMPs and structural BMPs. Operational BMPs are
non-structural practices that prevent or reduce pollutants from entering stormwater. Examples
include: preventative maintenance procedures; spill prevention and cleanup; and inspection of
potential pollutant sources. Structural BMPs are physical, structural, or mechanical devices or
facilities intended to prevent pollutants from entering stormwater. Examples include installation
of vegetation for temporary and permanent erosion control, separation of contaminated runoff
from clean runoff, and street sweeping.

Many source control BMPs combine operational and structural characteristics. An example of
this for the construction phase of a project is slope protection using various types of covers —
temporary covers (structural) and active inspection and maintenance needed for effective use of
the covers (operational). An example for the post-construction phase (permanent phase) of a
project is street sweeping — a sweeper (mechanical) and the sweeping schedule and procedures
for its use (operational) collectively support the BMP.

See Chapter 6 for guidance on the design of construction-related source control BMPs. See
Section 5-2.1, for guidance on the design of source control BMPs for the permanent phase of
highways, park-and-ride lots, regional office buildings and area maintenance facilities, storage
facilities, rest areas, and ferry terminals.

2-3.4 Minimum Requirement 4 — Maintaining the Natural Drainage
System

To the maximum extent possible, natural drainage patterns must be maintained, and discharges
from the site must occur at the natural outfall locations. The way in which runoff is discharged
from the project site must not cause downstream erosion in receiving waters and down gradient
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properties. Outfalls from the project may require dispersal systems and/or energy dissipation
BMPs.

2-3.4.1 Obijective

The intention of maintaining the natural drainage system is to preserve and utilize natural
drainage systems to the fullest extent, because of the multiple benefits such systems provide, and
to prevent erosion at, and downstream of, the discharge location.

2-3.4.2 Applicability

Minimum Requirement 4 applies to all projects that meet the thresholds described in Figures 2.1
and 2.2 to the maximum extent practicable.

2-3.4.3 Guidance

When projects affect subsurface and/or surface water drainage, the designer should use strategies
that will minimize impacts and maintain hydrologic continuity. For example, road cuts on hill
slopes or roads bisecting wetlands or ephemeral streams can affect subsurface water drainage.
Ditching, channel straightening, channel lining, channel obliteration, and roads that bisect
wetlands or perennial streams change surface water drainage and stream channel processes. The
designer should use best available design practices to maintain hydrologic function and drainage
patterns based on site geology, hydrology, and topography.

If flows for a given outfall are not channeled in the pre-project condition, runoff concentrated by
the proposed project must be discharged through a dispersal system (ground surface discharges)
and/or energy dissipater BMP (surface water discharges) before leaving the project outfall.
Typical dispersal systems are rock pads, dispersal trenches, level spreaders, and diffuser pipes.
Typical energy dissipaters are rock pads and drop structures. These systems are listed in
Sections 5-4.4.4 and 5-4.4.5.

In some instances, a diversion of flow from the natural (pre-project) discharge location may be
beneficial to the downstream properties and/or receiving water bodies. An example of where the
diversion of flows may be warranted is where pre-project drainage conditions are contributing to
active erosion of a stream channel in a heavily impervious basin. Another example is where pre-
project drainage patterns are exacerbating flooding conditions of downstream properties. The
designer should contact Region or Headquarters hydraulics staff if it is determined that a
diversion of flow from the natural discharge location may be warranted on the project.

2-3.5 Minimum Requirement 5 — Runoff Treatment

Runoff treatment must be provided for all projects that meet the threshold at which Minimum
Requirement 5 applies (see Section 2-2). Direction on specific application of runoff treatment to
a project is given below.
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2-3.5.1 Obijective

The purpose of runoff treatment is to reduce pollutant loads and concentrations in stormwater
runoff using physical, biological, and chemical removal mechanisms so that beneficial uses of
receiving waters are maintained and, where applicable, restored. When site conditions are
appropriate, infiltration can potentially be the most effective BMP for runoff treatment.

2-3.5.2 Runoff Treatment Exemptions

Any of the runoff treatment exemptions below may be negated by requirements set forth in a
Total Maximum Daily Load (TMDL) or a water clean-up plan.

= Runoff treatment is not required for projects where no new pollution-generating
impervious surface (PGIS) is added. This includes:

O Projects or portions of projects that add paved surfaces not intended for
use by motor vehicles (e.g., sidewalks, bike and/or pedestrian trails) and
that are separated from adjacent roadways in such a way that they do not
contribute flow to PGIS areas.

| Projects that overlay or upgrade existing bituminous surface treatment
(BST or “chip seal”), asphalt concrete pavement (ACP), or Portland
cement concrete pavement (PCCP) without an increase in impervious area.
(Note: Upgrading a facility from gravel surface to BST, ACP, or PCCP is
considered an addition of new impervious surface and is subject to runoff
treatment if the thresholds are met.)

| Projects that remove a paved surface to base course or lower, then repave
without an increase in impervious area.

. Discharges to underground injection control (UIC) facilities may be exempt from
basic runoff treatment requirements if the vadose zone matrix between the bottom
of the facility and the water table provides adequate treatment capacity (see
Section 5-4.3.1). However, all drywells should be preceded by a properly
maintained catch basin to preserve the functionality of the drywell, or a basic
treatment BMP for projects in areas covered under an existing NPDES municipal
stormwater permit until such time as the UIC guidelines are adopted.

2-3.5.3 Applicability?

As presented in Section 2-2, the minimum requirement trigger for runoff treatment differs for
western and eastern Washington. However, statewide, the extension of the roadway edge and
paving of gravel shoulders and lanes is considered new pollution generating impervious surfaces

2 Consult the Glossary for the following key terms: converted pervious surface, impervious surface, pollution-
generating impervious surface, pollution-generating pervious surface, project limits, replaced impervious surface,
threshold discharge area, and drainage basin area.
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(PGIS). If the pertinent threshold is not exceeded, runoff treatment is not required. However,
runoff from the applicable PGIS and pollution-generating pervious surfaces (PGPS) must be
dispersed and infiltrated to adjacent pervious areas when feasible.

For projects that do not trigger the runoff treatment minimum requirement, runoff treatment may
still be triggered if a specific deficiency within the project limits is identified through the 1-4
Stormwater Retrofit program. The decision to retrofit is made by the project office in
collaboration with Region and Headquarters program management and environmental services

staff.

Western Washington Application

For western Washington, application of the runoff treatment requirement is a two-step process.

Step 1. Project-level: First, Minimum Requirement 5 applies to the project for the new
impervious surfaces and converted pervious surfaces if one of the following
conditions is met:

. The project adds 5,000 square feet or more new PGIS, or

. The project converts more than % acre of native vegetation to
PGPS.

In addition, when the 5,000 square foot PGIS threshold is met or exceeded:

= Road/parking lot-related projects (including pavement, shoulders,
curbs, and sidewalks) would also apply Minimum Requirement 5
to any replaced PGIS if the new PGIS is equal to or greater than 50
percent of the total existing PGIS within the project limits, or

. Non-road-related projects (e.g., rest area, maintenance facility, and
ferry terminal buildings) would also apply Minimum Requirement
5 to any replaced PGIS if the value of the proposed improvements,
including interior improvements, exceeds 50 percent of the
replacement value of the existing site improvements.

Step 2. Threshold Discharge Area (TDA) level: Following is an assessment for
determining whether Minimum Requirement 5 pertains to projects exceeding
Step 1 thresholds and requires the delineation of project Threshold Discharge
Areas (TDAs) per Section 4-2.5. Runoff treatment must be provided for the new
PGIS, new PGPS, and applicable replaced PGIS for project TDAs in which the
total:

u Effective PGIS is 5,000 square feet or more in a TDA, or
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u PGPS is % of an acre or more in a TDA, and there is a surface
discharge in a natural or man-made conveyance system from the
site.

Equivalent area treatment is allowable for PGIS areas that drain to the same
receiving waters and have the same pollutant loading characteristics. While the
equivalent area will receive treatment, the new or expanded discharge also must
not cause a violation of surface water quality standards. Additional information
on equivalent area treatment is provided in Sections 3-3.1 and 4-3.6.1.

Eastern Washington Application

For eastern Washington, projects adding 10,000 square feet or more of new impervious surfaces
in a drainage basin area require runoff treatment for the new impervious surfaces.

In addition, when the 10,000 square foot threshold is met or exceeded:

= Road/parking lot-related projects (including pavement, shoulders, curbs, and
sidewalks) would also apply Minimum Requirement 5 to any replaced PGIS if the
new PGIS is equal to or greater than 50 percent of the total existing PGIS within
the project limits, or

= Non-road-related projects (e.g., rest areas and maintenance facilities) would also
apply Minimum Requirement 5 to any replaced PGIS if the value of the proposed
improvements — including interior improvements — exceeds 50 percent of the
replacement value of the existing site improvements.

Equivalent area treatment is allowable for PGIS areas that drain to the same receiving waters and
have the same pollutant loading characteristics. While the equivalent area will receive treatment,
the new or expanded discharge also must not cause a violation of surface water quality standards.
Additional information on equivalent area treatment is provided in Section 3-3.1.

2-3.5.4 Guidance

There are three basic steps to applying runoff treatment to a project during planning and design:

1. Determine the specific runoff treatment requirements (i.e., targets) for the project.
Refer to Section 2-3.5.4.1, Chapter 3, and Chapter 4.

2. Choose the method(s) of runoff treatment that will meet the treatment
requirements and is most suited to the constraints/opportunities presented by the
project’s context. Refer to Chapter 3, Chapter 4, and Chapter 5.
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3. Design runoff treatment facilities based on the criteria for sizing runoff treatment
facilities. Refer to Section 2-3.5.4.2, Chapter 4, Chapter 5, and the WSDOT
Maintenance Manual.

Chapter 3 presents the design philosophy for managing stormwater on transportation projects.
An approach that mimics natural hydrology where feasible, through the dispersal and infiltration
of runoff, is fundamental to this philosophy. The extent to which runoff flow rates and volumes
can be dispersed (or remain dispersed) and then infiltrated determines the types of runoff
treatment facilities that can be used and the size of those facilities. This aspect of runoff
treatment planning and design is discussed in detail in Chapters, 3, 4, and 5 (Sections 5-2 and
5-3).

An additional consideration is that stormwater facilities are not allowed within a jurisdictional
wetland or its natural vegetated buffer, except for conveyance systems allowed by applicable
permit(s) or as allowed in a wetland mitigation plan. Wetlands may be considered for use in
runoff treatment if the wetland meets the criteria for hydrologic modification (See Minimum
Requirement 6 and Chapter 4 on wetland hydroperiods) and Minimum Requirement 7.

Chapter 4 provides the minimum design criteria for sizing runoff treatment facilities. It includes
a description on how to conduct the hydrological analysis so as to derive treatment volumes and
flow rates for the project’s treatment facilities. Refer to Section 4-3 for western Washington
criteria and to Section 4-4 for eastern Washington criteria.

Chapter 5 provides direction on how to design the treatment facilities chosen for the project.

Treatment Targets

There are four runoff treatment targets: Basic Treatment, Enhanced Treatment, Oil Control, and
Phosphorus Control. For roadway-related projects, Table 2-1 describes when the treatment
targets must be applied, and the performance goal for each. For non-roadway applications, refer
to the SMMEW or SMMWW. Table 2-2 identifies receiving waters that do not require
Enhanced Treatment for direct discharges.

Chapter 5 gives information on facility options available to meet each of the four treatment
targets. Treatment facilities, designed in accordance with the design criteria as presented in this
manual, are presumed to meet the applicable performance goals.

An adopted and implemented Basin Plan, Total Maximum Daily Load (TMDL), or Water Clean-
up Plan may also be used to set runoff treatment requirements that are tailored to a specific basin.
However, treatment requirements must not be less than that achieved by facilities designed for
Basic Treatment.
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Table 2-1. Runoff treatment targets and applications for roadway projects.

Treatment Target

Application

Performance Goal

Basic Treatment

Western Washington: All project threshold discharge areas
(TDAs) where runoff treatment threshold is met.

Eastern Washington: All projects where runoff treatment
threshold is met.

80 percent removal of
total suspended solids
(TSS)

Enhanced Treatment
(greater removal of
dissolved metals than
for basic treatment)

Same as for Basic Treatment
AND

Roadway ADT is > 30,000 or is required by an adopted
basin plan or water clean-up plan/TMDL.

(See Table 2-2 for receiving water exemptions)

50 percent removal of
dissolved copper (Cu)
and zinc (Zn) for
influent concentrations
ranging from 0.003 to
0.02 mg/L for
dissolved Cu and 0.02-
0.3 mg/L for dissolved
Zn

Oil Control

Same as for Basic Treatment
AND

There is an intersection where either >15,000 vehicles
(ADT) must stop to cross a roadway with >25,000 vehicles
(ADT) or vice versa. '

OR

Rest areas with an expected ADT count equal to or
greater than 100 vehicles per 1,000 square feet of
gross building area.

OR
Maintenance facilities that park, store, or maintain 25 or

more vehicles (trucks or heavy equipment) that exceed 10
tons gross weight each.

No ongoing or
recurring visible sheen
and 24-hr average total
petroleum hydrocarbon
concentration of not
greater than 10 mg/L
with a maximum of 15
mg/L for a discrete
(grab) sample

Phosphorus Control

Same as for Basic Treatment
AND
The project is located in a designated area requiring

phosphorus control as prescribed through an adopted basin
plan or water clean-up plan/TMDL.”

50 percent removal of
total phosphorus for
influent concentrations
ranging from 0.1 to 0.5
mg/L TP

! Treatment is required for these high-use roadway intersections for lanes where vehicles accumulate during the
signal cycle, including left- and right-turn lanes from the beginning of the left-turn pocket. If no left-turn pocket
exists, the treatable area must begin at a distance equal to three car lengths from the stop line. If runoff from the
intersection drains to more than two collection areas that do not combine within the intersection, treatment may
be limited to any two of the collection areas where the cars stop.

? Contact WSDOT regional hydraulics or environmental staff to determine if phosphorus control is required for

a project.
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Table 2-2. Basic Treatment receiving waters.'

1. All salt water bodies

2. Rivers (only basic treatment applies below the location)

Baker (Anderson Creek) Quillayute (Bogachiel River)

Bogachiel (Bear Creek) Quinalt (Lake Quinalt)

Cascade (Marblemount) Sauk (Clear Creek)

Chehalis (Bunker Creek) Satsop (Middle and East Fork confluence)
Clearwater (Town of Clearwater) Similkameen

Columbia (Canadian Border) Skagit (Cascade River)

Cowlitz (Skate Creek) Skokomish (Vance Creek)
Elwha (Lake Mills) Skykomish (Beckler River)
Green (Howard Hanson Dam) Snake

Grand Ronde Snohomish (Snoqualmie River)

Hoh (South Fork Hoh River)

Snoqualmie (Middle and North Fork confluence)

Humptulips (West and East Fork Confluence)

Sol Duc (Beaver Creek)

Kalama (Italian Creek)

Spokane

Kettle Stillaguamish (North and South Fork confluence)
Klickitat North Fork Stillaguamish (Boulder River)
Lewis (Swift Reservoir) South Fork Stillaguamish (Canyon Creek)
Methow Suiattle (Darrington)

Moses Tilton (Bear Canyon Creek)

Muddy (Clear Creek) Toutle (North and South Fork confluence)
Naches North Fork Toutle (Green River)
Nisqually (Alder Lake) Washougal (Washougal)

Nooksack (Glacier Creek) White (Greenwater River)

South Fork Nooksack (Hutchinson Creek) Wenatchee

Okanogan Wind (Carson)

Pend Oreille Wynoochee (Wishkah River Road Bridge)
Puyallup (Carbon River) Yakima

Queets (Clearwater River)

3. Non-fish bearing streams tributary to basic treatment receiving waters

4. Lakes (County location)

Banks (Grant) Silver (Cowlitz)
Chelan (Chelan) Whatcom (Whatcom)
Moses (Grant) Washington (King)
Potholes Reservoir (Grant) Union (King)

Sammamish (King)

5. Discharges to groundwater via rule-authorized underground injection control (UIC) facilities.”

! Receiving waters not requiring Enhanced Treatment for direct discharges.

* Contact WSDOT regional hydraulics or environmental staff to determine if an underground injection control
(UIC) facility is authorized by the rules under the UIC program (Chapter 173-218 WAC).

Note: Local governments may petition for the addition of more waters to this list. The initial criteria for this
list are rivers whose mean annual flow exceeds 1,000 cubic feet per second, and lakes whose surface area
exceeds 300 acres. Additional waters do not have to meet these criteria, but should have sufficient background
dilution capacity to accommodate dissolved metals additions from build-out conditions in the watershed under
the latest Comprehensive Land Use Plan and zoning regulations.
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Criteria for Sizing Runoff Treatment Facilities

Two sets of criteria exist for sizing runoff treatment facilities -- one for western Washington
(Table 2-3) and one for eastern Washington (Table 2-4).

Table 2-3. Criteria for sizing runoff treatment facilities in western Washington.

Facility Type

Criteria

Model

Flow-based: Upstream of
flow control facility

Size treatment facility so that 91% of the annual
average runoff will receive treatment at or below

Approved continuous
simulation model using 15-

Downstream of flow
control facility

release rate from the detention facility, under
post-developed conditions for each TDA.

(on & offline) the design loading criteria, under post-developed | minute time steps
conditions for each TDA. If the flow rate is split
upstream of treatment facility, use the off line
flow rates.

Flow-based: Size treatment facility using the full 2-year Approved continuous

simulation model using 15-
minute time steps

Volume-based
(on & off line)

Wetpool: Size treatment facility using the runoff
volume predicted for the 6-month, 24-hour design
storm under post-developed conditions for each
TDA. This design storm is approximated as 72%
of the 2-year, 24-hour design storm or 91*
percentile, 24-hour runoff volume, and

Other volume based (infiltration or filtration):
Size the facility to treat 91% of the estimated
historic runoff file for the post-developed
conditions.

Single-event model (SBUH¥*);
OR
Approved continuous

simulation model with 1-hour
time steps

* Santa Barbara Urban Hydrograph (SBUH) method is based on NRCS curve number equations.

Table 2-4. Criteria for sizing runoff treatment facilities in eastern Washington.

Facility Type

Criteria

Model

Volume-based

Size facility using the runoff volume
predicted for the 6-month, 24-hour storm
event under post-developed conditions
for each drainage basin area.

Single event model (SCS or SBUH)

Climate Region 1-4 Regional Storm; OR
Type 1A for Climate Region 2 & 3 only

Flow-based:

facility located upstream
of detention/retention
facility

Size facility using the runoff flow rate
predicted for the 6-month, short duration
storm under post-developed conditions
for each drainage basin area.

Single event model (SCS or SBUH)
Short duration storm

Flow-based:

facility is located
downstream of detention
facility

Size facility using the full 2-year release
rate from the detention facility, under
post-developed conditions for each
drainage basin area.

Single event model (SCS or SBUH)

Short duration storm; or Climate Region 1—
4 Regional Storm; OR

Type 1A for Climatic Regions 2 &3 only,
which ever produces the greatest flow.
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If runoff from additional areas other than the total new PGIS and that portion of any replaced
PGIS that requires treatment cannot be separated from the total new PGIS runoff, treatment
facilities must be sized to also treat this additional runoff.

2-3.6 Minimum Requirement 6 — Flow Control

Unless an exemption applies, the project must provide flow control of stormwater runoff from
the newly created impervious surfaces, converted pervious surfaces (western Washington), and,
in some cases, replaced impervious surface. This requirement applies to projects that discharge
stormwater directly, or indirectly through a conveyance system, to a surface freshwater body.

2-3.6.1 Obijective

The objective of flow control is to prevent increases in the stream channel erosion rates beyond
those characteristic of natural or reestablished conditions. The intent is to prevent cumulative
future impacts from increased stormwater runoff volumes and flow rates on streams. In
suburban and the developing urban fringe portions of western Washington, the intent also
includes mitigating impacts of prior development and/or flow modifications. Wherever possible,
infiltration is the preferred method of flow control.

2-3.6.2 Flow Control Exemptions

Flow control is not required for all discharges to surface waters, because it is not always needed
to protect stream morphology. The exemptions listed below are provided in determining which

projects should be subjected to Flow Control per Minimum Requirement 6. Infiltration of storm
runoff on-site, to the greatest extent possible, is encouraged for all projects.

The following projects and discharges are exempt from flow control requirements to protect
stream morphology. Runoff treatment may still be required per Minimum Requirement 5.

1. A project able to disperse stormwater without discharging runoff either directly or
indirectly through a conveyance system to surface waters per guidelines in
Section 5-2.2.2.

2. Projects discharging stormwater directly or indirectly through a conveyance
system into any of the exempt water bodies shown in Table 2-5.

3. Projects discharging stormwater from over-the-water structures such as bridges,
docks, and piers in or over fresh water are exempt up to the 2-year flood plain
elevation. Bridge approaches are not exempted.

4. Projects discharging stormwater directly or indirectly through a conveyance
system into a wetland. However, flow control may still be required to maintain
wetland hydrology (depth and duration of inundation) per Minimum Requirement
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7. See applicable wetland protection criteria under Minimum Requirements 4 and
7.

Any of the exempted areas must meet the following requirements:

The project area must be drained by a conveyance system that is comprised
entirely of manmade conveyance elements (e.g., pipes, ditches, outfall protection,
etc.) and that extends to the ordinary high water line of the receiving water unless
(in order to avoid construction activities in sensitive areas) flows are properly
dispersed before reaching the buffer zone of the sensitive or critical area.

Any erodible elements of the manmade conveyance system for the project area
must be adequately stabilized to prevent erosion.

Surface water from the project area must not be diverted from or increased to an
existing wetland, stream, or near-shore habitat sufficient to cause a significant
adverse impact.

The following additional exemptions (or partial exemptions) are available in eastern
Washington:

1.

A project located at a site with less than 10” average annual rainfall that
discharges to a seasonal stream that is not connected via surface flow to a non-
exempt surface water by runoff generated during the 2-year regional storm for
Climatic Regions 1-4; OR during the 2-year Type 1A storm for Climatic Regions
2 and 3 only.

A project that discharges to a stream that flows only during runoff producing
events. The runoff carried by the stream following the 2-year regional storm in
Climatic Regions 1-4; OR during the 2-year Type 1A storm for Climatic Regions
2 and 3 only, must not discharge via surface flow to a non-exempt surface water.
The stream may carry runoff during an average annual snowmelt event but must
not have a period of base flow during a year of normal precipitation.

A project discharging to stream reaches consisting primarily of irrigation return
flows and not providing habitat for fish spawning and rearing. Projects should
match the pre-developed 2-year and 25-year peak runoff rates for these
discharges. The local irrigation district may impose other requirements.

Petitions to seek exemptions in additional geographic areas can be submitted to Ecology for

consideration. Such a petition must justify the proposed exemption based upon a hydrologic
analysis demonstrating that the potential stormwater runoff from the exempted area will not

significantly increase the erosion forces on the stream channel nor have near field impacts.
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Table 2-5. Exempt surface waters list.

Water Body Upstream Point/Reach for Exemption (if applicable)
Alder Lake
Aston Creek Downstream of confluence with George Creek
Baker Lake
Banks Lake
Bumping Lake
Bumping River Downstream of confluence with American River
Bogachiel River' Bear Creek
Calawah River Stikum River
Chehalis River’ Bunker Creek
Cle Elum River Downstream of Cle Elum Lake

Columbia River

Columbia River Reservoirs

Colville River

Downstream of confluence with Chewelah Creek

Conconully Reservoir

Cowlitz River'

Cowlitz Falls Dam to Mayfield Dam

Crescent Lake

Elwha River' Elwha Dam to Glines Dam
Grande Ronde River
Hoh River' South Fork Hoh River

Humptulips River'

West and East Fork Confluence

Kettle River

Downstream of confluence with Boulder Creek

Klickitat River

Downstream of confluence with West Fork

Latah Creek (formerly Hangman Creek)

Downstream of confluence with Rock Creek (in Spokane County

Lake Chelan

Lake Cle Elum

Lake Cushman

Lake Kachess

Lake Keechelus

Lake Quinault

Lake Shannon

Lake Sammamish

Lake Union

King County

Lake Wenatchee

Lake Washington

Lake Whatcom

Lewis River'

Swift Reservoir

Little Spokane River

Downstream of confluence with Deadman Creek

Lower Crab Creek

Mayfield Lake

Methow River Downstream of confluence with Early Winters Creek
Moses Lake

Naches River Downstream of confluence with Bumping River
Nisqually River Alder Dam to La Grand Dam

Nooksack River' Glacier Creek

Nooksack River, South Fork"

Hutchinson Creek

Okanogan River

Osoyoos Lake
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Table 2-5.

Exempt surface waters list (continued).

Water Body

Upstream Point/Reach for Exemption (if applicable)

Pacific Ocean

Palouse River

Downstream of confluence with South Fork Palouse River

Pend Oreille River

Pend Oreille River Reservoirs

Pothole Reservoir

Puget Sound

Puyallup River' Carbon River

Queets River' Clearwater River

Quillayute River' Bogachiel River

Riffe Lake

Rimrock Lake

Rock Creek In Whitman County, downstream of confluence with Cottonwood
Creek

Sauk River' Clear Creek

Satsop River’ Middle and East Fork Confluence

Silver Lake Cowlitz County

Similkameen River

Skagit River' Gorge High Dam to Ross Dam

Skagit River Above Diablo Dam

Skokomish River' Vance Creek

Skykomish River' Beckler River

Snake River

Snake River Reservoirs

Snohomish River'

Snoqualmie River

Snoqualmie River'

Middle and North Fork Confluence

Sol Duc River'

Beaver Creek

Spokane River

Spokane River Reservoirs

Stillaguamish River’

North and South Fork Confluence

Stillaguamish River, North Fork’

Boulder River

Stillaguamish River, South Fork’

Canyon Creek

Swift Creek Reservoir

Teanaway River

Downstream of confluence of north and west forks

Tieton River

Downstream of Rimrock Lake

Toppenish Creek

Downstream of confluence with Wanity Slough

Touchet River

Downstream of confluence with Patit Creek

Toutle River

North and South Fork Confluence

Toutle River, North Fork"

Green River

Tucannon River

Downstream of confluence with Pataha Creek

Walla Walla River Downstream of confluence with Mill Creek
Wenatchee River Downstream of confluence with Icicle Creek
White River' Greenwater River

Wynochee Lake

Wynoochee River’ Wishkah River Road Bridge

Yakima River

Downstream of Lake Easton

Additional water bodies brought over from the Instructional Letter 4020.02 exemption list and subject to

change pending the outcome of the large-river exemption investigation underway for western Washington.
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WSDOT, working with the Department of Ecology, has developed standardized processes to aid
the designer in producing an acceptable hydraulic analysis. Additional exemptions for lakes and
outlet control reservoirs can be based on either of the following criteria. A 300-acre surface area
threshold is recommended as a minimum for lake/reservoir exemptions.

= Dam Basis: Large lakes or reservoirs that control the outlet flow for irrigation,
water supply, hydropower, or flood control. Such operations result in water
impoundment and controlled release.

. Forested Basis: Large lakes or uncontrolled impoundments with limited
potential for receiving increased inflow due to forested-watershed conditions
controlled through state or national forest or park designation. Under these
circumstances, the increased runoff volumes from road construction/expansion
would not be expected to impact the lake/impoundment outlet stream.

A jointly sponsored effort by WSDOT and the Department of Ecology is currently underway to
explore whether additional large river- and tidally influenced river-reach exemptions are
warranted, and if so, to develop the standardize process(es) to produce acceptable hydraulic
analysis for seeking those exemptions.

2-3.6.3 Applicability °
Western Washington Flow Control Thresholds

If a flow control exemption does not apply, use the following two-step threshold process to
determine project conditions that require flow control:

Step 1.  Project-level: First, Minimum Requirement 6 applies to the project for the new
impervious surfaces and converted pervious surfaces if:

= The project adds 5,000 square feet or more of net-new impervious
surfaces, or

= The project converts more than % acres of native vegetation to
lawn or landscaped area.

In addition, when the 5,000 square foot threshold is met or exceeded:

= Road/parking lot-related projects (including pavement, shoulders,
curbs, and sidewalks) also need to apply Minimum Requirement 6
to any replaced impervious surfaces if net-new impervious surfaces
adds 50 percent or more to the existing impervious surfaces within
the project limits, or

3 Consult the glossary for the following key terms: converted pervious surface, effective impervious surface, net-
new impervious surface, project limits, replaced impervious surface, threshold discharge area, and drainage basin
area.
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Step 2.

Non-road-related projects (e.g., rest area, maintenance facility,
ferry terminal buildings) also need to apply Minimum Requirement
to any replaced impervious surfaces if the value of the proposed
improvements — including interior improvements — exceed 50
percent of the replacement value of the existing site improvement.

Application of the “net-new impervious surface” concept is germane only to
determine if Minimum Requirement 6 applies at the project level. Application of
the concept does not extend to any other Minimum Requirements or to the
Threshold Discharge Area-level as described below. When applying the net-new
impervious approach, the pavement permanently removed by the project needs to
be reverted to a pervious condition per the guidelines in Appendix 5-A.

Threshold Discharge Area (TDA) level: The following assessment for
determining whether Minimum Requirement 6 applies only pertains to projects
exceeding Step 1 thresholds:

The effective impervious surface is 5,000 square feet or more in a
given threshold discharge area, or

The project converts % acre or more of native vegetation to lawn
or landscaped area in a given threshold discharge area, and there is
a surface discharge in a natural or man-made conveyance system
from the site, or

Through a combination of effective impervious surfaces and
converted pervious surfaces, the project causes a 0.1 cfs or lesser
increase in the 100-year recurrence interval flow from a given
threshold discharge area, as estimated using the MGSFlood or
other approved model.

Eastern Washington Flow Control Thresholds

If a flow control exemption does not apply, projects adding 10,000 square feet or more of net-
new impervious surfaces in a drainage basin area require flow control for the new impervious
surfaces.

In addition, when the 10,000 square foot threshold is met or exceeded:
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impervious surfaces within the drainage basin area if the value of the proposed
improvements -- including interior improvements -- exceeds 50 percent of the
replacement value of the existing site improvement.

When applying the net-new impervious approach, the pavement permanently removed by the
project needs to be reverted to a pervious condition (see guidelines in Appendix 5A, Section
5A-2).

2-3.6.4 Guidance

Infiltration is the preferred method to control flow of stormwater runoff. If infiltration cannot be
used at the project site, refer to the appropriate design criteria listed below and in Chapter 4.

If at all possible, avoid placing BMPs in wetlands, 100-year floodplains, and intertidal areas.
These natural systems have a higher net environmental benefit than do engineered stormwater
treatment systems. If the placement of a required flow control BMP would impact such a
sensitive area, the designer should consult with the region Hydraulics office as early as possible
for aid in properly analyzing the effects of various flow control options. The region hydraulics
and environmental offices will also coordinate with the appropriate state, local, and federal
agencies to ensure adequate protection of all natural resources.

Design specifications for conveyance and flood prevention are reviewed with the assistance of
the regional hydraulic office or Headquarters Hydraulics.

Western Washington Design Criteria

Stormwater discharges must match developed discharge durations to pre-developed durations for
the range of pre-developed discharge rates from 50 percent of the 2-year peak flow up to the full
50-year peak flow. The designer must also check the 100-year peak flow rate for downstream
flooding and property damage, using an approved continuous simulation model.

Refer to Chapter 4 for the appropriate pre-development land use condition presumption and
modeling process. Also reference Chapter 4 for the modeling process to address mitigated and
non-mitigated areas on projects in on-site and off-site flow bypass situations.

This standard requirement is waived for sites that will reliably infiltrate all runoff from
impervious surfaces and converted pervious surfaces. Table 2-6 summarizes flow control
criteria for western Washington.

An alternative requirement for flow control may be established through applying watershed-scale

hydrologic modeling and supporting field observations. Possible reasons for an alternative flow
control requirement include:
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Table 2-6. Western Washington flow control criteria.

Facility Type

Criteria

Model

Detention and
combination treatment
and detention facilities

Provide storage volume required to match the duration
of pre-developed peak flows from 50 percent of the 2-
year up to the 50-year storm flow, using a flow
restrictor (orifice, weir) and check the 100-year peak
flow for downstream flooding and property damage.

Continuous simulation model
using 1-hour time steps

Infiltration facilities

Size facility to infiltrate sufficient volumes so that the
overflow matches the Duration Standard or infiltrates
100% of the runoff volume.

Continuous simulation model
using 1-hour time steps

1. Establishment of a stream-specific threshold of significant bedload movement
other than the assumed 50 percent of the 2-year peak flow;

2. Zoning and Land Clearing Ordinance restrictions that, in combination with an
alternative flow control standard, maintain or reduce the naturally occurring
erosive forces on the stream channel, with local jurisdiction approval; or

3. A duration control standard is not necessary for protection, maintenance, or
restoration of designated beneficial uses or Clean Water Act compliance.

Eastern Washington Design Criteria

Using a single event model, flow control design requirements for projects must limit the peak
release rate of the post-developed 2-year runoff volume to 50 percent of the pre-developed
2-year peak, and maintain the pre-developed 25-year peak runoff rate. The 100-year event must
be checked for downstream flooding and property damage.

Table 2-7. Eastern Washington flow control criteria.

and detention facilities

developed 25-year peak flow rate; last, check the 100-
year peak flow for flood control and property damage.

Facility Type Criteria Model
Detention and Provide storage volume required to match % of the 2- Single Event Model
combination treatment | year pre-developed peak flow rate and match the pre- (SCS or SBUH)

Climate Region 1-4 Regional
Storm; OR

Type 1A storm for Climatic
Region 2 & 3 only

Infiltration facilities

Size facility to infiltrate sufficient volume so that the
peak overflow rates meet the discharge rates noted in
the above criteria or infiltrate 100% of the runoff
volume.

Single Event Model

(SCS or SBUH)

Climate Region 1-4 Regional
Storm; OR

Type 1A storm for Climatic
Region 2 & 3 only
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Pre- and post-development runoff volumes and flow rates must be estimated using the Regional
Storm for Climatic Regions 1-4; OR Type 1A storm for Climatic Regions 2 and 3 only as
described in Chapter 4. Pre-developed conditions are those that currently exist at the site.

In many instances, the 2-year pre-developed flow rate is zero cubic feet per second, or the flow
rate is so small that it is impracticable to design a pond to release at the prescribed flow rate from
an engineered outlet structure. In these cases, the total post-developed 2-year storm runoff
volume must be infiltrated (preferred) or stored in a retention pond for evaporation, and the
detention pond designed to release the pre-developed 10- and 25-year flow rates. See BMP
FC.03 Detention Pond in Section 5-4.3.3 for pond and release structure design information.

2-3.7 Minimum Requirement 7 — Wetlands Protection

Stormwater discharges to wetlands must maintain the wetland’s hydrologic conditions
(particularly hydroperiod), hydrophytic vegetation, and substrate characteristics that are
necessary to maintain existing wetland functions and values.

2-3.7.1 Obijective

The objective of wetlands protection is to ensure that wetlands receive the same level of
protection as any other waters of the state.

2-3.7.2 Applicability

The requirements of this section apply only to projects that meet the thresholds for Minimum
Requirement 7 as described in Figures 2.1 and 2.2, and where stormwater discharges into a
wetland, either directly or indirectly through a conveyance system.

No discharge is excused from the obligation to comply with state water quality standards (found
in WAC Chapter 173-201A) or state ground water standards (found in WAC Chapter 173-200).

2-3.7.3 Guidance

Steps should be taken during design to maximize natural water storage and infiltration
opportunities within the project area and outside of existing wetlands. Natural wetlands may not
be used as pollution control facilities in lieu of runoff treatment BMPs.

Building stormwater runoff treatment and flow control facilities within a natural vegetated buffer
is discouraged, except for:

. Necessary conveyance systems as allowed by applicable permit(s); or

= As allowed in wetlands approved for hydrologic modification and/or treatment in
accordance with Ecology guidance (from Guide Sheet 1B in Appendix I-D of
Ecology’s Stormwater Management Manual for Western Washington); or

Jjr /01-02047-007 chapter 2 word2000.doc

Page 2-28 Highway Runoff Manual
March 2004



Chapter 2—Minimum Requirements

= Projects with approved permits from the appropriate resource agencies.

An adopted and implemented basin plan (Minimum Requirement 8), or a Total Maximum Daily
Load (TMDL, also known as a Water Clean-up Plan) may be used to develop requirements for
wetlands that are tailored to a specific basin.

The thresholds identified in Minimum Requirement 5 — Runoff Treatment, and Minimum
Requirement 6 — Flow Control, must also be applied for discharges to wetlands. In addition, a
hydroperiod analysis must be performed and that analysis must show that the discharge will not
adversely affect the wetland hydroperiod.

When considering constructing new wetlands or using existing wetlands for flow control or
runoff treatment, or when looking for guidance on protecting wetlands from stormwater impacts,
the designer should seek input from the appropriate in-house experts in the environmental,
biological, wetlands, and landscape architectural disciplines. See Section 3-7.1.1 regarding
special wetland design considerations, Section 4-6 for additional information on wetlands
hydroperiod analysis, and Section 5-4.2.4 for additional information on the Constructed
Stormwater Treatment Wetland (BMP RT.13).

2-3.8 Minimum Requirement 8 — Incorporating Watershed-
Based/Basin Planning Into Stormwater Management

Basin watershed plans may subject projects to different minimum requirements for erosion
control, source control, treatment, operation and maintenance, and alternative requirements for
flow control and wetlands hydrologic control. Basin/watershed plans must evaluate and include,
as necessary, retrofitting urban stormwater BMPs into existing development or redevelopment in
order to achieve watershed-wide pollutant reduction and flow control goals consistent with
requirements of the federal Clean Water Act. Standards developed from basin plans cannot
modify any of the above minimum requirements until the basin plan is formally adopted and
implemented by the local governments within the basin, and has received approval or
concurrence from Ecology.

2-3.8.1 Obijective

The objective of incorporating watershed-based/basin planning into stormwater management is
to promote development of watershed-based resource plans as a means to develop and
implement comprehensive water resource protection measures. The primary objective of basin
planning is to reduce pollutant loads and hydrologic impacts to surface and ground waters in
order to protect water resources.

2-3.8.2 Applicability

Minimum Requirement 8 applies where watershed and basin planning efforts exist, and as
indicated in Section 2-2 of this chapter.
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2-3.8.3 Guidance

While Minimum Requirements 1 through 7 establish general standards for individual sites, they
do not evaluate the overall pollution impacts and protection opportunities that could exist at a
watershed scale. For a basin plan to serve as a means of modifying the minimum requirements,
the following conditions must be met:

. The plan must be formally adopted by all jurisdictions with implementation
responsibilities under the plan, and

. All ordinances or regulations called for by the plan must be in effect.

Basin planning provides a mechanism by which the minimum requirements and implementing
BMPs can be evaluated and refined based on an analysis of an entire watershed. Basin plans are
especially well suited for developing control strategies to address impacts from future
development and to correct specific problems whose sources are known or suspected. Basin
plans can be effective at addressing both long-term and cumulative impacts of pollutant loads,
and short-term acute impacts of pollutant concentrations, as well as hydrologic impacts to
streams, wetlands, and ground water resources. See Section 3-3.3 for further guidance on
basin/watershed planning. Examples of how basin planning can alter the minimum requirements
of this manual appear in Appendix I-A of Ecology’s Stormwater Management Manual for
Western Washington.

2-3.9 Minimum Requirement 9 — Operation and Maintenance

An operation and maintenance manual that is consistent with the guidance in Section 5-5 will be
provided for all proposed stormwater facilities and BMPs, and the party (or parties) responsible
for such maintenance and operation must be identified. A record of maintenance activities will
be kept.

2-3.9.1 Objective

The objective of operation and maintenance is to achieve appropriate preventive maintenance
and performance checks to ensure that stormwater control facilities are adequately maintained
and properly operated to:

= Remove pollutants and/or control flows as designed
. Permit the maximum use of the roadway
= Prevent damage to the highway structure
. Protect natural resources
= Protect abutting property from physical damage.
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2-3.9.2 Applicability

Minimum requirement 9 applies to all projects that require stormwater control facilities or
BMPs, and is accomplished programmatically via WSDOT’s maintenance program.

2-3.9.3 Guidance

Inadequate maintenance is a common cause of failure for stormwater control facilities. Section
5-5 provides the criteria for determining when BMP maintenance actions are required. The
WSDOT Maintenance Manual is the vehicle for providing guidance on BMP operation and
maintenance. The level of funding provided each biennium by the Washington State Legislature
primarily determines the extent to which stormwater BMPs are maintained.

2-4 Stormwater Retrofit Guidance

As described in Chapter 1, the ultimate goal is to provide practicable stormwater treatment for
runoff from existing impervious surfaces that do not have treatment, or for which treatment is
substandard. As designers scope or revise the scope of the affected projects, they will need to
consider whether now is the appropriate time to retrofit stormwater controls for the existing
impervious surface. In making this decision, the department needs to follow an approach that
ensures it does not circumvent the Transportation Commission (Commission) or Legislature’s
authority to determine where to invest financial resources. At the same time, the department’s
goal is to retrofit existing impervious surfaces where a significant amount of pavement is added
on a project.

The Commission has adopted a departmental budget structure with a specific category for
retrofitting existing impervious surfaces in order to meet one of the requirements of WAC 173-
270-060. The Commission allows the department to include the work from one project category
in another if it does not add significant cost to the project. In accordance with this guidance,
WSDOT Strategic Planning and Programming has established the following limitations for
adding the stormwater treatment of existing impervious surfaces into new improvement and
preservation projects:

I. Mobility Projects (I1 subprogram) can always include the cost of retrofitting
existing impervious surfaces as part of 1.

2. Safety Projects (12 subprogram) can include the retrofitting of existing impervious
surfaces only if the cost to retrofit all existing impervious surfaces does not
exceed an additional 20 percent to the cost of treating new impervious surfaces.
The region may request a variance from this limit if it believes there are
extenuating circumstances.

3. Economic Initiatives (I3 subprogram except for Four Lane Trunk projects) can
include the retrofitting of existing impervious surfaces only if the cost to retrofit
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all existing impervious surfaces does not exceed an additional 20 percent to the
cost of treating new impervious surfaces. The region may request a variance from
this limit if it believes there are extenuating circumstances.

4. Four Lane Trunk projects in the I3 subprogram can always include the retrofitting
of existing impervious surfaces.

5. Environmental Retrofit Projects (I4 subprogram, except for the stormwater retrofit
category) do not add new impervious surfaces and cannot retrofit existing
impervious surfaces. The region may request a variance from this limit if it
believes there are extenuating circumstances.

6. For those safety and economic initiative projects that exceed the 20 percent limit,
and where the Project Control and Reporting Office and region concur, the region
can submit a request for funding from the [-4 Stormwater Retrofit category.
These requests will be prioritized along with the other stormwater retrofit needs
already identified for funding by the Legislature.

7. Paving projects (P1 subprogram) can only consider retrofitting existing
impervious surfaces for projects involving the total replacement of existing
concrete lanes (i.e., on projects that only replace the existing asphalt shoulder
with concrete, retrofitting is not required).

Questions on applying the above guidance should be directed through the region’s Program
Management Office with backup, if needed, to Headquarters Strategic Planning and
Programming Systems Analysis and Program Development. Finally, budget implications and
basin plan status should be considered prior to including retrofit as part of a project’s scope.
Associated costs for providing flow control for all of the runoff from new, replaced, and existing
impervious areas must be recorded in the project’s Hydraulic Report.

In general, most preservation projects do not add any new impervious surface and therefore the
guidelines above will have minimal impact. However, if a stormwater outfall/deficiency is
located within the limits of a preservation project, the region may develop a companion project
proposal for the I-4 Stormwater Retrofit category if the deficiency is considered a priority,
generally considered as being in the 6-year program. These retrofit projects will be prioritized
along with the other stormwater retrofit needs already identified.
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Chapter 3. Stormwater Planning and Design Guidance

3-1 Introduction

This chapter provides guidance for integrating the planning and design of stormwater related
project elements into the context of the WSDOT project development process. This process
generally applies to projects for existing and new Washington state highways, rest areas, park-
and-ride lots, ferry terminals, and highway maintenance facilities throughout the state. How the
process applies to a specific project depends on the type, size, and complexity of the project and
individual WSDOT regional business practices. Policies and procedures for planning and design
of stormwater management systems are undergoing significant changes. To accommodate these
changes and the need for definitive guidance, this chapter will be updated as necessary.

3-2 Stormwater Management Objectives and Approach

3-21  Stormwater Management Objectives

The methods used by WSDOT and other transportation agencies to manage highway stormwater
runoff have concurrently evolved with changes in required core functions. Originally, the only
function of highway stormwater management was to maintain safe driving conditions, using
engineering techniques designed to prevent stormwater from ponding on road surfaces. This
safety-oriented stormwater management philosophy led to management techniques such as
roadway superelevation, catch basins, and conveyance systems to move water off the driving
surface efficiently, away from the highway prism, and directly to surface waters.

Maintaining safe driving conditions continues to be essential for any functional highway
drainage system and can be achieved using the tools found in the WSDOT Hydraulics Manual
(“® http://www.wsdot.wa.gov/fasc/EngineeringPublications/library.htm). Today, highway
engineers also work to incorporate environmentally focused core functions when designing
highway stormwater management systems. These functions include (but may not be limited to):

= Providing runoff treatment to meet water quality goals

. Maintaining ground water recharge

. Preventing instream erosion

. Conveying extreme floods and maintaining 100-year floodplain elevations.

Stormwater management for WSDOT transportation facilities has two main objectives:

1. Protect the functions of the transportation facility

2. Protect ecosystem functions and beneficial uses of receiving waters.
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3-2.2 Stormwater Management Approach

3-2.2.1 Context-Sensitive Solutions

It is important to understand how transportation facilities, in combination with other
development, can affect the natural hydrology of watersheds and the water quality of receiving
waters, in other words, the watershed context of a project. This understanding can guide the
planner and designer in choosing stormwater management solutions that more successfully
achieve the objective of protecting aquatic ecosystems.

This excerpt from the January 2003 draft WSDOT Planning Manual is reprinted here to present
the concept of context-sensitive solutions (CSS), which should be used to develop stormwater
management designs for WSDOT projects.

There is a growing emphasis on application of the context sensitive solutions
(CSS) approach to project development. Context sensitive solutions, also known
as context sensitive design and thinking beyond the pavement, is a new approach
to transportation planning that recognizes that transportation has wide societal
impacts [including environmental] and is not merely the practice of engineering.
CSS is being pioneered by a number of state departments of transportation—with
the blessing and support of the Federal Highway Administration and
transportation professional organizations. The emerging national-consensus
definition of context sensitive solutions is:

...a collaborative, interdisciplinary approach that involves all
stakeholders to develop a transportation facility that fits its physical
setting, and preserves scenic, aesthetic, historic, and environmental
resources, while maintaining safety and mobility.

Further discussion of and guidance on the context-sensitive solutions approach can be found in
the context-sensitive design document available at: “® http://www.wsdot.wa.gov/biz/csd/.

3-2.2.2 Stormwater Management Strategy

Stormwater management can be used to mitigate both the hydrologic impacts and the water
quality impacts of a development project by applying the following fundamental strategy:

Maintain the pre-project hydrologic and water quality functions of the project site
as it undergoes development.

The term pre-project refers to the conditions of the project site before the project is built. For
eastern Washington and much of western Washington, pre-project refers to existing conditions.
For some rapidly urbanizing areas of western Washington, pre-project may refer to forested
conditions prior to any development. Consult with WSDOT region and headquarters hydraulics
and environmental staff regarding the definition for a specific project site.
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This strategy is accomplished through the following steps:

1. Avoid and minimize impacts on hydrology and water quality.

2. Compensate for altered hydrology and water quality by mimicking natural
processes.

3. Compensate for altered hydrology and water quality by using end-of-pipe
solutions.

Steps 1 and 2 can be achieved by minimizing impervious cover; conserving or restoring natural
areas; mimicking natural drainage patterns (e.g., using sheet flow, dispersion, infiltration, or
open channels); disconnecting drainage structures to avoid concentrating runoff; and using many
small redundant facilities to treat, detain, and infiltrate stormwater. This approach to site design
reduces reliance on the use of structural management techniques. Step 3 refers to the use of
traditional engineering approaches, such as detention ponds, to the extent that steps 1 and 2 are
not feasible.

The methods listed for achieving steps 1 and 2 above are often referred to as low-impact
development (LID). By using the project site’s terrain, vegetation, and soil features to promote
infiltration, the landscape can retain more of its natural hydrologic function. Low-impact
development methods will not be feasible in all project settings, depending upon physical
characteristics of the site, adjacent development, and the availability and cost of additional right-
of-way, if needed. However, the designer should always investigate the feasibility of using low-
impact development methods. Specific information on the nature of this investigation and low-
impact design requirements are presented later in this manual. Because the use of low-impact
development methods requires understanding of soil characteristics, infiltration rates, water
tables, native vegetation, and other site features, it is important to gain the participation of design
support services and others from the beginning through the end of the project development
process (see Table 3-1).

3-3 How Stormwater Management Applies to a Project

Stormwater management does not apply to any two projects in exactly the same way. Each
project—depending on its type, size, complexity, and the constraints and opportunities presented
by its context—demands a unique combination of management tools. The range of possibilities
varies with the extent to which the following apply to a project:

. Minimum requirements and exemptions to those requirements
= Existence of approved and implemented basin-specific requirements
= Engineering and economic feasibility for meeting minimum or basin-specific

requirements on-site
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= Acceptable alternatives for meeting minimum or basin-specific requirements off-
site
. Stormwater retrofit of existing transportation facilities.

3-3.1  Minimum Requirements and Exemptions

Chapter 2 addresses the minimum requirements for stormwater management that must be applied
to a project. Before using Chapter 2 to determine the minimum requirements, the area of each
type of surface that exists on the project site and that is proposed for the site must be calculated.
The categories of surfaces whose area calculations are needed to determine the minimum
requirements are as follows (see the glossary for definition of terms):

= Existing impervious surface area

. Existing pollution-generating impervious surface area

. Proposed total area of earth disturbance

= Proposed new impervious surface area

. Proposed new pollution-generating impervious surface area

. Proposed impervious surface area to be replaced

= Proposed pervious surface area to be converted from native vegetation to some

other nonforest vegetation.

For western Washington, these areas are calculated for each of the threshold discharge areas
(TDASs) on the project site. See Section 4-2.5 for an explanation of mapping threshold discharge
areas. Once these area determinations are made, Section 2-2 is used to determine the minimum
requirements that apply, and Section 2-3 gives further direction on their application.

When projects do not trigger certain minimum requirements, for example, runoff treatment and
flow control, the intent of the minimum requirement should still be considered in project design.
For flow control, if a project adds impervious surface area of less than 5,000 square feet in
western Washington or 10,000 square feet in eastern Washington, the designer should look for
ways to capture runoff as close to the source as possible (for instance, by use of sheet flow
followed by infiltration).

3-3.1.1 Equivalent Area

Minimum requirements can be met through the use of an equivalent area. For example,
stormwater runoff treatment and flow control can be applied to an equivalent area when that is
more feasible than providing the treatment and flow control for the new impervious area because
of site constraints. The equivalent area, then, is an existing impervious surface area to which
stormwater runoff treatment and flow control can be added in place of providing treatment and
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flow control for an area of new impervious surface. Equivalent means equal in area, located
within the same receiving water drainage basin, and having similar use characteristics (for
example, similar threshold discharge area) to the new impervious surface area. The equivalent
area should be upgradient of or in close proximity to the discharge from the new area.

3-3.1.2 Net New Impervious Surface Area

The concept of net new impervious surface area arises where a project that adds impervious
surface area also offers opportunities to remove impervious surfaces and provide new pervious
(i.e., permeable) surfaces. To provide incentive for the removal of unneeded impervious surface,
net new impervious surface can be used to determine the minimum requirement for flow control
only. This is allowable under certain conditions. For a project to use the concept of net new
impervious surface, the following criteria must be met:

. Existing impervious areas that are removed must follow the guidance on
Reversion of Existing Impervious Surface Areas found in Appendix 5-A.

. The new pervious area must be planted with native vegetation (primarily native
coniferous species for western Washington).

. The new pervious area must be designated as a stormwater management area,
whether or not it receives runoff from adjacent areas (and must be managed to
produce a mature forest in western Washington).

. The new pervious area must be permanently protected from development. If the
area is outside state right-of-way, it must be protected with a conservation
easement or some other legal covenant to ensure that it remains in native
vegetation.

. New impervious surfaces that are exempt from flow control requirements by
virtue of using the net new impervious surface approach need to be added to the I-
4 list as an environmental retrofit project.

If there is opportunity within any threshold discharge area to rehabilitate impervious area by
converting it to pervious area, and if it is feasible to do so, the impervious area should be
converted, and credits for flow control should be applied as described in Chapter 4.

3-3.1.3 Exemptions

Section 2-2 provides information on projects that are exempt from the minimum requirements.
Sections 2-3.5 and 2-3.6 give specific information on limited exemptions from runoff treatment
(MR 5) and flow control (MR 6), respectively.
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3-3.2 Local Requirements

Section 1-1.4 explains the conditions under which local requirements apply to stormwater
management on WSDOT projects. By state statute, WSDOT projects on state right-of-way are
not subject to local permits, except for shoreline permits required by the local shoreline master
program, and permits required by critical or sensitive areas ordinances promulgated under the
Growth Management Act (see Section 3-6).

Permitting staff in the WSDOT region environmental office should be consulted as to the
individual permits required for a project. If as a result of the project there will be a new
stormwater discharge to a municipal storm sewer system, a permit may be required by the
adjacent jurisdiction’s stormwater utility. Local agencies may have special design requirements
for projects in which a portion of the local system will be replaced and turned back to the local
jurisdiction for operation and maintenance.

The above information is intended to specify the local permits that can be required of a WSDOT
project; it is not intended to preclude the need to work with local authorities to address concerns
they may have regarding the potential impacts of a project.

3-3.3 Watershed and Basin Planning

Incorporating watershed and basin planning and local requirements into stormwater management
is addressed in Minimum Requirement 8 (see Section 2-3.7.) Project planners and designers
should become familiar with the planning efforts for the watersheds and local jurisdictions in
which the project is located, and should identify any specific requirements, recommendations,
and opportunities that relate to stormwater management.

Watershed plans may also identify priority mitigation needs within the watershed that may be
applicable to off-site mitigation, if appropriate for a project and its impacts. Local plans may
have specific projects identified with some analysis already completed. There are many locally
initiated watershed planning and recovery efforts underway in Washington. Some are occurring
under the sponsorship of state legislation, and others are independent.

3-3.3.1 Statewide Organized Watershed Planning Efforts

Statewide organized watershed planning efforts for Washington occur under two state laws. The
Watershed Planning Act, sometimes called 2514 Planning in reference to the bill that created it,
is administered statewide by the Department of Ecology. The Salmon Recovery Act (2496
Planning) is administered statewide by the Department of Fish and Wildlife. Each uses water
resource inventory areas (WRIAs) as the basic unit.

= More information on activities under the Watershed Planning Act, including a
map of Washington’s water resource inventory areas, may be found at:
/B http://www.ecy.wa.gov/watershed/index.html.
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. More information on activities under the Salmon Recovery Act may be found at:
B http://www.wa.gov/wdfw/grants/leadlist.htm.

. Watershed data, reports, and other related information may be found at:
‘B http://www.ecy.wa.gov/programs/eap/wrias/index.html.

3-3.3.2 Other Organized Watershed Planning Efforts

Perhaps most pertinent to stormwater management is local basin planning, which is conducted by
local governments and is focused on water quantity and quality in drainage basins at a local, sub-
WRIA scale. Unfortunately, there are no uniform state standards defining an adequate basin
plan. Factors for considering use of a basin plan to coordinate stormwater design include the use
of best available science and sound data to develop the plan, and the level of consensus on the
plan’s recommendations among interested parties and jurisdictions in the watershed.

As stated in Minimum Requirement 8 (Section 2-3.7), a basin plan must be adopted and
implemented if it is to be used to modify the minimum requirements that apply to a project.
Consult local planners or the watershed leads at the Department of Ecology and the Department
of Fish and Wildlife (see the links above) for help in finding information on basin planning
resources.

3-3.3.3 Watershed Efforts at WSDOT

WSDOT has been involved in watershed planning efforts since the mid-1980s. The Watershed
Program staff of the headquarters Environmental Services office is leading the watershed effort
at WSDOT. A watershed-based method for finding mitigation options using best available
science is one of the products of this effort. This method will enable the agency to identify off-
site options for mitigation of environmental impacts, including options for stormwater and
wetlands, in a manner that will ecologically match impacts with potential mitigation measures,
and will help to answer questions raised by regulatory agencies and other parties.

More information on activities of the Watershed Program, including the watershed-based
mitigation method, can be found at:
B http://www.wsdot.wa.gov/environment/watershed/default.htm.

3-3.34 WSDOT Interaction with Watershed Groups and Local
Agencies

Watershed groups with responsibility for an area where transportation projects are planned
should be contacted as early as possible in the planning process. Such groups include /lead
entities under the Salmon Recovery Act and watershed planning units under the Watershed
Planning Act, as well as city and county public works departments for basin planning. There
may be shared funding opportunities for priority projects identified locally that meet mitigation
needs, which could result in significantly reduced mitigation costs. Also, the watershed groups
and local agencies may have data that can be used in the planning process.
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3-3.3.5 How to Coordinate with Watershed Groups

The web pages listed previously for the Salmon Recovery Act and the Watershed Planning Act
have lists of contacts for various parts of the state. Also, the WSDOT region environmental
office or Headquarters Watershed Management Program office can arrange meetings and help to
coordinate with the watershed groups.

3-3.4 Engineering and Economic Feasibility

For some projects, practical limitations may present obstacles to fully meeting certain minimum
requirements, particularly runoff treatment and flow control, within the project right-of-way.
Limitations may be infrastructural, geographical, geotechnical, hydraulic, environmental, or
benefit/cost-related. For these projects, the planning and design team must make a formal
assessment of the project and identify constraints on meeting the minimum requirements. This
assessment is referred to as engineering and economic feasibility (EEF).

The engineering and economic feasibility checklist, included in Appendix 3A, is an evaluation
based on 18 project- and site-specific criteria that assesses the practical limitations of
constructing stormwater facilities within or adjacent to a project’s right-of-way. If options to
create off-site runoff treatment and/or flow control capacity cannot be identified or are not
chosen, the project has two options: 1) proceed to meet the requirements specified in this
manual, or 2) use the demonstrative approach to propose a treatment option for the stormwater
discharge. The site-specific treatment proposal must be submitted to the Department of Ecology
for review and approval.

If an engineering and economic feasibility assessment is necessary for a project, it should be
performed as early as possible in project development. If the minimum requirements for a
project cannot be met because it is not feasible to do so, an explanation must be provided in the
project’s hydraulic report. The explanation must include the reasons why the minimum
requirements cannot be met for the site, and the amount of stormwater treatment that can be
provided. The explanation will be used to determine whether the minimum requirements can be
met in another way, or whether deficiencies can be addressed as a future retrofit. Refer to
Appendix 3A for guidance on determining engineering and economic feasibility for a project and
preparation of a statement of infeasibility.

3-3.5 Watershed-Based Mitigation

Watershed-based mitigation is a process whereby the environmental impacts of a project are
addressed by enhancement and restoration projects that may be located outside the highway
right-of-way but are within the same watershed. The objectives of watershed-based mitigation
are to improve environmental benefits and reduce costs compared to standard water quality and
flow control facilities constructed within the right-of-way.
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The WSDOT headquarters Watershed Management Program has developed a project screening
and watershed characterization process to identify alternatives to mitigation within the right-of-
way. Whenever an engineering and economic feasibility assessment shows that meeting the
minimum requirements for a project is not feasible within the project’s right-of-way, in whole or
in part, the project team should consult with the WSDOT region environmental office or
Headquarters Watershed Management Program office as to whether alternative mitigation
opportunities have been identified for the project area.

3-3.6 Stormwater Retrofit

Stormwater retrofit refers to providing stormwater improvements for those portions of existing
facilities (existing impervious surfaces) that are substandard in regard to the current minimum
requirements for stormwater management. The decision to apply current standards for runoff
treatment and flow control (for example) to existing impervious surface area within the project
limits should be made during project scoping. The regulatory mandate and the policy guidelines
for applying retrofit actions are given in Section 2-4.1.

Stormwater retrofit activities may occur as stand-alone projects or they may occur under another
programmed project. Those responsible for scoping a project for which retrofit actions may
apply should work closely with the region or headquarters program management office. The
program management office along with the scoping project engineer will determine to what
extent retrofit applies, depending on the level of deficiency, the cost to retrofit, and the funding
sources for the project.

3-3.7 WSDOT Stormwater Database

In an effort to manage its stormwater management systems, WSDOT has developed the
Stormwater Management Facility Inventory Database. This database continues to undergo
development and is planned as a tool for tracking all aspects of operating, maintaining, and
retrofitting stormwater management facilities on state rights-of-way.

The database contains the outfall inventory and holds all of the data used to prioritize stormwater
retrofit projects. Stormwater retrofit projects are programmed based on an outfall’s priority
ranking score. Scores are derived from numerous criteria that collectively estimate impacts on
aquatic resources.

The stormwater database can be a valuable tool for providing information to design engineers.
In addition to the data used to derive retrofit priorities for each outfall, several hundred complete
records contain BMP retrofit recommendations, conceptual design information, BMP cost
estimates, drainage basin characteristics, conveyance system information, photographs, field
sketches, and preliminary facility sizing calculations. Where available, that information can be
used to reduce the research needs of designers for a particular project. It is important to check
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the date of a retrofit recommendation; older recommendations may not meet current standards
and will require modification.

As of 2004, the inventory is only partially complete but contains information on approximately
20 percent of WSDOT’s stormwater outfalls. The database will become an increasingly valuable
tool as more inventory work is completed, including the inventory of stormwater management
facilities (commonly called the BMP inventory). To obtain available stormwater database
information about specific outfalls, or outfalls within the limits of a project, contact the region
hydraulics or environmental office.

The database also will track deficiencies and retrofit actions resulting from each WSDOT
project. Information on specific facilities included as part of the project’s stormwater
requirements will be input into the database. This information will be used for various purposes,
including providing information for future projects; NPDES reporting; tracking of maintenance
schedules and activities; and accounting for the retrofit actions and needs for existing facilities.
These functions of the database are not currently available. However, the types of data needed to
support these database functions should be documented in the project’s hydraulics report.

Stormwater deficiencies are also tracked through the Priority Array Tracking System (PATS)
and Capital Program Management System (CPMS). When deficiencies are addressed by means
of a retrofit, this is tracked through the same systems.

3-4 Project Development Overview

This section provides an overview of the WSDOT project development process and the
integration of stormwater planning and design into that process. The process is presented in
distinct phases; in practice, the phases actually overlap. The level of effort invested during each
phase of development and the extent to which the phases overlap for a specific project will vary
depending on the type, size, and complexity of that project. Each phase of the process is
described in more detail in Section 3-5, Stormwater Management in Project Scoping; and in
Section 3-6, Stormwater Management in Project Design Approval and Project PS&E. The
presentation in Sections 3-5 and 3-6 reflects current WSDOT direction for an increased level of
effort during the initial scoping of projects. The intent is to improve the accuracy of a project’s
scope, schedule, and cost estimate earlier in the development process.

3-4.1 Process and Documentation

Project development for design is composed of three main phases:
. The preliminary scope, schedule, and cost estimate for a project are produced

during the definition phase (referred to as scoping). The product of the definition
phase is the project summary, which is used to program the project.
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= After the project is programmed, it is further developed through the design phase.
The design document package produced during the design phase is submitted for
design approval.

. The process continues through the development of project plans, specifications,
and estimates—the PS&E phase, which leads to production of contract documents
for construction.

The project’s design may continue to undergo modifications during the construction process.
The integration of stormwater planning and design into this process is shown in Table 3-1.

Table 3-1. Stormwater Planning and Design in the Project Development Process.

Scoping > Design Approval/ =>» PS&E
Environmental Documentation
v 4 4
Identification of water quality Selection of stormwater Final design of stormwater
and hydrologic impacts and mitigation BMPs—type, size, BMPs—working plans
potential mitigation BMPs and location
Vv v v
Project summary backed by Design report backed by design Plans, specifications, and
design file documentation: file documentation: estimates package:
e  Stormwater scoping package | ¢  Hydraulics report e TESC plan
(currently no statewide e Required environmental e  Provisions for SPCC plan
format) documentation e  Stormwater-related plans;
° Environmental review genera] and Special
summary provisions
Vv Vv v
BMP cost allocation Preliminary BMP cost estimate BMP cost estimate

Adapted from California Department of Transportation, Caltrans Storm Water Quality Handbooks:
Project Planning and Design Guide. April 2003. Pages 1-3.

3-4.2 Project Delivery Information System

WSDOT has developed the project delivery information system (PDIS)

(% http://wwwi.wsdot.wa.gov/projects/PDIS/) to track and manage projects through project
development. The system contains information such as the project schedule. The project
schedule is developed using the master deliverables list (MDL), which identifies the major
deliverables for project development. This list is used to develop the more detailed work
breakdown structure (WBS) tasks, including those related to stormwater management and
drainage. Sections 3-5 and 3-6 provide guidance on stormwater planning and design in terms of
the master deliverables list work breakdown structure.
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3-4.3 Development Team

Although the project development effort may ultimately be the responsibility of the project
engineer (PE) and the project office staff, the project development team should include
representatives from a variety of support services. In addition, representatives from other
agencies should be included, as appropriate. Project type, size, and complexity are key factors in
determining who should be consulted for development of the stormwater strategy for a project.
The project manager is responsible for ensuring that the appropriate people are involved.

Table 3-2 lists key contacts within WSDOT that may need to be involved in stormwater planning
and design. Other state and local agencies are also included. For more specific information on
WSDOT regional contacts, refer to the First Contact list for individual WSDOT regions.

The benefits of early and continued involvement of appropriate contacts and stakeholders
include:

= Improved understanding of specific local, context, and site concerns

. Improved understanding of different mandates and legal limitations of resource
agencies

= Increased probability of identifying partnering opportunities.

The benefits of partnering include increased potential for:

. Optimizing type, size, and location of stormwater management facilities
. Identifying cost-sharing opportunities in design, construction, and maintenance
= Implementing watershed-based approaches.

The benefits listed here must be balanced with the responsibility of WSDOT to deliver projects
on schedule and within budget, and with the authority of WSDOT to develop and maintain a
statewide transportation system. Early and continued involvement of stakeholders is not a goal
but rather a means to successful project delivery.

3-5 Stormwater Management in Project Scoping

Section 3-5 is still being developed. The purpose of this section is to provide guidance for
stormwater planning and design during the project scoping phase of project development with
reference to the MDL WBS. Input is welcome from users of this manual on what should be
included in the development of this section.

Estimation and documentation of stormwater impacts and mitigation begin during project
scoping. The documentation package at this stage, called the project summary, comprises the
environmental review summary (ERS), the design decisions summary (DDS), and the project
definition (PD). Each of these documents has elements related to stormwater.
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Table 3-2. Key Contacts for Development of Project Stormwater Strategy.

Contact

Roles

Activities

Project design office

Is responsible for project
management.

Participates in all aspects of project management and
design.

Program management
(including program
development)

Manages current biennial
program and develops future
biennial programs.

Manages set-up design and construction funding and
assists with below-the-line costs. Manages project
definition process.

Survey

Collects survey information.

Compiles field data, performs surveys, stakes right-of-
way, verifies existing conditions.

Consultant liaison

Is responsible for consultant
administration.

Issues request for proposal, assists in development of
scopes of work, selects consultant, manages contract.

Developer services

Is responsible for development
coordination.

Provides information and contacts for other work in
area.

Planning office

Determines future plans for
route location.

Determines route development plans and develops
proposals.

Geotechnical and
materials laboratory

Determines geotechnical
requirements, obtains data,
provides analysis.

Provides scope and cost estimate of geotechnical
work; reviews existing records and maps; performs
soil borings, installs piezometers, and conducts pH
and resistivity testing. Assesses sources of materials,
and makes surfacing recommendations.

State design engineer

Approves design.

Reviews and approves overall design.

Right-of-way research

Maintains as-built and right-

Provides information regarding project location for

and HQ photogrammetry | of-way/access records. inclusion in plans; provides aerial photos, survey, and
photogrammetry development.
Maintenance Provides recommendations. Provides information on existing conditions; gives

input on maintenance requirements of completed
project.

Hydraulics/water quality

Provides assistance with
hydraulic elements of design
and provides approval or
concurrence.

Determines hydraulic requirements; manages design,
review, and approval of hydraulic and TESC design
elements; assists with construction monitoring.

Environmental services

Performs analysis of
environmental impacts and
alternatives, and assures
compliance with
environmental laws and
regulations.

Prepares environmental (NEPA/SEPA) documents,
coordinates with resource and permitting agencies,
assists with public involvement, and obtains
environmental permits.

Resource agency
(various)

Reviews reports; issues
permits

Provides endangered species list, approves biological
assessments, issues permits that establish conditions
for design and construction.

Roadside and site

Provides landscape design

Prepares landscaping plans, specifications, and

development plans. estimates, including planting and irrigation work;
inspects construction; manages plant establishment
period until sign-off by regulators.

Biologist Performs biological analyses. | Delineates wetlands, and prepares wetland reports,

biological assessments, and mitigation
recommendations.
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Table 3-2. Key Contacts for Development of Project Stormwater Strategy (Drafft)
(continued).
Contact Roles Activities

Air and noise

Performs air quality and noise
analyses.

Carries out air and noise testing; determines wall
locations.

Local programs office Various Provides funding and design criteria; develops

and local agencies maintenance agreements.

Tribal organizations Various May provide funding and comments on project.
Regional transit Various Coordinates regional issues, basin plans, construction

authorities

projects, and route development.

Railroads

Manages design conflicts.

Identifies facilities, relocation requirements, and
design considerations.

Plan review office

Insures compliance with plan
standards.

Assists with preparation of special provisions and
plans; provides final plan reviews.

Real estate services

Is responsible for real estate
management.

Determines ownership; estimates property costs;
procures rights-of-way, easements, rights of entry. and
access management.

Bridge office Is responsible for structural Assesses condition of existing structures; designs new
design. structures; prepares PS&E for structures; coordinates
backwater studies and pier placement.
Traffic Is responsible for traffic Collects traffic data; develops traffic models; reviews
analysis and design. channelization plans and work zone traffic control
plans.
Safety office Applies safety standards. Assists with design and provisions for stormwater
features to meet regulations and codes.
Utilities Manages existing and new Determines utility requirements; prepares franchise

utilities.

inventory listing; reviews clear zone inventory;
obtains utility as-built plans for inclusion on plan
sheets; prepares relocation plan and utility
agreements.

Construction offices

Manages project construction.

Contributes to design considerations; provides
constructability reviews.
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The project summary is one of the most important documents tied to the highway construction
program. WSDOT uses the project summary and its component parts to communicate to the
legislature and the public its commitment for every project scope, schedule, and estimate. An
appropriate level of effort must be used to ensure that the project definition maintains a desired
level of accuracy. Stormwater management is a major element of design for many projects and
requires significant advance data gathering and assessment to identify alternatives and develop
accurate schedules and cost estimates.

WSDOT has been working to increase the level of effort during scoping so that the project
summary represents 30 percent design. This effort includes enough data gathering—literature
reviews, field surveys, stakeholder contacts, and other activities—to develop conceptual design
alternatives and to identify those elements that represent the greatest cost risks for the project.

The following sections provide guidance for stormwater planning and design during the scoping
phase with reference to the master deliverables list (MDL) work breakdown structure (WBS).
This is general guidance only; application will depend on the type, size, and complexity of a
specific project.

3-5.1 PE-S-01: Managing Project Delivery

The scoping and design team should include appropriate participants listed in Table 3-2 as part
of the scoping process. The office assigned to scope the project should contact the necessary
offices and agencies to obtain their expertise. The WSDOT managing project delivery process
contains guidance on identifying participants to involve in the scoping effort and determining
whether an interdisciplinary team needs to be formed.

3-5.2 PE-S-03: Alternative Assessment

3-5.3 PE-S-06: Field Data (and Site Assessment)

Data are needed to assess the project site in order to 1) determine project alignment alternatives,
2) assess impacts, 3) determine minimum requirements, and 4) develop conceptual stormwater
management alternatives. The following data and data resources are generally necessary for this
task (incomplete list):

= Project vicinity map and site map
= Land cover types and areas—aerial photographs

= Topography—USGS quadrangle maps and other survey maps

= Watershed or drainage basin boundaries

. Receiving waters
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" Wetlands

= Streamflow data
= Ditches and open-channel drainage
= Enclosed drainage

. Floodplains

. Utilities

= Total maximum daily loads (TMDLs), water cleanup plans, Clean Water Act
Section 303(d) list of impaired waters

= Drainage patterns and drainage areas

. Basin plan data—basin-specific needs

. Soil types, depth, and slope—Natural Resources Conservation Service (NRCS)
soil surveys

= Existing stormwater outfalls—outfall inventory and site reconnaissance

= Land use types and associated pollutants

. Ground water data including depth to seasonal high water table

= Soil infiltration rates

. Vegetation surveys

. Land surveys

. Hazardous materials or wastes

= Geotechnical evaluation (also refer to Section 3-5.4).

The contacts in Table 3-2 can help in collecting this information. In addition, WSDOT’s GIS
Workbench (an ArcView geographic information system [GIS] tool maintained by the
Environmental Information Program to provide staff with access to comprehensive, current, and
detailed environmental and natural resource management data) can be used to gather some of
these data and can provide maps to help with project assessment and selection of stormwater
management alternatives.

Characterizing the site and adjacent areas allows for a determination of the limiting factors
controlling local hydrology. These limiting factors can then become the focus of the project’s
stormwater treatment strategies.

A three-dimensional picture of site hydrology should emerge during the site assessment. This
picture should include natural and altered flow paths to the site from upstream areas, and from
the site to downstream areas. Natural drainage must be preserved (Minimum Requirement 4,
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Chapter 2). The design team must identify all off-site flow coming to the site, including streams,
seeps, and stormwater discharges. The WSDOT transportation facility must allow for passage of
all off-site flows; however, every effort should be made to keep off-site flows separate (via
bypass) from the highway runoff. This may not be possible for flows that are currently permitted
to discharge to WSDOT conveyance and treatment facilities.

Runoff from WSDOT right-of-way must not adversely affect downstream receiving waters and
properties. Existing drainage impacts on downstream waters and properties must be identified
during scoping, and must be either corrected as part of the project or recommended for a later
retrofit. Drainage impacts are identified using multiple sources of information, including the
stormwater database (Section 3-3.6) and site visits during storms. Appendix 4C provides
guidance on performing and documenting a downstream analysis. The preliminary downstream
analysis is used for scoping purposes; more detailed analysis may be needed during the project
design phase. The final downstream analysis is included in the hydraulic report.

The scoping phase is the time to begin identifying natural areas within or adjacent to the project
boundary that can be conserved. Conserving these areas helps to minimize impacts. Some of
these areas may be used as part of the stormwater management strategy for the project if they are
appropriate areas for dispersion and infiltration. See Chapters 4 and 5 for information regarding
dispersion and infiltration.

Conservation areas and their functions must be permanently protected under conservation
easements or other locally acceptable means. If the conservation area is within the right-of-way,
the appropriate label needs to be put on the right-of-way plan. If the conservation area is outside
the right-of-way (in other words, not in state ownership), then the state needs to purchase a
conservation easement or other similar real estate instrument. Types of conservation areas
include forest lands; nontidal wetlands and associated buffers; streams and their riparian
corridors; agricultural land; floodplains; open space, and steep slopes.

3-5.4 PE-S-07: Geotechnical Evaluations

Infiltration is the preferred method for flow control of stormwater runoff. Infiltration allows
natural hydrologic processes to continue. The extent to which runoff can be infiltrated depends
on the project location and context. Limiting factors include soil characteristics, depth to ground
water, and designated aquifer protection areas. Infiltration can be provided by means of natural
dispersion, engineered dispersion, and other constructed facilities. Infiltration can occur during
conveyance, through ditches and swales and across embankments, and can occur in retention
facilities such as ponds, forested depressions, and dry wells.

Chapters 4 and 5 provide direction on how to apply optimal infiltration for stormwater
management on transportation projects. The extent to which infiltration can be used needs to be
assessed during scoping because of its direct impacts on stormwater alternatives and costs. The
design team must contact the WSDOT headquarters materials/geotechnical office and region
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materials office as soon as possible during the scoping process to assist with collecting and
analyzing geotechnical data for infiltration.

3-5.4.1 Scoping Level Geotechnical Considerations

An understanding of the soils, geology, and ground water at the project site is essential to
optimizing stormwater design for a project. Contact the WSDOT region materials engineer
(RME) and staff from the Headquarters Geotechnical Division as early as possible in the scoping
phase, to include them in the scoping and design team.

The scoping office contacts the region materials engineer to evaluate the geotechnical feasibility
of stormwater facilities that may be needed for the project. The scoping office provides the
region materials engineer with a description and location of the proposed hydraulic and
environmental improvements and other pertinent site information. With assistance from the
headquarters geotechnical engineer as needed, the region materials engineer gathers all available
geotechnical data pertinent to the assessment of the geotechnical feasibility of the proposed
stormwater facilities. Some subsurface exploration may be required at this stage, depending on
the adequacy of the geotechnical data available to assess feasibility. See Section 510.04(7) of
the WSDOT Design Manual for additional details.

The scoping office develops the stormwater facility conceptual design using input from the
region materials engineer and the headquarters geotechnical engineer. Based on this design and
investigation effort, fatal flaws in the proposed stormwater plan are identified, along with
potential design and construction problems that could affect project costs or schedule. Critical
issues to be considered include:

= Depth to water table, including any seasonal variations

- Presence of soft or otherwise unstable soils

. Presence in soils of shallow bedrock or boulders that could adversely affect
constructability

. Presence of existing adjacent facilities that could be adversely affected by

construction of the stormwater facilities

. Presence of geologic hazards such as earthquake faults, abandoned mines,
landslides, steep slopes, or rockfall

. Adequacy of drainage gradient to ensure functionality of the system

= Potential effects of the proposed facilities on future corridor needs

= Maintainability of the proposed facilities

. Potential impacts on adjacent wetlands, and impacts on other environmentally

sensitive areas
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" Presence of hazardous materials in the area

. Whether or not the proposed stormwater plan will meet the requirements of
resource agencies

. Infiltration capacity—infiltration and percolation rates for project sites.

To characterize the seasonal variation of the ground water table, it may be desirable to install
piezometers at potential infiltration sites during scoping. One year of monitoring is desirable.
One full rainy season is necessary to acquire the needed data to make a determination of site
suitability.

3-5.5 PE-S-08: Hydraulics

3-5.6 PE-S-10 and PE-S-11: Partnerships and Public & Agency
Involvement

3-5.7 PE-S-13: Right-of-Way

Once the stormwater requirements for the project are understood, the general hydrologic site
characteristics are known (including approximate ground water table elevations), and the
stormwater design alternatives are determined, the area necessary for stormwater facilities can be
estimated. Refer to Chapters 4 and 5 to estimate the required area for each facility. Examine the
proposed layout of the project, and determine the most suitable locations available to locate the
stormwater facilities. Determine where facilities are proposed outside existing right-of-way and
establish estimates for right-of-way acquisition and costs.

3-5.8 PE-S-14: Roadside Restoration

3-5.9 PE-S-15: Roadway

Preliminary project alignment alternatives can be developed from the purpose and need
statement for the project and the information gathered during the site assessment. The proposed
alignment(s) must be designed to fit the terrain in a way that minimizes disturbance of land,
confines construction activities to the smallest area necessary, and avoids sensitive or critical
areas. Natural drainage patterns must be preserved and used for project drainage. Use the
project’s proposed alignment(s) to estimate the amount of each type of surface area needed to
determine the minimum requirements, as described in Section 3-3.1.
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3-5.10 PE-S-19: Utilities

3-5.11 PE-S-22: Estimates and Schedules

Currently there is no statewide standard scoping-level cost estimating tool for stormwater
facilities. Each region has developed its own methods. A recently devised cost estimating guide
and template was developed through the WSDOT Stormwater Inventory and Retrofit Program.
It appears in Chapter 9 of the Stormwater Facility Inventory Training Manual (June 2003 draft)
and is available from the Headquarters Environmental Services office.

3-5.12 PE-S-23 and PE-S-24: Project Summary and Project
Documentation

As described in Section 3-4, the product of scoping is the project summary, which consists of the
project definition, environmental review summary, and design decisions summary. All of these
documents require stormwater-related information, as outlined in Table 3-3.

Table 3-3. Stormwater-Related Information Needed for the Project Summary.

Project definition (PD) e  Cost estimate and variance for preliminary engineering, right-of-way, and
construction

e Right-of-way needs for stormwater facilities

e  Preliminary environmental review—required environmental documentation,
permits, and environmental commitments

e Design decisions regarding stormwater

e  Public input regarding stormwater

e  Project commitments for stormwater made to others and made by others
e Potential impacts of stormwater facilities on utilities

e Specialized workforce expertise required for geotechnical, biological,
geomorphic, and other evaluations

e  Other issues

Environmental review summary e Required permits and approvals related to stormwater

and environmental classification o Critical or sensitive areas as designated by Growth Management Act
summary (ERS) ordinances

e Floodplains or floodways within (or affecting) the project site

e Rivers and streams, crossing structures and types

o  Water quality/stormwater—impacts and mitigation

e Previous environmental commitments made in project area related to

stormwater
e Long-term maintenance commitments related to stormwater and necessary
for project
Design decisions summary e Roadway geometrics data affected by stormwater facilities
(DDS) e Roadside classification and treatment level—effect on stormwater facility

design (forest, open, rural, semi-urban, urban)
e Hydraulic decisions regarding stormwater facilities
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Currently there is no statewide standard for stormwater documentation during the scoping phase
of project development. This documentation is referred to here as the stormwater scoping
package. This package contains the information used to determine project stormwater impacts
and the selection of stormwater BMPs. It is the source of stormwater information needed to
complete the project summary documents. This package should include a brief summary report
that contains:

= Identification of the project program

= Brief project description

. Synopsis of data gathered during the site assessment

= Basin and subbasin identification

= Threshold discharge area delineations indicating flow paths and outfalls to

receiving waters

= Area determinations

. Minimum requirements

. Other requirements related to stormwater (for example, Endangered Species Act
requirements)

= Design criteria required for flow control and runoff treatment

= Known problems and commitments

= Retrofit recommendations

= Design alternatives and assumptions for flow control and runoff treatment

= Cost estimates.

The stormwater scoping package is critical to the efficient continuation of project development
and must be retained and easily retrievable. Once the project is programmed and assigned to a
project office, the file and report become the starting point for the design phase. The stormwater
scoping package should be kept and archived by the region program management or scoping
office. The package should remain with the overall project scoping file to ensure that the project
office to which the project is assigned for design receives the preliminary stormwater
information.

3-5.12.1 Endangered Species Act

Projects with a federal nexus (i.e., federal funding, permit, or approval) must go through
consultation pursuant to Section 7 of the federal Endangered Species Act (ESA). A WSDOT
biologist evaluates the project for impacts under the Endangered Species Act, and if the project
has the potential to affect protected species, then a biological evaluation or biological assessment
must be prepared.
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The design team works with a WSDOT region biologist to develop the required documentation.
The information needed to complete the biological evaluation or biological assessment can be
obtained from existing documents and other resources and from conceptual design alternatives
for the project. Ideally, much of this information will be gathered during the scoping phase of
project development. The scoping team should contact the biologist as soon as possible during
scoping to request assistance in determining Endangered Species Act issues and needs for the
project, and to determine how these issues and needs affect project design and cost
considerations.

Information on stormwater design and erosion control measures required to complete a
biological evaluation or biological assessment is compiled in the Endangered Species Act
Stormwater Design and Erosion Checklist included as Appendix 3B.

3-6 Stormwater Management in Project Design Approval
and PS&E

Section 3-6 is still being developed. The purpose of this section is to provide guidance for
stormwater planning and design during the project design approval/environmental
documentation phase and PS&E phase of project development with reference to the MDL
WBS. Input is welcome from users of this manual on what should be included in the
development of this section.

3-6.1 PE-D-03: Managing Project Delivery

3-6.2 PE-D-06: Environmental Documentation

WSDOT environmental staff must evaluate the project to identify the permits required. The
design team works with the region environmental staff to develop the documentation for permits
required for the project. Much of the information needed to complete permit applications can be
obtained from the project summary documentation. The environmental documentation process is
explained in the Environmental Procedures Manual:

D http://www.wsdot.wa.gov/fasc/EngineeringPublications/library.htm.

Thorough documentation and tracking of stormwater designs and commitments has become
increasingly important as public investment in stormwater management has grown. Moreover,
this documentation is often a required element of environmental permit applications.

3-6.3 PE-D-07: Maintenance Review

3-6.4 PE-D-08: Field Data
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3-6.5 PE-D-10: Geotechnical Evaluations
3-6.6 PE-D-11: Hydraulics

3-6.7 PE-D-13 and PE-D-14: Partnerships and Public & Agency
Involvement

3-6.8 PE-D-17: Right-of-Way

3-6.9 PE-D-18: Roadside Restoration
3-6.10 PE-D-19: Roadway

3-6.11 PE-D-23: Utilities

3-6.12 PE-D-26: Design Documentation

Documentation for project stormwater elements is further developed in the project design phase.
During this phase, key stormwater documents are produced to meet stormwater site planning
requirements associated with Minimum Requirement 1 (see Chapter 2). Although not applicable
statewide, the WSDOT NW Region Stormwater Report template provides guidance and
resources in developing stormwater documentation.

All projects require spill prevention, control, and countermeasures (SPCC) plans, which are
prepared by the contractor after the project contract is awarded. Provisions of the SPCC plan
should be developed during the PS&E phase to ensure plan implementation.

For soil-disturbing projects, WSDOT must also prepare temporary erosion and sediment control
(TESC) plans (see Chapter 6).

For projects that are required to provide permanent stormwater controls, a hydraulic report is
required (refer to WSDOT Hydraulics Manual.) The hydraulic report provides documentation of
the analysis and design for the post-construction stormwater management system.

For projects requiring a biological assessment or biological evaluation under the Endangered
Species Act, the Stormwater Design and Erosion Checklist may need to be prepared

(Appendix 3B).

Additional stormwater documentation may be included in the commitment file for the project.
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3-6.13 PE-D-27: Contract Plan Sheets Preparation

Need to identify infiltration, dispersion, and conservation areas in plans.

3-6.14 PE-D-28: Contract Specifications Development

3-6.15 PE-D-29: Construction Estimate Development
. Cost risk assessment process

" Cost-based estimates: costs can be calculated from the labor and materials costs
for individual items

= Bid-based estimates: uniform bid analysis and standard item table.

= Contract-based estimates: construction contract information system.

3-6.16 PE-D-30 and PE-D-31: Construction and Environmental
Permits

3-6.17 PE-D-32: Constructability Reviews

3-6.18 PE-D-33: PS&E Reviews

For the PS&E phase of a project, a set of plans, specifications, and estimates is prepared. These
documents translate the stormwater management elements of the design into a contract document
format for project advertisement, bidding, award, and construction.

3-7 Special Design Considerations

3-71 Critical and Sensitive Areas

The Washington Growth Management Act, adopted in 1990 (Revised Code of Washington
(RCW) 36.70A, combined with Article 11 of the Washington state constitution, requires local
jurisdictions to adopt ordinances that classify, designate, and regulate land use in order to protect
critical areas. Critical areas are defined as wetlands, floodplains, aquifer recharge areas,
geologically hazardous areas, and those areas necessary for fish and wildlife conservation.

3-71.1 Wetlands

Wetland ecosystems can be highly effective managers of stormwater runoff; they can remove
pollutants and also attenuate flows and recharge ground water. However, natural wetlands may
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not be used as pollution control facilities in place of runoff treatment BMPs, such as biofilters
and wet ponds.

Altering land cover and natural drainage patterns may increase or decrease stormwater input into
surrounding wetlands. Land use changes and stormwater management practices usually alter
hydrology within a watershed. Hydrologic changes have more immediate and greater effects on
the composition of vegetation and amphibian communities than do other environmental changes,
including water quality degradation.

Wetland protection is Minimum Requirement 7 (see Chapter 2). If a project may potentially
alter the wetland hydroperiod, refer to Guide Sheet 1B in Appendix I-D of Ecology's Stormwater
Management Manual for Western Washington. Information on wetland hydroperiods is also
provided in Section 4-6 of this manual.

Region or headquarters hydraulics and environmental staff can provide further assistance on
hydroperiod modeling. For guidance on wetland creation or restoration as mitigation for direct
wetland impacts, contact the region wetland biologist or consult the following:

D http://www.wsdot.wa.gov/environment/biology/bio_wetlands.htm.

3-7.1.2 Floodplains

Hydrologic storage may be altered when floodplains or wetlands are filled with highway
embankment. Floodwater storage that is displaced by roadway fill or other structures may result
in increased streamflows, channel erosion, downstream flooding, and decreased infiltration and
summer base flows. Projects may be required to mitigate loss of hydrologic storage by creating
new hydrologic storage elsewhere in the watershed.

A decision to locate structural detention facilities in floodplains should depend on the flow
control benefits that can be realized in a specific situation. If a detention facility can be placed
so that it is functional through at least the 10-year flood elevation, it will accomplish most of its
function by controlling peaks during smaller, more frequent events that cumulatively cause more
damage. Stormwater facilities that are located outside the 2-year, 10-year, and 25-year flood
elevations do not compromise any flood storage during those floods. If it is not possible to
locate stormwater facilities anywhere but within the 100-year floodplain, and if flood storage is
an issue, consult with the region hydraulics office to identify alternative mitigation opportunities
that may be available.

3-7.1.3 Aquifers and Wellhead Protection Areas

Refer to the local critical areas ordinances applicable to the project area for details on aquifer and
wellhead protection areas. Other designations include critical aquifer recharge areas (CARASs),
wellhead protection zones, and sole-source aquifers (SSAs). These are administered by the state
Department of Health and the EPA. The WSDOT GIS Workbench can be used to provide a
preliminary assessment of CARA and SSA limits in the vicinity of a given project. Check with
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region environmental staff or contact the local municipality for critical area ordinance
requirements.

Aquifer and Wellhead Protection for Projects

The project design team should gather and document information on all wells located within 100
feet of right-of-way or easement along project limits. Contact region or headquarters
environmental staff early in the project design phase if there are wells located within this radius.
Most local health departments require a setback distance of 100 feet from a roadway right-of-
way. A reduction in the setback distance is sometimes granted if hydrologic testing (i.e., pump
test) shows a smaller zone of influence for the well. If proposed construction includes major cuts
or similar activities, a larger radius of concern for wells should be investigated. Certain state and
local laws could require additional review.

To locate wells in the project area, check the Department of Ecology website for listed well logs
at YD http://apps.ecy.wa.gov/welllog/, and search the database of wells constructed and registered
since the 1930s, and wells managed by Ecology since 1971. Some wells may not be registered
and can be identified only by field investigations.

Current WSDOT policy for the protection of aquifers and wellheads is outlined below. Consult
with region environmental staff for further explanation and for revisions to the process.

Policy for Protecting Well Water Quality

To protect drinking well water quality during and following highway construction projects,
WSDOT routinely takes the following measures:

. Implements spill prevention, control, and countermeasures (SPCC) plans to
prevent or clean up potential chemical spills

. Implements temporary erosion and sediment control (TESC) plans to prevent
sediment-laden water from draining into substandard well heads

u Designs, constructs, and maintains permanent stormwater treatment facilities to
remove pollutants from roadway runoff

. Implements roadside vegetation management plans to avoid or minimize the use
of fertilizers and herbicides.

County health departments set well protection buffers presuming that the buffer width will
adequately protect wells from contamination. If a private well is located more than the standard
buffer distance from the road right-of-way, WSDOT considers that well to be adequately
protected, especially in light of WSDOT’s standard water quality protection measures.
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WSDOT mitigates potential well impacts if a road encroaches within the well buffer set by the
county health department and the well is less than 50 feet deep and in coarse, unconsolidated
soils, or the road produces concentrated runoff that flows toward the wellhead.

The primary mitigation option is to route concentrated runoff away from the well and its
unaffected buffer area using curbs, ditches, or other conveyances. The secondary mitigation
option, where diverting roadway runoff is not practical, is to move the well or modify it (e.g.,
make the well deeper or install a protective collar around the wellhead) to reduce the potential
for contamination. Well monitoring should be considered only as a final option. Monitoring
would be performed only upon consultation with the local health department, the WSDOT region
environmental office, and the headquarters water quality program to confirm that the soil, well
depth, and well usage rate indicate a significant threat to well water quality.

Policy for Protecting Well Water Quantity

Well water capacity could be affected by road cuts or soil compaction that intercepts ground
water flows. If a concern arises regarding potential impacts on well capacity, the WSDOT
materials laboratory and hydraulics office should be consulted.

3-71.4 Underground Injection Control

The Department of Ecology’s underground injection control (UIC) program protects ground
water quality by regulating the disposal of fluids below the ground surface. Most UIC wells or
injection wells are simple devices that allow fluids into the shallow subsurface under the force of
gravity. For example, thousands of UIC wells, (mainly dry wells) in Washington state are
located along parking lots and roads to manage stormwater runoff. The potential for ground
water contamination from UIC wells is dependent upon well construction and location, the
volume and quality of fluids injected, and the hydrogeologic setting. The EPA identifies five
classes of injection wells, classified by the type of waste to be disposed in them. Dry wells and
infiltration trenches that contain perforated pipe are considered Class 5 injection wells.

The UIC program is rule-authorized, meaning that the wells must be registered but do not require
a permit. For a project using a dry well or infiltration trench, registration information is available
at D http://www.ecy.wa.gov/programs/wq/grndwtr/uic/registration/reg_info.html. Also consult
region environmental staff or Headquarters Environmental Services staff for further guidance.

3-7.1.5 Streams and Riparian Areas

Riparian areas are among the state’s most diverse and important natural resources. Avoiding
encroachment into riparian areas is important to prevent direct impacts on stream channels and
stream ecosystems. Removing riparian vegetation may result directly in channel instability and
stream bank erosion, loss of aquatic and wildlife habitat, loss of spawning gravels, increased
sedimentation, increased water temperatures, decreased dissolved oxygen concentrations, and
other water quality impacts. These impacts may be too extensive to mitigate.
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Hundreds of miles of existing state and local highways in Washington parallel streams and
already encroach into riparian areas and channel migration zones. When a highway widening
project is located parallel to a stream, widening should occur away from the stream to the extent
feasible, and project activities should preserve or enhance the stream’s riparian buffer.

3-7.2 Contaminated and Hazardous Waste Sites

If a project contains a contaminated or hazardous waste site, or if such a site is suspected to exist
within the project limits, contact WSDOT headquarters hazardous materials staff for further
direction. Also see the Environmental Procedures Manual, Section 447.05, Technical Guidance:
B http://www.wsdot.wa.gov/fasc/EngineeringPublications/library.htm.

3-7.3 Airports

When a project is located near an airport, special consideration must be given to the design of
stormwater facilities. Roadside features, including standing water (as in wet ponds, for example)
and certain types of vegetation, can attract birds, directly or indirectly. The presence of large
numbers of birds near airports is a hazard for airport operations and must be avoided. Before
planning and designing facilities for a project near an airport, contact the airport and the Federal
Aviation Administration for wildlife management manuals and other site-specific guidance.

3-7.4 Bridges

In calculating flow control requirements, the portion of a bridge surface located above a body of
water is not considered as added impervious surface. Because the over-water portion of the
bridge surface captures only the portion of rainfall that otherwise would fall directly into the
receiving water body, that portion of the bridge makes no contribution to the increased rate of
discharge associated with surface runoff to the water body. This reasoning assumes that the
conveyance system is constructed to prevent any localized erosion between the bridge surface
and the outfall to the water body.

While this fact may simplify the need for flow control requirements, bridges impose other
difficulties associated with management of pollutants generated by runoff from their surfaces.
Bridges are typically so close to receiving waters that it is often difficult to find sufficient area in
which to construct a treatment solution.

In the past, bridges have been constructed with small bridge drains that discharge the runoff
directly into the receiving waters by way of downspouts. This practice is no longer allowed,
because the bridge surface produces pollutants from motor vehicle use. Therefore, the challenge
is to collect and convey runoff and to incorporate runoff treatment facilities into the project
design.
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Use of suspended pipe systems to convey bridge runoff should be avoided whenever possible,
because these systems have a tendency to become plugged with debris and are difficult to clean.
The preferred method of conveyance is to hold the runoff on the bridge surface and intercept it at
the ends of the bridge with larger inlets. This method requires adequate shoulder width to
accommodate flows so that they do not spread farther into the travel way than allowed (the
hydraulics manual allows encroachment halfway into the travel lane for interstate highways). In
cases where a closed system must be used, it is recommended that bridge drain openings and
pipe diameters be larger, and that 90-degree bends be avoided, to ensure the system’s operational
integrity. Early coordination with the bridge and structures office is essential if a closed system
is being considered.

3-7.5 Ferry Terminals

A ferry dock consists of the bridge (trestle and span), piers, and some of the holding area
(parking facility). The terminal is the dock and all associated upland facilities. Requirements for
upland facilities are the same as for park-and-ride lots, rest areas, and maintenance yards (where
similarities exist). The requirements that apply to bridges also apply to the trestle, span, and
other over-water portions.

3-7.6 Maintenance Yards, Park-and-Ride Lots, and Rest Areas

The Ecology stormwater management manuals for western and eastern Washington (SMMWW
and SMMEW) provide more specific stormwater BMP information related to parking lots and
commercial and industrial land uses. Stormwater facility design should give first consideration
to the use of low-impact development methods such as permeable pavement and bioretention
(see Chapter 5 for low-impact development BMPs).

3-8 Developer Projects

WSDOT must provide for the passage of off-site flows through its right-of-way to maintain
natural drainage paths. If a private development project discharges off-site flows to state right-
of-way, the project must provide stormwater BMPs that will prevent any increase in flow rates or
volumes and any degradation of water quality within the state right-of-way. WSDOT will not
concur with designs or allow discharges that do not comply with these requirements. Once
WSDOT accepts discharge of water onto its right-of-way, the state becomes liable for the quality
and quantity of that discharge. For this reason, WSDOT requires the discharge water to be
treated at a minimum in accordance with provisions of this Highway Runoff Manual, the
Stormwater Management Manual for Western (or Eastern) Washington, or the local equivalent
as required by the local government having primary jurisdiction over the project.
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For details regarding the WSDOT requirements and process for review and concurrence of
private project drainage design, refer to the WSDOT Development Services Manual and the
WSDOT Utilities Manual.

3-9 Appendices

Appendix 3A Engineering and Economic Feasibility Guidance
Appendix 3B Endangered Species Act Stormwater Design and Erosion Checklist
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Appendix 3A.
Determination of Engineering and Economic Feasibility
for Construction of Stormwater Management Facilities
within Highway Rights-of-Way

Stormwater runoff from state highways should be treated and controlled adjacent to or within the
right-of-way (ROW) when transportation improvement projects are constructed. However,
various site-specific factors could make constructing stormwater management facilities within or
adjacent to the highway right-of-way (called in-ROW treatment) difficult, if not impossible (e.g.,
lack of land availability, engineering constraints, health and safety issues associated with
operations and maintenance activities, or other obstacles).

If in-ROW treatment is not feasible, other options to create runoff treatment and flow control
capacity should be identified to meet regulatory requirements. These options include using low-
impact development techniques or watershed-based options to create additional capacity in the
receiving water. This appendix presents a method to assist WSDOT project engineers in
determining when to consider alternative options. This assessment is not intended as a substitute
for the analysis required to seek compliance through the demonstrative approach (which requires
providing data to show that the alternative approach is protective of water quality and satisfies
state and federal water quality laws [see Chapter 1]).

Documentation of feasibility by means of the checklist is needed if the project deviates from
prescribed stormwater treatment schemes contained in design guidance, such as the 2004
Highway Runoff Manual or Ecology’s stormwater management manuals.

3A-1 General Criteria: Engineering and Economic Feasibility
(EEF) of Constructing Stormwater Control Facilities
within Highway Rights-of-Way

The following four general criteria should be considered by the designer in the siting and
selection of stormwater best management practices (BMPs). These criteria affect the feasibility
of stormwater BMPs, and they are further explained in the EEF checklist below (Section 3A-2).

= Physical site limitations. In many cases, the amount of available right-of-way
determines which types of stormwater controls are feasible for the project. When
additional right-of-way can be acquired at market value, or when eminent domain
condemnations can be demonstrably justified, then project proponents should
explore these options to acquire additional land for stormwater control facilities.
Historically, condemning land specifically for wetland mitigation (also triggered
by the Clean Water Act) has been extremely difficult; hence this option for
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stormwater control facilities will likely encounter the same difficulties.
Additional site constraints could include geographic limitations, steep slopes, soil
instability, proximity to water bodies, presence of significant cultural resources,
and shallow water tables.

. Treatment effectiveness. Generally, BMPs with the highest pollutant removal
efficiencies should be considered first. These practices may require more land
area, thus affecting space limitations.

. Costs and associated environmental benefits. Generally, the most cost-
effective method of meeting environmental requirements should be chosen.

. Legal and policy issues. WSDOT and Ecology stormwater guidance, local
ordinances, Endangered Species Act concerns, and tort liability issues must also
be considered when selecting appropriate BMPs. If watershed-based stormwater
treatment options are considered, legal and policy issues discouraging this
approach may need to be overcome.

When identifying on-site treatment and control options, it is important to consider the site
limitations preventing construction of stormwater control and treatment facilities. For physical
or economic reasons, it may be not feasible to construct full-scale stormwater control facilities
on-site.

3A-2 Engineering and Economic Feasibility (EEF) Evaluation
Checklist

The following checklist is intended for use by WSDOT staff during the design stage to determine
whether construction of stormwater control facilities is feasible within the immediate highway
right-of-way. Factors that limit the feasibility of constructing in-ROW stormwater controls are
listed along with questions to help transportation project planners and designers determine the
feasibility of constructing in-ROW stormwater treatment and control systems based on site
conditions.

3A-2.1 Collect Project Site Data to Identify Limiting Factors

Project information such as project boundaries, soil conditions, presence of slopes, proximity of
water bodies, and other project data must be collected to determine in-ROW treatment and
control feasibility. Preliminary estimates of runoff treatment and flow control needs for the
project must also be made. At a minimum, this analysis should include the anticipated new and
existing total impervious areas within the right-of-way, topographic characteristics, existing land
use and land cover adjacent to the right-of-way, and whether on-site soil characteristics can
accommodate infiltration.
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The following is a list of information needed to complete a full EEF analysis for constructing
stormwater control facilities within a specific highway right-of-way. It should be noted that in
many cases all of the information listed below is not needed to make a feasibility determination.
Once a fatal flaw is identified in the checklist that makes it not feasible to construct in-ROW
stormwater control facilities, then the EEF analysis is effectively completed, thus negating the
need for additional information to evaluate in-ROW feasibility.

Conceptual-level stormwater design. Is infiltration possible based on soil
characteristics?

Amount of right-of-way currently available and/or that can be reasonably
acquired via purchase or condemnation.

Location(s) of critical public infrastructure(s) relative to the established or
acquirable right-of-way.

Location(s) of protected cultural resources, historic sites, parklands, or wildlife
and waterfowl refuges [i.e., Department of Transportation Act of 1966 §4(f)
properties] relative to the established or acquirable right-of-way.

Location(s) on or adjacent to the established or acquirable right-of-way that are
designated as sensitive by a federal, state, or local government. These areas
include but are not limited to:

| Water bodies designated as “impaired” under the provision of Section
303(d) of the federal Clean Water Act enacted by Public Law 92-500.

| Designated “critical water resources” as defined in 33 CFR Part 330
Nationwide Permit Program.

O Sole source aquifers as defined under Safe Drinking Water Act, Public
Law 93-523.

O Wellhead protection zones as defined under Chapter 246-290 Public
Water Supplies of Washington Administrative Code.

O “Critical habitat” as defined in Section 3 of the Endangered Species Act of
1973.

O Areas identified in local critical area ordinances or in an approved basin
plan.

Location(s) of established structure(s) on or adjacent to the established or
acquirable right-of-way.

Slopes and location(s) of unstable slopes on or adjacent to the established or
acquirable right-of-way.

Available hydraulic head.

Depth of the mean annual high ground water table and information on local
ground water flooding.
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= Presence and location of hazardous or dangerous materials on or adjacent to the
established or acquirable right-of-way.

= Existence and location(s) of well-established riparian tree canopies and/or
vegetative buffers on the established or acquirable right-of-way.

= Presence and distribution of 100-year floodplains on or adjacent to the established
or acquirable right-of-way.

= For bridge projects, can the bridge structure be drained to land by gravity feed?

. Estimated cost for constructing and/or maintaining the conceptual stormwater
control facilities for the drainage area.

3A-2.2 Infrastructure Limitations to Construction Feasibility

The density of the built environment adjacent to the established right-of-way may limit the
amount of land available for acquisition to construct stormwater treatment and control systems.
Once project limits, right-of-way, and stormwater runoff treatment and flow control needs are
defined, a determination on whether it is feasible to construct stormwater management practices
on-site can be made. Generally, wet vaults should be avoided when other BMPs options are
viable because of their low pollutant removal effectiveness and the high construction and
maintenance costs.

The following questions should be considered when determining whether infrastructure or right-
of-way limits the feasibility of designing and constructing stormwater BMPs within or adjacent
to the right—of-way (in-ROW treatment). Each element evaluates potential fatal flaws that would
preclude the feasibility of constructing stormwater treatment facilities within the anticipated
right-of-way of the project being scoped.

3A-2.2.1. Can a multiple-purpose runoff treatment system, such as an extended wet detention
pond or pond/constructed wetland, or floodplain restoration project be constructed
within the anticipated right-of-way to treat the estimated water quality and/or flow
impacts of the project? (YES/NO)

EEF implications: This is to reinforce the concept that facilities that are designed
and constructed to treat larger areas result in lower unit volume treatment costs,
which will affect the benefit/cost ratio, which can affect overall feasibility. If YES, go
to Section 34-2.3. If NO, go to Section 34-2.2.2.

3A-2.2.2. Can runoff treatment BMPs be designed to fit within the anticipated right-of-way?
(YES/NO)

Consider these BMPs (in order of preference):
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= Infiltration or exfiltration via ponds, trenches, depressions, ground
water contactors, or drain fields

. Compost-amended vegetated filter strips
. Ecology embankments

. Wet detention ponds

= Biofiltration swales and filter strips

. Sand filtration systems

. Constructed wetlands

= Vaults and tanks.

EEF implications: If YES, go to Section 34-2.2.3, if NO, go to Section 34-2.2.4. In
many instances it may be possible to fit in-ROW BMPs for runoff treatment only,
since some runoff treatment BMPs can be engineered to fit within highly constrained
land parcels (compost-amended filter strips and ecology embankments are examples),
whereas flow control BMPs tend to require more land.

3A-2.2.3. Can a flow control BMPs be designed to fit within the anticipated right-of-way?
(YES/NO)

Consider these BMPs (in order of preference):

= Low-impact development (LID) methods, such as minimizing clearing
and compaction, retaining mature stands of vegetation and soil
horizons, soil enhancements, routing runoff to closed vegetated
depressions (bioretention), compost-amended vegetated buffer strips,
porous pavement shoulders and gore areas, dispersion onto forested
areas or agricultural land, etc.

. Floodplain restoration projects designed to increase stormwater
storage
= Infiltration and/or exfiltration

. Dispersion BMPs

= Wet detention ponds

. Extended detention (dry) ponds
. Vaults and tanks.

EEF implications: If YES, go to Section 34-2.3, it has been established that there is
enough land area within the anticipated right-of-way to construct BMPs. Other
constraining factors, such as geotechnical, geographic, environmental, etc., may also
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3A-2.2.4.

limit the feasibility of constructing in-ROW BMPs and need to be examined to
complete the EEF analysis. If NO, go to Section 34-2.4.

If BMPs cannot be accommodated on-site, is it feasible to purchase adjoining
properties to allow the construction of one of the above BMP designs?

In order to answer this question, several associated questions need to be answered:

3A-2.2.4.1

3A-2.2.4.2

Are there critical publicly-owned infrastructure or facilities, such as
schools, fire stations, police facilities, major utility lines, etc., that would
need to be relocated to facilitate construction of in-ROW stormwater
control facilities? (YES/NO)

EEF implications: If YES, it is generally not feasible to construct in-
ROW stormwater control facilities due to the existence of critical public
infrastructure(s). ldentification of the location and nature of the critical
public infrastructure(s) need to be well documented to justify not
constructing in-ROW stormwater control facilities to regulatory
agencies. Other options to create capacity should be identified to meet
regulatory requirements. These options include using low impact
development techniques or watershed-based options to create additional
capacity in the receiving water so that the project will meet water

quality standards. If NO, go to Section 34-2.2.4.2.

Will the designated stormwater treatment area for constructing a
stormwater management facility trespass on or disturb designated
historic building sites, structures, archeological sites, or other significant
cultural resources? (YES/NO)

Note: Any projects involving disturbance of ground surfaces not
previously disturbed should be reviewed for cultural resources study
needs, e.g., site file searches at the Washington State Office of
Archaeology and Historic Preservation, on-site surveys, subsurface
testing, etc. Federal involvement (e.g., funding, permits, lands, etc.)
requires compliance w/the National Historic Preservation Act, Sec. 106,
and implementing regulations in 36 CFR 800.

EEF implications: If YES, it is not feasible to construct in-ROW
stormwater control facilities due to the existence of statutorily protected
cultural resources at the site. At this point the EEF analysis is complete.
Identification of the location and nature of the critical public
infrastructure(s) need to be well documented to justify not constructing
in-ROW stormwater control facilities to resource agencies. Other
options to create capacity should be identified to maintain and/or
restore the water quality, eliminate hydrology impacts of the project,
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and comply with the antidegradation clause of the Clean Water Act.
These options include using low impact development techniques or
watershed-based options to create additional capacity in the receiving
water so that the project will meet water quality standards. If NO,
proceed to Section 34-2.2.4.3.

3A-2.2.4.3 Island needed to site and construct the stormwater treatment facility
available at a reasonable cost without significant displacement or other
impacts? (YES/NO)

In other words, is the needed additional land available for purchase from
a willing seller at market value, at a cost acceptable to the project
budget, or by eminent domain condemnation procedures? (If the
required land lies within an area with expensive privately owned
structures and buildings, the cost of acquisition and relocation may
greatly exceed market rates for the land itself.)

EEF implications: This query evaluates whether it is feasible to
purchase additional right-of-way to accommodate construction of in-
ROW stormwater control facilities. If YES, go to Section 34-2.3, since
additional land can practicably be purchased and project offices should
continue with the EEF analysis to investigate whether there are other
factors limiting feasibility. If NO, it is not feasible to construct
stormwater control facilities within the right-of-way and other options to
create capacity should be identified to meet regulatory requirements.
These options include using low impact development techniques or
watershed-based options to create additional capacity in the receiving
water so that the project will meet water quality standards.

3A-2.3 Geographic and Geotechnical Limitations to Construction
Feasibility

A project’s topography and/or proximity to wetlands, sensitive water bodies, or steep slopes may
physically or structurally preclude construction of BMPs on-site within required engineering
standards. This could occur near shorelines, river front areas, steep terrains, or wetlands. In-situ
geotechnical conditions can also limit the feasibility of constructing BMPs within the right-of-
way. For example, the project is on unstable slopes, high shrink/swell soils, karst topography,
etc. The following questions should be considered when determining whether geography or
geotechnical limits the feasibility of designing stormwater BMPs on-site:

3A-2.3.1 Is the project located adjacent to or on a water body, wetland, riparian buffer or other

natural aquatic features, which would physically preclude the construction of any in-
ROW BMP? Some examples of water bodies that could geographically limit a
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3A-2.3.2

3A-2.33

WSDOT project include lakes, rivers, streams (including intermittent streams),
wetlands, sloughs, wet meadows, natural ponds, sounds, and seas. (YES/NO)

EEF implications: If YES, it is not feasible to construct in-ROW stormwater control
facilities because of geographic limitations. Project offices should review project
plans to evaluate whether it is feasible to reconfigure drainage and BMP designs to
accommodate as much stormwater treatment as can possibly fit within the right-of-
way. Other options to create capacity should be identified to maintain and/or restore
the water quality and hydrology baselines impacted by the project and to comply with
the antidegradation clause of the Clean Water Act and Washington State Water
Pollution Law, 90.48 RCW. These options include using low impact development
techniques or watershed-based options to create additional capacity in the receiving

water so that the project will meet water quality standards. If NO, go to Section
34-2.3.2.

Do extremely steep slopes exist (steeper than 2:1) exist at the proposed BMP
location?

EEF Implications: If YES, it is not feasible to construct in-ROW stormwater control
facilities because of geographic limitations. Project offices should review project
plans to evaluate whether or not it is feasible to reconfigure drainage and BMP
designs to accommodate as much stormwater treatment as can practicably fit within
the right-of-way. Other options to create capacity should be identified to maintain
and/or restore the water quality and hydrology baselines impacted by the project and
to comply with the antidegradation clause of the Clean Water Act and Washington
State Water Pollution Law, 90.48 RCW. These options include using low impact
development techniques or watershed-based options to create additional capacity in
the receiving water so that the project will meet water quality standards. If NO, go to
Section 34-2.3.3.

Does the needed land for construction of runoff treatment and/or flow control
facilities lie within 50 feet of any slope greater than 15%? (YES/NO)

EEF implications: This is a setback specification encoded in Ecology’s new
stormwater manuals and reflected in the WSDOT Highway Runoff Manual. If NO, go
to Section 34-2.4.1. If YES, consult with a geotechnical engineer to determine if
there is a risk of slope failure because slope and soil characteristics. If there is an
unacceptable risk of slope failure it is not feasible to construct in-ROW stormwater
control facilities on the designated BMP site. Other options to create capacity should
be identified to maintain and/or restore the water quality and hydrology baselines
impacted by the project and to comply with the antidegradation clause of the Clean
Water Act and State Water Pollution Law, 90.48 RCW. These options include using
low impact development techniques or watershed-based options to create additional
capacity in the receiving water so that the project will meet water quality standards.
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3A-2.4

Hydraulic Limitations to Construction Feasibility

Hydraulic limitations can include the lack of hydraulic head necessary to effectively operate
stormwater control facilities or areas with very shallow water tables, such as floodplains or
seasonal wetlands. Alternatives such as spill control devices and frequent cleaning of road or
bridge surfaces with high efficiency vacuum sweepers should be considered in these areas in lieu
of standard treatment facilities.

3A-2.4.1

3A-2.42

3A-243

3A-2.4.4

Will BMP construction involve excavating to below annual high ground water levels?
(YES/NO)

EEF implications: If YES, consideration should be given to alter the stormwater
system design to use other BMP options. If other BMP options are also found to not
be feasible, it is not feasible to construct in-ROW BMPs and the EEF analysis is
complete. If NO, go to Section 34-2.4.2.

Will construction of an infiltration BMPs result in localized groundwater flooding
(e.g., basement inundation) or will be located less than 20 feet from any up slope
foundation or less than 100 feet from any down slope foundation? (YES/NO)

EEF implications: If YES, consider other BMPs or use impermeable barriers to
protect existing foundations, if found to be feasible. If NO, go to Section 34-2.4.3.

Is there adequate hydraulic head (dependent on the type of BMP, but generally
greater than 3 feet) available to effectively operate the BMP? (YES/NO)

EEF implications: Go to Section 34-2.5.2. If NO, consideration should be given to
alter the design to use other BMP options. If other BMP options are also found to not
feasible, it is not feasible to construct in-ROW stormwater control systems. If YES,
go to Section 34-2.4.4.

Specifically for bridge projects, is it feasible from an engineering perspective to
convey stormwater to on-land stormwater control facilities by gravity feed and have a
flowpath of less than 2,000 feet to shore? (YES/NO)

EEF implications: If NO, the inability to drain bridge structures by gravity feed, be it
because of expansion joints, grated sections, or the lack of grade makes it not feasible
to convey stormwater to land for treatment. Project offices should evaluate whether
it is possible to alter project design to accommodate gravity drainage to land. If not,
other options to create capacity should be identified to maintain and/or restore the
water quality and hydrology baselines impacted by the project and to comply with the
antidegradation clause of the Clean Water Act and State Water Pollution Law, 90.48
RCW. These options include using low impact development techniques or watershed-
based options to create additional capacity in the receiving water so that the project
will meet water quality standards. If YES, go to Section 34-2.5.
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3A-2.5 Environmental or Health Risk Limitations to Construction
Feasibility

Areas with intensive historic levels of industrial or commercial activity may have significant
levels of soil, water, or fill contamination that will prevent highway construction work from
being conducted in a safe manner as specified in the Washington Industrial Safety and Health
Act or federal Occupational Safety and Health Administration regulations or may be subject of
overriding Resource Conservation and Recovery Act (RCRA), state Model Toxics Control Act
(MTCA), or Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA) regulations. Such significant safety, health, and environmental limitations would
generally preclude construction of stormwater facilities on a particular site.

3A-2.5.1 Does the proposed stormwater treatment area contain significant quantities of
contaminated soils or materials as to designate as a hazardous or dangerous waste or
require a clean up action as defined by RCRA or MTCA regulations? (YES/NO)

EEF implications: If YES, go to Section 34-2.6 to evaluate benefit to cost ratios,
incorporating estimated costs for remediation of hazardous or dangerous materials
into the analysis. Construction of stormwater facilities in areas with hazardous or
dangerous wastes generally is not feasible to protect worker health and may result in
releases of acutely toxic substances to surface waters during the construction phase
and impacts to groundwater in the operations phase. If NO, go to Section 34-2.5.2.

3A-2.5.2 Will the construction of stormwater control facilities require the removal of well-
established riparian tree canopies (generally trees over 100 feet tall) and/or vegetative
buffers? (YES/NO)

EEF implications: If YES, the benefit/cost (B/C) analysis will determine feasibility if
no other limiting factors is found, so go to Section 34-2.6. Well-established tree
canopies can sequester significant amounts of air and water pollutants, provides
long-term water storage, and provides shading that buffers temporal in-stream
temperature increases. Project offices should reevaluate drainage and BMP designs
to investigate whether stormwater control facilities can be reconfigured or moved to
avoid or minimize the removal of established tree canopies. If avoidance and
minimization is not possible, other options to create capacity should be identified to
maintain and/or restore the water quality and hydrology baselines affected by the
project and to comply with the antidegradation clause of the Clean Water Act and
State Water Pollution Law, 90.48 RCW. These options include using low impact
development techniques or watershed-based options to create additional capacity in
the receiving water so that the project will meet water quality standards. If NO, go to
Section 34-2.5.3.

3A-2.5.3 Will the construction of stormwater control facilities require the removal of critical
habitat for listed endangered and threatened species? (YES/NO)
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EEF implications: If YES, it is not feasible to construct in-ROW stormwater control
facilities due to environmental limitations. Removal of critical habitat would at a
minimum result in a Section 7 consultation for the project or would likely result in a
take of an endangered or threatened species, making it not feasible to construct in-
ROW stormwater control facilities. Project offices should then reevaluate drainage
and BMP designs to investigate whether stormwater control facilities can be
reconfigured or moved to avoid or minimize the removal of critical habitat. If
avoidance and minimization is not possible, other options to create capacity should
be identified to maintain and/or restore the water quality and hydrology baselines
impacted by the project and to comply with the antidegradation clause of the Clean
Water Act and State Water Pollution Law, 90.48 RCW. These options include using
low impact development techniques or watershed-based options to create additional

capacity in the receiving water so that the project will meet water quality standards.
If NO, go to Section 34-2.5.4.

3A-2.5.4 s the established or acquirable right-of-way for stormwater control facilities located
within a 100-year floodplain? (YES/NO)

EEF implications: If YES, the established or available land is within a 100-year
floodplain and it is not feasible to construct functional stormwater control facilities
within the right-of-way. Project offices should reevaluate drainage and BMP designs
to investigate whether stormwater control facilities can be reconfigured or moved to
avoid or minimize the 100-year floodplain. If avoidance and minimization is not
possible, other options to create capacity should be identified to maintain and/or
restore the water quality and hydrology baselines impacted by the project and to
comply with the antidegradation clause of the Clean Water Act and State Water
Pollution Law, 90.48 RCW. These options include using low impact development
techniques or watershed-based options to create additional capacity in the receiving
water so that the project will meet water quality standards. If NO, go to Section
34-2.6.

3A-2.6 Cost Limitations to Construction Feasibility

In 2003 WSDOT performed an environmental mitigation cost analysis on 14 highway projects.
Ten of the projects studied had treatment requirements for stormwater controls. No clear pattern
emerged for the scale of stormwater treatment costs in relation to overall project size. The
location and setting of the specific projects relative to neighborhoods, streams, and wetlands
were found to be the critical factors affecting stormwater treatment costs. The projects with poor
soil conditions or high water tables generally had considerably higher costs for treating
stormwater within the right-of-way. Projects that were able to treat the stormwater within the
existing right-of-way cost less than one dollar per square foot for treatment. In discussions with
the authors of the case study, it was determined that project delivery would be impeded when
stormwater costs exceeded a range of $5 to $7 per square foot of contributing impervious
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surface. Using a range of values allows project offices some flexibility to determine cost/benefit
feasibility based on the project’s setting.

Project Case Study — Normalized Stormwater Mitigation Costs

Stormwater treatment
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3A-2.6.1 Within individual drainages, will the incremental cost for constructing in-ROW
stormwater control facilities be more than $5-7 per square foot of contributing
impervious surface? (YES/NO)

EEF implications: If YES, it is generally not feasible to construct in-ROW
stormwater control facilities Project offices should investigate how project designs
can be altered to accommodate more cost efficient BMPs. Projects within highly
urbanized areas or those that may impact significant areas of wetlands or floodplains
should generally use the $7 per square foot criteria while those projects in more rural
areas should generally use the $5 per square foot criteria for evaluating benefit/cost
feasibility. If NO, it is feasible to construct stormwater control facilities within or
adjacent to the highway right-of-way.

3A-3 Evaluation of Watershed-Based Stormwater Treatment
Options

If a project does not meet one or more of these criteria in-ROW stormwater treatment may not be
feasible. When construction of wet ponds, bioinfiltration, or other stormwater control practices
are not feasible within the right-of-way, a wet vault will often be designed for the site because
they have small footprints and can be installed below the subgrade of the highway. Vaults and
tanks have been shown to be expensive to construct and maintain and contribute little in terms of
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water quality benefits. Off-site watershed-based stormwater treatment options should be
evaluated before a wet vault design is accepted.

Factors to consider with watershed-based stormwater treatment options include:

1.

What size watershed scale is appropriate for this treatment approach? The
smallest sub-basin may be appropriate for healthy watersheds, but in a highly
degraded watershed it may generate greater benefits to treat stormwater elsewhere
in the watershed, depending on the type of impairment. In this case, a larger
watershed scale may be more appropriate.

Have all source controls been included? Source control is often the most cost-
effective practice to control pollutants. This should be the first step in
investigation alternative treatment options.

Can low-impact development techniques be incorporated into the design and
right-of-way constraints to minimize pollutant loading and hydrology alterations
closest to their sources? Some simple low-impact development techniques, such
as soil conditioning using high-quality vegetated compost and minimizing
compaction, can substantially reduce runoff rates and pollutant loads.

Can stormwater treatment be coordinated with habitat mitigation? Stream
restoration, floodplain restoration, riparian replantings, or other practices could
provide both habitat mitigation and stormwater treatment.

Has a regional facility been evaluated? 1f on-site stormwater control is not
feasible, combining several project stormwater treatment needs into one regional
facility may be a more cost-effective option.

Are there legal or regulatory issues preventing off-site stormwater treatment?
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Appendix 3B.
Endangered Species Act
Stormwater Design & Erosion Checklist

3B-1 Purpose and Use of the Checklist

This revised stormwater design checklist has been developed to assist WSDOT project designers
in providing pertinent information about a project’s stormwater treatment facilities and erosion
control measures to biologists preparing biological assessments required for consultation under
Section 7 of the Endangered Species Act. The use of this checklist is not mandatory but is
strongly encouraged, in order to facilitate the task of writing a biological assessment and to
promote consistency among the agency’s biological assessments.

It is anticipated that the specific conditions of some projects may warrant modifying, adding, or
eliminating certain checklist items. However, to maintain consistency in the type and amount of
information collected and submitted for the environmental permitting process, the checklist
should be modified only if necessary.

3B-2 Revisions to the Previous Questionnaire

Users of the previous stormwater design questionnaire will notice several differences in this
revised version. First, the term water quality treatment has been replaced with runoff treatment,
and the term water quantity treatment has been replaced with flow control. These changes have
been made for consistency with the terms used in the revised 2004 Highway Runoff Manual and
in the Department of Ecology’s stormwater management manuals.

3B-2.1 Runoff Treatment

In another noteworthy revision, this checklist no longer refers to treating 140 percent of new
impervious surface area for basic water quality treatment. The 140 percent approach was
associated with conventional runoff treatment BMPs employing filtration or settlement of
pollutants as the removal mechanism (e.g., biofiltration swales, filter strips, and basic wet
ponds). Since development of the 140 percent threshold in 1999, stormwater management in
Washington state has changed considerably. Ecology’s 2001 Stormwater Management Manual
for Western Washington and the draft manual for eastern Washington now require that arterial
and highway runoff be given “enhanced” treatment. Enhanced treatment, as defined in the
Ecology manuals, is a treatment system optimized to improve the capture of dissolved metals
through processes involving sorption, ion exchange, biofiltration, or precipitation.
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The revised 2004 Highway Runoff Manual contains several designs that achieve both basic and
enhanced treatment within a single stormwater facility. Examples include designs for the
ecology embankment, dispersion, compost-amended filter strip, and enhanced biofiltration
swale, among others.

The former 140 percent threshold was developed as the level of runoff treatment necessary to
result in a biological assessment determination of no effect on protected species, given basic
treatment’s pollutant removal effectiveness of less than 100 percent. With the availability of
enhanced treatment and more specific guidance in the Highway Runoff Manual for retrofitting
existing impervious surfaces, treating 140 percent of the new impervious surface is no longer
necessary to achieve a determination of no effect.

3B-2.2 Flow Control

For flow control, the method used in Instructional Letter 4020.02 required the use of a volume
correction factor to increase the volume of detention ponds designed using an event-based
model, the Santa Barbara Urban Hydrograph (SBUH) method. For stormwater detention designs
in western Washington, the SBUH method has since been replaced with HSPF-based continuous
runoff models, such as MGSFlood, the King County Runoff Time Series, or the Western
Washington Hydrologic Model. These continuous runoff models enable detention ponds and
discharge orifices to be sized with post-project flow/duration curves matching some desired
predevelopment condition. The result is significantly larger detention ponds than those
previously constructed under Instructional Letter 4020.02.
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Endangered Species Act
Stormwater Design & Erosion Checklist

Project Name:

Project Location:

General Project Information

1. Will work occur outside existing pavement or gravel shoulders? O Yes O No
If yes, describe the nature and extent of work:

Existing Impervious Surface (Pre-project)

2. Is there any existing impervious surface within the project area? O Yes O No
If yes, what is the amount of existing impervious surface within the project limits?
(square feet, acres).

3. Identify the total area of existing impervious surface currently receiving some form of
runoff treatment: (square feet, acres).

4. Identify the total area of existing impervious surface currently receiving some form of
flow control: (square feet, acres).

5. Identify the method of runoff treatment (pre-project):

6. Identify the method of flow control (pre-project):

7. What is the receiving area or water body for each BMP?

New Impervious Surface (Proposed Project)
8. Will the project create new impervious surface? O Yes O No

If yes, how much new impervious surface will the project create? (square
feet, acres).
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9.

10.

11.

12.

13.

14.

15.

16.

Identify the total area of new impervious surface to be provided with runoff treatment:
(square feet, acres).

Identify the total area of new impervious surface to be provided with flow control:
(square feet, acres).

Identify the method of runoff treatment:

Identify the method of flow control:

Will any of the runoff from the new impervious surface be infiltrated? O Yes O No
If yes, what percentage of the runoff from the new impervious surface will be infiltrated?

%
If the project is not infiltrating all of the runoff from the new impervious surface and is
unable to provide runoff treatment or flow control for the entire new impervious surface,
explain why:

Will the stormwater facility require construction of a new outfall structure or a new point
of discharge to any water body? O Yes O No

If yes, identify the receiving water body, and describe areas of permanent and temporary
clearing or grading, types of vegetation to be removed, amount of riprap, diameter of
outfall pipe(s), and all maintenance/access roads to be constructed:

Is the project located in a basin that is exempt from the flow control requirement?

O Yes O No

If no, and the project is petitioning for an exemption, has a hydrologic analysis
supporting the exemption been submitted to the Department of Ecology? O Yes O No
If yes, provide a summary of the analysis as an appendix to this checklist.

If no, a hydrologic analysis justifying the exemption must be submitted to the Department
of Ecology, or flow control must be provided.
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Project Improvements

17.  Will any additional existing (pre-project) impervious surface (previously untreated)
receive runoff treatment or flow control by the project? O Yes O No

18.  How much additional existing (pre-project) impervious surface will receive runoff
treatment? (square feet, acres).

19.  How much additional existing (pre-project) impervious surface will receive flow control?

(square feet, acres).

20.  What is the receiving water body for each BMP?

21.  Is off-site stormwater being treated by WSDOT stormwater facilities prior to initiation of
the project? O Yes O No
If yes, will this stormwater continue to be treated to the same level? O Yes O No

22.  If off-site stormwater will not continue to be treated to the same level, explain why:

23.  Are the stormwater runoff treatment and flow control facilities designed to meet the
requirements of the WSDOT 2004 Highway Runoff Manual? O Yes O No
If no, explain the design standard being used:

Prepared by Phone Date

Project Engineer Office Location
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Chapter 4. Hydrologic Analysis

4-1 Introduction

This chapter presents and defines the minimum computational standards for the types of
hydrologic analyses required to design the various stormwater Best Management Practices
(BMPs) described in detail in Chapters 5 and 6. It also provides an explanation of the methods
to be used for the modeling of stormwater facilities and the supporting data and assumptions that
will be needed to complete the design. The computational standards, methods of analysis, and
necessary supporting data and assumptions for designs in western Washington are different from
those for eastern Washington. As a result, Section 4-3 includes design criteria and guidance for
western Washington and Section 4-4 includes design criteria and guidance for eastern
Washington. The hydrologic analysis tools and methodologies presented in this chapter support
the following tasks:

= Designing stormwater runoff treatment and flow control facilities
. Designing infiltration facilities
= Closed Depression Analysis

= Analyzing wetland hydroperiod effects
. Downstream Analysis (Appendix 4C).
The WSDOT Hydraulic Manual presents the minimum computational standards, methods of

analysis, and necessary supporting data and assumptions for analysis and design of the
following:

. Culverts and other fish passage structures

= Open channel flow

. Storm sewer design

. Drainage from highway pavement (inlet spacing and curb and gutter)
= Hydraulic issues associated with highway rest area design

= Hydraulic issues associated with bridge structure design.

This manual makes numerous references to the Hydraulic Manual, where additional design
guidance can be found.
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4-2 Project Considerations

Prior to conducting any detailed stormwater runoff calculations, the overall relationship between
the proposed project site and the runoff it will create must be considered. This section provides
guidance regarding what parameters should be reviewed to adequately evaluate the project.

4-2.1 Estimating Stormwater Treatment Areas

Estimates of the area that will be required for stormwater treatment must be developed when the
project layout is first being determined. These estimates of stormwater BMP sizes and areas may
dictate changes to the roadway or other infrastructure design, and support decisions to purchase
additional right-of-way for the project. The following information is required in order to
successfully estimate the approximate area required for stormwater treatment and flow control
facilities:

. The basic requirements for the stormwater facility design

. The general hydrologic characteristics of the project site

= The basic footprint of the proposed roadway or other infrastructure improvement
project.

4-2.2 Local and State Requirements

In most cases, the basic requirements for stormwater facilities described in this manual will be
adequate to meet other state agency and local jurisdiction requirements. Chapter 1-1.5 explains
to what extent a local jurisdiction’s stormwater requirements apply to WSDOT projects. The
first part of any hydrologic analysis involves research to determine if the project is located in an
area where additional requirements prevail. Typically, this can be accomplished by consulting
with WSDOT Region hydraulics or environmental staff. When stricter standards do apply, they
are usually related to unique runoff treatment concerns, a need for flow control under more
extreme storm conditions than is required by this manual, or a need for lower site discharge rates
than are required by this manual. Either case is easily applied to the methods of analysis outlined
in this chapter.

The general hydrologic characteristics of the project site dictate the amount of runoff that will
occur and where stormwater facilities can be placed. Several sources of information will be
useful in determining the information necessary for preliminary runoff analyses. Drainage
patterns and contributing areas can be determined from topographic contour maps generated
from preliminary surveys of the area for the proposed project or from contour maps from a
previous project in the same area. For some projects, adequate information on soil
characteristics can be found in soils surveys published by the Natural Resource Conservation
Service (NRCS).
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4-2.3 Soils

Quite often, additional sources of information are needed to adequately characterize on-site soils,
particularly within existing highway rights-of-way and in other urban areas. The WSDOT
Materials Lab can provide detailed information on soils and shallow ground water characteristics
in conjunction with geotechnical field data collection efforts. Typically, the Lab must be
informed of the need for gathering additional data for drainage analysis purposes early in the
project design phase. This is very important for determining infiltration rates.

4-2.4 Determining Existing Conditions

Information on existing drainage facilities and conveyance system locations can be found in
Hydraulic Reports from previous projects in the same vicinity, or in as-built plans for the
existing roadway. The local jurisdiction may have mapping and/or as-built information for storm
drainage facilities near the WSDOT right-of-way, and may know of other projects in the vicinity
that documented drainage conditions. A site visit will help determine the basic hydrological
characteristics of the proposed project site. Observations made during a field visit will serve to
verify the information obtained through research and will show where that information may have
been deficient. In nearly every instance, the information gained by visiting the site prior to
designing the stormwater facilities will benefit the ensuing design effort.

4-2.5 Mapping Threshold Discharge Areas and Drainage Basin Areas

The final part of determining the site’s hydrologic characteristics is mapping the threshold
discharge areas (TDAs) in western Washington and the Drainage Basin Areas (DBA) in eastern
Washington. A TDA is defined as an on-site area draining to a single natural discharge location
or multiple natural discharge locations that combine within one-quarter mile downstream (as
determined by the shortest flowpath) in western Washington. A DBA is defined as an on-site
area draining to a single natural discharge location in eastern Washington. The purpose of this
definition is to clarify how the thresholds are applied to project sites with multiple discharge
points. All TDAs and DBAs must be verified in the field.

To map a TDA, the designer must have an understanding of drainage basin delineation. A
drainage basin includes all of the area that will contribute runoff to the point of interest. For
example, in Figure 4-1, the designer must quantify offsite flow that discharges to the ditch,
which is the point of interest. To determine the offsite area of land that contributes runoff to the
ditch, topographic contours are needed. Where a contour forms a chevron or the letter “V”
pointing in the direction of increasing elevation, that contour depicts a ridge. Ridges are the
limits of a drainage basin, since precipitation falling on a ridge or peak will flow either to or
away from the point of interest. Connecting the ridges and peaks on the contour map will form
the boundary of the drainage basin.
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roadside ditch

Figure 4-1. TDA mapping example.

In pavement drainage, artificial ridges and peaks are formed by cross slopes and vertical curves.
In Figures 4-2 and 4-3 below, each drainage basin is delineated by the crown of the roadway to
the top of ditch backslope and between each vertical curve crest. If the discharges from both
culverts join within a quarter mile, all four drainage basins would combine to make one TDA, as
indicated in Figure 4-2. If the discharges remain separate for at least a quarter mile downstream
of the project site, drainage basins A1 and A2 combine to make one TDA and drainage basins
A3 and A4 combine to make a second TDA (see Figure 4-2). The new, replaced, and existing
impervious areas must be estimated for each TDA. Minimum requirement thresholds for
western Washington are applied to each TDA. See Chapter 2 for Minimum Requirement

applicability.
e o Y4 mile
\\il
|
\2
Figure 4-2.  Drainage basin areas/threshold discharge areas (plan).
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Section F-F  Roadway Cross-section Section G-G Roadway Profile
Roadway
/ Crown

L Roadside — ) e}

Ditch

Figure 4-3. Drainage basin areas/threshold discharge areas (section and profile).

For eastern Washington, the new, replaced, and existing impervious areas must be estimated for
each DBA. Minimum requirement thresholds for eastern Washington are applied to DBAs. Asa
result, if the project limits were as shown in Figure 4-2 above, the thresholds would be applied to
the cumulative improvements in drainage basins A1 through A4 regardless of whether the
discharges from both culverts join within a quarter mile. The outfalls of basins A2 and A4
would require individual culvert analyses.

4-2.6 Conclusions

Once the basic stormwater requirements are understood and the general hydrologic
characteristics of the site are known, the size of the area necessary for stormwater facilities can
be estimated. This is done by examining the proposed project layout and determining the most
suitable locations to place stormwater management facilities. With one or more such locations
identified, the computation methods described later in this chapter can be applied using site data,
and an estimate of the required stormwater facility area(s) can be calculated. If this preliminary
facility sizing is done early enough in the project design schedule, slight alterations can be made
to the project alignment/footprint, and adequate right-of-way can be purchased without causing
undue cost or delay to the project. A final design of the stormwater facilities will have to be
performed when the project layout is finalized. It is generally desirable to manage stormwater in
multiple small facilities rather than in one or two larger facilities.

The locations of new stormwater outfalls from WSDOT right-of-way should be provided to local
agencies and added to WSDOT’s outfall inventory to facilitate compliance with NPDES and
Highway Runoff Rule (WAC 173-270,

“® http://www.leg.wa.gov/wac/index.cfm?fuseaction=chapterdigest&chapter=173-270)
requirements. For details on how to relay the outfall inventory information, contact a WSDOT
Region hydraulics and/or water quality section representative.

Flow charts are presented below (Figures 4-4 and 4-5) to help the designer navigate through the
requirements of Chapter 4 and hydrologic analysis for typical projects.
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Figure 4-4. Hydrologic analysis flowchart for Western Washington.
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Figure 4-5. Hydrologic analysis flowchart for Eastern Washington.
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4-3 Western Washington Design Criteria

4-3.1 Runoff Treatment Flow-Based and Volume-Based BMPs
4-3.1.1 Flow-Based Runoff Treatment

An approved continuous simulation hydrologic model based on the U.S. Environmental
Protection Agency’s Hydrologic Simulation Program — Fortran (HSPF) is used when designing
runoff treatment BMPs based on flow rate in accordance with WSDOT Minimum Requirement
5. WSDOT prefers that the program MGSFlood be used for designing flow-based runoff
treatment BMPs in WSDOT right-of-way. The design flow rate for these types of facilities is
dependent on whether the treatment facility is located upstream or downstream of a flow control
facility, and whether it is an on-line or off-line facility (see Figure 4-6.).

Sphitter
0 [
h By-pass

r]
Pond Treatment

Pond A

Downstream of Detention Upstream of Detention Facility, Upstream of Detention Facility,
Facility Off-Line On-Line

Treatment

Treatment Pond

Figure 4-6. On-line and off-line examples.

Downstream of Flow Control Facilities

If the runoff treatment facility is located downstream of a stormwater flow control facility, the
full 2-year recurrence interval release rate from the flow control facility, as estimated by an
approved continuous simulation model, is used to design the treatment facility.

Upstream of Flow Control Facilities, Off-Line

The design flow rate for an off-line treatment facility located upstream of a flow control facility
is the flow rate at or below which 91 percent of the runoff volume for the developed TDA will be
treated, based on a 15-minute time step, as estimated by an approved continuous simulation
model (see Figure 4-7). A high-flow bypass (flow splitter) is used to route the incremental flow
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in excess of the treatment design flow rate around the treatment facility. See Chapter 5, Section
5-4.3, for more details on flow splitters. It is assumed that flows from the bypass enter the
conveyance system downstream of the treatment facility but upstream of the flow control
facility. The bold horizontal line on Figure 4-7 is an example that shows the 91 percent runoff
volume flow rate. All flows below that line will be treated, and the incremental portion of flow
above that line will bypass the runoff treatment facility.

Example of 91% Breakpoint Hourly Runoff Rate

0.50
0.45
0.40
0.35
0.30
o.25
0.20
0.15 |
0.10 -
0.05 -

0.00 .-L : : : l1 il | i

4] T 14 21 28 35 42 49 BS 83 TFO V7 B4 91 @8 105
Hours

91% Breakpoint at 0.23 cfs

8% Runoff Volume

[| 97% Runoff Volumg

Hourly Runoff(cfs)

Figure 4-7. Example showing calculation of runoff treatment discharge for off-line
treatment facilities is 0.23cfs.

Upstream of Flow Control Facilities, On-Line

On-line runoff treatment facilities do not include a high-flow bypass for flows in excess of the
runoff treatment design flow rate, and all runoff is routed through the facility. The design flow
rate for these types of on-line treatment facilities is the flow rate at or below which 91 percent of
the runoff volume occurs, based on a 15-minute time step, as estimated by an approved
continuous simulation model, to be in compliance with Minimum Requirement 5. MGSFlood
will determine the hourly runoff treatment design flow rate as the rate corresponding to the
runoff volume that is greater than or equal to 91 percent of the hourly runoff volume entering the
treatment facility. The simulation model automatically generates 15-minute time step flows
based on hourly flows. Because on-line treatment facilities receive greater volumes of inflow
than off-line facilities, the design flow rate corresponding to the 91 percent breakpoint is higher
than for off-line facilities. The higher design flow rate will result in a slightly larger treatment
facility. Figure 4-8 below indicates that the facility will receive all the flow, but will be sized for

only 91 percent runoff volume flow rates minus the red bars in its calculations for the developed
TDA.
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Example of 91% Breakpoint Hourly Runoff Rate
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Figure 4-8. Example showing calculation of runoff treatment discharge for on-line
treatment facilities is 0.28cfs.

4-3.1.2 Volume-Based Runoff Treatment

For the purpose of designing runoff treatment BMPs based on volume (wetpool and infiltration
treatment facilities) in accordance with WSDOT Minimum Requirement 5, the following two
methods can be used to derive the storage volume:

= Wetpool and Infiltration: An approved continuous simulation hydrologic model
based on the EPA’s HSPF can be used. WSDOT prefers that the program
MGSFlood be used. The required storage volume is the 91* percentile, 24-hour
runoff volume based on the long-term runoff record generated in the TDA of
concern as predicted based on a 1-hour time step.

. Wetpool: The Santa Barbara Urban Hydrograph (SBUH) method, which is based
on NRCS curve number equations, can be used to determine the runoff treatment
design storm runoff volume. This is the volume of runoff predicted from the
6-month, 24-hour recurrence interval storm. This design storm is approximated
as 72 percent of the 2-year, 24-hour design storm. WSDOT prefers that the
SBUH-based program StormShed be used for this alternative method to size
volume-based runoff treatment BMPs. The size of the wetpool storage volume is
the same whether located upstream or downstream of a flow control facility, or
whether it is coupled with the flow control facility (e.g., a combination
wet/detention facility).

If runoff from the new impervious surfaces and converted pervious surfaces is not separated
from runoff from other surfaces on the project site, and/or is combined with run-on from areas
outside the right-of-way, volume-based runoff treatment facilities must be sized based on runoff
from the entire drainage area. This is because runoff treatment effectiveness can be greatly
reduced if inflows to the facility are greater than the design flows that the facility was designed
to handle. A high-flow bypass (flow splitter) is used to route the incremental flow in excess of
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the treatment design runoff volume around the treatment facility. See Chapter 5, Section 5-4.3,
for more details on flow splitters. Infiltration facilities must infiltrate 91 percent of the total
runoff volume and draw down within 24 hours (see Section 4-5.5).

Table 4-1 summarizes the flow rates and volumes needed for sizing runoff treatment facilities for

various situations.

Table 4-1. Criteria for sizing runoff treatment facilities in western Washington.

Facility Type

Criteria

Model

Flow-based:
Upstream of flow control
facility (on- & off-line)

Size treatment facility so that 91% of the annual
average runoff will receive treatment at or below
the design loading criteria, under post-developed
conditions for each TDA. If the flow rate is split
upstream of treatment facility, use the off-line
flow rates.

Approved continuous
simulation model using 15
minute time steps

Flow-based:
Downstream of flow
control facility

Size treatment facility using the full 2-year
release rate from the detention facility, under
post-developed conditions for each TDA.

Approved continuous
simulation model using 15
minute time steps

Volume-based
(on- & off-line)

Wetpool: Size treatment facility using the runoff
volume predicted for the 6-month, 24-hour design
storm under post-developed conditions for each
TDA. This design storm is approximated as 72%
of the 2-year, 24-hour design storm or 91*
percentile, 24-hour runoff volume

and
Wetpool and other volume based (infiltration or
filtration): Size the facility to treat 91%° % of the

estimated historic runoff file for the post-
developed conditions.

Single event model (SBUH*)
OR

Approved continuous
simulation model with 1-hour
time steps

* SBUH method is based on NRCS curve number equations.

4-3.2 Flow Control Volume and Flow Duration-Based BMPs

An approved continuous simulation hydrologic model, based on HSPF, is used for designing
flow control Best Management Practices (BMPs) in accordance with WSDOT Minimum
Requirement 6. WSDOT prefers that the program MGSFlood be used for designing flow control
BMPs in WSDOT right-of-way. Stormwater discharges must match developed discharge
durations to pre-developed durations for the range of pre-developed discharge rates from 50
percent of the 2-year peak flow up to the full 50-year peak flow. The 100-year peak flow must
also be checked for flood control and prevention of property damage using the continuous

simulation model.

Infiltration facilities for flow control must be based on post-developed runoff volumes, and must
be designed to infiltrate the entire volume of the 50-year recurrence interval flow and provide an
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overflow or infiltrate 100 percent of the runoff volume with no overflow. Table 4-2 summarizes
the volumes needed for sizing flow control facilities for various situations.

Table 4-2. Criteria for sizing flow control facilities in western Washington.

Facility Type Criteria Model

Detention/combination | Provide storage volume required to match the duration | Continuous simulation model
treatment and detention | of pre-developed peak flows from 50% of the 2-year to | using 1-hour time step
facilities the 50-year flow using a flow restrictor (orifice, weir)
and check the 100-year peak flow for flow control and
property damage.

Infiltration facilities Size facility to infiltrate sufficient volumes so that the | Continuous simulation model
overflow matches the Duration Standard or infiltrate using 1-hour time steps
100% of the runoff volume

4-3.3 Temporary Construction Site Erosion and Sediment Control

Conveyance channels on construction sites should be designed to be stable for the peak flow rate
predicted for at least a 2-year storm using a single event model or the 15-minute, 2-year flow rate
predicted by MGSFlood. The surface area for sediment traps and ponds is determined by using
the same flow rate. See Chapter 6 for Temporary Erosion and Sediment Control BMPs. The
designer should consult the Headquarters Environmental Services Office or Region hydraulics
staff to determine if the downstream condition warrants a higher level of protection than the
2-year event. The 10-year event should be used if the project is expected to be under
construction for several seasons.

4-3.4 Exemptions for Flow Control

WSDOT has developed a standardized process to help the designer produce an acceptable
hydraulic analysis for determining flow control exemptions. The process helps the designer
determine how extensive an analysis needs to be for a particular project. See Chapter 2 for a
process that has been established for lakes and some river systems. See Minimum Requirement
6, Chapter 2, for further details on exemptions, flow dispersion, and flow control thresholds.

4-3.5 Hydrologic Analysis Methods for Desighing BMPs in Western
Washington: HSPF versus SBUH

This section provides a brief description and in-depth discussion of the methodologies used for
calculating stormwater runoff from a project site. It includes a discussion of estimating
stormwater runoff with continuous simulation models versus single event models such as SBUH.

The HSPF model is a U.S. EPA program for simulation of watershed hydrology and water
quality for both conventional and toxic organic pollutants. The HSPF model uses information
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such as the time history of rainfall, temperature and solar radiation, land surface characteristics
such as land use patterns; and land management practices to simulate the hydrologic processes
that occur in a watershed. The result of this simulation is a time history of the quantity and
quality of runoff from an urban, forested, or agricultural watershed. Flow rate, sediment load,
and nutrient and pesticide concentrations can be predicted.

Unlike intensity-duration models, which are sensitive to the peak rainfall intensity, the SBUH
method models runoff by analyzing a given time period of rainfall to generate a hydrograph that
is sensitive to variations in the rainfall preceding and following the peak. It was specifically
developed to model runoff from urbanized areas that have mostly impervious land usage.

4-3.5.1 Hydrologic Analysis for Runoff Treatment

A calibrated, approved continuous simulation hydrologic model based on HSPF is used when
designing a flow rate based runoff treatment BMP. This is because single-event models, such as
SBUH, tend to underestimate the time of concentration and the peak flow rate occurs too early.
This affects treatment BMPs that are designed to achieve a specified flow residence time (the
resultant designs are more conservative). Calculation of the flow residence time is sensitive to
the shape of the inflow hydrograph. The inflow hydrograph is also of fundamental importance
when designing an infiltration or filtration BMP, as these BMPs are sized based on a routing of
the inflow hydrograph through the BMP.

When designing a volume-based runoff treatment BMP, a calibrated, approved continuous
simulation hydrologic model based on HSPF may be used. Note that for BMPs that maintain
“permanent pools” (e.g., wet ponds) none of the above concerns apply, since the permanent pool
volume is adequately predicted by SBUH.

4-3.5.2 Hydrologic Analysis for Flow Control

Because of single event hydrologic model limitations, an approved continuous simulation model,
rather than a single event model such as SBUH, should be used to design flow control BMPs for
WSDOT projects in western Washington. While SBUH may give acceptable estimates of total
runoff volumes, it tends to overestimate peak flow rates from pervious areas, because it cannot
adequately model subsurface flow (which is a dominant flow regime for pre-development
conditions in western Washington basins). One reason SBUH overestimates the peak flow rate
for a pervious area is that the actual time of concentration is typically greater than what is
assumed. Better flow estimates could be made if a longer time of concentration were used. This
would change both the peak flow rate (i.e., it would be lower) and the shape of the hydrograph
(i.e., peak occurs somewhat later) and the hydrograph would better reflect actual pre-developed
conditions.

Another reason that SBUH overestimates the peak rates of runoff from undeveloped land is the
curve numbers (CN) presented for single-event modeling in the 1995 WSDOT Highway Runoff

Manual. These curve numbers were developed by the U.S. Natural Resources Conservation
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Service (NRCS), formerly the Soil Conservation Service (SCS), and published as the Western
Washington Supplemental Curve Numbers. These CN values are typically higher than the
standard CN values published in NRCS Technical Release 55 (1986). In 1995, the NRCS
recalled the use of the western Washington CNs for floodplain management and found that the
standard CNs better describe the hydrologic conditions for rainfall events in western
Washington. However, based on runoff comparisons with the King County Runoff Time Series
(KCRTS), which is a continuous simulation model, better estimates of runoff are obtained when
using the western Washington CNs for developed pervious areas such as parks, lawns, and other
landscaped areas. Consequently, the CNs in this manual are changed to those in the NRCS
Technical Release 55, except for the open spaces category for the developed areas, which include
lawns, parks, golf courses, cemeteries, and landscaped areas. For these areas, the western
Washington CNs are used. (These changes are intended to provide better runoff estimates using
the SBUH method. See Appendix 4B for CN values.)

When the SBUH is used to estimate runoff rates in a 24-hour storm event, it is not capable of
simulating soil moisture characteristics that have a significant impact on generation of runoff.
Sizing of stormwater BMPs based on 24-hour storms does not reflect the effects of longer-term
storms in western Washington. The use of a longer-term (e.g. 3- or 7-day) storm is perhaps
better suited for western Washington, and could better capture the hydrologic effect of back-to-
back storm events.

HSPF is a continuous simulation model capable of simulating a wider range of hydrologic
responses than the single event models such as SBUH. For use in western Washington, WSDOT
has developed the continuous simulation hydrologic model MGSFlood, based on HSPF.
MGSFlood uses multi-year inputs of hourly precipitation and evaporation to compute a multi-
year time series of runoff from the site. Use of precipitation input that is representative of the
site under consideration is critical for the accurate computation of runoff and the design of
stormwater facilities. Precipitation and evaporation time series have been assembled for most
areas of western Washington and are stored in a database file accessed by the program.

Default HSPF model parameters that define rainfall interception, infiltration, and movement of
moisture through the soil are based on work by the USGS and King County and have been
included in MGSFlood. Pervious areas have been grouped into three land cover categories:
forest, pasture, and lawn; and three soil/geologic categories: till, outwash, and saturated/wetland
soil, for a total of seven cover/soil type combinations as shown in Table 4-3. The combinations
of soil type and land cover are called pervious land segments, or PERLNDS, in HSPF. Default
runoff parameters for each PERLND are loaded automatically by the program for each project
and should not be changed. If the user changes these values, the changed values are noted in the
project documentation report. If a basin or watershed has been calibrated, those PERLNDS
values can be used, since they are site specific.
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Table 4-3. Pervious land soil type/cover combinations used with HSPF model parameters.

Pervious Land Soil Type/Cover Combinations
1. Till/Forest

2. Till/Pasture

3. Till/Lawn

4. Outwash/Forest

5. Outwash/Pasture

6. Outwash/Lawn

7. Saturated Soil/All Cover Groups

4-3.6 Hydrologic Analysis Methods for Flow Control and Runoff
Treatment Facility Design

This section presents a detailed discussion of the parameters necessary to design a stormwater
flow control facility using an approved continuous simulation model.

4-3.6.1 Continuous Simulation Method

WSDOT’s continuous simulation hydrologic model MGSFlood (see Section 4-3.5.2) uses the
HSPF routines for computing runoff from rainfall on pervious and impervious land areas.
Specifically, the program is intended to size stormwater detention and infiltration ponds, as well
as calculate runoff treatment flow rates and volumes, to meet the requirements of the
Washington State Department of Ecology Stormwater Management Manual for Western
Washington (Ecology 2001. It should not be used for conveyance design unless the conveyance
system is downstream of a stormwater pond. See Appendix 4A for a weblink to a detailed
example of this modeling approach and for information on how to obtain a copy of the public
domain program.

MGSFlood does not include routines for simulating the accumulation and melt of snow, and its
use should be limited to lowland areas where snow melt is typically not a major contributor to
floods or to the annual runoff volume. In general, these conditions correspond to an elevation
below approximately 1500 feet. MGSFlood can be used to model TDAs up to 320 acres (about
one-half square mile). If a TDA falls outside of the modeling guidance above, contact Region or
Headquarters hydraulics staff for assistance.

Several factors must be considered in the design of a stormwater flow control facility. Based on
the proposed project improvements, watershed and TDA can be determined, and precipitation
and runoff parameters can be applied to them. The continuous simulation model uses this
information to simulate the hydrologic conditions at the site and estimate runoff. The flow
control facility is then sized to detain the runoff in a way that closely mimics the runoff from the
pre-developed site conditions. The designer must then verify that the flow control performance
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is in accordance with Minimum Requirement 6. Key elements of continuous simulation
modeling are presented below.

Precipitation Input

Two methods of transposing precipitation timeseries are available in the continuous simulation
model: Extended Precipitation Timeseries Selection and Precipitation Station Selection.

Extended Precipitation Timeseries Selection

Extended Precipitation Timeseries uses a family of pre-scaled precipitation and evaporation
timeseries. These timeseries were developed by combining and scaling precipitation records
from widely separated stations, resulting in record lengths in excess of 100 years. Extended
hourly precipitation and evaporation timeseries have been developed using this method for most
of the lowland areas of western Washington where WSDOT projects are constructed. These
timeseries should be used for stormwater facility design for project areas with a mean annual
precipitation ranging from 32 inches to 60 inches and located in the region shown in Figure 4-9.

Puget East

Puget West %

e,

Vancouver

Figure 4-9. Extended precipitation timeseries regions.

Precipitation Station Selection

For project sites located outside the extended timeseries region, a second precipitation scaling
method is used. A source gage is selected and a single scaling factor is applied to transpose the
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hourly record from the source gage to the site of interest (target site). The current approach for
single factor scaling, as recommended in the Department of Ecology Stormwater Management
Manual for Western Washington (Ecology 2001), is to compute the scaling factor as the ratio of
the 25-year 24-hour precipitation for the target and source sites. Contact Region or Headquarters
hydraulics staff if assistance is needed in selecting the appropriate gage. For projects in Island
County, use the Everett gage. Updating areas with the extended precipitation timeseries will be
done eventually for all of western Washington based on available funding.

Watershed and Drainage TDA Characteristics

To facilitate rainfall-runoff modeling, project area drainage must be defined in terms of TDAs.
Land cover and soil type can vary within a TDA; the continuous simulation model simulates the
rainfall-runoff for each land cover/soil type combination separately. Nodes can be used to
collect runoff from the tributary area for a given TDA and from the nodes of upstream TDAs.
There is no attenuation of flow from TDA to TDA, as the hydrographs from the TDA are
translated directly to the receiving node without hydraulic routing.

The hydroperiod of existing wetlands within a TDA should be evaluated to determine if they are
likely to be impacted by project runoff. This will make a difference when modeling for flow
control. Please contact Region or Headquarters hydraulics staff for additional guidance.

Predevelopment Land Cover

The first consideration when modeling project site runoff for flow control BMP sizing is the
amount of pervious cover versus impervious surface in the overall basin. The hydrologic
analysis for flow control to protect a receiving water is based on mitigating floods and erosion.

It is relevant for projects where: 1) no flow control exemptions exist; 2) no approved basin plans
exist that address hydrologic modeling input parameters for stormwater system design; 3) the site
cannot reliably infiltrate all its runoff; or 4) the existing site condition is not forested. In these
cases, use the existing project area land cover condition as the pre-developed condition.1. If a
project will revert any of the existing impervious surface back to a pervious condition, that
portion of existing impervious surface can be modeled as grass at this time. Please refer to
Appendix 5A for procedures.

Separation of On-site and Off-site Flow

The following guidance applies primarily to meeting flow control requirements and does not
generally apply to meeting runoff treatment requirements unless otherwise noted:

On-site flows can be classified as mitigated and non-mitigated areas. For the purpose of
discussing the requirement to separate on-site and off-site flows in this section, a mitigated area
is that area representing the new or replaced impervious surface that will receive flow control.

' The assumption being that the existing ratio of impervious surface area overwhelms any geomorphic benefit
provided by applying a more stringent flow standard.

jr /01-02047-007 chapter 4 word2000.doc

Highway Runoff Manual Page 4-17
March 2004



Chapter 4—Hydrologic Analysis

The non-mitigated area is that area representing the existing on-site impervious surface or any
off-site inflow area that will not receive flow control. If the existing on-site impervious surface
or any off-site inflow area is greater than 50 percent of the mitigated area, runoff from these
areas must bypass the flow control facility. However, three on-site options and one off-site
option can be evaluated to avoid bypass systems.

1. On-site, equivalent area option. The first option is to regulate the discharge of
flows of the mitigated area based on equivalent area, as detailed below. This
option provides flow control for the area requiring stormwater mitigation. As
exemplified in Figure 4-10, the flow control facility would be sized just for those
10 acres. Using the equivalent area, runoff from existing impervious areas and
new impervious areas would be routed to the facility so that 10 acres within the
same TDA drains to the facility. This concept can also be applied to meeting the
minimum requirement forrunoff treatment.

Existing imper New 10 ac.
) i ious lane = 10 mitigated isti
impervious lane 1g | 16 ac. existing and
ac.vious equivalent new 1mpervious
area non-mitigated area
—>
10 ac. x 50% =5 ac. %_‘\
16 ac. is greater than 5 ac. Flow control facility

thus, bypass 1 ac. or apply equivalent area

Figure 4-10. Equivalent area option.

2. On-site, full area option. The second option will use a detention pond with an
orifice and riser release structure to represent the flow control facility for
illustrative purposes. Other types of facilities can also be designed to meet flow
control requirements for this scenario.

The intent of this option is to size the detention facility for the mitigated area, but
have both the mitigated and non-mitigated areas flow to the facility (see Figure
4-11). The detention facility and the outlet release structure should initially be
sized using the drainage area for which flow control is required. A second
modeling exercise is then conducted that routes flow from the mitigated area plus
any additional existing impervious surface area (for which mitigation in not
required) through the previously designed pond and outlet structure. Verify that
the required criteria are still being met for the mitigated area, and that the facility
does not overflow.

If the flow can pass through the outlet structure without overtopping the pond
(i.e., engaging the emergency overflow in one of the embankments), it is a
successful design. If some portion of the runoff file causes the pond to overtop,
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then the design is inadequate. There are two logical options: 1) increase the
distance between the top of the riser and the emergency overflow by raising the
height of the overflow, and thus the entire embankment; or 2) redesign the outlet
structure. If option 2 is chosen, the most obvious change is to increase the
diameter of the riser (while keeping the orifices the same) so that the higher flows
can be discharged. However, the designer has to demonstrate that the new outlet
structure design could meet the flow control duration requirement if the pond
were only serving the mitigated area (i.e., the initial design condition). This
option would provide flow control for all of the impervious surface draining to the
stormwater facility, but the duration standards would be applied only to the
mitigated area, even though there will be higher flows passing through the
facility. This option does not meet a retrofit standard and is applicable for flow
control facilities only.

Existing impervious 16:ac. non-mitigated-area

2-lane = 16 ac.

' 4

New impervious lane = 10 ac

10 ac. mitigated area

Flow control facility ﬂl:K

3. On-site, bypass area option. Sometimes there may be instances when some of
the area that must meet the flow control requirement cannot be separated from
area that does not have to meet the requirement, the following bypass option, as
depicted in Figure 4-12, provides a way to meet the overall intent of the flow
control requirement for the total area that must be mitigated.

Figure 4-11. Full area option.

. Bypass: For this scenario, it is not possible to collect and convey a portion
of the mitigated area to a stormwater facility. In this case, runoff from a
portion of the area that must be mitigated may bypass the facility,
provided that all of the following conditions are met. This criteria applies
only to that portion of the area that must be mitigated but which is
bypassed. See Appendix 4A for a weblink to an example that explains
how a bypass area can be modeled using MGSFlood.

O Runoff from both the bypass area and the facility converges within
a quarter-mile downstream of the project site discharge point.

O The facility is designed to compensate for the uncontrolled bypass
area, so that the net effect at the point of compliance downstream
is the same with or without bypass.
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O The 100-year developed peak flow rate from the bypass area will
not exceed 0.4 cfs.
O Runoff from the bypass area will not create a significant adverse
impact to downstream drainage systems or properties.
O Runoff treatment requirements applicable to the bypass area are
met.
Non-mitigated area = 14 Non-mitigated area
—>
q
—® Mitigated area = 10 ac. Mitigated area & Bypassarea
_7

Flow control facility

Y4 mile downstream

Figure 4-12. Bypass area option.

4. Off-site inflow area option Modeling guidelines are generally intended to avoid
the mixing off-site inflow with on-site runoff that flows through a flow control
facility. However, when it is not practical to separate off-site and on-site flows,
the following option will account for the additional off-site inflow in a way that
meets the overall intent of mitigating the effects of increased runoff generated
from the project site.

Control of off-site inflow: With this option, flow control is provided for
runoff from an upslope area outside the project limits, if the existing
100-year peak flow rate from the off-site inflow area is less than 50
percent of the 100-year peak flow rate of the on-site mitigated area (for
post-developed conditions, without flow control) for the TDA. The
control of off-site runoff must be designed to achieve the following:

O

Any existing contribution of flows to a wetland must be
maintained.

Off-site flows that are naturally attenuated by the TDA under pre-
developed conditions should remain attenuated, either by natural
means or by implementing additional on-site flow control
measures, so that peak flows do not increase.
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Offsite area,
Offsite arca = bypass

20 ac.

" Non-mitigated area, bypass
Non-mitigated area = 16ac J

Mitigated area
Mitigated area = 10ac bypass

10 ac. x 50% =5 ac.
20 ac. is greater than S ac.
thus, bypass 20 ac. offsite

Flow control facility

% mile downstream

Figure 4-13. Off-site area option.

Hydrologic Soil Groups

For each TDA, land use is defined in units of acres for pre-developed and developed conditions.
Soils at the project site must be classified into one of three default categories for use in the
continuous simulation model. These soils categories are: till, outwash, or saturated soil, as
defined by the USGS. Mapping of soil types by the Soil Conservation Service (SCS, now the
Natural Resource Conservation Service (NRCS)) is the most common source of soil/geologic
information used in hydrologic analyses for stormwater facility design. Each soil type defined
by the NRCS has been classified into one of four hydrologic soil groups: A, B, C, and D. As s
common in hydrologic modeling in western Washington, the soil groups used in the continuous
simulation model generally correspond to the NRCS hydrologic soil groups as shown in

Table 4-4.

Table 4-4. Relationship between NRCS hydrologic soil group and HSPF soil group.

NRCS Group HSPF Group
A Outwash
B Till or Outwash
C Till
D Wetland

NRCS Type B soils can be classified as either glacial till or outwash, depending on the type of
soil under consideration. Type B soils underlain by glacial till or bedrock, or that have a
seasonally high water table, are classified as till. Conversely, well-drained B type soils should be
classified as outwash. It is very important to work with the WSDOT Materials Lab, or a licensed
geotechnical engineer, to make sure the soil properties and near-surface hydrogeology of the site
are well understood, since they are significant factors in the final modeling results. Appendix 4B
contains some soils classification information for preliminary work.
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Wetland soils remain saturated throughout much of the year. The hydrologic response from
wetlands is variable, depending on the underlying geology, the proximity of the wetland to the
regional ground water table, and the bathymetry of the wetland. Generally, wetlands provide
some baseflow to streams in the summer months, and attenuate storm flows via temporary
storage and slow release in the winter. Special design consideration must be taken into account
when including wetlands in continuous simulation runoff modeling.

Modeling Best Management Practices (BMPs)

Modeling approaches are being developed through a “credit committee” led by the Department
of Ecology. The proposed modeling credits are based on work that King County and Pierce
County have submitted, as well as best engineering judgment. There has been some discussion
that boundary limitations for land use should be set and not modeling approaches; this is
currently being researched at WSU. The modeling credits would still be for the structural
BMPs, until they are incorporated in models.

Flow control BMP design focuses on infiltrating, dispersing, and, as a last resort, detaining and
discharging stormwater. In contrast to conventional BMPs that receive runoff at one location on
the site, Low Impact Development (LID) BMP applications manage stormwater in small-scale,
dispersed facilities located as close to the source of the runoff as possible. Due to the many
different factors affecting both stormwater runoff treatment and flow control, there is no one
technique that will work in all situations. The following is a list of modeling strategies that must
be considered when modeling BMPs.

1. General Modeling Guidelines: In determining the appropriate modeling
approach, it is important to understand how stormwater infiltration, dispersion,
and runoff occurred historically on the site. The site analysis (see Section 4-2)
provides information on how the site and the surrounding areas currently process
stormwater, and how they processed stormwater before any land use changes had
altered them. This information should aid the designer in determining the best
site layout and deciding on appropriate BMPs that will either maintain or restore
this natural pre-developed stormwater process. Use the following items from the
site analysis to determine appropriate site layouts and BMPs:

. Location and quantity of off-site drainage entering and on-site drainage
leaving the site, if any.

. Slopes throughout the site.

= Locations of existing mature vegetation (trees and shrubs) that retain intact
upper soil profiles for stormwater processing.

= Small depressions on site that retain stormwater runoff.

= Depths and conditions of the upper soil profile (the A and B horizons,
along with the identification of the lower soils).
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2. Modeling and Sizing in Western Washington: Modeling and sizing of multiple
BMPs with a readily available continuous simulation model is not possible at this
time. In order to incorporate LID BMPs into the MGSFlood model, two tables
have been created to spell out modeling credits that can be assumed. Table 4-5
lists modeling credits that can be assumed for site land uses in either outwash or
till soils, where natural dispersion can be taken advantage of or where native
vegetation can be reestablished by landscaping. Outwash soils would represent
soils in Hydrological Soil Group A, and some uncompacted soils in Hydrological
Soil Group B. Till soils would represent some compacted soils in Hydrological
Soil Groups B and soils in Hydrological Soil Groups C and D.

Table 4-5.  Flow control modeling credit based on land use.

BMP Type Assume TDA is composed of the following

LAND USE OUTWASH SOIL TILL SOIL
Reversion of impervious surface * 100% Pasture 100% Grass
Landscaped with amended soils® 25% Impervious, 75% Pasture 50% Impervious, 50% Pasture
Porous pavement * 100% Grass 100% Grass
Porous concrete sidewalk 50% Impervious, 50% pasture 50% Impervious, 50% Grass
Reverse slope sidewalk 25% Impervious; 75% Pasture 25% Impervious, 75% Grass

* See Appendix 5A for design guidelines and additional modeling credits.

Table 4-6 lists modeling credits procedures for specific LID systems in the form of modifications
to model input parameters for threshold discharge area (TDA) characteristics. Adjusting the
TDA characteristics takes into account the water loss and avoids over-designing the flow control
facility. Once MGSFlood has the routine for multiple BMP systems, Table 4-6 will be
eliminated and the BMPs will be analyzed in series.

Table 4-6.  Flow control modeling credit for the interim.
BMP Type Assume Following Process for the Interim
STRUCTURAL OUTWASH SOIL TILL SOIL

Biofiltration swale °

Consultation with Dept. of Ecology

Consultation with Dept. of Ecology

Vegetated Filter Strip b

Consultation with Dept. of Ecology

Consultation with Dept. of Ecology

Compost-Amended Vegetated Filter Strip b

Consultation with Dept. of Ecology

Consultation with Dept. of Ecology

Bioinfiltration swale *

WWHM

WWHM

Ecology Embankment * WWHM WWHM
Infiltration trench * WWHM WWHM
Drywells * WWHM WWHM

® Consultation with DOE will be after the designer has completed the EEF (Engineering and Economic Feasibility check list),

contact the regional hydraulic office for assistance.

* These BMPs can be modeled using the WWHM, please contact regional hydraulic office first to attain assistance

from DOE.
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For sites with multiple types of BMPs, soil types, and/or land covers, modeling must incorporate
multiple TDAs. Alternatively, a weighted average of the modeling credits can be calculated for
the combination of BMPs. The designer should note that these credits are for flow control only,
and must model the post-project conditions in order to determine the appropriate runoff
treatment volume. Once this is complete, the designer can then apply these modeling credits to
land use to determine the appropriate flow control volume.

Runoff Timeseries Generation

Precipitation and evaporation for the selected climate region are used in the model, and runoff is
computed for pre-development and post-development conditions. The continuous simulation
model stores this information as a runoff timeseries. The computed runoff timeseries are not
saved for each project when using MGSFlood. Thus, the runoff must be recomputed before
performing any BMP design iterations, to ensure that the direct access file is up-to-date and to
contain runoff for the project currently under consideration.

Runoff computations are performed on a water year basis; that is, they begin on October 1 and
end on September 30. This is because the soils are typically driest at the beginning of fall and a
single set of antecedent conditions can be used for all regions of western Washington. A time
period shorter than the full record can be used for runoff computations; however, the full period
of record should be used in facility design to provide the most accurate flow computations.

Flow Control Facility Design

Flow control facility design can be completed in one of two ways: by defining the pond
hydraulics in the Pond Hydraulic Routing Table, or by using an optimization routine available in
a proprietary version of MGSFlood.

Pond Design Using Routing Table

Routing is performed using the information entered in the Hydraulic Routing Table. Information
can be keyed into the table or copied from a spreadsheet and pasted using the Windows clipboard
function. Elevation is the water surface elevation in the pond, Area is the pond surface area
(acres), Volume is the pond volume (acre-feet), Discharge is the pond discharge (cfs), and Infilt
is the infiltration rate (cfs) through the pond bottom. Eventually, the model will be modified to
account for infiltration through the pond side slopes as well, and this same infiltration rate will
apply to those slopes. Water infiltrated through the pond bottom does not contribute to the
computed pond outflow. See Appendix 4A for a weblink to example problems that will provide
suggestions in manipulating the design to achieve matching pre-developed and post-developed
durations.

Pond Design Using Optimization

The proprietary version of MGSFlood includes routines for computing pond hydraulics and
automatically sizing detention pond and outlet works to meet the duration-based flow control
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standard (see Table 4-2). Designing stormwater ponds to this standard is a laborious, iterative
process, whereby the runoff timeseries (typically 40-years or more) is routed through the pond,
and flow-duration statistics are computed and compared with pre-developed flow-duration
statistics. The automatic pond sizing routine in MGSFlood performs this pond design procedure.

The automatic pond sizing optimization routine in the MGSFlood Hydraulic Structures add-in
module will determine the pond size and outlet configuration for three pond types: (1) a
detention pond with no infiltration; (2) a detention pond with minor infiltration; and (3) an
infiltration pond. The characteristics of these pond types are listed in Table 4-7.

Table 4-7. Characteristics of detention and infiltration ponds sized using MGSFlood
optimization routine.

Characteristic Detention Pond Infiltration Pond
Pond Configuration Riser Structure with Low Level Circular Orifice Overflow Riser Only
and Vertical Rectangular Upper Orifice
Valid Infiltration Rates 0.00 — 0.10 inches/hour 0.05-50 inches/hour
Optimization Levels Quick or Full Quick Only

Two levels of optimization are available for detention pond sizing: Quick Optimization and Full
Optimization. Quick Optimization determines a “ballpark”™ solution in a relatively short time
(usually less than one minute). Full Optimization does an exhaustive search of potential
solutions, seeking a configuration for a minimum pond size required to meet the flow duration
standard. The full optimization routine usually converges on a solution in less than ten minutes
(depending on the speed and memory of the computer).

The pond sizing optimization routine uses general input about the pond geometry including:

= Pond length to width ratio.
. Pond side slope.

. Pond floor elevation.

- Riser crest elevation.

. Pond infiltration rate.

The pond sizing routine uses this information to establish the geometric relationships for the
pond configuration. The program establishes a parameter space of possible solutions by varying
the pond bottom area, and sizes and elevations of hydraulic devices for the outlet structure. The
program then routes the developed runoff timeseries through the pond and seeks to find a
solution that provides the minimum pond size to meet the discharge flow duration requirements.

Once the optimization has determined a pond size, it is still possible to go back to the first tab
under Pond/Vault Geometry and manually manipulate the pond size under the Prismatic Pond
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Geometry or the Elevation Volume Table for irregularly shaped ponds (i.e., underground
detention tanks).

The standard outlet configuration used for detention ponds consists of a circular low-level orifice
and a vertical rectangular orifice (slot). If a different outlet configuration is desired, the volume-
discharge characteristics of the desired configuration can be set to match the volume-discharge
characteristics returned by the program for the orifice/slot weir configuration. The low-level
circular orifice is assumed to be free of tailwater effects. If tailwater conditions are present, first
use the optimization routine to determine the pond configuration without consideration of
tailwater. Then include the tailwater rating table and manually adjust the pond configuration to
meet the flow duration design criteria.

There are a wide variety of combinations of hydraulic devices, device sizes and invert heights,
and pond configurations that can be used to match the flow duration standard. However, it is
difficult to find a pond configuration that minimizes the pond volume and meets the duration
standard using a manual trial and error approach. The automatic pond sizing routine searches the
parameter space of possible solutions and seeks to find the minimum pond size to meet the flow
duration standard.

In some situations, usually when there are “outliers” in the precipitation data, or precipitation
data of poor quality are used, the pond design may not meet all design criteria. In these cases,
the pond design determined by the MGSFlood program is returned to the Hydraulic Structures
and Pond/Vault Geometry tabs for manual refinement. The user can make modifications to the
design and flows can be routed through the pond using manual mode.

Flow Frequency and Duration Statistics Check

To analyze a stormwater pond’s effectiveness at reducing post-development flows to pre-
developed levels, flows are first routed through the pond. Statistics can be computed and graphs
created to show the performance graphically. Pond performance can be assessed by comparing
the flow frequency and duration statistics for the pond outflow with the statistics computed for
the pre-developed condition. The designer must also check the 100-year peak flow for flood
control and property damage. The designer should review the history file and verify that the
post-developed 100-year peak is less than the pre-developed 100-year peak flow. If the post-
developed peak flow is not less than the pre-developed 100-year peak flow, the designer should
field verify that property damage will be prevented.

4-4 Eastern Washington Design Criteria

This section provides a discussion of the methodologies used for calculating stormwater runoff
from project sites in eastern Washington. It includes a discussion of estimating stormwater
runoff with single event models, such as the SCS unit hydrograph method, and more information
on the eastern Washington design storm events (see Appendix 4D).
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The suggested hydrologic analysis method for most WSDOT project sites in eastern Washington
is either the SCS or SBUH method. The input required for a single event hydrograph method
includes pervious and impervious drainage basin areas, times of concentration, pervious and
impervious curve numbers, design storm precipitation, and a design storm hyetograph. An
approved single event model, such as StormShed, should be used for calculating runoff
characteristics. Single-event models are explained in more detail in Section 4-4.6. Runoff curve
numbers and the precipitation data differ considerably in eastern and western Washington (see

Appendix 4-B).

Note: The concept of Threshold Discharge Areas is not applicable for
Eastern Washington. Instead basins are referred to as Drainage Basin Areas
(DBA).

After the existing and post-developed hydrographs are computed for the project site, the results
are routed through a level-pool reservoir. The level-pool reservoir is a model of either a
detention or an infiltration facility. If a detention facility is proposed, the design includes a flow
control structure consisting of one or more orifices in a riser or baffle wall that slowly release the
outflows. If an infiltration facility is proposed, the model input includes the infiltration
pond/trench area, design infiltration rate, and outlet control facility parameters (if only a portion
of the design storm hydrographs will infiltrate and some flow will be released to a surface
conveyance system). The level pool routing method is used to optimize the size of the facility
with the space and depth available and meet the design criteria from Minimum Requirement 6
(Chapter 2).

4-4.1 Runoff Treatment Flow-Based and Volume-Based BMPs

Runoff treatment BMPs are used to treat the stormwater runoff from pollutant generating
surfaces, and should be designed in accordance with Minimum Requirement 5. Some treatment
BMPs are sized based on a flow rate, while others are sized based on a volume of runoff. For
example, a bioswale or proprietary filtration BMP is sized based on flow rate, whereas an
infiltration pond is sized based on runoff volume. Sizing is dependant on flow rates or volumes
as detailed in the following sections. The criteria for sizing runoff treatment facilities in eastern
Washington are summarized in Table 4-8 below.

4-4.1.1 Flow-Based Runoff Treatment

The design flow rate for these types of facilities is dependent on whether the treatment facility is
located upstream of a flow control facility and whether it is an on-/ine or off-line facility (see
Section 4-3.1.1 for examples). Most treatment facilities can be designed as “on-line” systems,
with flows greater than the runoff treatment design flow rate simply passing through the facility
as overflow, with lesser or no pollutant removal. However, it is sometimes desirable to restrict
flows to treatment facilities and bypass the remaining higher flows around them. These are
called “off-line” systems.
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Table 4-8. Criteria for sizing runoff treatment facilities in eastern Washington.

Facility Type Criteria Model
Volume-based Size facility using the runoff volume Single event model
predicted for the 6-month, 24-hour event (SCS or SBUH)

under post-developed conditions for each
drainage basin area.

Regional Storm (Climatic Regions
1 —4) or Type 1A Storm (Regions
2 and 3)

Flow-based:
facility located upstream of
detention/retention facility

Size facility using the peak flow rate
predicted for the 6-month, short duration
storm under post-developed conditions for
each drainage basin area.

Single event model
(SCS or SBUH)
Short duration storm

Flow-based:
facility is located downstream
of detention facility

Size facility using the full 2-year release rate
from the detention facility, under post-
developed conditions for each drainage basin
area.

Single event model
(SCS or SBUH)
Short duration storm

or Regional Storm (Climatic
Regions 1 —4) or Type 1A Storm
(Regions 2 and 3), which ever
produces the greatest flow.

4-4.1.2 Volume-Based Runoff Treatment

Runoff treatment facilities are designed based on volumes and must be sized for the entire flow
volume that is directed to them. The following method can be used to derive the storage volume

. Wetpool and Infiltration: The NRCS curve number equations (see the section
titled Curve Numbers in Section 4-4.6.2) can be used to determine the runoff
treatment design storm runoff volume. This is the volume of runoff from the
storm noted in Table 4-8, above. WSDOT prefers that StormShed, a SBUH-
based program, be used for this method to size volume based runoff treatment
BMPs. The size of the wetpool or infiltration storage volume is the same whether
located upstream or downstream of a flow control facility, or whether it is coupled
with the flow control facility (e.g., a combination wet/detention facility).

If the runoff from the new impervious surfaces and converted pervious surfaces is not separated
from runoff from other surfaces on the project site, and/or is combined with run-on from areas
outside the right-of-way, the runoff treatment facilities must be sized for the entire flow volume
that is directed to them. Infiltration facilities must infiltrate 6-month 24-hour total runoff volume
and draw down within 24 hours as stated in Section 4-5.5.

4-4.2 Flow Control BMPs

An approved single-event model must be used when designing flow control Best Management
Practices (BMPs) in accordance with Minimum Requirement 6. WSDOT prefers that
StormShed be used for designing flow control BMPs in WSDOT right-of-way. Stormwater
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discharges must match developed peak flows to pre-developed peak flows for the range of
pre-developed discharge rates noted in Table 4-9, below.

Table 4-9. Criteria for sizing flow control facilities in eastern Washington.

Facility Type Criteria Model
Detention/combination | Provide storage volume required to match /2 of | Single Event Model
treatment and detention | the 2-year pre-developed peak flow rate and (SCS or SBUH)
facilities match the pre-developed 25-year peak flow rate, Regional Storm (Climatic Regions
and check the 100-year peak flow for flood | —4) or Type 1A Storm (Regions
control and property damage. 2 and 3)
Infiltration facilities Size facility to infiltrate the entire volume of the | Single Event Model
25-year storm with an overflow or infiltrate (SCS or SBUH)
100% of the storm runoff volume. Regional Storm (Climatic Regions
1 —4) or Type 1A Storm (Regions
2 and 3)

Infiltration facilities for flow control must be designed based on post-developed runoff volumes,
and should be designed to infiltrate the entire volume of the criteria noted below. If full
infiltration is not possible, all surface discharges must match the flow control standard in Table
4-9.

4-4.3 Temporary Construction Site Erosion and Sediment Control

Design volumes or peak flows for erosion and sediment control BMPs at construction sites (e.g.,
conveyance channels, sediment ponds, and settling basins) are based on the 2-year recurrence
interval storm hydrograph calculated using a single event model. The 10-year event should be
used if the project is expected to be under construction for several seasons or if the downstream
condition warrants a higher level of protection. Time of year for construction is an important
factor in eastern Washington. See Region hydraulic staff and the Hydraulics Manual for
methods of analysis that account for freezing conditions and snowmelt.

4-4.4 Exemptions for Flow Control

WSDOT has developed a standardized process to aid the designer in producing an acceptable
hydraulic analysis for determining flow control exemptions. The process will help the designer
determine how extensive an analysis must be for a particular project. See Chapter 2 for a process
that has been established for lakes and some river systems. Please refer to Chapter 2, Minimum
Requirement 6, for further details on exemptions, flow dispersion, and flow control thresholds.
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4-4.5 Hydrologic Analysis Methods for Flow Control and Runoff
Treatment Facility Design

This section presents the general process involved in conducting a hydrologic analysis using
single event hydrograph methods to: 1) design retention/detention flow control facilities, and
2) determine runoff treatment volumes. The exact step-by-step method for entering data into a
computer model varies with the different models and is not described here (see the
documentation or Help module of the computer program.). Pre-developed and post-developed
site runoff conditions must be determined and documented in the Hydraulic Report.

The process for designing retention/detention flow control facilities in eastern Washington is as

follows:

Review Minimum Requirement 6 in Chapter 2 to determine all requirements that will
apply to the proposed project.

. Determine rainfall depths for the site (see Appendix 4A).

. 2-year — 24-hour
= 25-year — 24-hour
= 100-year — 24-hour

Determine pre-developed soils type and hydrologic group (A, B, C, or D) from
SCS maps (see Section 4-4.6.2).

Determine pre-developed and post-developed DBAs, and determine the
subsequent pervious and impervious area for each condition (in acres) (see
Section 4-2.5 for more details).

Determine curve numbers for pervious and impervious area using hydrologic
soil group for both the pre-developed and post-developed condition (see
Appendix 4B and equations 4-10 and 4-11).

Determine pre-developed and post-developed time of concentration.
StormShed will do this calculation if the designer enters length, slope,
roughness and flow type (see Section 4-4.6.2).

Select storm hyetograph and analysis time interval. Check that the analysis
time interval is appropriate for use with storm hyetograph time increment.

Input the data obtained above into the computer model for each pre-developed
and post-developed storm event, for each basin.

Have the computer model compute the hydrographs.

Review the peak flow rate for the pre-developed conditions in the 2-year and
25-year storm events. The allowable release rate is listed in Table 4-9. Note
that in some cases, the pre-developed 2-year peak flow rate may be 0 cfs, which
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10.

1.

12.

13.

14.

15.

16.

means there is no discharge from the site. The 2-year post-developed flows in
this situation must be retained as dead storage that will ultimately infiltrate or
evaporate.

Review the peak flow rate for post-developed conditions in the 2-year and
25-year storms. Compare the increases in peak flow rates for 2-year and 25-
year design storms to determine if the project qualifies for an exemption.

Assume the size of the detention facility and input the data into the computer
model. Refer to the volume of the design storm hydrograph computed in Step 8
for a good assumption of the detention volume required.

Assume the size of the orifice structure and input the data into the computer
model. A single orifice at the bottom of the riser may suffice in some cases. In
other projects, multiple orifices may result in decreased pond sizes. A good
approximation would be to assume a 1-inch diameter orifice per 0.05 cfs
outflow for a typical pond.

Use the computer model to route the post-developed hydrographs through the
detention facility and orifice structure. Compare the post-developed peak
outflow rates to allowable release rates from Step 11.

If the post-developed peak outflow rates exceed the allowable release rates,
adjust detention volume, orifice size, orifice height, or number of orifices.
Keep running the computer model and adjusting the parameters until the post-
developed outflow rates are less than or equal to the allowable release rates.

Check the 100-year release rate and compare to pre-developed conditions, and
check for potential property damage and flooding problems.

Calculations are complete.

Examples will be provided in Appendix 4A

The process for calculating runoff treatment design volumes or flow rates is as follows. Note
that the data for many of the initial steps matches the data used in designing retention/detention
flow control facilities described above.

1. Review Minimum Requirement 5 in Chapter 2 to determine all requirements
that will apply to the proposed project.
2. Determine the climate region and Mean Annual Precipitation (MAP) (see
Appendix 4A).
3. Determine the rainfall for the site depending on the treatment BMP (see
Appendix 4A and Section 4-4.1).
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4. Multiply the rainfall by the appropriate coefficient to determine the 6-month
precipitation (see Appendix 4D).

5. Determine the existing soils type and hydrologic group (A, B, C, or D) from
SCS maps (see Section 4-4.6.2).

6. Determine post-developed drainage basin areas, and the subsequent pervious
and impervious area requiring treatment that contributes flow to the treatment
BMP (in acres) (see Section 4-4.6.2).

7. Determine curve numbers for pervious and impervious area using hydrologic
soil group for the post-developed condition (see Appendix 4B).

8. Determine post-developed time of concentration, StormShed does this when the
designer inputs length, slope, roughness, and flow type (see Section 4-4.6.2).

9. If modeling the short-duration storm hyetographs, use the short duration RAC
file. Determine that the analysis time interval is appropriate for use with the
storm hyetograph time increment (see Appendix 4D).

10.  Input data obtained from above into StormShed for the post-developed storm
event.

11.  Have the model compute the hydrograph.

12.  For the design of flow-based treatment BMPs, the computed peak flow from the
6-month, 3-hour hydrograph is the design flow.

13.  For the design of volume-based treatment BMPs, the computed volume from
the 6-month — 24-hour storm is the design volume.

Examples are provided in Appendix 4A

4-4.6 Single Event Hydrograph Method

In eastern Washington, a single event hydrograph method is typically used for calculation of
runoff, with an integrated set of hydrology design tools developed to address the needs of
conventional engineering practice. There are many single event models based on the SCS (Soil
Conservation Service) and SBUH (Santa Barbara Urban Hydrograph) methodologies, and that
include level pool routing, pipe and ditch conveyance system analysis, and backwater
computation. Appendix 4A provides a link to the approved WSDOT single event model.

An SBUH analysis requires that the designer understand certain characteristics of the project site,
such as drainage patterns, predicted rainfall, soil type, area to be covered with impervious
surfaces, method of drainage conveyance, and the flow control BMP that will be used. The
physical characteristics of the site, and the design storm, determine the magnitude, volume, and
duration of the runoff hydrograph. Other factors, such as the conveyance characteristics of
channel or pipe, merging tributary flows, and type of BMP used will alter the shape and
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magnitude of the hydrograph. The key elements of single-event hydrograph analysis are listed
below and described in more detail in this section.

= Design storm hyetograph
. Runoff parameters

. Hydrograph synthesis

= Hydrograph routing

. Hydrograph summation.

4-4.6.1 Design Storm Hyetograph

The SBUH method requires the input of a rainfall distribution, or design storm hyetograph. The
design storm hyetograph is rainfall depth versus time for a given design storm frequency and
duration. For this application, it is presented as a dimensionless table of unit rainfall depth
(incremental rainfall depth for each time interval divided by the total rainfall depth) versus time.

For projects in eastern Washington, the design storms are as noted in Tables 4-8 and 4-9, above.
The design storms are presented further in Appendix 4D. The design storm precipitation depths
for the city that is closest to the project site should be selected for use in the SBUH modeling
(see Appendix 4A). Another method for obtaining rainfall depths for different storms is to use
isopluvial maps (contours of precipitation for a particular storm duration and recurrence
interval). The National Weather Service publishes isopluvial maps for different storm durations
and recurrence intervals. This information is referenced in Appendix 4A and can also be
obtained from the WSDOT Headquarters Hydraulics Branch.

For the short duration storm, look at the 2-year, 2-hour isopluvial maps.

4-4.6.2 Runoff Parameters

The SBUH method requires input of parameters that describe physical drainage basin
characteristics. These parameters provide the basis from which the runoff hydrograph is
developed. This section describes the three key parameters (drainage basin area, runoff curve
number, and runoff time of concentration) that, when combined with the rainfall hyetograph in
the SBUH method, develop the runoff hydrograph.

Drainage Basin Area

The proper selection of contributing basin areas is required in the hydrograph analysis. The
basin area(s) used should be relatively homogeneous in land use and soil type. If the entire
contributing basin is similar in these aspects, the basin can be analyzed as a single area. If
significant differences exist within a given drainage basin, it must be divided into subbasin areas
of similar land use and soil characteristics. Hydrographs should then be computed for each
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subbasin area and summed to form the total runoff hydrograph for the basin. Drainage basins
larger than 100 acres should be divided into subbasins. By dividing large basins into smaller
subbasins and then combining calculated flows, the timing aspect of the generated hydrograph is
typically more accurate.

Basin areas can be determined with a topographic contour map. Contour maps that are generated
specifically for the project site are the most accurate source for obtaining the drainage area, since
they are typically produced with contour intervals of 5-foot or less. If the drainage area extends
past the limits of the maps generated for the project, USGS Quadrangle topographic maps can be
used to obtain the basin area. New impervious area should always be measured from project-
specific maps.

To determine the basin area contributing to a specific runoff analysis location, the area must first
be outlined on the contour map. This is done by locating the project’s discharge point on the
map and drawing a line along the ridgeline of the basin, finally connecting back to the discharge
point. This will need to be done for each discharge point at the project site. If the flow from two
or more discharge points can be combined, their basins can also be combined. Once the basin
boundary is drawn on a map, it can be measured using a planimeter or digitized on a CAD
workstation and scaled.

Curve Numbers

The NRCS has conducted studies into the runoff characteristics of various land types. After
gathering and analyzing extensive data, the NRCS developed relationships between land use, soil
type, vegetation cover, interception, infiltration, surface storage, and runoff. The relationships
have been characterized by a single runoff coefficient called a curve number (CN). CNs are
chosen to depict average conditions -- neither dry nor saturated. The designer is referred to
FHWA Ip-80-1 for more information on choosing appropriate curve numbers. Appendix 4B
shows suggested CN values for various land covers and soil conditions.

The factors that contribute to the CN value are known as the soil-cover complex. The soil-cover
complexes have been assigned to one of four hydrologic soil groups, according to their runoff
characteristics. These soil groups are labeled Type A, B, C, and D, with Type A generating the
least amount of runoff and Type D generating the greatest. Appendix 4B shows the hydrologic
soil group of most soils in Washington State. The different soil groups can be described as
follows:

= Type A

Soils having high infiltration rates, even when thoroughly wetted, and consisting
chiefly of deep, well-drained to excessively-drained sands or gravels. These soils
have a high rate of water transmission.
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. Type B

Soils having moderate infiltration rates when thoroughly wetted, and consisting
chiefly of moderately fine to moderately coarse textures. These soils have a
moderate rate of water transmission.

- Type C

Soils having slow infiltration rates when thoroughly wetted, and consisting
chiefly of soils with a layer that impedes downward movement of water, or soils
with moderately-fine to fine textures. These soils have a slow rate of water
transmission.

. Type D

Soils having very slow infiltration rates when thoroughly wetted, and consisting
chiefly of clay soils with a high swelling potential, soils with a permanent high
water table, soils with a hardpan or clay layer at or near the surface, and shallow
soils over bedrock or other nearly impervious material. These soils have a very
slow rate of water transmission.

The NRCS (formerly the Soil Conservation Service, or SCS) has developed maps for
Washington State that show the specific soil classification for any given location. These maps
are compiled by county and typically are available from the regional NRCS office. To determine
which soil group to use for an analysis, locate the project site on the SCS map and read the soil
classification listed. See Appendix 4B for a link to data to convert from the specific soil
classification to a hydrologic soil group. The WSDOT Materials Lab can also perform a soil
analysis to determine the soil group for the project site. This should be done only if: an SCS
soils map cannot be located for the county where the site is located; the available SCS map does
not characterize the soils at the site (many SCS maps show “urban land” in highway rights-of-
way and other heavily urbanized areas where the soil properties are uncertain); or there is reason
to doubt the accuracy of the information on the SCS map for the particular site.

When performing an SBUH analysis for a basin, it is common to encounter more than one soil
type. If the soil types are fairly similar (within 20 CN points), a weighted average can be used.
If the soil types are significantly different, the basin should be separated into smaller subbasins
(previously described for different land uses). Pervious ground cover and impervious ground
cover should always be analyzed separately. If the computer program StormShed is used for the
analysis, pervious and impervious land segments will automatically be separated, but the
designer will have to combine and manually weight similar pervious soil types for a basin.

Antecedent Moisture Condition

The moisture condition in a soil at the onset of a storm event, referred to as the antecedent
moisture condition (AMC), has a significant effect on both the volume and rate of runoff.
Recognizing this, the SCS developed three antecedent soil moisture conditions, labeled
conditions I, II, and III.
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AMCTI: Soils are dry but not to wilting point.
AMC II: Average conditions.
AMC II: Heavy rainfall, or light rainfall and low temperatures, has occurred

within the last 5 days; near saturated or saturated soil.

Table 4-10 gives seasonal rainfall limits for the three antecedent soil moisture conditions:

Table 4-10.Total 5-day antecedent rainfall (inches).

AMC Dormant Season Growing Season
I Less than 0.5 Less than 1.4
11 0.5to 1.1 14t02.1
I Over 1.1 Over 2.1

Varying antecedent moisture conditions are used in the design of evaporation ponds in
Chapter 5. Appendix 4D provides more information. See Appendix 4B for the curve number
conversions for different antecedent moisture conditions for the case of Ia = 0.2S. For other
conversion, see the SCS National Engineering Handbook No. 4, 1985.

Time of Concentration

Travel time (Tt) is the time it takes water to travel from one location to another in a watershed.
Tt is a component of time of concentration (T¢), which is the time it takes for runoff to travel
from the hydraulically most distant point of the watershed. T¢ is computed by summing all the
travel times for consecutive components of the drainage flow path. T¢ influences the shape and
peak of the runoff hydrograph. Urbanization usually decreases T¢, thereby increasing peak
discharge. It should be noted that the analysis detailed in this section is can be performed using
StormShed.

Water moves through a watershed as sheet flow, shallow concentrated flow, open channel flow,
or some combination of these. The type of flow that occurs is best determined by field
inspection.

Sheet flow is flow over plane surfaces. It usually occurs in the headwater areas of streams, and
also for short distances on evenly graded slopes. With sheet flow, the friction value (ng) (a
modified Manning’s roughness coefficient) is used. These ng values are for very shallow flow
depths of about 0.1 foot (3 cm) and are used only for travel lengths up to 300 feet (90 m).
Appendix 4B gives Manning’s ng values for sheet flow for various surface conditions.

For sheet flow of up to 300 feet, use Manning’s kinematic solution to directly compute Tt.
Tt = (0.42 (nsL)0-8)/((P2)0-527(50)04) (4-1)
where: Tt = travel time (minutes)
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ng = sheet flow Manning’s coefficient (dimensionless)
L = flow length (feet)

P2 = 2-year, 24-hour rainfall (inches)

so = slope of hydraulic grade line (land slope, ft/ft).

After a maximum of 300 feet, sheet flow is assumed to become shallow concentrated flow. The
average velocity for this flow can be calculated using the kg values from Appendix 4B. Average
velocity is a function of watercourse slope and type of channel. After computing the average
velocity using the Velocity Equation (equation 4-2 below), the travel time (Tt) for the shallow
concentrated flow segment can be computed by dividing the length of the segment by the
average velocity.

Open channels are assumed to begin where surveyed cross section information has been
obtained, where channels are visible on aerial photographs, or where lines indicating streams
appear on USGS Quadrangle maps. For developed drainage systems, the travel time of flow in a
pipe is also represented as an open channel. The k¢ values from Appendix 4B used in the
Velocity Equation can be used to estimate average flow velocity. Average flow velocity is
usually determined for bank full conditions. After average velocity is computed, the travel time
(Tt) for the channel segment can be computed by dividing the length of the channel segment by
the average velocity.

A commonly used method of computing average velocity of flow, once it has measurable depth,
is the Velocity Equation.

v = (K)(s00-5) (42)

where: V= velocity (ft/s)

k = time of concentration velocity factor (ft/s)
so = slope of flow path (ft/ft).

The following limitations apply in estimating travel time (Tt).

= Manning’s kinematic solution should not be used for sheet flow longer than
300 feet.
= The equations given here to calculate velocity were developed by empirical

means; therefore, English Units (such as inches) must be used for all input
variables for the equation to yield a correct answer. Once the velocity is
calculated, it can be converted to metric units to finish the travel time calculations
in the case of shallow concentrated flow and channel flow.

Appendix 4B shows suggested “n” and “k” values for various land covers to be used in travel
time calculations.
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4-4.6.3 Hydrograph Synthesis

The SBUH method applies the selected CNs to SCS equations to compute soil absorption and
precipitation excess from the rainfall hyetograph. Each time step of this process generates one
increment of an instantaneous hydrograph with the same duration. The instantaneous
hydrograph is then routed through an imaginary reservoir, with a time delay equal to the basin
time of concentration. The end product is the runoff hydrograph for that land segment.

Abstractions (including rainfall interception and storage in small depressions in the ground
surface) are also accounted for in the SBUH method. The abstraction of runoff, S, is computed
from the CN as shown below:

S = (1000/CN) — 10 (4-3)

Using the abstraction value and precipitation for the given time step, the runoff depth, D, per unit
area is calculated as follows:

D(®) = (p(t) - -2(5)2)/(p(V) +.8(S)) (4-4)

where: p(t)= precipitation for the time increment (in).

The total runoff, R(t), for the time increment is computed as follows:
R(t) = D(t) - D(t-1) (4-5)

The instantaneous hydrograph, I(t), in cubic feet per second (cfs) at each time step, dt, is
computed as follows:

I(t) = 60.5 R(t) A/dt (4-6)
where: A = area (acres)
dt = time interval (min).

Note: A time interval of 10 minutes is used for the Type 1A storm and 5 minutes for the short
duration design storms of 24-hour duration.

The runoff hydrograph, Q(t), is then obtained by routing the instantaneous hydrograph 1(t),
through an imaginary reservoir with a time delay equal to the time of concentration of the
drainage basin. The following equation estimates the routed flow, Q(t):

Q(t+1) = Q(t) + w[lI(t) + I(t+1) — 2Q(t)] (4-7)
where: w = dt/(2Tc + dt)
Tc = Time of concentration for the drainage basin area.
Jjr /01-02047-007 chapter 4 word2000.doc
Page 4-38 Highway Runoff Manual

March 2004



Chapter 4—Hydrologic Analysis

4-4.6.4 Level Pool Routing

This section presents the methodology for routing a hydrograph through a stormwater facility
using hydrograph analysis. Level pool routing is done the same way regardless of the method
used to generate the hydrograph. Therefore, this part of the analysis is not unique to the SBUH
method. The level pool routing technique presented here is one of the simplest and most
commonly used hydrograph routing methods and is the method used in StormShed. It is based
on the continuity equation:

Inflow — Outflow = Change in Storage
((I1 +12)/2) = ((O1 + 02)/2) =S2 - Sl (4-8)

where: 11,12
01, 02 = Outflow at time 1 and time 2
S1, S2

Inflow at time 1 and time 2

Storage at time 1 and time 2.

The time interval for the routing analysis must be consistent with the time interval used in
developing the inflow hydrograph. The time interval used for a 24-hour storm is 10 minutes.
The variables can be rearranged to obtain the following equation:

1 +12 +2S1-01 =02 +2S2 (4-9)

If the time interval is in minutes, the unit of storage (S) is now cubic feet per minute (cf/min),
which can be converted to cfs by multiplying by 1 min/60 sec.

The terms on the left-hand side of the equation are known from the inflow hydrograph and from
the storage and outflow values of the previous time step. The unknowns O and S can be solved
interactively from the given stage-storage and stage-discharge curves. As with the synthesis of a
hydrograph, the computations are fairly simple but very voluminous. The best way to route a
hydrograph through a stormwater facility is to use a computer program. Many hydrologic
analysis software programs include features that make hydrograph routing an easy process.

4-4.6.5 Hydrograph Summation

One of the key advantages of hydrograph analysis is the ability to accurately describe the
cumulative effect of runoff from several DBAs having different runoff characteristics and travel
times. This cumulative effect is best characterized by a single hydrograph, which is obtained by
summing the individual hydrographs from tributary basins at a particular discharge point of
interest.

The general procedure for performing a hydrograph summation begins with selecting a discharge
point of interest where it is important to know the effects of the runoff generated on the project
site. Next, route each individual hydrograph through a conveyance system that carries it to the
point of interest. The final step is to sum the flow values for each hydrograph for all of the time
intervals. This will yield a single discharge hydrograph.
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4-4.7 Eastern Washington Design Storm Events

When rainfall patterns during storms were analyzed in eastern Washington, it was concluded that
the SCS Type II rainfall does not match the historical records. Two types of storms were found
to be prominent on the east side of the state: short duration thunder storms (later spring through
early-fall seasons), and long duration winter storms (any time of year, but most common in the
late fall through winter period, late spring and early summer period). The short duration storm
generates the greatest peak discharges and should be used to design volume based BMPs. The
long duration storm occurs over several days, generating the greatest volume, and should be used
to design volume based BMPs.

When using the long duration storm, it should be noted that the state has been divided into the
following four climatic regions:

1. East Slope Cascades

2 Central Basin

3. Okanogan, Spokane, Palouse
4 NE and Blue Mountains.

The long duration storms in Regions 2 and 3 are similar to the SCS Type 1A. Designers in those
regions can choose to use either their long duration storm or the SCS Type 1A storm. Eastern
Washington Design Storm Events are further discussed in Appendix 4D.

4-4.8 Modeling Using Low Impact Development Techniques in Eastern
Washington

This section will be updated in the next re-write to incorporate the major changes in Ecology’s
Stormwater Management Manual for Eastern Washington.

Low Impact development (LID) is a BMP application that manages stormwater on a small scale
and disperses it into a facility as close as possible to the source of runoff. This is in contrast to
conventional BMP applications that manage stormwater at one location on the project site.

Design of low impact development BMP drainage features in eastern Washington requires a
different approach than in western Washington, since the sizing of these systems is based on a
single event hydrologic model. Adjustments to site runoff parameters are based on the SCS
Curve Numbers (CNs) applicable to the site ground cover and soil conditions. Appendix B
presents the adjusted runoff curve numbers for selected soil and ground cover combinations,
reflecting the reduced values for situations where pervious areas drain to low impact BMPs. See
Section 4-4.6.2 for soil type definitions and more discussion on CN values. It should be noted
that the analysis described in this section generally uses StormShed.
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Composite custom CN values are calculated using a weighted approach based on individual land
covers, without considering disconnectivity of the site’s impervious surfaces. This approach is
appropriate because it places increased emphasis on minimal disturbance to, and retention of, site
areas that have potential for runoff storage and infiltration. This approach provides an incentive
to save more trees and shrubs and maximize the use of Type A and B soils for recharge.

If the impervious surface coverage on the site is less than 30 percent of the site area, the
percentage of unconnected impervious areas within the watershed influences the calculation of
the CN value. For linear transportation systems, the percentage of impervious surface should be
evaluated based on a “unit length” method, such as a drainage area 30 feet wide that is bound by
the crown of the roadway centerline to the right-of-way limit.

Use Equation 4-10 when disconnectivity of impervious areas is not considered:

oy _ Vi +CN s+ CN 4,

A+ 4, + 4, (4-10)

where: CN, = Composite Curve Number
Aj
CN;

Area of each land cover in ft*

Curve number for each land cover.

Use Equation 4-11 for sites with less than 30 percent impervious surface coverage where those
impervious surfaces are disconnected:

P
CN,=CN, + [ inp jx(98 —CN, Ji(1-0.5R)
100 (4-11)

Where:CN, = Composite Curve Number
CN, = Composite pervious Curve Number
Pimp = Percentage impervious site area
R = Ratio of unconnected impervious area to total impervious area

Unconnected impervious areas are impervious areas without any direct connection to a drainage
system or other impervious surface.

After calculation of the CN, is complete, use the SBUH method to determine stormwater runoff
volumes and rates from the unit length of roadway basin (for example 30 foot width for
continuous roadway prisms with consistent soils/vegetation) for the applicable runoff treatment
and flow control design storms. The method can also be applied to specific roadway lengths
(non-continuous width) where soils and roadway character vary.

It is extremely important to verify soil infiltration capacity and vegetative cover in all areas
where this method is to be applied. Determine the natural infiltration capacity of the roadside
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area where runoff will be distributed. The WSDOT Materials Lab should provide the infiltration
rates, although initial estimates based on published NRCS data can be used for rough sizing
estimates (see Section 4-5.5). If the resultant infiltration rate (Q) of the receiving area is greater
than the peak 25-year design flow rate of the contributing drainage basin, all stormwater will be
infiltrated along the roadside and no further analysis is needed. Calculation of the infiltrative
flow rate, Q;, can be performed as follows:

Calculation of Infiltrative Flow Rate
FxA

43200 7/ A1

0, =

ft/s

where: Q;= flow rate in cfs
A = area available for infiltration in ft*
F

saturated (long term) infiltration rate in inches/hour.

Should peak flow rates of the contributing drainage basin exceed the infiltrative flow rate of the
receiving roadside area, further analysis is required and some storage of stormwater will be
necessary. In semi-arid, non-urban areas, formalized detention ponds are usually not the best
solution. Storage of minor to moderate amounts of stormwater runoff can be accomplished by
using natural depression storage. This includes depressions in the roadside topography, swales,
and even roadway ditches. Each of these features can accommodate stormwater storage and
allow for releasing runoff through infiltration over a longer time scale.

To determine the needed runoff retention volume, subtract the continuous saturated infiltration
rate from the 25-year storm hydrograph produced from the SBUH method. The resulting
quantity represents the runoff volume that needs to be detained until infiltration can “catch up”
with the runoff. Check to see if this volume can be accommodated in the existing roadside
landscape or roadway ditches. If roadside hydraulic conveyance capacity allows, check dams
may be placed in ditches to detain stormwater in non-centralized locations. This method for
small-scale flow detention will require a site-specific analysis; a continuous linear approach may
not be valid.

4-5 Infiltration Design Guidance

An infiltration facility provides stormwater flow control by containing excess runoff in a storage
facility, then percolating that runoff into the surrounding soil. Some infiltration facilities can
provide runoff treatment, but to do so requires certain soil characteristics. Section 4-5.5, Site
Suitability Criteria, provides a detailed discussion of soil characteristics needed to design
infiltration facilities for runoff treatment. Otherwise, runoff treatment can be addressed through
pretreatment (see Chapter 5 for additional guidance).

Jjr /01-02047-007 chapter 4 word2000.doc

Page 4-42 Highway Runoff Manual
March 2004



Chapter 4—Hydrologic Analysis

4-5.1 General Criteria

For a site to be considered suitable for an infiltration pond, the design infiltration rate must be at
least 0.5 inches/hour. Infiltration can still be considered in flow control facility design if the
infiltration rate is less than this, but infiltration must be considered to be a secondary function in
that case. This pond must be designed to a desirable depth of three feet and maximum depth of
six feet, with a minimum freeboard of one foot above the design water level (i.e., one foot above
the 50-year water surface elevation for western Washington and one foot above the 25-year
water surface elevation for eastern Washington).

I. For western Washington, an infiltration flow control pond must be designed using
a continuous hydrograph model to infiltrate sufficient volume so that the overflow
matches the Duration Standard (or 100 percent of the runoff volume).

2. For eastern Washington, an infiltration flow control pond must be designed using
a single event hydrograph model to infiltrate the 25-year storm out of the pond
within 72 hours after precipitation has ended, and to check the 100-year storm for
flooding and property damage. An infiltration runoff treatment pond must be
designed using a single event hydrograph model to infiltrate the 6-month 24-hour
storm within 24 hours after precipitation has ended.

4-5.2 Design Procedure for Infiltration Ponds

An overview of the design procedure is provided in Figures 4-14 through 4-16. The focus of
these design procedures is to size the facility for flow control. For other geotechnical aspects of
the facility design, including geotechnical stability of the facility and constructability, see
Chapter 5 and WSDOT State Design Manual Chapter 510. A multi-disciplinary approach is
required to design infiltration facilities, as described in Chapter 3. Also, two facility design
approaches are provided: 1) a detailed analysis that allows the designer to consider type of
hydrograph used (continuous or single event), the depth to the ground water table, the site
specific hydraulic gradient for the facility, and the facility geometry; and 2) a simplified
approach that generally follows the Department of Ecology Stormwater Management Manual for
Western Washington. The simplified approach was derived for high ground water and shallow
pond sites in western Washington, and in general will produce conservative designs. The
simplified approach can be used when determining the trial geometry of the infiltration facility,
for small or low impact facilities, or for facilities where a more conservative design is
acceptable. The simplified method must not be used for determination of short-term soil
infiltration rates for runoff treatment infiltration facilities for western Washington as referenced
in Site Suitability Criteria 5.

4-5.2.1 Detailed Approach (Figures 4-14 and 4-15)

This detailed approach was obtained from Massmann (2003). Procedures for the detailed
approach are as follows:
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1. Select a location:

This will be based on the ability to convey flow to the location and the expected
soil conditions. The minimum setback distances must also be met. See Section 4-
5.5 for Site Suitability Criteria and setback distances.

2. Estimate volume of stormwater, V gesign:

For eastern Washington, a single event hydrograph or value for the volume can be
used, allowing a modeling approach such as StormShed to be conducted. For
western Washington, a continuous hydrograph should generally be used, requiring
a model such as MGSFlood to perform the calculations. See Section 4-3 for
western Washington methodology and Section 4-4 for eastern Washington
methodology.

3. Develop a trial infiltration facility geometry based on length, width, and
depth:

To accomplish this, either assume an infiltration rate based on previously
available data, or use a default infiltration rate of 0.5 inches/hour. This trial
geometry should be used to help locate the facility, and for planning purposes in
developing the geotechnical subsurface investigation plan.

4. Conduct a geotechnical investigation:

A geotechnical investigation must be conducted to evaluate the site’s suitability
for infiltration, to establish the infiltration rate for design, and to evaluate slope
stability, foundation capacity, and other geotechnical design information needed
to design and assess constructability of the facility. Geotechnical investigation
requirements are provided below.

The depth, number of test holes or test pits, and sampling described below should
be increased if a licensed engineer with geotechnical expertise (P.E.), or other
licensed professional acceptable to WSDOT, judges that conditions are highly
variable and make it necessary to increase the depth or the number of explorations
to accurately estimate the infiltration system’s performance. The exploration
program described below may be decreased if a licensed engineer with
geotechnical expertise (P.E.), or other licensed professional acceptable to
WSDOT, judges that conditions are relatively uniform, or design parameters are
known to be conservative based on site specific data or experience, and the
borings/test pits omitted will not influence the design or successful operation of
the facility.

= For infiltration basins (ponds), at least one test pit or test hole per 5,000 ft*
of basin infiltrating surface.
= For infiltration trenches, at least one test pit or test hole per 100 feet of
trench length.
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- Continuous

Estimate volume of
stormwater, V jegign

Perform subsurface site characterization and data
collection, including location of water table.

Choose trial geometry based on site
constraints or assume f= 0.5 in./hr.

For unusually <
complex, critical, For Western
design cases, WA, Perform
perform computer
computer design
simulation to infiltration
obtain Q using facility using
MODFLOW, MGSFLOOD
with continuous with
hydrograph, soil continuous
stratigraphy, hydrograph,
ground water soil
data, hydraulic stratigraphy,
conductivity, and ground water
biofouling/silt- data, and
ation data as infiltration
input. rate data as
input.

Estimate saturated
hydraulic conductivity:

- Soil grain
sizes
- Laboratory

tests

Calculate hydraulic gradient using

Equation 14. If the calculated value is
greater than 1.0, consider water table to
be deep and use i = 1.0 max. Sinceiis
a function of water depth in pond, i
must be embedded in the stage
discharge relationship used in
MGSFLOOD.

v

Estimate the infiltration rate for the stage-

discharge relationship (Equation 16).

v

A

Adjust infiltration rates for siltation, biofouling, and
pond aspect ratio to estimate long-term infiltration rate
(Table 11 and Equation 18).

Calculate infiltration
rate using a stage-
discharge relationship
using MODFLOW.

Size facility to maximum depth / minimum

> freeboard to accommodate V gy

Maintain facility and verify performance.
Retrofit facility if performance is inadequate.

v

< Construct facility.

Figure 4-14. Engineering design steps for final design of infiltration facilities using the
continuous hydrograph method (western Washington).
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Estimate volume of
Perform subsurface site

characterization and data |€———
collection, including

stormwater, V jegign
Single value
Single-event hydrograph.

v

¢ Choose trial geometry based on site
Estimate saturated constraints or assume f= 0.5 in./hr.
hydraulic conductivity:

location of water table.

- Soil grain sizes
Calculate hydraulic gradient using Equation 14. If

- Laboratory tests >
- Field tests
- Layered systems

the calculated value is greater than 1.0, consider

water table to be deep and use i = 1.0 max.

v

Estimate infiltration rate (Equation 16).

|

Adjust infiltration flow for siltation biofouling, and facility

aspect ratio to estimate long-term infiltration rate (Table 11
and Equation 18).

Calculate infiltration flow rate Q by hand using Darcy’s
Law or using STORMSHED if using single value
stormwater volume.

Calculate T,.q and compare to design criterion,
resizing facility as necessary (Equation 19).

Maintain facility and verify performance.
Construct facility. —> Retrofit facility if performance is inadequate.

Figure 4-15. Engineering design steps for final design of infiltration facilities using the
single hydrograph method (eastern Washington).
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. Subsurface explorations (test holes or test pits) to a depth below the base
of the infiltration facility of at least 5 times the maximum design depth of
water proposed for the infiltration facility, or at least 2 feet into the
saturated zone.

. Continuous sampling to a depth below the base of the infiltration facility
of 2.5 times the maximum design depth of water proposed for the
infiltration facility, or at least 2 feet into the saturated zone, but not less
than 6 feet. Samples obtained must be adequate for the purpose of soil
gradation/classification testing.

. Ground water monitoring wells installed to locate the ground water table
and establish its gradient, direction of flow, and seasonal variations,
considering both confined and unconfined aquifers. (Monitoring through
at least one wet season is required, unless site historical data regarding
ground water levels is available.) In general, a minimum of three wells
per infiltration facility, or three hydraulically connected surface or ground
water features, are needed to determine the direction of flow and gradient.
If gradient and flow direction are not required, and there is low risk of
down-gradient impacts, one monitoring well is sufficient. Alternative
means of establishing the ground water levels may be considered. If the
ground water in the area is known to be greater than 50 feet below the
proposed facility, detailed investigation of the ground water regime is not
necessary.

= Laboratory testing as necessary to establish the soil gradation
characteristics, and other properties as necessary, to complete the
infiltration facility design. At a minimum, one-grain size analysis per soil
stratum in each test hole must be conducted within 2.5 times the maximum
design water depth, but not less than 6 feet. When assessing the hydraulic
conductivity characteristics of the site, soil layers at greater depths must be
considered if the licensed professional conducting the investigation
determines that deeper layers will influence the rate of infiltration for the
facility, requiring soil gradation/classification testing for layers deeper
than indicated above.

5. From the geotechnical investigation, determine the following, as applicable:

. The stratification of the soil/rock below the infiltration facility, including
the soil gradation (and plasticity, if any) characteristics of each stratum.

. The depth to the ground water table and to any bedrock/impermeable
layers.
. Seasonal variation of the ground water table.
= The existing ground water flow direction and gradient.
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The hydraulic conductivity or the infiltration rate for the soil/rock at the
infiltration facility.

The porosity of the soil below the infiltration facility but above the water
table.

The lateral extent of the infiltration receptor.

Impact of the infiltration rate and volume on flow direction and water
table at the project site, and the potential discharge point or area of the
infiltrating water.

For other aspects of the geotechnical design of infiltration facilities, see
Chapters 3 and 5.

6. Determine the saturated hydraulic conductivity as follows:

For each defined layer below the pond to a depth below the pond bottom
of 2.5 times the maximum depth of water in the pond, but not less than 6
feet, estimate the saturated hydraulic conductivity in cm/sec using the

following relationship (see Massmann 2003, and Massmann et al., 2003):

logy(K,,)=-1.57+1.90D,,+0.013,,-0.013D, -2.08f; (4-12)

nes

Where, Do, Dgp and Dy are the grain sizes in mm for which 60 percent and 90
percent of the sample is more fine and fj,,, is the fraction of the soil (by weight)
that passes the number-200 sieve (Kgy is in cm/s).

If the licensed professional conducting the investigation determines that deeper
layers will influence the rate of infiltration for the facility, soil layers at greater
depths must be considered when assessing the site’s hydraulic conductivity
characteristics. Massmann (2003) indicates that where the water table is deep,
soil or rock strata up to 100 feet below an infiltration facility can influence the
rate of infiltration. Note that only the layers near and above the water table or low
permeability zone (e.g., a clay, dense glacial till, or rock layer) need to be
considered, as the layers below the ground water table or low permeability zone
do not significantly influence the rate of infiltration. Also note that this equation
for estimating hydraulic conductivity assumes minimal compaction consistent
with the use of tracked (i.e., low to moderate ground pressure) excavation
equipment as described in Section 5-4.2.1. If the soil layer being characterized
has been exposed to heavy compaction, or is heavily over consolidated due to its
geologic history (e.g., overridden by continental glaciers), the hydraulic
conductivity for the layer could be approximately an order of magnitude less than
what would be estimated based on grain size characteristics alone (Pitt, 2003). In
such cases, compaction effects must be taken into account when estimating
hydraulic conductivity. For clean, uniformly graded sands and gravels, the
reduction in K, due to compaction will be much less than an order of magnitude.
For well-graded sands and gravels with moderate to high silt content, the
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reduction in K, will be close to an order of magnitude. For soils that contain
clay, the reduction in K, could be greater than an order of magnitude.

For critical designs, the in-situ saturated conductivity of a specific layer
can be obtained through field tests such as the packer permeability test
(above or below the water table), the piezocone (below the water table), an
air conductivity test (above the water table), or through the use of a pilot
infiltration test (PIT) as described in the Department of Ecology
Stormwater Management Manual for Western Washington (2001). Note
that these field tests generally provide a hydraulic conductivity combined
with a hydraulic gradient (i.e., Equation 4-16). In some of these tests, the
hydraulic gradient may be close to 1.0; therefore, in effect, the magnitude
of the test result is the same as the hydraulic conductivity. In other cases,
the hydraulic gradient may be close to the gradient that is likely to occur in
the full-scale infiltration facility. This issue will need to be evaluated on a
case-by-case basis when interpreting the results of field tests. It is
important to recognize that the gradient in the test may not be the same as
the gradient likely to occur in the full-scale infiltration facility in the long-
term (i.e., when ground water mounding is fully developed).

Once the saturated hydraulic conductivity for each layer has been
identified, determine the effective average saturated hydraulic
conductivity below the pond. Hydraulic conductivity estimates from
different layers can be combined using the harmonic mean:

d
Kequiv = —d (4_ 1 3)

l

K,

1

Where, d is the total depth of the soil column, d; is the thickness of layer “” in the
soil column, and K; is the saturated hydraulic conductivity of layer 7 in the soil
column. The depth of the soil column, d, typically would include all layers
between the pond bottom and the water table. However, for sites with very deep
water tables (>100 feet) where ground water mounding to the base of the pond is
not likely to occur, it is recommended that the total depth of the soil column in
Equation 4-13 be limited to approximately 20 times the depth of pond. This is to
ensure that the most important and relevant layers are included in the hydraulic
conductivity calculations. Deep layers that are not likely to affect the infiltration
rate near the pond bottom should not be included in Equation 4-13. Equation
4-13 may over-estimate the effective hydraulic conductivity value at sites with
low conductivity layers immediately beneath the infiltration pond. For sites
where the lowest conductivity layer is within five feet of the base of the pond, it is
suggested that this lowest hydraulic conductivity value be used as the equivalent
hydraulic conductivity rather than the value from Equation 4-13. he harmonic
mean given by Equation 4-13 is the appropriate effective hydraulic conductivity
for flow that is perpendicular to stratigraphic layers, and will produce
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conservative results when flow has a significant horizontal component such as
could occur due to ground water mounding.

7. For unusually complex, critical design cases, develop input data for a
simulation model:

Use MODFLOW, including trial geometry, continuous hydrograph data, soil
stratigraphy, ground water data, hydraulic conductivity data, and reduction in
hydraulic conductivity due to siltation or biofouling on the surface of the facility.
Use of this approach will generally be fairly rare. If necessary, the design office
should contact consulting services for help in locating an appropriate resource to
complete a MODFLOW analysis. Otherwise, skip this step and develop the data
needed to estimate the hydraulic gradient as shown in the following steps.

8. Calculate the hydraulic gradient as follows:
The steady state hydraulic gradient is calculated as follows:

D, +D

pond

138.62(K"") —

Where, Dy is the depth from the base of the infiltration facility to the water table
in feet, K is the saturated hydraulic conductivity in feet/day, Dyong s the depth of
water in the facility in feet/day (see Massmann et al., 2003, for the development
of this equation), and CF., is the correction for pond size. The correction factor
was developed for ponds with bottom areas between 0.6 and 6 acres in size. For
small ponds (ponds with area equal to 2/3 acre), the correction factor is equal to
1.0. For large ponds (ponds with area equal to 6 acres), the correction factor is
0.2, as shown in Equation 4-15.

gradient=1 =~ (4-14)

_ ~0.76
CE\'ize - 073(Apond) (4-15)

Where, Apong 1s the area of pond bottom in acres. This equation generally will
result in a calculated gradient of less than 1.0 for moderate to shallow ground
water depths (or to a low permeability layer) below the facility, and
conservatively accounts for the development of a ground water mound. A more
detailed ground water mounding analysis using a program such as MODFLOW
will usually result in a gradient that is equal to or greater than the gradient
calculated using Equation 4-14. If the calculated gradient is greater than 1.0, the
water table is considered to be deep, and a maximum gradient of 1.0 must be
used. Typically, a depth to ground water of 100 feet or more is required to obtain
a gradient of 1.0 or more using this equation. Since the gradient is a function of
depth of water in the facility, the gradient will vary as the pond fills during the
season. Therefore, the gradient must be calculated as part of the stage-discharge
calculation used in MGSFlood for the continuous hydrograph method. For design
using the single event hydrograph, it is sufficiently accurate to calculate the
hydraulic gradient based on one half of the maximum depth of water in the pond.
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9. Calculate the infiltration rate using Darcy’s law as follows:
dh .
re K(_) _Ki (4-16)
dz

Where, fis the specific discharge or infiltration rate of water through a unit cross-
section of the infiltration facility (L/t), K is the hydraulic conductivity (L/t), dh/dz
is the hydraulic gradient (L/L), and “i” is the gradient.

10.  Adjust infiltration rate or infiltration stage-discharge relationship obtained
in Steps 8 and 9:

This is done to account for reductions in the rate resulting from long-term siltation
and biofouling, taking into consideration the degree of long-term maintenance and
performance monitoring anticipated, the degree of influent control (e.g., pre-
settling ponds biofiltration swales, etc.), and the potential for siltation, litterfall,
moss buildup, etc. based on the surrounding environment. It should be assumed
that an average to high degree of maintenance will be performed on these
facilities. A low degree of maintenance should be considered only when there is
no other option (e.g., access problems). The infiltration rate estimated in Step 8
and 9 is multiplied by the reduction factors summarized in Table 4-11.

Table 4-11. Infiltration rate reduction factors to account for biofouling and siltation
effects for ponds (Massmann, 2003).

Potential for Degree of Long-Term Infiltration Rate Reduction
Biofouling Maintenance/Performance Monitoring Factor, CFgipio
Low Average to High 0.9
Low Low 0.6
High Average to High 0.5
High Low 0.2

Also adjust this infiltration rate for the effect of pond aspect ratio by multiplying
the infiltration rate determined in Step 9 (Equation 4-17) by the aspect ratio
correction factor Fagpect @s shown in the following equation:

CFaspect = 0.02A, + 0.98 (4-17)

Where, A, is the aspect ratio for the pond (length/width). In no case shall CFagpect
be greater than 1.4.

The final infiltration rate will therefore be as follows:
f= K'i’CFaSpect‘CFsilt/bio (4-18)

The rates calculated based on Equations 4-15 and 4-17 are long-term design rates.
No additional reduction factor or factor of safety is needed.
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11.

12.

13.

The values in this table assume that final excavation of the facility to the finished
grade is deferred until all disturbed areas in the upgradient drainage area have
been stabilized or protected (e.g., construction runoff is not allowed into the
facility after final excavation of the facility) as required in Section 5-4.2.1. Ponds
located in shady areas where moss and litterfall from adjacent vegetation can
build up on the pond bottom and sides, the upgradient drainage area will remain
in a disturbed condition long-term, and no pretreatment (e.g., pre-settling ponds,
biofiltration swales, etc.) is provided, are one example of a situation with a high
potential for biofouling. A low degree of long-term maintenance includes, for
example, situations where access to the facility for maintenance is very difficult
or limited, or where there is minimal control of the party responsible for enforcing
the required maintenance. A low degree of maintenance should be considered
only when there is no other option.

Determine the infiltration flowrate Q:

If the infiltration facility is located in eastern Washington, determine the
infiltration flowrate Q using StormShed, or determine by hand using Darcy’s law.

Size the facility:

Use one of the following two approaches, depending on the type of hydrograph
used:

= If using a continuous hydrograph for design, size the facility to ensure that
the desirable pond depth is three feet, with one-foot minimum required
freeboard. The maximum allowable pond depth is six feet.

= If using a single event/single hydrograph, calculate T4, using the value of
Q determined from Step 11 and Vgesign from Step 2 as follows:

V

T — design )
req —Q (4-19)
Where, T, is the time required to infiltrate the design storm water volume. This
value of T,.q must be less than or equal to the maximum allowed infiltration time
specified in the Site Suitability Criteria in Section 4-5.5. The time criteria begins
at the end of the design storm. The designer may also utilize StormShed to
determine the time it takes the pond to empty from outflow hydrographs.

Construct the facility:

Maintain and monitor the facility for performance in accordance with the
WSDOT Maintenance Manual (M 51-01).

4-5.2.2 Simplified Approach (Figure 4-16)

The simplified approach was derived from high ground water and shallow pond sites in western
Washington, and in general will produce conservative designs. Applying this method to eastern
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Washington will produce even more conservative designs than in western Washington. The
simplified approach can be used when determining the trial geometry of the infiltration facility,
for small or low impact facilities, or for facilities where a more conservative design is
acceptable. The simplified method must not be used for determining short-term soil infiltration
rates for runoff treatment infiltration facilities for western Washington as referenced in Site
Suitability Criteria 5. The simplified approach is applicable to ponds and trenches and includes
the following steps:

1. Select a location:

This will be based on the ability to convey flow to the location and the expected
soil conditions of the location. The minimum setback distances must also be met.

2. Estimate volume of stormwater, Vdesign:

For eastern Washington, a single value/single event hydrograph for the volume
can be used, allowing for a simplified modeling approach such as StormShed.
For western Washington, a continuous hydrograph should be used, requiring
MGSFlood for the calculations.

3. Develop trial infiltration facility geometry:

To accomplish this, an infiltration rate will need to be assumed based on
previously available data, or a default infiltration rate of 0.5 inches/hour can be
used. This trial facility geometry should be used to help locate the facility and for
planning purposes in developing the geotechnical subsurface investigation plan.

4. Conduct a geotechnical investigation:

The geotechnical investigation evaluates the suitability of the site for infiltration,
establishes the infiltration rate for design, and evaluates slope stability, foundation
capacity, and other geotechnical design information needed to design and assess
constructability of the facility. The geotechnical investigation is described in
Section 4-5.2.1, Step 4 (Figures 4-14 and 4-15).

Items to be determined or evaluated by the geotechnical investigation are
described in Section 4-5.2.1, Step 5 (Figures 4-14 and 4-15).

5. Determine the infiltration rate as follows:

The Department of Ecology Stormwater Management Manual for Western
Washington (2001) provides a correlation between the d; size of the soils below
the infiltration facility and the infiltration rate, as shown in Table 4-12, which can
be used to estimate the infiltration rate.
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Perform subsurface site

collection, including location
of water table.

I

Estimate infiltration
rate from Fahleed-12:
-Soil grain sizes
-Layered systems
-Degree ofsiltation,
biofouling etc.
-Depth to W.T.
-Facility aspect ratio

characterization and data «——

Estimate volume of
stormwater V

- Single value

- Single event hydrograph
- Continuous hydrograph

:

Choose trial geometry

based on site constraints
CassssnmE £ 6.6. mithhr

Calculate infiltration flow rate Q using STORMSHED or
L ! by hand using Darcy’s Law if in Ezstienm WA, @r using
MGSFLOOD if in Western WA

l

l

Calculate T and compare to design criterion,
resizing facility as necessary

Size facility to maximum depth / minimum
freeboard to accommodateV |

—» Construct facility <

Maintain facility and verify performance.
Retrofit facility if performance is
inadequate.

Figure 4-16. Engineering design steps for design of infiltration facilities — simplified
infiltration rate procedure (use for trial geometry, small or low impact facilities,
or for facilities where a more conservative design is acceptable).
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Table 4-12.Recommended infiltration rates based on ASTM Gradation Testing.

Dy Size from ASTM D422 Soil Estimated Long-Term (Design)
Gradation Test (mm) Infiltration Rate (inch/hour)
>0.4 9
0.3 6.5
0.2 3.5
0.1 2.0
0.05 0.8

The data that forms the basis for Table 4-12 were from soils that would be
classified as sands or sandy gravels. No data were available for finer soils at the
time the table was developed. However, additional data based on recent research
(Massmann, et al. 2003) for these finer soils are now available and are shown in
Figure 4-17.

Figure 4-17 provides a plot of this relationship between the infiltration rate and
the d;o of the soil, showing the empirical data upon which it is based. The figure
provides an upper and lower bound range for this relationship based on the
empirical data. These upper and lower bound ranges can be used to adjust the
design infiltration rate to account for site-specific issues and conditions.

The long-term rates provided in Table 4-12 represent average conditions
regarding site variability, the degree of long-term maintenance, and pretreatment
for TSS control, and represent a moderate depth to ground water below the pond.
The long-term infiltration rates in Table 4-12 may need to be decreased (i.e.,
toward the lower bound in Figure 4-17) if the site is highly variable, the ground
water table is shallow, there is fine layering present that would not be captured by
the soil gradation testing, or maintenance and influent characteristics are not well
controlled. However, if influent control is good (e.g., water entering the pond is
pretreated through a biofiltration swale, pre-sedimentation pond, etc.), a good
long-term maintenance plan will be implemented, and the water table is moderate
in depth, then an infiltration rate toward the upper bound in the figure could be
used.

The infiltration rates provided in Figure 4-17 represent rates for homogeneous soil
conditions. If more than one soil unit is located within 2.5 times the maximum
design depth of water proposed for the infiltration facility, or at least 2 feet into
the saturated zone but no less than 6 feet below the base of the infiltration facility,
use the lowest infiltration rate determined from each of the soil units as the
representative site infiltration rate.

The rates shown in Table 4-12 and Figure 4-17 are long-term design rates. No
additional reduction factor or factor of safety is needed.
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Figure 4-17. Infiltration rate as a function of the Dy size of the soil for ponds in Western

Washington (the mean values represent low gradient conditions and
relatively shallow ponds).

Note that Table 4-12 provides an infiltration rate, not a hydraulic conductivity that
must be multiplied by a hydraulic gradient or other factors as provided in
Equation 4-18. The infiltration rates provided in this table assume a fully
developed ground water mound and very low hydraulic gradients. Hence, if the
water table is relatively deep, the infiltration rate calculated from Equation 4-18
will likely be more accurate, but less conservative, than the infiltration rates
provided in Table 4-12. For shallow water table situations, Equation 4-18 will
produce infiltration rates similar to those provided in Table 4-12 and shown in
Figure 4-17.

The minimum infiltration rate at which infiltration would be considered the
primary function of the facility is 0.5 inches/hour. Infiltration can still be taken
into account if the infiltration rate is lower, but it should be considered a
secondary design parameter for the facility.

6. Determine the infiltration flowrate Q:
If the infiltration facility is located in eastern Washington, determine the
infiltration flowrate Q using StormShed, or determine by hand using Darcy’s law.
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7. Size the facility:

Use one of the following two approaches, depending on the type of hydrograph
used:

. If using a continuous hydrograph for design, size the facility to ensure that
the maximum pond depth stays below the minimum required freeboard
(see Section 4-5.1).

= If using a single value/single event hydrograph, calculate Tyeq using
Equation 4-19 from the Detailed Approach (Section 4-5.2.1), using the
value of Q determined from Step 7 and V gegign from Step 2 of that
approach. The value of T, calculated must be less than or equal to the
maximum allowed infiltration time specified in the Site Suitability Criteria
in Section 4-5.5. The time criterion begins at the end of the design storm.

8. Construct the facility:

Maintain and monitor the facility for performance in accordance with the
WSDOT Maintenance Manual (M 51-01).

4-5.3 Design Procedure for Infiltration Trenches

The detailed approach for infiltration trenches was obtained from Massmann (2003). Procedures
for the detailed approach are as follows:

1. Follow steps 1 through 7 in Section 4-5.2.1 for ponds.

2. Calculate the hydraulic gradient:

If using a single value/single event hydrograph or continuous hydrograph,
calculate the hydraulic gradient for trenches as follows:

+D

. . D
gradient=1i, ~—2__lech (4-20)
78(K"")

Where, Dyench 1 the depth of water in the trench, in feet. As is true of Equation
4-14, Equation 4-20 is applicable to conditions where a full ground water mound
develops.

If the calculated gradient is greater than 1.0, the water table is considered to be
deep, and a maximum gradient of 1.0 must be used. It is sufficiently accurate to
calculate the hydraulic gradient assuming that Dyench 18 €qual to one half the
trench depth.

3. Follow step 9 in Section 4-5.2.1 for ponds.
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4. Adjust infiltration rate or infiltration stage-discharge relationship obtained
in Step 9.

This accounts for reductions in the rate resulting from long-term siltation and
biofouling, taking into consideration the degree of long-term maintenance and
performance monitoring anticipated, the degree of influent control (e.g., pre-
settling ponds biofiltration swales, etc.), and the potential for siltation, bio-
buildup, etc. based on the surrounding environment. It should be assumed that an
average to high degree of maintenance will be performed on these facilities. A
low degree of maintenance should be considered only when there is no other
option (e.g., access problems). The infiltration rate estimated in Step 9 is
multiplied by the reduction factors summarized in Table 4-13. The final
infiltration rate is therefore as follows:

f = KeiteCFsilt/bio (4-21)

The rates calculated based on Equation 4-21 are long-term design rates. No
additional reduction factor or factor of safety is needed.

Table 4-13.Infiltration rate reduction factors to account for biofouling and siltation effects
for trenches (Massmann, 2003).

Potential for Degree of Long-Term Infiltration Rate Reduction
Biofouling Maintenance/Performance Monitoring Factor, CFgipio
Low Average to High 0.9
Low Low 0.8
High Average to High 0.75
High Low 0.6

Although siltation and biofouling may be less prevalent in infiltration trenches
than in infiltration ponds, field data have not been collected that would allow
correction factors to be estimated for trenches. However, the computer simulation
results described in Massmann et al. (2003) suggest that reductions in hydraulic
conductivity due to bottom clogging from siltation and biofouling may have
relatively small effects on overall infiltration rates and gradients for trenches.

This is because of the larger amounts of lateral flow that occur in trenches
compared to ponds. Reductions in vertical flow from the bottom of the trench are
offset by increases in lateral flow, particularly for trenches with deeper water
levels.

S. Follow steps 11 through 13 in Section 4-5.2.1 for ponds.

4-5.4 Design Procedure for Drywells

Using StormShed, a drywell can be modeled by creating a stage storage discharge. Set the
elevations at zero up to immediately before the inlet of the drywell. Enter the outflow or
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discharge rate at the elevation just above the drywell. For example, where the bottom elevation
of the pond is 2,000 feet and the top of the dry well is to be set 6 inches from the bottom of the
pond with an outflow or discharge rate of 1 cfs, the stage storage input should be as follows:

Elevation Discharge Rate
2000’ 0 cfs
2000.5° 0 cfs
2000.51° 1 cfs

4-5.5 Site Suitability Criteria (SSC)

This section specifies the site suitability criteria that must be considered for siting infiltration
treatment systems. When a site investigation reveals that any of the 8 applicable criteria cannot
be met, appropriate mitigation measurers must be implemented so that the infiltration facility
will not pose a threat to safety, health, and the environment.

For infiltration treatment, site selection, and design decisions, a qualified engineer with
geotechnical and hydrogeologic experience should prepare a geotechnical and hydrogeologic
report. A comparable professional may also conduct the work if it is under the seal of a
registered Professional Engineer. The design engineer may use a team of certified or registered
professionals in soil science, hydrogeology, geology, and other related fields.

The following SSC criteria must be followed, if applicable, in addition to those described in the
BMP descriptions to design infiltration facilities:

SSC 1 Setback Requirements

Setback requirements for infiltration facilities are generally provided in local regulations,
Uniform Building Code requirements, or other state regulations. The following setback criteria
are used, unless otherwise required by Critical Area Ordinance or other jurisdictional authorities:

. In general, infiltration facilities should be located 20 feet downslope and 100 feet
upslope from building foundations, and 50 feet or more behind the top of slopes
steeper than 15 percent. The designer should request a geotechnical report for the
project that would evaluate structural site stability impacts due to extended
subgrade saturation and/or head loading of the permeable layer, including the
potential impacts to downgradient properties, especially on hills with known side-
hill seeps. The report should address the adequacy of the proposed BMP
locations and recommend any adjustments to the setback distances provided
above, either greater or smaller, based on the results of this evaluation.

. Infiltration facilities should be set back at least 100 feet from drinking water
wells, septic tanks or drainfields, and springs used for public drinking water
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supplies. Infiltration facilities upgradient of drinking water supplies and within
1-, 5-, and 10-year time of travel zones must comply with health department
requirements (Washington Wellhead Protection Program, WAC 246-290-135,

D http://www.leg.wa.gov/wac/index.cfm?fuseaction=Section&Section=246-290-
135).

= Additional setbacks must be considered if roadway deicers or herbicides are likely
to be present in the influent to the infiltration system.

= Infiltration facilities must be located at least 20 feet from a native growth
protection easement (NGPE).

= Infiltration facilities must be a minimum of 5 feet from any property line and
vegetative buffer. This distance may be increased based on permit conditions
required by the local government.

SSC 2 Seepage Analysis and Control

Determine whether there would be any adverse effects caused by seepage zones near building
foundations, roads, parking lots, or sloping sites. Infiltration of stormwater is not recommended
on or up gradient of a contaminated site where infiltration of even clean water can cause
contaminants to mobilize.

Sidewall seepage is not usually a concern if seepage occurs through the same stratum as the
bottom of the facility. However, for engineered soils, or for soils with very low permeability, the
potential to bypass the treatment soil through the sidewalls may be significant. In those cases,
the sidewalls must be lined, either with an impervious liner or with at least 18 inches of treatment
soil, to prevent seepage of untreated flows through the sidewalls.

SSC 3 Ground Water Protection Areas

A site is not suitable if the infiltrated stormwater will cause a violation of Ecology Ground Water
Quality Standard. Local jurisdictions should be consulted for applicable pretreatment
requirement and whether the site is located in an aquifer sensitive area sole source aquifer or a
wellhead protection zone.

SSC 4 Depth to Bedrock, Water Table, or Inpermeable Layer

The base of all infiltration basins or trench systems must be > 5 feet above the seasonal high-
water mark, bedrock (or hardpan), or other low permeability layer. A separation down to 3 feet
may be considered if the design of the overflow and/or bypass structures is judged by the site
professional to be adequate to prevent overtopping and meet the site suitability criteria specified
in this section.
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SSC 5 Soil Infiltration Rate

For runoff treatment infiltration facilities, the short-term soil infiltration rate is 2.4 inches per
hour or less, calculated as described in Section 4-5.2.1 using the “Detailed Approach,” but using
a value of 1.0 for CFgjiio. The “Simplified Approach” (Section 4-5.2.2) should not be used for
this determination in western Washington, as it is set up only to produce long-term infiltration
rates. The infiltration rate calculated in this manner should not be used to size the facility, but
only to determine whether the treatment criterion is met. This infiltration rate is typical for soil
textures that possess sufficient physical and chemical properties for adequate treatment,
particularly for soluble pollutant removal (see below). It is comparable to the textures
represented by Hydrologic Soil Groups B and C (see Hydrologic Soil Groups in Section 4-3.6.1).

Long-term infiltration rates, calculated as described in Section 4-5.2.1 and accounting for
long-term effects such as siltation and biofouling, up to 2.0 inches per hour, can also be
considered if the infiltration receptor is not a sole-source aquifer, and if, in the judgment of the
site professional, the treatment soil has characteristics comparable to those specified in SSC 7 to
adequately control the target pollutants.

Infiltration rates for drywells will remain as presented in Section 4-5.4, with the 0.5 cfs for

1 barrel and 1.0 cfs for 2 barrels, until Dr. Massman’s research is completed. This information
will be distributed when available. However, the trench design should not use the drywell
infiltration rate, since the gradients are different.

SSC 6 Drawdown Time

For both western and eastern Washington, it is necessary to empty the maximum ponded depth
(runoff treatment volume) from the infiltration basin within 24 hours after precipitation has
ended. Flow control in eastern Washington is designed to completely drain ponded runoff within
72 hours after precipitation has ended, based on the 25-year event, in order to meet the following
objectives:

= Restore hydraulic capacity to receive runoff from a new storm (applicable for
single event modeling, but not applicable to continuous hydrograph modeling).

= Aerate vegetation and soil to keep the vegetation healthy, prevent anoxic
conditions in the treatment soil, and enhance the biodegradation of pollutions and
organics, if the infiltration facility is to provide treatment.

= In general, this drawdown requirement is applicable only if it is intended for the
infiltration facility to provide treatment, and for addressing storage capacity if a
single event hydrograph model is used.

SSC7 Soil Physical and Chemical Suitability for Treatment

Soil texture and design infiltration rates should be considered, along with the physical and
chemical characteristics specified below, to determine if the soil is adequate for removing the
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target pollutants. The following soil properties must be carefully considered in making such a
determination:

Cation exchange capacity (CEC) of the treatment soil must be >5 milliequivalents
CEC/100 g dry soil (USEPA Method 9081). Consider empirical testing of soil
sorption capacity, if practicable. Ensure that soil CEC is sufficient for expected
pollutant loadings, particularly heavy metals. CEC values of >5 meq/100g are
expected in loamy sands, according to Rawls, et al (1982). Lower CEC content
may be considered if it is based on a soil loading capacity determination for the
target pollutants that is accepted by the local jurisdiction.

The sodium adsorption ratio (SAR) can have a dramatic effect on the long-term
performance of an infiltration facility. Soils with an excess of sodium ions,
compared to calcium and magnesium ions, remain in a dispersed condition,
almost impermeable to water. A dispersed soil is extremely sticky when wet,
tends to crust, and becomes very hard and cloddy when dry. An SAR value of 15
or greater indicates that an excess of sodium will be adsorbed by the soil clay
particles and severely restrict infiltration. Montmorillionite, vermiculite, illite,
and mica-derived clays are more sensitive to sodium than other clays and could
develop problems if the SAR is greater than 5. If runoff contains high levels of
sodium in relationship to calcium and magnesium, it may also present problems in
the future. Additions of gypsum (calcium sulfate) to the soil can be used to free
the sodium and allow it to be leached from the soil.

Depth of soil used for infiltration treatment must be a minimum of 18 inches
except for designed, vegetated infiltration facilities with an active root zone, such
as bio-infiltration swales.

Organic Content of the treatment soil (ASTM D 2974): Organic matter can
increase the sorptive capacity of the soil for some pollutants. The site
professional should evaluate whether the organic matter content is sufficient for
control of the target pollutant(s).

Waste fill materials should not be used as infiltration soil media, nor should such
media be placed over uncontrolled or nonengineered fill soils.

Engineered soils may be used to meet the design criteria in this chapter and the
runoff treatment targets in Table 2-1. Field performance evaluation(s), using
acceptable protocols, would be needed to determine feasibility, and acceptability
by the local jurisdiction. See Soil Amendments in Appendix 5A for more
information.

SSC 8 Cold Climate and Impacts of Roadway Deicers

For cold climate design criteria (snowmelt/ice impacts) refer to D. Caraco and R.
Claytor document, Stormwater BMP Design Supplement for Cold Climates
USEPA, December 1997.
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= Potential impact of roadway deicers on potable water wells must be considered in
the siting determination. Mitigation measures must be implemented if infiltration
of roadway deicers can cause a violation of ground water quality standards. For
assistance, contact Region or Headquarters hydraulics staff for assistance.

4-5.6 Subsurface Infiltration (Underground Injection Facilities)

4-5.6.1 Purpose and Definitions

Subsurface infiltration is one of the preferred methods for disposing of excess stormwater in
order to preserve natural drainage systems in Washington. Subsurface infiltration is regulated by
the Underground Injection Control (UIC) Rule

(“® http://www.ecy.wa.gov/programs/wg/grndwtr/uic/rule_info.html), which is intended to
protect underground sources of drinking water. By definition, a UIC facility includes a
manmade subsurface fluid distribution system, which means an assemblage of perforated pipes,
drain tiles, or other similar mechanisms intended to infiltrate fluids into the ground or a dug hole
that is deeper than the largest surface dimension. Buried pipe and/or tile networks that serve to
collect water and discharge that water to a conveyance system or to surface water are not UIC
facilities. For the purposes of this section, subsurface infiltration systems include drywells, pipe
or french drains, drain fields, and other similar devices that are designed to discharge stormwater
directly into the ground.

The following types of stormwater infiltration facilities are not subject to the UIC rule: surface
infiltration basins and flow dispersion. This section of the manual does not apply to those
facilities or methods of stormwater disposal.

The UIC rule does apply to some designs of infiltration trenches that include perforated pipe.
Those facilities must be registered with the Department of Ecology (see Construction Criteria in
this section). However, if the facilities are designed, constructed, operated, and maintained
according to the specifications of this manual and the WSDOT Maintenance Manual, they are
rule authorized (no permits needed) and this section does not apply.

The majority of UIC facilities receiving stormwater discharges can be authorized by the UIC
rule, without requiring individual permits, where the discharge, the site, and the structure of the
facility meet the requirements detailed in this section. (Surface infiltration trenches that are
designed, constructed, operated, and maintained according to the specifications in Chapter 5 are
also authorized by the UIC rule.) When facilities cannot meet the requirements of this section,
application must be made to the Department of Ecology for individual permits. In some cases,
the discharge may be prohibited. See WAC 173-218

(“® http://www.leg.wa.gov/wac/index.cfm?fuseaction=chapterdigest&chapter=173-218) and
SWMMEW for more information on the UIC rule.

The unsaturated geologic material between the bottom of the infiltration facility and the top of an
unconfined aquifer, called the vadose zone, usually provides some level of treatment by
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removing contaminants through filtration, adsorption, and/or degradation. In some cases, the
treatment provided by the vadose zone is suitable for protecting ground water quality from
contamination by stormwater runoff. In other cases, additional pre-treatment may be required to
protect ground water quality. This section defines site suitability, pre-treatment requirements,
and design criteria for UIC rule-authorized discharges of stormwater to subsurface infiltration
systems, including drywells.

This section does not apply to any UIC facilities that receive fluids other than stormwater
(precluding accidental spills and illicit discharges, which are addressed below).

This section does not address the infiltration capacity of the vadose zone below the UIC facility.
For guidance on infiltration rates see Section 4-5.1

4-5.6.2 Application and Limitations

Subsurface infiltration (UIC facilities) may be used to provide flow control of excess stormwater
runoff when:

= Pollutant concentrations that reach ground water are not expected to exceed
Washington State ground water quality standards, or

= Flows are greater than the runoff treatment design storm, or

= Stormwater is adequately treated prior to discharge.

Under certain conditions, subsurface infiltration may be considered to provide an acceptable
level of treatment for removing stormwater pollutants that exceed ground water quality
standards.

Rationale and evaluation criteria for authorization by rule: These criteria apply only to
discharges of stormwater runoff to (and from) UIC facilities. The technical guidance for
managing stormwater discharges to ground water was developed using a risk-based approach. In
order to be rule authorized, the discharge from a UIC structure must meet the “non-
endangerment standard,” which requires that the discharge comply with state ground water
quality standards when it reaches the water table, or first comes into contact with an aquifer

(see WAC 173-200,

“® http://www.leg.wa.gov/wac/index.cfm?fuseaction=chapterdigest&chapter=173-200).

1. Potential Removal of Contaminants by the Vadose Zone

Studies of subsurface infiltration systems indicate that filtered and adsorbed
pollutants accumulate in the vadose zone at depths of less than a few feet below
the facilities at concentrations that may require soil cleanup activities upon
decommissioning of a UIC facility (Mikkelsen et al 1996 #1 and #2; Appleyard
1993). Because contaminated soil removal and disposal costs can be
considerable, project designers may wish to consider including pre-treatment
facilities to remove solids from stormwater runoff and avoid potential cleanup
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requirements following long-term use of the UIC facility. This caution is
particularly addressed to UIC facilities receiving runoff from traffic areas with
moderate to high use.

Studies of pollutant concentrations in water through and below infiltration
systems show mixed results in the effectiveness of vadose zone filtration in
protecting ground water quality (USEPA 1999; Pitt 1999; Mason et al 1999; and
Appleyard 1993). Many of the problems documented in these studies can be
corrected by proper siting, design, and use of the facilities, as well as enhanced
source control additional pre-treatment prior to discharge to the facilities, or
prohibition of the discharge. The remainder of this section details guidance
intended to ensure that UIC facilities are properly sited, designed, and operated to
protect water quality.

Project proponents may choose to follow either a presumptive or demonstrative
approach to compliance with the UIC rule:

= A presumptive approach to protecting ground water quality uses the
methods described in this section. This approach considers potential
pollutant loading (based on the pollutant loading expected in storm runoff
from a given land use or activity), and the treatment capacity of the vadose
zone (based on subsurface geology and the thickness of the best naturally
present matrices for removing pollutants).

= The presumptive approach is based primarily on benefits provided by
removal of the solid phase of pollutants in stormwater as it passes through
the vadose zone. In almost all cases, removal of the solid phase of metals
and most pesticides from stormwater results in meeting the ground water
standards. Filtration and separation are considered the most effective
means of removing fecal coliform.

= A demonstrative approach to protecting ground water quality may
consider site-specific information that modifies either the pollutant loading
category or the treatment capacity of the vadose zone, or both, for a
stormwater discharge to a subsurface infiltration system. A demonstrative
approach to protecting ground water quality may also use a site-specific
analysis that otherwise demonstrates that the proposed discharge will
comply with ground water quality standards. Local governments might
also modify the presumptive approach based on local information and
planning that results in adoption of a UIC management plan that meets the
non-endangerment standard.

2. Necessary Source Control Activities

Additional, programmatic or source control activities may be necessary to protect
ground water from soluble pesticides, nitrates, and road salts and other anti-icers
and deicers. To the maximum extent practicable, exposure of stormwater to these
chemicals must be reduced by one or more of the following: a reduction in
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application rate or more selective use; increased source control activities; or
separation of the areas of use from the contributing area draining to the UIC
facility. Please refer to SSC 8 for guidance.

4-5.6.3 Siting Criteria and Treatment Requirements

Prior to evaluating runoff treatment considerations, the designer should be certain that the site
meets the criteria for drywells found in Chapter 5 of this manual.

Where geologic and ground water depth information is available, Tables 4-14 through 4-16,
below, can be used to evaluate whether a stormwater discharge from a road or highway to a UIC
facility meets the non-endangerment standard. For non-highway or road applications, see the
Department of Ecology Stormwater Manual. Used together, the tables identify the extent to
which the vadose zone may be presumed to provide sufficient treatment for a given pollutant
loading surface in order to meet ground water quality standards (see also the exceptions to Table
4-16).

At sites where the vadose zone is considered to provide sufficient treatment to protect ground
water quality (“Suitable for all UIC facilities” or “Suitable for 2-stage drywell” in Table 4-16),
pre-treatment is not required. If the proposed UIC facility cannot meet the depth/thickness
requirements in Table 4-14, or in the exceptions below, the design must include pre-treatment for
removal of solids. All high category pollutant loadings must provide pre-treatment for removal
of oil. All project proponents should read Accidental Spills and Illicit Discharges (Section
4-5.6.4) and Prohibitions (Section 4-5.6.5) for additional considerations that may apply to their
sites.

. Evaluation of the Treatment Capacity of the Vadose Zone

Several alternative approaches are provided in Table 4-14 for identifying the
proper treatment capacity classification of the vadose zone matrix. The designer
can use grain size distribution and or/ratios, typical categories assigned by well
drillers, and/or geologic names. Geologic materials have been classified as
having high, medium, low, or no treatment capacity. Keep in mind that the focus
of this table is on a treatment layer, and not the depth to ground water.

Native materials in the “high treatment capacity” category provide filtration
combined with some chemically reactive characteristics, specifically cation
exchange capacity. Native organic matter improves adsorption and filtration
(Igloria et al. 1997), but is rarely found at depths below UIC facilities, so this
category generally relies on clay or fine silt materials to provide chemical
reactivity. These may be mixtures of materials where silt and clay fill the pore
spaces in matrix—the coarser materials. The more compacted, the better the
filtration.
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Table 4-14. Treatment capacity of vadose zone materials (subsurface geologic matrix
above an unconfined aquifer) for removing contaminants from stormwater
discharged to UIC facilities.

Presumed Treatment Capacity and
Conditions Description of Vadose Zone Layer

Materials with average grain size <0.125mm or having a sand to
silt/clay ratio of less than 1:1 and sand plus gravel less than 50%.

Lean, fat, or elastic clay
HIGH Sandy or silty clay

A minimum thickness of ten feet of these materials | Silt
must be naturally present between the bottom of the
UIC structure and the top of the highest known
seasonal water table.*

Clayey or sandy silt

Sandy loam or loamy sand

Silt/clay with inter-bedded sand
Well-compacted, poorly-sorted materials

This category generally includes till, hardpan, caliche, and loess.

Materials with average grain size 0.125mm to 4mm or having a sand to
silt/clay ratio between 1:1 and 9:1 and percent sand greater than or
equal to percent gravel.

MEDIUM Fine, medium, or coarse sand

A minimum thickness of fifteen feet of these Gravelly sand
materials must be naturally present between the
bottom of the UIC structure and the top of the
highest known seasonal water table.*

Sand with inter-bedded clay and/or silt
Poorly-graded/sorted, silty or muddy gravel
Poorly-compacted, poorly-sorted materials

This category includes most outwash deposits, non-cavernous
limestone, and some alluvium.

LOW Materials with average grain size >4mm to 64mm or having a sand to

silt/clay ratio greater than 9:1 and percent sand less than percent gravel.
A minimum thickness of fifty feet of these

materials must be naturally present between the
bottom of the UIC structure and the top of the Sandy gravel or sand and gravel
highest known seasonal water table.

Well-graded/sorted or clean gravel

This category includes some alluvium and outwash deposits.

Materials with average grain size >64mm or having total fines (sand
and mud) less than 5%

Boulders and/or cobbles

NONE
Fractured rock

This category generally includes fractured basalt, other fractured
bedrock, and cavernous limestone.

* See Application and Limitations in Section 4-5.6.2 for possible exceptions to the thickness requirement.
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Table 4-15. Stormwater pollutant loading classifications for UIC facilities receiving
stormwater runoff.

Pollutant Loading
Classification

Proposed Land Use or Site Characteristics*

INSIGNIFICANT

Impervious surfaces not subject to motorized vehicle traffic or application of sand or
deicing compounds

Un-maintained open space

LOW

Urban roads with ADT < 7,500 vehicles per day
Freeways with ADT < 15,000 vehicles per day

Parking areas with < 40 trip ends per 1,000 SF of gross building area or < 100 total trip
ends (e.g. most residential parking and employee-only parking areas for small office parks
or other commercial buildings)

Most public parks (see prohibitions for exceptions)

Roofs that are subject only to atmospheric deposition and normal heating, ventilation, and
air conditioning system outputs

Other land uses with similar traffic/use characteristics

MEDIUM

Urban roads with ADT between 7,500 and 30,000 vehicles per day
Freeways with ADT between 15,000 and 30,000 vehicles per day

Parking areas with between 40 and 100 trip ends per 1,000 SF of gross building area or
between 100 and 300 total trip ends (e.g. visitor parking for small to medium commercial
buildings with a limited number of daily customers)

Primary access points for high-density residential apartments
Most intersections controlled by traffic signals

Transit center bus stops

Some high density residential roads and parking areas

Roofs that are subject to ventilation systems that are specifically designed to remove
commercial indoor pollutants

Other land uses with similar traffic/use characteristics

HIGH

All roads with ADT > 30,000 vehicles per day
High-density intersections (see definition in Chapter 2.2.5)

Parking areas with > 100 trip ends per 1,000 SF of gross building area or > 300 total trip
ends (e.g. commercial buildings with a frequent turnover of visitors, such as grocery stores,
shopping malls, restaurants, drive-through services, etc.)

On-street parking areas of municipal streets in commercial and industrial areas
Highway rest areas

Other land uses with similar traffic/use characteristics

* See Prohibitions in Section 4-5.6.5.

Average daily traffic count (ADT) and trip ends must be calculated for the design life of

the project and may be determined using “Trip Generation” published by the Institute of Transportation Engineers.
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Table 4-16. Matrix for determining suitability of subsurface discharge of stormwater from
commercial and residential land uses to new UIC facilities

See tables 4-14 and 4-15 for treatment capacity and pollutant loading definitions. All project
proponents should read Section 4-5.6 for exceptions or other requirements that apply in certain
situations. Appropriate pre-treatment requirements must be determined using the information
provided in Chapter5 treatment facility selection process.

Treatment
Capacity
Pollutant
Loading HIGH MEDIUM LOW NONE
INSIGNIFICANT Sul'ta'lb'le for all UIC Sulya}ble for all UIC Sulf[a}ble for all UIC Sul'ta}ble for all UIC
facilities facilities facilities facilities
Suitable for all UIC | Suitable for all UIC | Suitable for all UIC | Pretreatment
LOW facilities facilities facilities required to remove
solids!
Suitable for 2-stage | Suitable for 2-stage | Pretreatment Pretreatment
MEDIUM drywell* drywell* required to remove | required to remove
solids' solids'
Pretreatment Pretreatment Pretreatment Pretreatment
HIGH ** re%uired to remove rec&uired to remove | required to remove | required to remove
oil oil oil and solids'? oil and solids'?

* A two-stage drywell includes a catch basin or spill control structure that traps small quantities of oils and solids; the spill
control device may be a turned-down pipe elbow or other passive device.

** Note that the prohibitions listed in Prohibition still apply.

! Treatment to remove solids means basic treatment as defined in Minimum Requirement 5 and Chapter 5 treatment facility
selection process. Removal of solids should also remove a large portion of the metals in most stormwater runoff.

% Treatment to remove oil means oil control as defined in Section Minimum Requirement 5.

Native materials in the “medium treatment capacity” category provide moderate
to high filtration and have minor or no chemically reactive characteristics. Native
materials in the “low treatment capacity” category provide some minimal
filtration. The sand and gravel mixtures in this category may provide moderate
filtration when a UIC facility is initially installed, but typically will yield
preferential flow paths where treatment capacity is reduced. Materials in the “no
treatment capacity” category do not provide any filtration to remove pollutants.

Table 4-14 is intended for use in meeting the presumptive approach. Project
proponents and local jurisdictions using the demonstrative approach may define
other treatment capacity categories.

. Subsurface Geologic Data

Geologic information may be available from regional subsurface geology maps in
publications from the Department of Natural Resources or U.S. Geological
Survey; from a well borehole log(s) in the same quarter section on the Department
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of Ecology website; or from local governments. Surface soils maps generally do
not provide adequate information, although the parent material information
provided may be helpful in some locations. Well borehole log locations should be
verified, as electronic databases contain many errors of this type. When using
borehole logs, a “nearby” site is generally within a quarter of a mile. Subsurface
geology can vary considerably in a very short horizontal distance in many areas of
the state, so professional judgment should be used to determine whether the
available data are adequate or site exploration is necessary. Where reliable
regional information or nearby borehole logs are not readily available, it will be
necessary to obtain data through site exploration. Alternatively, for small projects
where site exploration is not cost-effective, a design professional might apply a
conservative design approach, subject to the approval of Region or Headquarters
hydraulics staff and/or materials lab.

. Depth to Ground Water

Ground water depths may be available from the Department of Ecology,
Department of Natural Resources, or U.S. Geological Survey publications; or
from local governments. Knowledge of the seasonal high water table is especially
important for siting UIC facilities in areas with very shallow water tables (less
than fifteen feet below the bottom of the UIC facility). Significant mounding of
infiltrating stormwater can occur above the water table (Appleyard 1993), and
UIC facilities must not discharge stormwater directly into ground water at any
time, even if the ground water level is rising in response to the UIC discharge.

Water level information is also needed to confirm the thickness of the treatment
layer in the vadose zone between the bottom of the UIC facility and the highest
known ground water level. Water level data associated with a single borehole log
may be insufficient to determine the seasonal high water table, especially if the
drilling occurred outside the normal period of highest water tables (generally late
winter through mid-spring in most of Washington State, although the seasonal
high water table elevation may occur in late summer at sites in heavily irrigated
areas and/or following a wet season with lower than normal precipitation). At
sites where the fluctuation of the seasonal water table is large (several feet) or
unknown, designers should err on the side of caution. UIC facilities must not
discharge stormwater directly into ground water. The minimum required
separation between the bottom of the facility and the highest seasonal water table
depends upon the characteristics of the vadose zone, the potential for mounding of
infiltrating stormwater above the water table, and the degree of certainty of
available data as to the seasonal high water table elevation.

L] Wellhead Protection

All UIC facilities must be sited in accordance with state or local health
department guidance and requirements. In particular, UIC facilities must be
located the minimum required horizontal and/or vertical distance from drinking
water supply wells as required by the Department of Health. Current state
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regulation requires 100 feet of horizontal separation; local departments may
establish stricter requirements and vertical separations. Project designers should
consider available information about the direction of local ground water
movement, time of travel, and vulnerability of drinking water supply wells to
contamination when siting UIC facilities. Other setbacks may be required by
local code.

u Performance Consideration

As noted in Application and Limitations, above (Section 4-5.6.2), project
proponents may wish to consider including pre-treatment facilities to remove
solids from stormwater runoff and avoid potential cleanup requirements following
long-term use of any UIC facility receiving runoff from traffic areas, regardless of
the pollutant loading classification.

= Exceptions to Tables 4-14 through 4-16

Where the project proponent gathers more or better site-specific data, and local
permission is granted, or where a local planning study is done with the intent of
modifying the presumptive approach described in this section, the following
modifications may be made to the tables:

O Where reliable, on-site information is available, or where borehole logs
exist for sites within one-quarter mile of the proposed UIC facility and
local geology does not vary greatly, discharge of stormwater with
insignificant or low pollutant loadings to a UIC facility above a vadose
zone containing as little as three feet of a high-capacity treatment matrix
thickness or ten feet of a medium-capacity treatment matrix thickness is
allowed if implemented under a locally developed UIC management plan.
Site-specific water level data must be collected to justify the minimal
separation from the water table if the three feet of high-capacity treatment
matrix provides the entire separation between the bottom of the structure
and the seasonal high water table. Evaluation of the potential for
mounding of infiltrating stormwater above the water table should also be
considered.

O Where reliable, on-site information is available, or where borehole logs
exist for sites within one-quarter mile of the proposed UIC facility and
local geology does not vary greatly, discharge of stormwater with medium
or high pollutant loadings to a UIC facility above a vadose zone
containing as little as six feet of a high-capacity treatment matrix thickness
is allowed if implemented under a locally developed UIC management
plan. Site-specific water level data must be collected to justify the
minimal separation from the water table if the six feet of high-capacity
treatment matrix or ten feet of medium-capacity treatment matrix provides
the entire separation between the bottom of the structure and the seasonal
high water table. Evaluation of the potential for mounding of infiltrating
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stormwater above the water table should also be considered. Use of a two-
stage drywell (including spill control or a catch basin) is still required for
medium pollutant loadings, and pre-treatment for oil control is still
required for high pollutant loadings.

| Where source control will eliminate or significantly reduce target
pollutants from high or medium pollutant loadings, and a local ordinance
or other regulatory mechanism exists to enforce the source control
activity, the local jurisdiction may accept reclassification of these sites as
medium or low, respectively.

| Where local jurisdiction planning efforts result in an alternative
framework for evaluating the suitability of various discharges to UIC
facilities, that approach may be used in lieu of Tables 4-14 through 4-16.
Contact Region or Headquarters hydraulics staff to see if this applies to
the project site.

. Exceptions Based on Environmental Conditions

UIC facilities located near surface water bodies that do not meet state water
quality standards. Where a UIC facility discharges to ground water that
contributes to baseflow in a nearby surface water body that does not meet state
water quality standards for metals, fecal coliform, and (or) phosphorus, the
potential of the subsurface discharge to the UIC facility to contribute to the
continued violation surface water quality standards must be considered. Shoreline
regulations may also apply. Specific requirements are listed below.

O Where a UIC facility receives stormwater from a medium or high pollutant
loading source area and discharges to a shallow water table (less than ten
feet below the UIC facility), and is less than 100 feet from a surface water
body that is impaired due to metals, pre-treatment for solids removal is
required. If the UIC facility is already required to apply pre-treatment for
solids removal due to the expected pollutant load and (or) the limited
treatment capacity of the vadose zone materials, additional pre-treatment
for metals removal is also required.

O Where a UIC facility discharges to a shallow water table (less than ten to
fifteen feet below the UIC facility), and is less than 100 feet from a
surface water body that is impaired due to coliform bacteria,
pre-treatment for solids removal is required. This requirement extends to
UIC facilities up to one-quarter mile from the surface water where the
treatment capacity of the vadose zone is categorized as “low” or “none.”

O Where a UIC facility is located near a surface water body that is impaired
due to phosphorus, pre-treatment for removal of phosphorus may be
required according to the remediation strategy adopted in a TMDL or
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other water clean-up plan. Check with regional or headquarters hydraulics
for applicable requirements.

Land uses or activities with special treatment requirements for non-road special
treatment requirements (see the Department of Ecology Stormwater Manual).

O At all other high-use sites (see definition in Glossary), the UIC facility
must include a spill control device.

O Due to intensive fertilizer and pesticide use, and the ineffectiveness of
treatment facilities to remove those pollutants from runoff, UIC facilities
should not be located at intensely managed landscape areas. Runoff from
maintenance-intensive landscape areas should be directed to biofiltration
or bioinfiltration systems or to constructed wetlands prior to discharge to
UIC facilities. (Grass highway shoulders and medians are not subject to
such intensive maintenance practices.) Limiting use of applied chemicals
at these sites is encouraged, as is site design that minimizes runoff from
the landscaped surface.

L Pretreatment Methods

Where structural pre-treatment BMPs are required, the appropriate treatment
BMPs must be selected from other sections in this chapter. (Source Control
BMPs are described in Section 5-2.1.) The BMPs and source control activities
must be designed to remove or attenuate the target pollutants to levels that,
following additional treatment through the vadose zone, will comply with ground
water quality standards when the discharge first comes into contact with an
aquifer.

These BMPs include: filtration and bio-infiltration BMPs; water quality vaults
and wetpools; oil/water separators; manufactured devices (such as catch basin
inserts, media filters, and other emerging technology); and other approved
facilities that provide treatment of expected pollutants (using filtration,
adsorption, or sedimentation processes).

4-5.6.4 Accidental Spills and lllicit Discharges

All impervious surfaces contributing stormwater to UIC structures should be qualitatively
evaluated for risk of exposure to potential spills. For traffic surfaces, the designer should
consider whether any of the following conditions are present: the bottom of a steep hill, a
dangerous intersection, sharp turn in a road or other locations where traffic accidents are likely to
occur; roads in industrial areas or with frequent daily travel by tanker trucks; or any other
increased risk situation that might increase the potential for accidental spills. If the designer
judges that spills are likely during the life of the project, the UIC facility should include a spill
containment structure or spill control device (see Chapter 6). Maintenance should inspect the
facility regularly, to detect and attend to any unreported spills that may have occurred. All spills
must be reported to Ecology.
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It is preferable to prevent any spill from passing through the UIC facility and entering the vadose
zone. If the potential for accidental spills is judged to be low, and there is no spill containment
structure or control device, the vadose zone may be used to contain a spill temporarily. A
minimum of ten feet, and preferably fifteen feet, of separation between the bottom of the drywell
and the top of an unconfined aquifer is necessary to protect ground water from most accidental or
illicit spills that might occur on surfaces that drain to UIC structures. Regardless of the
identified risk, in the event that a spill occurs and spreads through the vadose zone, the
contaminated soils must be removed, properly disposed of, and replaced with clean materials as
soon as practicable. In general, depths greater than 25 feet are difficult to clean up with soil
removal equipment. If removal of deeper contaminated sediments is not practicable, long-term
monitoring of the ground water or application of other cleanup technologies may be required.

4-5.6.5 Prohibitions

Due to potential contamination of ground water, discharge of stormwater to UIC facilities is not
allowed where any activities listed below take place out-of-doors. Conventional stormwater
treatment is not considered protective of ground water in these situations. If structural separation
at the site prevents discharge of stormwater from the area to the UIC facility, the prohibition is
limited to the portion of the site where that activity takes place. Stormwater from other portions
of the site, such as roofs and parking areas, may be discharged to UIC facilities in accordance
with Tables 4-14 through 4-16. If structural separation is not practicable, stormwater from the
entire site must be handled on site with a closed-loop system, or discharged to a sanitary sewer if
allowed by the local jurisdiction.

. Areas where stormwater comes into contact with surfaces subject to:
Vehicle maintenance, repair, and servicing

Vehicle washing

Airport deicing activities

Storage of treated lumber

Storage or handling of hazardous materials

Storage, transfer, treatment, or disposal of hazardous wastes

O o o o o o O

Handling of radioactive materials.
= Recycling facilities (unless limited to glass products).

. Industrial or commercial areas without management plans for proper storage and
spill prevention, control, and containment appropriate to the types of materials
handled at the facility. (See Chapter 3 for information on stormwater pollution
prevention plans and Chapter 6 for source control.)

. Sites where any activities subject to the Resource Conservation and Recovery Act
(RCRA) take place.
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. See also “Land uses or activities with special treatment requirements” in Section
4-5.6.3 above.

4-5.6.6 Design Criteria

The UIC facility must be designed following the guidance for determining infiltration rates, and
general design, maintenance, and construction criteria for infiltration facilities and drywell
applications. Pre-treatment facilities must be designed in accordance with the criteria established
in Minimum Requirement 5 and in this chapter.

4-5.6.7 Construction Criteria

The UIC facility must be constructed following the guidance for determining infiltration rates,
and general design, maintenance and construction criteria for infiltration facilities and drywell
applications. Pre-treatment facilities must be constructed in accordance with the criteria
established in Minimum Requirement 5 and in this chapter.

All UIC facilities must be registered with the Department of Ecology in accordance with the
submittal requirements established in the UIC rule. Contact Region hydraulics or environmental
staff for assistance.

4-5.6.8 Operation and Maintenance Criteria

The UIC facility must be operated and maintained in accordance with WSDOT requirements.
Pre-treatment for solids removal is recommended to ensure protection of long-term infiltration
capacity and reduced frequency of maintenance for any UIC facility. Pre-treatment will also
reduce the long-term accumulation of contaminants in the vadose zone. Pre-treatment facilities
must be operated and maintained in accordance with the criteria established in this manual or in
the WSDOT Maintenance Manual. Frequent inspections and regular maintenance will improve
the long-term performance of the facilities.

4-6 Wetland Hydroperiods

An important consideration in the stewardship of certain wetland functions is the protection and
control of a wetland’s hydroperiod. The hydroperiod is the pattern of fluctuation of water depth
and the frequency and duration of water levels on the site. This includes the duration and timing
of drying in the summer. A hydrologic assessment is useful to measure or estimate elements of
the hydroperiod under existing pre-project and anticipated post-project conditions. This
assessment involves reviewing and applying the best available science to assess potential
impacts, and deciding whether hydrological modeling is warranted.

Wetland hydroperiod analysis is of concern when proposing to discharge stormwater into or
detract from a natural wetland (not constructed). The purpose of the analysis is to determine if
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the stormwater will change the natural hydroperiod beyond the limits allowed. When this is an
issue on a project, contact the Region environmental office for assistance. Refer to Minimum
Requirement 7 for the process, if applicable.

4-7 Closed Depression Analysis

Analysis of closed depressions requires careful assessment of the existing hydrologic
performance in order to evaluate a proposed project’s potential impacts. The applicable flow
control requirements (see Minimum Requirement 6) and the local government's Sensitive Areas
Ordinance and Rules (if applicable) should be thoroughly reviewed prior to proceeding with the
analysis. A calibrated continuous simulation hydrologic model must be used for closed
depression analysis and design of mitigation facilities. Where an adequately calibrated
continuous simulation model is not available, the procedures listed below can be followed.

4-7.1 Analysis and Design Criteria

The infiltration rates used in the analysis of closed depressions must be determined according to
the procedures in Section 4-5. For closed depressions containing standing water, soil texture
tests must be performed on dry land adjacent to, and on opposite sides of, the standing water (as
feasible). The elevation of the testing surface at the bottom of the test pit must be one foot above
the standing water elevation. A minimum of four tests must be performed to estimate an average
surface infiltration rate.

Projects proposing to modify or compensate for replacement storage in a closed depression must
meet the design criteria for detention ponds as described in Chapter 5.

4-7.2 Western Washington Method of Analysis

Closed depressions are analyzed using hydrographs routed as described in Section 4-5.2.
Infiltration must be addressed where appropriate. In assessing the impacts of a proposed project
on the performance of a closed depression, there are three cases that dictate different approaches
to meeting Minimum Requirement 6 and applicable local requirements. Note that where there is
a flooding potential, concern about rising ground water levels, or local sensitive area ordinances
and rules, this analysis may not be sufficient and the local governments may require more
stringent analysis.

Case 1

The 100-year recurrence interval storm runoff from an approved continuous simulation program,
flowing from the TDA to the closed depression, is routed into the closed depression using only
infiltration as outflow. If pre-development runoff does not overflow the closed depression, then
no runoff may leave the closed depression at the 100-year recurrence interval following
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development of a proposed project. This may be accomplished by excavating additional storage
volume in the closed depression (subject to all applicable requirements, for example providing a
defined overflow system).

Case 2

The 100-year recurrence interval storm runoff from an approved continuous simulation program
from the TDA to the closed depression is routed into the closed depression using only infiltration
as outflow. If runoff overflows the closed depression under existing conditions during the
100-year recurrence interval storm, the performance objective can be met by excavating
additional storage volume in the closed depression (subject to all applicable requirements; for
example, providing a defined overflow system).

Case 3

The 100-year recurrence interval storm runoff from an approved continuous simulation program
from the TDA to the closed depression is routed into the closed depression using only infiltration
as outflow, and both cause overflow to occur. The closed depression must then be analyzed as a
detention/infiltration pond. The required performance, therefore, is to meet the runoff duration
standard specified in Minimum Requirement 6, using an adequately calibrated continuous
simulation model. This will require a control structure, emergency overflow spillway, access
road, and other design criteria, and, depending on who will maintain the system, placing the
closed depression in a tract dedicated to the responsible party.

4-7.3 Eastern Washington Method of Analysis

The SMMEW states that local jurisdiction guidelines should be followed. The Spokane County
Guidelines are included below. Other eastern Washington regions are encouraged to provide
comment on their local guidelines and compare them to those stated below.

Depending upon soil characteristics, a closed depression may or may not accumulate surface
water during periods of the year. Some closed depressions may be classified as wetlands. The
design team must coordinate its stormwater design with consideration of any wetland area, as
defined by applicable regulations that may govern wetland areas. If the proper authorities agree
that none of these closed areas is a wetland, and the design team desires to fill these natural
depressions, the designer evaluating the site and formulating a stormwater disposal concept will
consider these natural depressions and replace any disturbed depressions. Normally, the natural
storage volume lost due to the proposed earthwork must be replaced using a 1:1 ratio as a
minimum. A higher ratio may be required if the new area infiltrates water at a lower rate than
occurred in the natural depression. The road and drainage plans must include a grading plan of
the closed depression area to be filled in. The grading plan must show both existing and finished
grade contours. Compaction and fill material requirements must also be shown in the plans.
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For natural depressions that are capable of complete water disposal within 72 hours by
infiltrating the runoff generated from a 100-year, 24-hour storm event, a properly designed
grassed percolation area, or combination grassed percolation area /drywell that is equal or greater
in volume and that will also completely infiltrate the runoff from a 100-year, 24-hour storm
event within a 72-hour time period, could be an acceptable substitution.

For natural depressions that do not drain within 72 hours, it is acceptable to consolidate all the
volumes of the depressions from the subject site that are proposed for filling into one or more
infiltration/evaporative ponds that will emulate the natural condition. If the site has a disposal
area that will allow increased percolation from the natural condition, a Design Deviation may be
granted for increased infiltration if it can be demonstrated that the ground water levels in the area
will not be adversely affected and runoft treatment problems will not increase.

For sites with natural depressions, the designer must clearly identify the location of all
depressions that could contain more than 50 cubic feet of stormwater. For these types of
depressions, the designer must survey each depression, and show the maximum volume that each
could hold, and show the maximum storage capacity water elevation contour line on the
pre-developed condition basin map. The basin map should show adequate survey data points to
demonstrate that accurate volume calculations can be made from them. If the site contains many
small depressions that will hold water but are smaller than 50 cubic feet in size, the designer
must adjust the runoff factors to allow for this retention of stormwater, or make other
adjustments to the runoff model that are approved in writing by Region or Headquarters
hydraulics. If the site had depression storage in its historic natural state, and grading and filling
has been done to these natural features, the designer must reasonably estimate the depression
storage that was on the site and comply with the provisions of this section.

If the total storage capacity of a closed depression exceeds the maximum volume used (as
computed using the water budget method), both volumes must be clearly identified in the
Hydraulic Report, and both of these water surface elevation contour lines are to be shown in the
basin map.

If a closed depression is to remain or be replaced, the lowest floor elevation or road grade of any
building or road adjacent to it must be at or above the maximum water elevation, and outside the
limits of the closed depression. The maximum water elevation must be computed using the
water budget method as per the standards for an evaporative systems design, unless the pond can
naturally drain within 72 hours following a 100-year, 24-hour storm event. If the depression can
drain within the 72-hour time period, the maximum water elevation is computed as being the
elevation containing the runoff from a 100-year, 24-hour storm event. If the limits of the high
water in the infiltration facility are considered in the design, a geotechnical report must be
provided that shows site specific infiltration testing results and verifies that each depression
being used will drain within the 72-hour period, unless waived by region or headquarters
hydraulics based on knowledge of approved soils under the site. The closed depression must be
placed in a drainage easement or separate tract if the development is non-commercial. The
easement must be granted to WSDOT and any other entity that is responsible for maintaining the
closed depression.
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Appendix 4A.
Web Links

Western Washington updated Isopluvial Map March 2002
B http://www.wsdot.wa.gov/eesc/design/hydraulics/default. tm#HRM
Available on the Environmental Workbench in ArcView.

Mean Annual Precipitation for the State of Washington

B http://www.ocs.orst.edu/pub/maps/Precipitation/Total/States/ WA /wa.gif

B http://www.ocs.orst.edu/prism/map_examples.phtml (scroll down to the bottom of the page)
Also available on the Environmental Workbench in ArcView.

Eastern Washington Isopluvial NOAA ATLAS 2 VOL IX 1970
B http://www.wsdot.wa.gov/eesc/design/hydraulics/default. tm#HRM
Y http://www.wrce.dri.edu/CLIMATEDATA.html

MGSFLOOD USER MANUAL
YH http://www.wsdot.wa.gov/eesc/design/hydraulics/pdf/MGSFloodUsersManual.pdf

MGSFLOOD Example — Example problems will be included in the Final Draft as weblinks.
/B http://www.wsdot.wa.gov/eesc/design/hydraulics/training.htm

STORMSHED
YH http://www.wsdot.wa.gov/eesc/design/hydraulics/training.htm

STORMSHED EXAMPLE — Example problems will be included in the Final Draft as
weblinks.
YH http://www.wsdot.wa.gov/eesc/design/hydraulics/training.htm

DOWNSTREAM ANALYSIS — To be provided in the Hydraulics Manual update due
September 2004.
“® http://www.wsdot.wa.gov/eesc/design/hydraulics/default. htm#HydMan

LOW IMPACT DEVELOPMENT MODEL — The Prince George’s County Department of
Environmental Resources, Programs and Planning Division, working with Tetra Tech, Inc., has
developed a BMP evaluation module to assist in assessing the effectiveness of LID technology.
This module uses simplified process-based algorithms to simulate BMP control of modeled flow
and water quality time series generated from runoff models such as the Hydrologic Simulation
Program, FORTRAN (HSPF). It is WSDOT’s hope to incorporate this model into BMP design
once MGSFlood can be made compatible with it. Until then, the website for this model is listed
below for information purposes only.

B http://www.goprincegeorgescounty.com/pgcounty/government/agencyindex/der/ppd/lid/bmp
presentation.asp
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Table 4B-1. Hydrologic soil series for selected soils in Washington State.

Soil Type Hydrologic Soil Group Soil Type Hydrologic Soil Group
Agnew C Hoko C
Ahl B Hoodsport C
Aits C Hoogdal C
Alderwood C Hoypus A
Arents, Alderwood B Huel A
Arents, Everett B Indianola A
Ashoe B Jonas B
Baldhill B Jumpe B
Barneston C Kalaloch C
Baumgard B Kapowsin C/D
Beausite B Katula C
Belfast C Kilchis C
Bellingham D Kitsap C
Bellingham variant C Klaus C
Boistfort B Klone B
Bow D Lates C
Briscot D Lebam B
Buckley C Lummi D
Bunker B Lynnwood A
Cagey C Lystair B
Carlsborg A Mal C
Casey D Manley B
Cassolary C Mashel B
Cathcart B Maytown C
Centralia B McKenna D
Chehalis B McMurray D
Chesaw A Melbourne B
Cinebar B Menzel B
Clallam C Mixed Alluvial variable
Clayton B Molson B
Coastal beaches variable Mukilteo C/D
Colter C Naff B
Custer D Nargar A
Custer, Drained C National B
Dabob C Neilton A
Delphi D Newberg B
Dick A Nisqually B
Dimal D Nooksack C
Dupont D Norma C/D
Earlmont C Ogarty C
Edgewick C Olete C
Eld B Olomount C
Elwell B Olympic B
Esquatzel B Orcas D
Everett A Oridia D
Everson D Orting D
Galvin D Oso C
Getchell A Ovall C
Giles B Pastik C
Godfrey D Pheeney C
Greenwater A Phelan D
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Table 4B-1. Hydrologic soil series for selected soils in Washington State (continued).

Soil Type Hydrologic Soil Group Soil Type Hydrologic Soil Group
Grove C Pilchuck C
Harstine C Potchub C
Hartnit C Poulsbo C
Hoh B Prather C
Puget D Solleks C
Puyallup B Spana D
Queets B Spanaway A/B
Quilcene C Springdale B
Ragnar B Sulsavar B
Rainier C Sultan C
Raught B Sultan variant B
Reed D Sumas C
Reed, Drained or Protected C Swantown D
Renton D Tacoma D
Republic B Tanwax D
Riverwash variable Tanwax, Drained C
Rober C Tealwhit D
Salal C Tenino C
Salkum B Tisch D
Sammamish D Tokul C
San Juan A Townsend C
Scamman D Triton D
Schneider B Tukwila D
Seattle D Tukey C
Sekiu D Urbana C
Semiahmoo D Vailton B
Shalcar D Verlot C
Shano B Wapato D
Shelton C Warden B
Si C Whidbey C
Sinclair C Wilkeson B
Skipopa D Winston A
Skykomish B Woodinville B
Snahopish B Yelm C
Snohomish D Zynbar B
Solduc B
Notes:

Hydrologic Soil Group Classifications, as Defined by the Soil Conservation Service:

A = (Low runoff potential) Soils having low runoff potential and high infiltration rates, even when thoroughly wetted. They
consist chiefly of deep, well to excessively drained sands or gravels and have a high rate of water transmission (greater than 0.30
in/hr).

B = (Moderately low runoff potential) Soils having moderate infiltration rates when thoroughly wetted and consisting chiefly of
moderately deep to deep, moderately well to well drained soils. with moderately fine to moderately coarse textures. These soils
have a moderate rate of water transmission (0.15-0.3 in/hr).

C = (Moderately high runoff potential) Soils having low infiltration rates when thoroughly wetted and consisting chiefly of soils
with a layer that impedes downward movement of water. and soils with moderately fine to fine textures. These soils have a low
rate of water transmission (0.05-0.15 in/hr).

D = (High runoff potential) Soils having high runoff potential. They have very low infiltration rates when thoroughly wetted
and consist chiefly of clay soils with a high swelling potential, soils with a permanent high water table, soils with a hardpan or
clay layer at or near the surface, and shallow soils over nearly impervious material. These soils have a very low rate of water
transmission (0-0.05 in/hr).

* = From SCS, TR-55, Second Edition, June 1986, Exhibit A-1. Revisions made from SCS, Soil Interpretation Record, Form #5,
September 1988 and various county soil surveys.

jr /01-02047-007 chapter 4 apx b word2000.doc
Page 4B-2 Highway Runoff Manual
March 2004




Chapter 4—Hydrologic Analysis

Table 4B-2. Runoff curve numbers for selected agricultural, suburban and rural areas
(western Washington).

CN:s for hydrologic soil group

Cover type and hydrologic condition A B C D

Curve Numbers for Pre-Development Conditions

Pasture, grassland, or range-continuous forage for grazing:

Fair condition (ground cover 50% to 75% and not heavily grazed). 49 69 79 84
Good condition (ground cover >75% and lightly or only occasionally grazed) 39 61 74 80
Woods:

Fair (Woods are grazed but not burned, and some forest litter covers the soil). 36 60 73 79
Good (Woods are protected from grazing, and litter and brush adequately cover the soil). 30 55 70 77

Curve Numbers for Post-Development Conditions

Open space (lawns, parks, golf courses, cemeteries, landscaping, etc.)’

Fair condition (grass cover on 50% - 75% of the area). 77 85 90 92
Good condition (grass cover on >75% of the area) 68 80 86 90
Impervious areas:
Open water bodies: lakes, wetlands, ponds etc. 100 100 100 100
Paved parking lots, roofs?, driveways, etc. (excluding right-of-way) 98 98 98 98
Porous Pavers and Permeable Interlocking Concrete (assumed as 85% impervious and 15% lawn)
Fair lawn condition (weighted average CNs). 95 96 97 97
Good lawn condition (weighted average CNs). 94 95 96 97
Paved 98 98 98 98
Gravel (including right-of-way) 76 85 89 91
Dirt (including right-of-way) 72 82 87 89
Pasture, grassland, or range-continuous forage for grazing:
Poor condition (ground cover <50% or heavily grazed with no mulch). 68 79 86 89
Fair condition (ground cover 50% to 75% and not heavily grazed). 49 69 79 84
Good condition (ground cover >75% and lightly or only occasionally grazed) 39 61 74 80
Woods:
Poor (Forest litter, small trees, and brush are destroyed by heavy grazing or regular burning). 45 66 77 83
Fair (Woods are grazed but not burned, and some forest litter covers the soil). 36 60 73 79
Good (Woods are protected from grazing, and litter and brush adequately cover the soil). 30 55 70 77
Single family residential’: Should only be used for Average Percent
Dwelling Unit/Gross Acre subdivisions >50 acres impervious area™

1.0 DU/GA 15 Separate curve number

1.5 DU/GA 20 must be selected for

2.0 DU/GA 25 pervious & impervious

2.5 DU/GA 30 portions of the site or

3.0 DU/GA 34 basin

3.5 DU/GA 38

4.0 DU/GA 42

4.5 DU/GA 46

5.0 DU/GA 48

5.5 DU/GA 50

6.0 DU/GA 52

6.5 DU/GA 54

7.0 DU/GA 56

7.5 DU/GA 58
PUDs, condos, apartments, commercial businesses, % impervious Separate curve numbers must be selected for
industrial areas & subdivisions <50 acres must be computed pervious and impervious portions of the site

For a more detailed and complete description of land use curve numbers refer to chapter two (2) of the Soil Conservation
Seerce s Technical Release No. 55, (210-VI-TR-55, Second Ed., June 1986).

' Composite CNs may be computed for other combinations of open space cover type.

Where roof runoff and driveway runoff are infiltrated or dispersed according to the requirements in Chapter 2, the average
percent impervious area may be adjusted in accordance with the procedure described under “Flow Credit for Roof Downspout
Infiltration” and “Flow Credit for Roof Downspout Dispersion” in Chapter 2.

Assumes roof and driveway runoff is directed into street/storm system.
All the remaining pervious area (lawn) are considered to be in good condition for these curve numbers.

2
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Table 4B-3. Runoff curve numbers for selected agricultural, suburban and rural areas
(eastern Washington).

CNs s for hydrologic soil group

Cover type and hydrologic condition A B C D

Open Space (lawns, parks, golf courses, cemeteries, landscaping, etc.): '

Poor condition (grass cover <50% of the area) 68 79 86 89
Fair condition (grass cover on 50% to 75% of the area) 49 69 79 84
Good condition (grass cover on >75% of the area) 39 61 74 80
Impervious Areas:

Open water bodies: lakes, wetlands, ponds etc. 100 100 100 100
Paved parking lots, roofs, driveways, etc. (excluding right-of-way) 98 98 98 98
Porous Pavers and Permeable Interlocking Concrete (assumed as 85% impervious and 15% lawn):

Fair lawn condition (weighted average CNs) 95 96 97 97
Gravel (including right-of-way) 76 85 89 91
Dirt (including right-of-way) 72 82 87 89
Pasture, Grassland, or Range-Continuous Forage for Grazing:

Poor condition (ground cover <50% or heavily grazed with no mulch). 68 79 86 89
Fair condition (ground cover 50% to 75% and not heavily grazed) 49 69 79 84
Good condition (ground cover >75% and lightly or only occasionally grazed) 39 61 74 80
Cultivated Agricultural Lands:

Row Crops (good) e.g. corn, sugar beets, soy beans 64 75 82 85
Small Grain (good) e.g. wheat, barley, flax 60 72 80 84
Meadow (continuous grass, protected from grazing and generally mowed for hay): 30 58 71 78
Brush (brush-weed-grass mixture with brush the major element):

Poor (<50% ground cover) 48 67 77 83
Fair (50% to 75% ground cover) 35 56 70 77
Good (>75% ground cover) 30° 48 65 73
Woods - grass combination (orchard or tree farm):’

Poor 57 73 82 86
Fair 43 65 76 82
Good 32 58 72 79
Woods:

Poor (Forest litter, small trees, and brush are destroyed by heavy grazing or regular burning) 45 66 77 83
Fair (Woods are grazed but not burned, and some forest litter covers the soil) 36 60 73 79
Good (Woods are protected from grazing, and litter and brush adequately cover the soil) 30 55 70 77
Herbaceous (mixture of grass, weeds, and low-growing brush, with brush the minor element):*

Poor (<30% ground cover) 80 87 93
Fair (30% to 70% ground cover) 71 81 89
Good (>70% ground cover) 62 74 85
Sagebrush with Grass Understory:*

Poor (<30% ground cover) 67 80 85
Fair (30% to 70% ground cover) 51 63 70
Good (>70% ground cover) 35 47 55

For a more detailed and complete description of land use curve numbers refer to chapter two (2) of the Soil Conservation
Service’s Technical Release No. 55, (210-VI-TR-55, Second Ed., June 1986).

! Composite CNs may be computed for other combinations of open space cover type.
2 Actual curve number is less than 30; use CN = 30 for runoff computations.

3 CNs shown were computed for areas with 50% woods and 50% grass (pasture) cover. Other combinations of conditions may
be computed from the CNs for woods and pasture.

* Curve numbers have not been developed for group A soils.
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Table 4B-4. Curve number conversions for different antecedent moisture conditions
(case Ia =0.2 S).
CN CN CN CN CN CN
for AMC 11 for AMC I for AMC III for AMC 11 for AMC 1 for AMC III
100 100 100 76 58 89
99 97 100 75 57 88
98 94 99 74 55 88
97 91 99 73 54 87
96 89 99 72 53 86
95 87 98 71 52 86
94 85 98 70 51 85
93 83 98 69 50 84
92 81 97 68 48 84
91 80 97 67 47 83
90 78 96 66 46 82
89 76 96 65 45 82
88 75 95 64 44 81
87 73 95 63 43 80
86 72 94 62 42 79
85 70 94 61 41 78
84 68 93 60 40 78
83 67 93 59 39 78
82 66 92 58 38 76
81 64 92 57 37 75
80 63 91 56 36 75
79 62 91 55 35 74
78 60 90 54 34 73
77 59 89 50 31 70
Source: SCS-NEH4. Table 10.1.
Jr /01-02047-007 chapter 4 apx b word2000.doc
Highway Runoff Manual Page 4B-5

March 2004



Chapter 4—Hydrologic Analysis

Table 4B-5. “n” and “k” values used in time calculations for hydrographs.

“n,” Sheet Flow Equation Manning’s Values (for the initial 300 ft. of travel)

Manning values for sheet flow only, from Overton and Meadows 1976 (See TR-55, 1986) ng
Smooth surfaces (concrete, asphalt, gravel, or bare hand packed soil) 0.011
Fallow fields or loose soil surface (no residue) 0.05
Cultivated soil with residue cover <20% 0.06
Cultivated soil with residue cover >20% 0.17
Short prairie grass and lawns 0.15
Dense grasses 0.24
Bermuda grass 0.41
Range (natural) 0.13
Woods or forest with light underbrush 0.40
Woods or forest with dense underbrush 0.80

(210-VI-TR-55, Second Ed., June 1986)

“k” Values Used in Travel Time/Time of Concentration Calculations

Shallow Concentrated Flow (After the initial 300 ft. of sheet flow, R = 0.1) Kk
1. Forest with heavy ground litter and meadows (n = 0.10) 3
2. Brushy ground with some trees (n= 0.060) 5
3. Fallow or minimum tillage cultivation (n = 0.040) 8
4. High grass (n = 0.035) 9
5. Short grass, pasture and lawns (n = 0.030) 11
6. Nearly bare ground (n = 0.025) 13
7. Paved and gravel areas (n = 0.012) 27

Channel Flow (intermittent) (At the beginning of visible channels R = 0.2) k.
1. Forested swale with heavy ground litter (n = 0.10) 5
2. Forested drainage course/ravine with defined channel bed (n = 0.050) 10
3. Rock-lined waterway (n = 0.035) 15
4. Grassed waterway (n = 0.030) 17
5. Earth-lined waterway (n = 0.025) 20
6. CMP pipe, uniform flow (n = 0.024) 21
7. Concrete pipe, uniform flow (0.012) 42
8. Other waterways and pipe 0.508/n

Channel Flow (Continuous stream, R = 0.4) k.
9. Meandering stream with some pools (n = 0.040) 20
10. Rock-lined stream (n = 0.035) 23
11. Grass-lined stream (n = 0.030) 27
12. Other streams, man-made channels and pipe 0.807/n
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Table 4B-6. Values of the roughness coefficient, “n”.

Manning’s Manning’s
Type of Channel “n”’ Type of Channel “n””
and Description (Normal) and Description (Normal)
A. Constructed Channels 6. Sluggish reaches, weedy
a. Earth, straight and uniform deep pools 0.070
1. Clean, recently completed 0.018 7. Very weedy reaches, deep
2. Gravel, uniform selection, 0.025 pools, or floodways with
clean heavy stand of timber and
3. With short grass, few 0.027 underbrush 0.100
weeds b. Mountain streams, no vegetation
b. Earth, winding and sluggish in channel, banks usually steep,
1. No vegetation 0.025 trees and brush along banks
2. Grass, some weeds 0.030 submerged at high stages
3. Dense weeds or aquatic 1. Bottom: gravel, cobbles and
plants in deep channels 0.035 few boulders 0.040
4. Earth bottom and rubble 2. Bottom: cobbles with large
sides 0.030 boulders 0.050
5. Stony bottom and weedy B-2 Flood plains
banks 0.035 a. Pasture, no brush
6. Cobble bottom and clean 1. Short grass 0.030
sides 0.040 2. High grass 0.035
c. Rock lined b. Cultivated areas
1. Smooth and uniform 0.035 1. No crop 0.030
2. Jagged and irregular 0.040 2. Mature row crops 0.035
d. Channels not maintained, 3. Mature field crops 0.040
weeds and brush uncut c. Brush
1. Dense weeds, high as flow 1. Scattered brush, heavy
depth 0.080 weeds 0.050
2. Clean bottom, brush on 2. Light brush and trees 0.060
sides 0.050 3. Medium to dense brush 0.070
3. Same, highest stage of 4. Heavy, dense brush 0.100
flow 0.070 d. Trees
4. Dense brush, high stage 0.100 1. Dense willows, straight 0.150
B. Natural Streams 2. Cleared land with tree
B-1 Minor streams (top width at stumps, no sprouts 0.040
flood stage < 100ft.) 3. Same as above, but with
a. Streams on plain heavy growth of sprouts 0.060
1. Clean, straight, full stage 4. Heavy stand of timber, a few
no rifts or deep pools 0.030 down trees, little
2. Same as above, but more undergrowth, flood stage
stones and weeds 0.035 below branches 0.100
3. Clean, winding, some 5. Same as above, but with
pools and shoals 0.040 flood stage reaching
4. Same as above, but some branches 0.120
weeds 0.040
5. Same as 4, but more stones 0.050

* Note, these “n” values are “normal” values for use in analysis of channels. For conservative design for channel capacity, the
“maximum” values listed in other references should be considered. For channel bank stability, the minimum values should be
considered.
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Appendix 4C.
Downstream Analysis

A downstream analysis must be performed for projects that add 5,000 square feet or more of
impervious surface area, and for project sites where known problems indicate there may be
impacts on the downstream system. At a minimum, the analysis must include the area of the
project site to a point one-quarter mile downstream of the site, and upstream to a point where any
backwater conditions cease. The results of the analysis must be documented in the project
Hydraulic Report.

4C-1 Downstream Analysis Report

A Downstream Analysis Report must be prepared for projects that require a downstream
analysis. It must also be completed for projects that add less than 5,000 square feet of new
impervious surface if the stormwater discharges into, or is within 300 feet of, a class 1 or 2
stream. A Downstream Analysis Report is not needed for projects that add less than 5,000
square feet of new impervious surface, if the stormwater discharges into or is within 300 feet of a
class 3 or 4 stream or an ephemeral stream. Potential impacts to be assessed in the report
include, but are not limited to: changes in peak flow, changes in flood duration, bank erosion,
channel erosion, and nutrient loading changes from the project site. The analysis is divided into
three parts that follow sequentially:

= Review of Resources.
= Inspection of drainage conveyance systems in the site area.
. Analysis of offsite effects.

4C-1.1 Review of Resources

The designer reviews available resources to assess the existing conditions of the drainage
systems in the project vicinity. Resource data commonly includes aerial photographs, area maps,
floodplain maps, wetland inventories, stream surveys, habitat surveys, engineering reports
concerning the entire drainage basin, and any previously completed downstream analyses. All of
this information should encompass an area one-quarter of a mile downstream of the project site
discharge point. The background information is used to review and establish the existing
conditions of the system. This base-line information is used to determine whether the project
will improve upon existing conditions, have no impact, or degrade existing conditions if no
mitigating measures are implemented. WSDOT Region hydraulic and environmental staff will
be able to provide most of this information. Other sources of resource information include the
Washington Department of Ecology, the Washington Department of Fish and Wildlife, and local
agencies.
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4C-1.2 Inspection of Drainage Conveyance System

The designer must inspect the downstream conveyance system and identify any existing
problems that might relate to stormwater runoff. The designer will physically inspect the
drainage system at the project site and downstream for a distance of at least one-quarter mile.
The inspection should include any problems or areas of concern that were noted during the
resource review process or in conversations with local residents and the WSDOT Maintenance
Office. The designer should also identify any existing or potential conveyance capacity
problems in the drainage system, any existing or potential areas where flooding may occur, any
existing or potential areas of extensive channel destruction erosion, and existing or potential
areas of significant destruction of aquatic habitat (runoff treatment or flow control) that can be
related to stormwater runoff. If areas of potential and existing impacts related to project site
runoff are established, actions must be taken to minimize impacts to downstream resources.

4C-1.3 Analysis of Off-site Effects

This final step analyzes information gathered in the first two steps of the downstream analysis. It
is necessary to determine if construction of the project will create any problems downstream or
make any existing problems worse. The designer must analyze off-site effects to determine
necessary corrective or preventive actions that may be necessary. In some cases, analysis of
off-site effects may indicate that no corrective or preventive actions are necessary. If corrective
or preventive actions are necessary, the following options must be considered:

= Design the onsite treatment and/or flow control facilities to provide a greater level
of runoff control than stipulated in the minimum requirements in Chapter 2.

= Take a protective action separate from meeting Minimum Requirements 5 and 6
for runoff treatment and flow control. In some situations, a project will have
negative impacts even when the minimum requirements are met; for example, a
site where the project discharges runoff into a small closed basin wetland even
though a detention pond was installed to comply with Minimum Requirement 6.
The total volume of runoff draining into the wetland will change, possibly
affecting habitat and plant species in the area. If a situation is encountered where
there will be downstream impacts resulting from the project, the corrective action
must be applied to the project based on a practicability analysis.

. Apply the no action at 0 percent improvement option for runoff treatment or flow
control. The no action option treats less than 100 percent of the new impervious
surface area for runoff treatment and/or flow control. This option would be
applied only if the downstream system has been listed as an exempt system based
on Minimum Requirement 6, or an Explanation of Non-practicability has been
addressed. Under these circumstances, the designer should contact Region
hydraulics or environmental staff to determine the best corrective action.
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Appendix 4D.
Eastern Washington Design Storm Events

The design storms to be used in eastern Washington are based on two parameters:

. Total rainfall volume (depth in inches).

- Rainfall distribution (dimensionless).

The design storm event is specified by return period (months and/or years) and duration. The
following sections explain total rainfall depth and rainfall distribution associated with a design
storm.

All storm event hydrograph methods require the input of a rainfall distribution or design storm
hyetograph. Essentially, the design storm hyetograph is a plot of rainfall depth versus time for a
given design period and duration. It is usually presented as a dimensionless plot of unit rainfall
depth (incremental rainfall depth for each time interval divided by the total rainfall depth) versus
time.

Design storm distribution for all eastern Washington Climatic Regions (1, 2, 3, 4):

L Flow Based BMPs: the short-duration storm distribution.

. Volume Based BMPs: the SCS Type 1A storm distribution (Regions 2 and 3) or
the Regional Long Duration Storm (Regions 1 —4).

4D-1 SCS Type Il and Type 1A Hyetographs

The Type II hyetograph is a standard SCS (NRCS) rainfall distribution that has a high intensity
peak. It has been used in eastern Washington since the 1970s, and is also used throughout much
of the United States. The Type IA hyetograph is also a standard NRCS rainfall distribution. It is
applicable to western Washington and climatic regions 2 and 3 in eastern Washington. These are
two of four 24-hour storm distribution types commonly used in SCS hydrograph methods.

See Figures 4D-1 and 4D-2 for graphical representation of these two SCS hyetographs. Tabular
values of these hyetographs are in Tables 4D-3 and 4D-4.

4D-2 Custom Design Storm Hyetographs

When rainfall patterns during storms were analyzed in eastern Washington (see Appendix 4A), it
was concluded that the SCS Type II rainfall distribution does not match the historical records for
two storm types of interest for stormwater analyses in eastern Washington: the short-duration
thunderstorm and the long-duration winter storm.
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Short-duration thunderstorms can occur in late spring through early-fall and are characterized by
high intensities for short periods of time over localized areas. These types of storms can produce
high rates of runoff and flash flooding in urban areas, and are important where flood peak
discharge and/or erosion are design considerations.

Long-duration general storms can occur at any time of the year, but are more common in late fall
through winter, and in late spring and early summer. General storms in eastern Washington are
characterized by sequences of storms and intervening dry periods, often occurring over several
days. Low to moderate intensity precipitation is typical during the periods of storm activity.
These types of events can produce floods with moderate peak discharge and large runoff
volumes. The runoff volume can be augmented by snowmelt when precipitation falls on snow
during winter and early spring storms. These types of storm events are important where both
runoff volume and peak discharge are design considerations.

When using the custom design storms, it is necessary to note that eastern Washington has been
divided into four climatic regions to reflect the differences in storm characteristics and the
seasonality of storms. The four climatic regions include:

Region 1 — East Slopes of Cascade Mountains

This region is comprised of mountain areas on the east slopes of the Cascade Mountains. It is
bounded on the west by the Cascade crest and generally bounded to the east by the contour line
of 16-inches mean annual precipitation.

Region 2 — Central Basin

The Central Basin region is comprised of the Columbia Basin and adjacent low elevation areas in
central Washington. It is generally bounded on the west by the contour line of 16-inches mean
annual precipitation at the base of the east slopes of the Cascade Mountains. The region is
bounded on the north and east by the contour line of 12-inches mean annual precipitation. Most
of this region receives about eight inches of mean annual precipitation. Many of the larger cities
in eastern Washington are in this region, including: Ellensburg, Kennewick, Moses Lake, Pasco,
Richland, Wenatchee, and Yakima.

Region 3 — Okanogan, Spokane, Palouse

This region is comprised of inter-mountain areas and includes areas near Okanogan, Spokane,
and the Palouse. It is bounded on the northwest by the contour line of 16-inches mean annual
precipitation at the base of the east slopes of the Cascade Mountains. It is bounded on the south
and west by the contour line of 12-inches mean annual precipitation at the eastern edge of the
Central Basin. It is bounded on the northeast by the Kettle River Range and Selkirk Mountains
at approximately the contour line of 22-inches mean annual precipitation. It is bounded on the
southeast by the Blue Mountains, also at the contour line of 22-inches mean annual precipitation.

Region 4 — Northeastern Mountains and Blue Mountains

This region is comprised of mountain areas in the easternmost part of Washington State. It
includes portions of the Kettle River Range and Selkirk Mountains in the northeast, and the Blue
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Mountains in the southeast corner of eastern Washington. Mean annual precipitation ranges
from a minimum of 22-inches to over 60-inches. The western boundary of this region is the
contour line of 22-inches mean annual precipitation.

4D-3 Storm Analysis

Based on analyses of historical storms in eastern Washington, it has been concluded that the
short-duration summer thunderstorm typically generates the greatest peak discharges for small
urban watersheds. Use of short-duration thunderstorms is therefore appropriate for designing
conveyance structures and biofiltration swales. Analyses also indicate that the long-duration
winter storm typically generates the greatest runoff volume. Long-duration design storms are
therefore appropriate for designing stormwater detention and runoff treatment facilities where
runoff volume is the primary concern. The Type 1A storm distribution is used for volume based
BMPs in climate regions 2 and 3, or the regional long-duration distribution can be used in
climate regions 1 — 4.

Based on these analyses, synthetic design storms were developed for the short-duration
thunderstorm and long-duration winter storm. The design storms were developed in a manner
that replicated temporal characteristics observed in storms from areas climatologically similar to
eastern Washington.

L] Short-Duration Storm

Short duration, high intensity, and smaller volumes characterize summer
thunderstorms. The short-duration storm was selected to be three hours in
duration. The storm temporal pattern is shown in Figure 4D-3 as a unit
hyetograph. Tabular values are listed in Table 4D-5. Total precipitation is 1.06
times the 2-hour precipitation amount. There is one short-duration storm for all
climate regions in eastern Washington.

. Long-Duration Storm (Varies by Region)

The long-duration storm varies by region and is comprised of a series of storm
events separated by a dry intervening period, occurring during a 72-hour period of
time. A sample 72-hour long-duration storm hyetograph is shown in Figure 4D-4.

The smaller event (from 6 to 21 hours, above) is insufficient to generate runoff that is present
when the larger precipitation commences. For that reason, it is not necessary to directly model
the smaller precipitation event. Only the larger portion (commencing at 36 hours as shown
above) is necessary to directly model.

The larger portion is similar to the 24-hour SCS Type 1A storm. For climate regions 2 and 3, the
SCS Type IA storm is sufficiently similar to the four regional long-duration storm hyetographs to
use directly.
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Tabular values of the regional long-duration storm hyetographs are listed in Table 4D-8 to
4D-11.

If the 24-hour SCS Type 1A storm is used for the long-duration storm, the precipitation totals are
the 24-hour amounts without adjustment. If the regional long-duration hyetographs are used, the
precipitation totals need to be adjusted as indicated for Regions 1 and 4.

Regardless whether the 24-hour SCS Type 1A or regional hyetographs are used for long-duration
storm modeling, the prior soil wetting produced by the smaller storm event (from 6 hours to 21
hours above) that is not modeled needs to be accounted for. The amount of antecedent
precipitation can be expressed as a percentage of the total precipitation modeled, as shown in
Table 4D-3.

Curve number adjustments are to be considered, based on engineering analysis and judgment of
the antecedent precipitation, soils characteristics, and surface conditions. The Antecedent
Moisture Condition (AMC) discussion in this chapter is one basis for adjustment. Another is use
of the Soil Conservation Service county surveys that include estimates of permeability and/or
infiltration rates. Below is an example of the AMC:

For a 25-year storm in Spokane (2.2"), determine whether AMC adjustments need
to be considered in the analysis. If so, take the following steps:

1. Go to Table 4D-1 and multiply 2.2" by 27 percent (Region 3) to get 0.7"—
this is the amount of precipitation from the first hump of the long duration
storm.

Table 4D-1. Antecedent precipitation prior to long-duration storm.

Antecedent Precipitation as
Percentage of 24-Hour SCS Type 1A

Region # Region Name Storm Precipitation
1 East Slope Cascades 33%
2 Central Basin 19%
3 Okanogan, Spokane, Palouse 27%
4 NE & Blue Mountains 36%

Antecedent Precipitation as
Percentage of Regional Long-
Duration Storm Hyetograph

Region # Region Name Precipitation
1 East Slope Cascades 28%
2 Central Basin 19%
3 Okanogan, Spokane, Palouse 25%
4 NE & Blue Mountains 34%
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2. Now determine what that means, by going to Table 4D-2. If the
precipitation from the first storm is over 1.1, apply appropriate AMC
value. If it is not, no changes are required. In this case, 0.7<1.1 and no
change is required.

3. If the precipitation is over 1.1, see Appendix B for the appropriate AMC
value.

Table 4D-2. Total 5-day antecedent rainfall (inches).

AMC Dormant Season Growing Season
I Less than 0.5 Less than 1.4
I 0.5to 1.1 1.4t0 2.1
III Over 1.1 Over 2.1

4D-4 Precipitation Magnitude/Frequency Analysis

The current source for precipitation magnitude-frequency estimates is NOAA Atlas II, which is
based on data collected from about 1940 through 1966, and NOAA Technical Report Number
36, which uses data through the late 1970s. In both of these studies, precipitation statistics were
computed for each gage and used to produce point precipitation estimates at each site. The
accuracy of the estimates was strongly related to the length of record at each site. Better
estimates were obtained for more common events, with lesser accuracy for more rare events.

NOAA published the total depth of rainfall (in tenths of an inch) for storms of 24-hour duration
and 2-, 5-, 10-, 25-, 50-, and 100-year recurrence intervals. The information is presented in the
form of "isopluvial" maps for each state. Isopluvial maps are contour maps where the contours
represent total inches of rainfall for a specific duration.

The weblink for the isopluvial map for eastern Washington for the 2-year recurrence interval for
the 2-hour duration storm event can be found in Appendix 4A. This map is from the Dam Safety
Guidelines, Technical Note 3, Design Storm Construction, Washington State Department of
Ecology, Water Resources Program, report 92-55G, April 1993. This map is used for designs
based on the short-duration storm.

Weblinks for the isopluvial maps for eastern Washington for the 2-, 10-, 25-, 50- and 100-year
recurrence interval for 24-hour duration storm events can be found in Appendix 4A. These are
excerpted from NOAA Atlas 2. The 24-hour isopluvial maps are used for designs based on the
long-duration storm and 24-hour storms.
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Table 4D-3. SCS Type 1A storm hyetograph values.

Time Incremental | Cumulative Time Incremental | Cumulative Time Incremental | Cumulative
(0.1 hours) Rainfall Rainfall (0.1 hours) Rainfall Rainfall (0.1 hours) Rainfall Rainfall
0.0 0.000 0.000 4.5 0.004 0.135 9.0 0.007 0.520
0.1 0.002 0.002 4.6 0.004 0.139 9.1 0.007 0.527
0.2 0.002 0.004 4.7 0.004 0.143 9.2 0.006 0.533
0.3 0.002 0.006 4.8 0.004 0.147 9.3 0.006 0.539
0.4 0.002 0.008 4.9 0.005 0.152 9.4 0.006 0.545
0.5 0.002 0.010 5.0 0.004 0.156 9.5 0.005 0.550
0.6 0.002 0.012 5.1 0.005 0.161 9.6 0.006 0.556
0.7 0.002 0.014 5.2 0.004 0.165 9.7 0.005 0.561
0.8 0.002 0.016 5.3 0.005 0.170 9.8 0.006 0.567
0.9 0.002 0.018 5.4 0.005 0.175 9.9 0.005 0.572
1.0 0.002 0.020 5.5 0.005 0.180 10.0 0.005 0.577
1.1 0.003 0.023 5.6 0.005 0.185 10.1 0.005 0.582
1.2 0.003 0.026 5.7 0.005 0.190 10.2 0.005 0.587
1.3 0.003 0.029 5.8 0.005 0.195 10.3 0.005 0.592
1.4 0.003 0.032 5.9 0.005 0.200 10.4 0.004 0.596
1.5 0.003 0.035 6.0 0.006 0.206 10.5 0.005 0.601
1.6 0.003 0.038 6.1 0.006 0.212 10.6 0.005 0.606
1.7 0.003 0.041 6.2 0.006 0.218 10.7 0.004 0.610
1.8 0.003 0.044 6.3 0.006 0.224 10.8 0.005 0.615
1.9 0.003 0.047 6.4 0.007 0.231 10.9 0.005 0.620
2.0 0.003 0.050 6.5 0.006 0.237 11.0 0.004 0.624
2.1 0.003 0.053 6.6 0.006 0.243 11.1 0.004 0.628
2.2 0.003 0.056 6.7 0.006 0.249 11.2 0.005 0.633
2.3 0.004 0.060 6.8 0.006 0.255 11.3 0.004 0.637
2.4 0.003 0.063 6.9 0.006 0.261 114 0.004 0.641
2.5 0.003 0.066 7.0 0.007 0.268 11.5 0.004 0.645
2.6 0.003 0.069 7.1 0.007 0.275 11.6 0.004 0.649
2.7 0.003 0.072 7.2 0.008 0.283 11.7 0.004 0.653
2.8 0.004 0.076 7.3 0.008 0.291 11.8 0.004 0.657
2.9 0.003 0.079 7.4 0.009 0.300 11.9 0.003 0.660
3.0 0.003 0.082 7.5 0.010 0.310 12.0 0.004 0.664
3.1 0.003 0.085 7.6 0.021 0.331 12.1 0.004 0.668
3.2 0.003 0.088 7.7 0.024 0.355 12.2 0.003 0.671
3.3 0.003 0.091 7.8 0.024 0.379 12.3 0.004 0.675
3.4 0.004 0.095 7.9 0.024 0.403 12.4 0.004 0.679
3.5 0.003 0.098 8.0 0.022 0.425 12.5 0.004 0.683
3.6 0.003 0.101 8.1 0.014 0.439 12.6 0.004 0.687
3.7 0.004 0.105 8.2 0.013 0.452 12.7 0.003 0.690
3.8 0.004 0.109 8.3 0.010 0.462 12.8 0.004 0.694
39 0.003 0.112 8.4 0.010 0.472 12.9 0.003 0.697
4.0 0.004 0.116 8.5 0.008 0.480 13.0 0.004 0.701
4.1 0.004 0.120 8.6 0.009 0.489 13.1 0.004 0.705
4.2 0.003 0.123 8.7 0.009 0.498 13.2 0.003 0.708
4.3 0.004 0.127 8.8 0.007 0.505 133 0.004 0.712
4.4 0.004 0.131 8.9 0.008 0.513 13.4 0.004 0.716
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Table 4D-3. SCS Type IA storm hyetograph values (continued).

Time Incremental | Cumulative Time Incremental | Cumulative Time Incremental | Cumulative
(0.1 hours) Rainfall Rainfall (0.1 hours) Rainfall Rainfall (0.1 hours) Rainfall Rainfall

13.5 0.003 0.719 18.0 0.003 0.860 22.5 0.002 0.970
13.6 0.003 0.722 18.1 0.003 0.863 22.6 0.002 0.972
13.7 0.004 0.726 18.2 0.002 0.865 22.7 0.002 0.974
13.8 0.003 0.729 18.3 0.003 0.868 22.8 0.002 0.976
13.9 0.004 0.733 18.4 0.003 0.871 22.9 0.002 0.978
14.0 0.003 0.736 18.5 0.003 0.874 23.0 0.002 0.980
14.1 0.003 0.739 18.6 0.002 0.876 23.1 0.002 0.982
14.2 0.004 0.743 18.7 0.003 0.879 23.2 0.002 0.984
14.3 0.003 0.746 18.8 0.003 0.882 23.3 0.002 0.986
14.4 0.003 0.749 18.9 0.002 0.884 23.4 0.002 0.988
14.5 0.004 0.753 19.0 0.003 0.887 23.5 0.002 0.990
14.6 0.003 0.756 19.1 0.003 0.890 23.6 0.002 0.992
14.7 0.003 0.759 19.2 0.002 0.892 23.7 0.002 0.994
14.8 0.004 0.763 19.3 0.003 0.895 23.8 0.002 0.996
14.9 0.003 0.766 19.4 0.002 0.897 23.9 0.002 0.998
15.0 0.003 0.769 19.5 0.003 0.900 24.0 0.002 1.000
15.1 0.003 0.772 19.6 0.003 0.903

15.2 0.004 0.776 19.7 0.002 0.905

15.3 0.003 0.779 19.8 0.003 0.908

154 0.003 0.782 19.9 0.002 0.910

15.5 0.003 0.785 20.0 0.003 0.913

15.6 0.003 0.788 20.1 0.002 0.915

15.7 0.004 0.792 20.2 0.003 0.918

15.8 0.003 0.795 20.3 0.002 0.920

15.9 0.003 0.798 20.4 0.002 0.922

16.0 0.003 0.801 20.5 0.003 0.925

16.1 0.003 0.804 20.6 0.002 0.927

16.2 0.003 0.807 20.7 0.003 0.930

16.3 0.003 0.810 20.8 0.002 0.932

16.4 0.003 0.813 20.9 0.002 0.934

16.5 0.003 0.816 21.0 0.003 0.937

16.6 0.003 0.819 21.1 0.002 0.939

16.7 0.003 0.822 21.2 0.002 0.941

16.8 0.003 0.825 21.3 0.003 0.944

16.9 0.003 0.828 21.4 0.002 0.946

17.0 0.003 0.831 21.5 0.002 0.948

17.1 0.003 0.834 21.6 0.003 0.951

17.2 0.003 0.837 21.7 0.002 0.953

17.3 0.003 0.840 21.8 0.002 0.955

17.4 0.003 0.843 21.9 0.002 0.957

17.5 0.003 0.846 22.0 0.002 0.959

17.6 0.003 0.849 22.1 0.003 0.962

17.7 0.002 0.851 22.2 0.002 0.964

17.8 0.003 0.854 22.3 0.002 0.966

17.9 0.003 0.857 22.4 0.002 0.968
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Table 4D-4. SCS Type II storm hyetograph values.

Time Incremental | Cumulative Time Incremental | Cumulative Time Incremental | Cumulative
(0.1 hours) Rainfall Rainfall (0.1 hours) Rainfall Rainfall (0.1 hours) Rainfall Rainfall
0.0 0.000 0.000 4.5 0.001 0.055 9.0 0.003 0.147
0.1 0.001 0.001 4.6 0.002 0.057 9.1 0.003 0.150
0.2 0.001 0.002 4.7 0.001 0.058 9.2 0.003 0.153
0.3 0.001 0.003 4.8 0.002 0.060 9.3 0.004 0.157
0.4 0.001 0.004 4.9 0.001 0.061 9.4 0.003 0.160
0.5 0.001 0.005 5.0 0.002 0.063 9.5 0.003 0.163
0.6 0.001 0.006 5.1 0.002 0.065 9.6 0.003 0.166
0.7 0.001 0.007 5.2 0.001 0.066 9.7 0.004 0.170
0.8 0.001 0.008 5.3 0.002 0.068 9.8 0.003 0.173
0.9 0.001 0.009 5.4 0.002 0.070 9.9 0.004 0.177
1.0 0.002 0.011 5.5 0.001 0.071 10.0 0.004 0.181
1.1 0.001 0.012 5.6 0.002 0.073 10.1 0.004 0.185
1.2 0.001 0.013 5.7 0.002 0.075 10.2 0.004 0.189
1.3 0.001 0.014 5.8 0.001 0.076 10.3 0.005 0.194
1.4 0.001 0.015 5.9 0.002 0.078 10.4 0.005 0.199
1.5 0.001 0.016 6.0 0.002 0.080 10.5 0.005 0.204
1.6 0.001 0.017 6.1 0.002 0.082 10.6 0.005 0.209
1.7 0.001 0.018 6.2 0.002 0.084 10.7 0.006 0.215
1.8 0.002 0.020 6.3 0.001 0.085 10.8 0.006 0.221
1.9 0.001 0.021 6.4 0.002 0.087 10.9 0.007 0.228
2.0 0.001 0.022 6.5 0.002 0.089 11.0 0.007 0.235
2.1 0.001 0.023 6.6 0.002 0.091 11.1 0.008 0.243
2.2 0.001 0.024 6.7 0.002 0.093 11.2 0.008 0.251
2.3 0.002 0.026 6.8 0.002 0.095 11.3 0.010 0.261
2.4 0.001 0.027 6.9 0.002 0.097 114 0.010 0.271
2.5 0.001 0.028 7.0 0.002 0.099 11.5 0.012 0.283
2.6 0.001 0.029 7.1 0.002 0.101 11.6 0.024 0.307
2.7 0.002 0.031 7.2 0.002 0.103 11.7 0.047 0.354
2.8 0.001 0.032 7.3 0.002 0.105 11.8 0.077 0.431
2.9 0.001 0.033 7.4 0.002 0.107 11.9 0.137 0.568
3.0 0.002 0.035 7.5 0.002 0.109 12.0 0.095 0.663
3.1 0.001 0.036 7.6 0.002 0.111 12.1 0.019 0.682
32 0.001 0.037 7.7 0.002 0.113 12.2 0.017 0.699
3.3 0.001 0.038 7.8 0.003 0.116 12.3 0.014 0.713
34 0.002 0.040 7.9 0.002 0.118 12.4 0.012 0.725
3.5 0.001 0.041 8.0 0.002 0.120 12.5 0.010 0.735
3.6 0.001 0.042 8.1 0.002 0.122 12.6 0.008 0.743
3.7 0.002 0.044 8.2 0.003 0.125 12.7 0.008 0.751
3.8 0.001 0.045 8.3 0.002 0.127 12.8 0.008 0.759
39 0.002 0.047 8.4 0.003 0.130 12.9 0.007 0.766
4.0 0.001 0.048 8.5 0.002 0.132 13.0 0.006 0.772
4.1 0.001 0.049 8.6 0.003 0.135 13.1 0.006 0.778
4.2 0.002 0.051 8.7 0.003 0.138 13.2 0.006 0.784
4.3 0.001 0.052 8.8 0.003 0.141 133 0.005 0.789
4.4 0.002 0.054 8.9 0.003 0.144 13.4 0.005 0.794
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Table 4D-4. SCS Type II storm hyetograph values (continued).

Time Incremental | Cumulative Time Incremental | Cumulative Time Incremental | Cumulative
(0.1 hours) Rainfall Rainfall (0.1 hours) Rainfall Rainfall (0.1 hours) Rainfall Rainfall

13.5 0.005 0.799 18.0 0.002 0.921 22.5 0.001 0.983
13.6 0.005 0.804 18.1 0.002 0.923 22.6 0.001 0.984
13.7 0.004 0.808 18.2 0.002 0.925 22.7 0.001 0.985
13.8 0.004 0.812 18.3 0.001 0.926 22.8 0.001 0.986
13.9 0.004 0.816 18.4 0.002 0.928 22.9 0.002 0.988
14.0 0.004 0.820 18.5 0.002 0.930 23.0 0.001 0.989
14.1 0.004 0.824 18.6 0.001 0.931 23.1 0.001 0.990
14.2 0.003 0.827 18.7 0.002 0.933 23.2 0.001 0.991
14.3 0.004 0.831 18.8 0.002 0.935 23.3 0.001 0.992
14.4 0.003 0.834 18.9 0.001 0.936 234 0.001 0.993
14.5 0.004 0.838 19.0 0.002 0.938 23.5 0.001 0.994
14.6 0.003 0.841 19.1 0.001 0.939 23.6 0.002 0.996
14.7 0.003 0.844 19.2 0.002 0.941 23.7 0.001 0.997
14.8 0.003 0.847 19.3 0.001 0.942 23.8 0.001 0.998
14.9 0.003 0.850 19.4 0.002 0.944 23.9 0.001 0.999
15.0 0.004 0.854 19.5 0.001 0.945 24.0 0.001 1.000
15.1 0.002 0.856 19.6 0.002 0.947

15.2 0.003 0.859 19.7 0.001 0.948

15.3 0.003 0.862 19.8 0.001 0.949

154 0.003 0.865 19.9 0.002 0.951

15.5 0.003 0.868 20.0 0.001 0.952

15.6 0.002 0.870 20.1 0.001 0.953

15.7 0.003 0.873 20.2 0.002 0.955

15.8 0.002 0.875 20.3 0.001 0.956

15.9 0.003 0.878 20.4 0.001 0.957

16.0 0.002 0.880 20.5 0.001 0.958

16.1 0.002 0.882 20.6 0.002 0.960

16.2 0.003 0.885 20.7 0.001 0.961

16.3 0.002 0.887 20.8 0.001 0.962

16.4 0.002 0.889 20.9 0.002 0.964

16.5 0.002 0.891 21.0 0.001 0.965

16.6 0.002 0.893 21.1 0.001 0.966

16.7 0.002 0.895 21.2 0.001 0.967

16.8 0.003 0.898 21.3 0.001 0.968

16.9 0.002 0.900 214 0.002 0.970

17.0 0.002 0.902 21.5 0.001 0.971

17.1 0.002 0.904 21.6 0.001 0.972

17.2 0.002 0.906 21.7 0.001 0.973

17.3 0.002 0.908 21.8 0.002 0.975

17.4 0.002 0.910 21.9 0.001 0.976

17.5 0.002 0.912 22.0 0.001 0.977

17.6 0.002 0.914 22.1 0.001 0.978

17.7 0.001 0.915 22.2 0.001 0.979

17.8 0.002 0.917 22.3 0.002 0.981

17.9 0.002 0.919 224 0.001 0.982
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Table 4D-5. Short-duration storm hyetograph values — all regions.

Use 2-hour precipitation value times 1.06 to determine 3-hour total precipitation amount.

Time Time Incremental Cumulative
(minutes) | (hours) Rainfall Rainfall

0 0 0.0000 0.0000
5 0.08 0.0047 0.0047
10 0.17 0.0047 0.0094
15 0.25 0.0057 0.0151
20 0.33 0.0104 0.0255
25 0.42 0.0123 0.0378
30 0.50 0.0236 0.0614
35 0.58 0.0292 0.0906
40 0.67 0.0528 0.1434
45 0.75 0.0736 0.2170
50 0.83 0.1736 0.3906
55 0.92 0.2377 0.6283
60 1.00 0.1255 0.7538
65 1.08 0.0604 0.8142
70 1.17 0.0406 0.8548
75 1.25 0.0151 0.8699
80 1.33 0.0132 0.8831
85 1.42 0.0113 0.8944
90 1.50 0.0104 0.9048
95 1.58 0.0085 0.9133
100 1.67 0.0075 0.9208
105 1.75 0.0057 0.9265
110 1.83 0.0057 0.9322
115 1.92 0.0057 0.9379
120 2.00 0.0057 0.9436
125 2.08 0.0047 0.9483
130 2.17 0.0047 0.9530
135 2.25 0.0047 0.9577
140 2.33 0.0047 0.9624
145 2.42 0.0047 0.9671
150 2.50 0.0047 0.9718
155 2.58 0.0047 0.9765
160 2.67 0.0047 0.9812
165 2.75 0.0047 0.9859
170 2.83 0.0047 0.9906
175 2.92 0.0047 0.9953
180 3.00 0.0047 1.0000
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Table 4D-6.

Long-duration storm hyetograph values; Region 1: Cascade Mountains.

Use 24-hour precipitation value times 1.16 to determine long-duration storm precipitation total.

Time Incremental | Cumulative Time Incremental | Cumulative Time Incremental | Cumulative
(hours) Rainfall Rainfall (hours) Rainfall Rainfall (hours) Rainfall Rainfall

0.0 0.0000 0.0000 14.0 0.0297 0.3905 28.0 0.0107 0.8956
0.5 0.0024 0.0024 14.5 0.0338 0.4243 28.5 0.0104 0.9060
1.0 0.0036 0.0060 15.0 0.0507 0.4750 29.0 0.0102 0.9162
1.5 0.0040 0.0101 15.5 0.0315 0.5066 29.5 0.0099 0.9261
2.0 0.0047 0.0148 16.0 0.0283 0.5349 30.0 0.0097 0.9358
2.5 0.0051 0.0199 16.5 0.0257 0.5606 30.5 0.0088 0.9446
3.0 0.0054 0.0253 17.0 0.0231 0.5837 31.0 0.0079 0.9525
3.5 0.0058 0.0311 17.5 0.0214 0.6051 315 0.0071 0.9596
4.0 0.0062 0.0374 18.0 0.0183 0.6234 32.0 0.0063 0.9659
4.5 0.0066 0.0439 18.5 0.0168 0.6402 32.5 0.0058 0.9717
5.0 0.0078 0.0517 19.0 0.0165 0.6566 33.0 0.0054 0.9772
5.5 0.0096 0.0614 19.5 0.0161 0.6728 335 0.0050 0.9822
6.0 0.0120 0.0733 20.0 0.0158 0.6886 34.0 0.0047 0.9869
6.5 0.0138 0.0871 20.5 0.0154 0.7040 345 0.0043 0.9912
7.0 0.0150 0.1022 21.0 0.0151 0.7191 35.0 0.0039 0.9950
7.5 0.0157 0.1179 21.5 0.0148 0.7339 355 0.0030 0.9981
8.0 0.0164 0.1343 22.0 0.0144 0.7483 36.0 0.0019 1.0000
8.5 0.0171 0.1513 22.5 0.0141 0.7623

9.0 0.0178 0.1691 23.0 0.0137 0.7761

9.5 0.0185 0.1876 23.5 0.0134 0.7894

10.0 0.0192 0.2067 24.0 0.0130 0.8025

10.5 0.0198 0.2266 24.5 0.0127 0.8151

11.0 0.0205 0.2471 25.0 0.0123 0.8275

11.5 0.0212 0.2683 25.5 0.0120 0.8395

12.0 0.0220 0.2904 26.0 0.0117 0.8512

12.5 0.0226 0.3130 26.5 0.0115 0.8627

13.0 0.0235 0.3364 27.0 0.0112 0.8739

135 0.0243 0.3608 27.5 0.0110 0.8849
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Table 4D-7.

Long-duration storm hyetograph values; Region 2: Central Basin.

Use 24-hour precipitation value (times 1.00) to determine long-duration storm precipitation total.

Time Incremental | Cumulative Time Incremental | Cumulative Time Incremental | Cumulative
(hours) Rainfall Rainfall (hours) Rainfall Rainfall (hours) Rainfall Rainfall
0.0 0.0000 0.0000 9.0 0.0933 0.4852 18.0 0.0103 0.8892
0.5 0.0054 0.0054 9.5 0.0527 0.5380 18.5 0.0104 0.8996

1.0 0.0086 0.0140 10.0 0.0402 0.5782 19.0 0.0105 0.9100
1.5 0.0100 0.0240 10.5 0.0372 0.6154 19.5 0.0105 0.9205
2.0 0.0120 0.0360 11.0 0.0348 0.6502 20.0 0.0104 0.9309
2.5 0.0130 0.0490 11.5 0.0331 0.6833 20.5 0.0102 0.9412
3.0 0.0140 0.0630 12.0 0.0289 0.7122 21.0 0.0100 0.9512
3.5 0.0150 0.0780 12.5 0.0252 0.7374 21.5 0.0097 0.9609
4.0 0.0160 0.0940 13.0 0.0219 0.7593 22.0 0.0093 0.9702
4.5 0.0170 0.1110 13.5 0.0191 0.7783 22.5 0.0087 0.9789
5.0 0.0187 0.1297 14.0 0.0167 0.7950 23.0 0.0083 0.9872
5.5 0.0228 0.1525 14.5 0.0148 0.8098 23.5 0.0078 0.9950
6.0 0.0283 0.1808 15.0 0.0134 0.8232 24.0 0.0050 1.0000
6.5 0.0305 0.2113 15.5 0.0123 0.8355
7.0 0.0335 0.2448 16.0 0.0116 0.8471
7.5 0.0365 0.2813 16.5 0.0110 0.8581
8.0 0.0484 0.3297 17.0 0.0105 0.8686
8.5 0.0622 0.3919 17.5 0.0103 0.8789
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Table 4D-8.

Palouse.

Long-duration storm hyetograph values; Region 3: Okanogan — Spokane —

Use 24-hour precipitation value times 1.06 to determine long-duration storm precipitation total.

jr /01-02047-007 chapter 4 apx d word2000.doc

Time Incremental | Cumulative Time Incremental | Cumulative
(hours) Rainfall Rainfall (hours) Rainfall Rainfall
0.0 0.0000 0.0000 21.5 0.0130 0.8475
0.5 0.0017 0.0017 22.0 0.0128 0.8603
1.0 0.0030 0.0047 22.5 0.0126 0.8729
1.5 0.0041 0.0088 23.0 0.0123 0.8852
2.0 0.0053 0.0141 23.5 0.0120 0.8972
2.5 0.0068 0.0209 24.0 0.0116 0.9088
3.0 0.0092 0.0301 24.5 0.0112 0.9200
35 0.0108 0.0409 25.0 0.0108 0.9308
4.0 0.0126 0.0535 25.5 0.0104 0.9412
4.5 0.0132 0.0667 26.0 0.0100 0.9512
5.0 0.0139 0.0806 26.5 0.0096 0.9607
5.5 0.0147 0.0952 27.0 0.0092 0.9699
6.0 0.0154 0.1106 27.5 0.0086 0.9785
6.5 0.0162 0.1268 28.0 0.0074 0.9859
7.0 0.0169 0.1437 28.5 0.0054 0.9913
7.5 0.0177 0.1614 29.0 0.0040 0.9953
8.0 0.0184 0.1798 29.5 0.0030 0.9983
8.5 0.0192 0.1990 30.0 0.0017 1.0000
9.0 0.0228 0.2219
9.5 0.0238 0.2457
10.0 0.0260 0.2717
10.5 0.0282 0.2999
11.0 0.0395 0.3394
11.5 0.0564 0.3958
12.0 0.0855 0.4813
12.5 0.0451 0.5265
13.0 0.0348 0.5612
13.5 0.0335 0.5948
14.0 0.0276 0.6223
14.5 0.0199 0.6422
15.0 0.0179 0.6601
15.5 0.0158 0.6759
16.0 0.0156 0.6915
16.5 0.0154 0.7069
17.0 0.0152 0.7221
17.5 0.0150 0.7372
18.0 0.0148 0.7519
18.5 0.0145 0.7664
19.0 0.0142 0.7806
19.5 0.0139 0.7945
20.0 0.0136 0.8081
20.5 0.0133 0.8215
21.0 0.0131 0.8346

Draft Highway Runoff Manual
March 2004

90% Draft

Page 4D-15



Chapter 4—Hydrologic Analysis

Table 4D-9.

Mountains and Blue Mountains.

Long-duration storm hyetograph values; Region 4: Northeastern

Use 24-hour precipitation value times 1.07 to determine long-duration storm precipitation total.

Time Incremental | Cumulative Time Incremental | Cumulative
(hours) Rainfall Rainfall (hours) Rainfall Rainfall
0.0 0.0000 0.0000 21.5 0.0131 0.8312
0.5 0.0015 0.0015 22.0 0.0129 0.8441
1.0 0.0031 0.0046 22.5 0.0129 0.8570
1.5 0.0047 0.0094 23.0 0.0128 0.8697
2.0 0.0064 0.0158 23.5 0.0127 0.8825
2.5 0.0082 0.0239 24.0 0.0127 0.8951
3.0 0.0104 0.0343 24.5 0.0126 0.9077
3.5 0.0115 0.0458 25.0 0.0124 0.9201
4.0 0.0123 0.0581 25.5 0.0121 0.9322
4.5 0.0130 0.0711 26.0 0.0116 0.9438
5.0 0.0137 0.0848 26.5 0.0109 0.9547
5.5 0.0145 0.0993 27.0 0.0101 0.9647
6.0 0.0152 0.1145 27.5 0.0090 0.9738
6.5 0.0160 0.1305 28.0 0.0077 0.9814
7.0 0.0167 0.1472 28.5 0.0061 0.9875
7.5 0.0174 0.1646 29.0 0.0051 0.9926
8.0 0.0182 0.1828 29.5 0.0045 0.9971
8.5 0.0190 0.2019 30.0 0.0029 1.0000
9.0 0.0207 0.2226
9.5 0.0232 0.2458
10.0 0.0260 0.2717
10.5 0.0278 0.2996
11.0 0.0399 0.3394
11.5 0.0531 0.3925
12.0 0.0796 0.4722
12.5 0.0441 0.5162
13.0 0.0329 0.5492
13.5 0.0303 0.5795
14.0 0.0291 0.6086
14.5 0.0199 0.6284
15.0 0.0166 0.6451
15.5 0.0155 0.6606
16.0 0.0153 0.6759
16.5 0.0151 0.6910
17.0 0.0149 0.7059
17.5 0.0148 0.7207
18.0 0.0146 0.7353
18.5 0.0144 0.7496
19.0 0.0142 0.7639
19.5 0.0140 0.7779
20.0 0.0137 0.7915
20.5 0.0134 0.8049
21.0 0.0132 0.8181
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4D-5 Precipitation Magnitude for 24-Hour and Long- and
Short-Duration Runoff Treatment Storm

The frequency of the long-duration runoff treatment storm is a 6-month recurrence interval or
twice per year return period. Unfortunately, the NOAA Atlas 2 maps require the conversion of
2-year, 24-hour precipitation to 6-month 24-hour precipitation.

The following equation is used to determine the 6-month precipitation.

qus = Cqu (P2yr24hr)

where: Py 1s the 24-hour precipitation (inches) for the storm recurrence interval
of 6 months. This precipitation is used with the long-duration storm
hyetograph or 24-hour SCS (NRCS) Type IA or Type II hyetographs,
depending on the design storm option selected by the jurisdiction.

Cuwgs 15 a coefficient from Table 4D-10 for computing the 6-month 24-hour
precipitation based on the climate region; and

Payroane 1s the 2-year, 24-hour precipitation in Appendix 4A.
Values of the coefficient Cys are shown in Table 4D-10 for all four regions.

Table 4D-10.  Coefficients C, 4 for computing twice/year 24-hour precipitation.

Region # Region Name Caar
1 East Slope Cascades 0.70
2 Central Basin 0.66
3 Okanogan, Spokane, Palouse 0.69
4 NE & Blue Mountains 0.70

4D-6 Precipitation Magnitude for Long-Duration Storms

Table 4D-11 provides the multipliers, by region, for the conversion of the 24-hour precipitation
to the regional long-duration storm precipitation.

4D-6.1 Precipitation Magnitude for Short-Duration Storms

The only mapped frequency of the short-duration storm is a 2-year recurrence interval. The
design of Flow Based Treatment BMPs using the Single Event Hydrograph Model requires
conversion of the 2-year, 2-hour precipitation to the 6-month, 2-hour precipitation. The design
of other BMPs or conveyance elements based on the short-duration storm could also require the
conversion of the 2-year, 2-hour precipitation to a different recurrence interval.
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Table 4D-1

1. Conversion factor for 24-hour to regional long-duration storm
precipitation.
Region # Region Name Conversion Factor
1 East Slope Cascades 1.16
2 Central Basin 1.00
3 Okanogan, Spokane, Palouse 1.06
4 NE & Blue Mountains 1.07

The following equation is used to determine 2-hour precipitation for a selected return period.

Psds = Csds (P2yr2hr)

where: Py 1s the 2-hour precipitation (inches) for a selected return period for the
short-duration storm

Cggs 1s a coefficient from Table 4D-12 for computing the 2-hour precipitation for a

selected return period based on the 2-year 2-hour precipitation; and

Payrone 1s the 2-year, 2-hour precipitation in Appendix 4A.

Values of the coefficient Cyys are based on the Generalized Extreme Value (GEV) distribution
whose distribution parameters can be expressed as a function of mean annual precipitation for
eastern Washington. Table 4D-12 lists values of the coefficient Cyqys for selected return periods
for various magnitudes of mean annual precipitation. The weblink for an isopluvial map of mean
annual precipitation can be found in Appendix 4A; the map can be used to determine the mean
annual precipitation for the site.

Table 4D-12.

Precipitation for selected return periods.

Mean Annual
Region Precipitation
# (in.) 6-Month | 1-Year | 10-Year 25-Year 50-Year | 100-Year

6-8 0.61 0.79 1.63 2.17 2.68 3.29
2 8-10 0.62 0.80 1.60 2.09 2.55 3.09
10-12 0.64 0.81 1.56 2.02 2.44 2.92
2,3 12-16 0.66 0.82 1.51 1.90 2.26 2.66
3 16-22 0.67 0.83 1.47 1.82 2.13 2.48
22-28 0.69 0.84 1.43 1.74 2.01 231
14 28-40 0.70 0.85 1.40 1.68 1.92 2.19
40-60 0.72 0.86 1.36 1.61 1.82 2.05
60-120 0.74 0.87 1.33 1.55 1.74 1.93

The multiplier for the conversion of the 2-hour precipitation to the short-duration (3-hour) storm
precipitation is 1.06 in all regions.
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Chapter 5. Stormwater Best Management Practices

5-1 Introduction

The intent of this chapter is to provide designers of WSDOT facilities with specific guidance on
the proper selection, design, and application of stormwater management techniques. A selection
process is presented, along with design considerations for each best management practice
(BMP). This chapter also presents ways to combine or enhance these different types of facilities
to maximize their efficiency or better fit within the project site.

Stormwater BMPs are the physical, structural, and managerial practices that, when used singly or
in combination, prevent or reduce the detrimental impacts of stormwater, such as the pollution of
water, degradation of channels, damage to structures, and flooding. These BMPs can be further
characterized as performing three essential, yet distinct, functions:

. Source control, which prevents or reduces the introduction of pollutants to
stormwater
= Flow control, which offsets and attenuates the increased rate of discharge caused

by impervious surfaces

= Runoff treatment, which intercepts and reduces the physical, chemical, and
biological pollutant loads generated primarily from highway use.

The typical pollutants found in highway runoff that must be considered for treatment include
total suspended solids (TSS) and sediments; dissolved metals (e.g., cadmium, copper, zinc, and
lead); polycyclic aromatic hydrocarbons (PAHs); oil and grease; road salts and deicing agents;
temperature; and, in some watersheds, nutrients (e.g., nitrogen and phosphorus).

The BMPs in this manual have been developed using best available science; they have been
approved, have received conditional approval, or have been identified as experimental (see
Section 5-4.1 and Appendix 5B) by the Washington Department of Ecology (Ecology). The
required application of these BMPs is based on the state-adopted standard of using all known,
available, and reasonable methods of prevention, control, and treatment (AKART). When used
and maintained in conjunction with operational source controls, BMPs can provide a long-term,
effective means of preventing violations of water quality standards. However, it is essential that
utmost care be taken in the proper selection and site application of the various BMPs for every
project to ensure that maximum benefit is obtained.

Many of the BMPs covered in this manual include general recommendations regarding the
conditions under which a practice applies as well as the advantages and disadvantages of that
practice. However, it is strongly recommended that designers take an iterative approach to
selecting BMPs based on site-specific criteria. This entails being flexible and somewhat creative
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when determining a final stormwater management solution that works best in each situation. It
also requires that stormwater management considerations be wholly integrated throughout the
entire project development decision-making process (see Chapter 3 for further guidance).

Design guidelines for most of the commonly used permanent BMPs for highway applications
can be found in Section 5.4 of this chapter. Guidelines for the design of temporary BMPs used
during construction are given in Appendix 6A. For guidance on the design of source control
BMPs, refer to Volume IV of the Stormwater Management Manual for Western Washington
(SMMWW) (Ecology 2001) and Chapter 8 of the draft Stormwater Management Manual for
Eastern Washington (SMMEW) (Ecology 2003). For guidance on the design and application of
spill prevention and containment BMPs, see Section 6-3.

5-2 Types of Permanent Stormwater BMPs and Their
Functions

This section of the manual provides a general overview of the currently available BMPs and
under what circumstances they are typically used. Specific design criteria for each BMP can be
found in Section 5-4.

Permanent stormwater BMPs are management features that are designed into a project and
remain in place throughout the service life of the project. The designer must make sure that the
BMPs will provide the desired results and can be maintained within the guidelines established in
Section 5-5. The project should be designed to take advantage of the topography, soils,
waterways, and natural vegetation at the site. The designer should, at each stage of the design,
evaluate the potential for stormwater degradation and choose the design with the least impact.
The designer must plan the project so that construction activities will not generate excessive
sediment and runoff leaving the site. Finally, the project must be designed so that stormwater
facilities are reasonably accessible to perform the required maintenance.

5-2.1 BMPs for Stormwater Source Control

The first consideration in design should be source control. Stormwater source controls are
designed to prevent pollutants from entering stormwater by eliminating the source of pollution or
by preventing contact of pollutants with rainfall and runoff. Source control BMPs must be
applied to the entire project, both existing and new project areas. According to Volume IV,
Chapter 2, of the SMMWW and Chapter 8 of the draft SMMEW, source control BMPs apply to
the following WSDOT activities or settings:

. Deicing and anti-icing for streets/highways
= Dust control at disturbed land areas and unpaved roadways and parking lots
= Fueling at dedicated stations
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= [llicit connections to storm drains (i.e., unpermitted sanitary or process water
discharges to a storm drain rather than a sanitary sewer connection)

= Landscaping and lawn/vegetation management

. Maintenance and repair of vehicles and equipment

= Maintenance of roadside ditches

= Maintenance of stormwater drainage and treatment systems
. Painting of buildings and structures (bridges and docks)

= Parking and storage of vehicles and equipment

= Railroad yards

. Spills of oil and hazardous substances

= Storage or transfer (outside) of solid raw materials, byproducts, or finished
products

. Urban streets

= Washing and steam cleaning or vehicles, equipment, and building structures.

Only a few permanent source control BMPs can be regularly used for a roadway (e.g., street
sweeping, deicing, spill control). Source control BMPs are used more commonly during
construction and for the permanent portion of nonroadway projects such as rest areas and park-
and-ride lots. The source control BMPs for use during construction are detailed in Chapter 6.
When a project involves the storage or transfer of hazardous materials or waste products, the
designer should refer to Volume IV of the SMMWW for guidance on selecting proper source
control BMPs and contact the Hazardous Materials Program

(“® http://www.wsdot.wa.gov/environment/hazmat/default.htm) office for further assistance.

5-2.2 BMPs for Stormwater Runoff Treatment

Runoff treatment BMPs designed to remove pollutants contained in runoff use a variety of
mechanisms including sedimentation, filtration, plant uptake, ion exchange, adsorption,
precipitation, and bacterial decomposition.

Hydrologic criteria and analysis methods for sizing runoff treatment BMPs in western
Washington are discussed in Section 4-3. Hydrologic criteria and analysis methods for sizing
runoff treatment BMPs in eastern Washington are discussed in Section 4-4. The following
overview provides information on the most commonly used runoff treatment BMPs available for
highway application.
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5-2.2.1 Infiltration BMPs

Infiltration BMPs for runoff treatment are discussed in Section 5-4.2.1 and include the following:

L] IN.02 Infiltration Pond

L IN.O3 Infiltration Trench

" IN.04 Infiltration Vault.

Infiltration is a preferred method of flow control, offering the highest level of pollutant removal.
Treatment is achieved through settling, biological action, and filtration. One important
advantage to using infiltration is that it recharges the ground water, thereby helping to maintain
summertime base flows of streams. Infiltration also produces a natural reduction in stream
temperature, which is an important factor in maintaining a healthy habitat for resident species
and other in-stream biota.

Infiltration facilities must be preceded by a presettling basin for removing most of the sediment
particles that would otherwise reduce the infiltrative capacity of the soil. Infiltration strategies
intended to meet runoff treatment goals may be challenging for many project locations in
western Washington due to the large space requirements and strict soil and water table
requirements (see Sections 5-4.2 and 5-4.3.1 for site restrictions). There are generally more
opportunities for the use of infiltration BMPs in eastern Washington.

5-2.2.2 Dispersion BMPs

Dispersion BMPs are discussed in Section 5-4.2.2 and include the following:

L FC.01 Natural Dispersion

" FC.02 Engineered Dispersion.

Perhaps the single most promising and effective approach to mitigating the effects of highway
runoff in nonurbanized areas is to look for opportunities to use the existing natural area capacity
to remove pollutants. Natural dispersion requires that runoff cannot become concentrated in any
way as it flows into a preserved naturally vegetated area. The preserved naturally vegetated area
must have topographic, soil, and vegetation characteristics that provide for the removal of
pollutants. Pollutant removal typically occurs through a combined process of vegetative
filtration and shallow surface infiltration.

The most notable benefits associated with natural dispersion are that it maintains and preserves
the natural functions, reduces the possibility of further impacts to the adjacent natural areas
associated with the construction of physical treatment facilities, and can be very cost-effective.
In most cases this method can not only meet the requirements for runoff treatment but also
provide flow attenuation. If channelized drainage features are present and close to the runoff
areas requiring treatment, then other types of engineered solutions may be more appropriate.
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Engineered dispersion techniques use the same removal processes as natural dispersion. For
engineered dispersion, a manmade conveyance system directs concentrated runoff to the
dispersion area (via storm sewer pipe, ditch, etc.). The concentrated flow is dispersed at the end
of the conveyance system to mimic sheet flow conditions into the dispersion area. Engineered
dispersion techniques enhance the modified area with compost-amended soils and additional
vegetation. These upgrades help ensure that the dispersion area has the capacity and ability to
infiltrate surface runoff.

Like any other stormwater BMP, preservation and maintenance protocols must be followed when
dispersion techniques are used. Because the terrain features used to provide treatment are, for
the most part, indistinguishable from other typical natural or landscaped areas, it is essential that
these areas be readily identifiable so that they are not altered or destroyed by general
maintenance practices or future development (see Section 5-5 for further guidance).

5-2.2.3 Biofiltration BMPs

Biofiltration BMPs are discussed in Section 5-4.2.3 (experimental BMPs, in Appendix 5B) and
include the following:

" IN.01 Bioinfiltration Swale

. RT.01 Roadside Bioretention Area (Experimental)
. RT.02 Vegetated Filter Strip

" RT.04 Biofiltration Swale

L] RT.05 Wet Biofiltration Swale

= RT.06 Continuous Inflow Biofiltration Swale

" RT.07 Ecology Embankment

. RT.11 Modified Biofiltration Swale (Experimental).

A bioinfiltration swale, a BMP developed and used more commonly in eastern Washington, is
categorized in this manual under biofiltration BMPs for convenience and consistency. It actually
functions as both a filtering BMP and an infiltration BMP and can therefore provide runoff
treatment and flow control on a limited basis.

A roadside bioretention area is characterized as an area with native or amended soils and
landscaping, engineered to infiltrate stormwater runoff from the adjacent pavement surface.
These facilities are designed to incorporate many of the pollutant-removal mechanisms present in
forested ecosystems. Runoff flows to and filters through the plant and soil system. Bioretention
areas, generally located adjacent to a pollution-generating surface to be treated, can also be
located downstream of a conventional stormwater collection system if needed. A treatment train
is recommended, with a vegetated filter strip preceding the bioretention area for pretreatment.
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Roadside bioretention areas can typically be applied to the median, outside shoulder of the
roadway, parking lot landscape islands, and bridge embankments.

Bioretention areas can remove a wide range of pollutants from stormwater runoff, including
TSS, nutrients, hydrocarbons, and bacteria. Pollutant removal is achieved through physical,
biological, and chemical processes of the soil, plants, and microorganisms within the
bioretention area.

Bioretention areas function best in areas providing good soil infiltration (outwash soils) and low
ground water levels. Where infiltration is poor (till soils), bioretention benefits will be
challenging but can be achieved using suitable supplemental storage such as additional gravel
base, infiltration chambers, or downstream flow control. Once established, bioretention areas
will take care of themselves. Bioretention areas have costs and maintenance requirements
similar to those of a landscaping project.

Runoff treatment to remove pollutants can best be accomplished before concentrating the flow.
A vegetated filter strip provides a very efficient and cost-effective runoff treatment option.
Vegetated filter strips function by slowing runoff velocities and filtering out sediment and other
pollutants and by providing some infiltration into underlying soils. Vegetated filter strips consist
of gradually sloping areas that run adjacent to the roadway. As highway runoff sheets off of the
roadway surface, it flows through the grass filter. The flow can then be intercepted by a ditch or
other conveyance system and routed to a flow control BMP or outfall.

One challenge associated with vegetated filter strips, however, is that sheet flow can sometimes
be difficult to maintain. Consequently, filter strips can be short-circuited by concentrated flows,
which create eroded rills or flow channels across the strips. This results in little or no treatment
of stormwater runoff. Vegetated filter strips are not recommended for use in arid climates. In
semi-arid climates, drought-tolerant grasses should be specified.

Biofiltration swales also provide an effective means of removing conventional pollutants and
offer a relatively low-cost treatment solution. A biofiltration swale consists of a flat-bottomed,
shallow-sloped swale planted with grasses. The swales function by slowing runoff velocities,
filtering out sediment and other pollutants, and providing some infiltration into underlying soils.
Concentrated flow from the roadway section is directed to the high end of the swale. For wider
swales, flow spreaders or diffusers are often incorporated into the bioswale to maintain sheet
flow and to prevent the formation of small channels within the swale bottom. In addition, the
swale design should be analyzed for erosion potential from larger storm events.

Biofiltration swales can also be integrated into the stormwater conveyance system. Existing
roadside ditches may be good candidates for upgrading to biofiltration swales. Biofiltration
swales are not recommended for use in arid climates. In semi-arid climates, drought-tolerant
grasses should be specified.
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