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How to Get Printed Copies of the Stormwater Manual
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Allow about two weeks for delivery. If you have questions about ordering the stormwater manual
and model program please call the Department of Printing at (360) 570-5555.

How to Find the Stormwater Manual on the Inter net

The Stormwater Management Manual for Eastern Washington is also available on Ecology’ s

Stormwater Homepage. The Internet addressis:
http://www.ecy.wa.gov/programs/wag/stormwater/

If you require this document in an alternative format, please call the secretary at (360) 407-
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Chapter 5 - Runoff Treatment Facility Design

5.1

Introduction

Best Management Practices (BMPs) are schedules of activities,
prohibitions of practices, maintenance procedures, managerial practices, or
structural features that prevent or reduce adverse impacts to waters of
Washington State. BM Ps for long-term management of stormwater at
developed sites can be divided into three main categories:

' BMPs addressing the volume and timing of stormwater flows,
 BMPs addressing prevention of pollution from potential sources; and

' BMPs addressing treatment of runoff to remove sediment and other
pollutants.

This section of the stormwater manual focuses on the third category,
treatment of runoff to remove sediment and other pollutants at developed
sites. The purpose of this section is to provide guidance for selection,
design and maintenance of permanent runoff treatment facilities.

Runoff treatment facilities are designed to remove pollutants contained in
stormwater runoff. The pollutants of concern include sand, silt, and other
suspended solids; metals such as copper, lead, and zinc; nutrients (e.g.,
nitrogen and phosphorous); certain bacteria and viruses; and organics such
as petroleum hydrocarbons and pesticides. Methods of pollutant removal
include sedimentation/settling, filtration, plant uptake, ion exchange,
adsorption, and bacterial decomposition. Floatable pollutants such as ail,
debris, and scum can be removed with separator structures.

5.1.1 How to Use this Chapter

This chapter should be consulted to select specific BMPs for runoff
treatment for inclusion in Stormwater Site Plans. This chapter can be used
to select specific treatment facilities for permanent use at devel oped sites,
and as an aid in designing and constructing these facilities.

5.1.2 Runoff Treatment Facilities

Treatment methods and facilities described in this chapter include:
Infiltration and Bio-infiltration (Surface Infiltration)
Biofiltration

Subsurface Infiltration

Wetpool (wet pond, wet vault)

Filtration (sand filters, mediafilters)

= —a _—a _—_a _—_a _a

Evaporation Pond

June 2003
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1 Oil Control
' Phosphorous Treatment and Metals Treatment
Performance Goals

The water quality design storm volume and flow rates are intended to
capture and effectively treat at least 90 percent of the annual runoff
volume. Pollutant removal performance goals have been selected for each
of the major categories of BMPs. These goals are:

Basic Treatment Facilities

The Basic Treatment facility choices shown in Figure 5.2.1 are intended to
achieve 80% removal of total suspended solids for influent concentrations
that are greater than 100 mg/I, but less than 200 mg/l. For influent
concentrations greater than 200 mg/l, a higher treatment goal may be
appropriate. For influent concentrations less than 100 mg/l, the facilities
are intended to achieve an effluent goal of 20 mg/| total suspended solids.
The performance goal appliesto the water quality design storm volume or
flow rate, whichever is applicable. The goal also applies on an average
annual basis to the entire annual discharge volume (treated plus bypassed).

Oil Control Facilities

The Oil Control facility choices shown in Figure 5.2.1 are intended to
achieve the goals of no ongoing or recurring visible sheen, and to have a
24-hour average Total Petroleum Hydrocarbon (TPH) concentration no
greater than 10 mg/l, and a maximum of 15 mg/| for a discrete sample
(grab sample).

Phosphor ous Treatment

The Phosphorus Treatment facility choices shown in Figure 5.2.1 are
intended to achieve agoal of 50% total phosphorus removal for arange of
influent concentrations of 0.1 — 0.5 mg/l total phosphorus. In addition, the
choices are intended to achieve the Basic Treatment performance goal.
The performance goal appliesto the water quality design storm volume or
flow rate, whichever is applicable, and on an annual average basis. The
incremental portion of runoff in excess of the water quality design flow
rate or volume can be routed around the facility (off-line treatment
facilities), or can be passed through the facility (on-line treatment
facilities) provided a net pollutant reduction is maintained.

Metals Treatment

The Metals Treatment facility choices shown in Figure 5.2.1 are intended
to provide a higher rate of removal of dissolved metals than Basic
Treatment facilities. Due to the sparse data available concerning dissolved
metals removal in stormwater treatment facilities, a specific numeric
removal efficiency goa could not be established at the time of publication.
Instead, Ecology relied on available nationwide and local data, and
knowledge of the pollutant removal mechanisms of treatment facilities to

5-2
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develop the list of options. In addition, the choices are intended to achieve
the Basic Treatment performance goal. The performance goal assumes
that the facility is treating stormwater with dissolved copper typically
ranging from 0.003 to 0.02 mg/l, and dissolved zinc ranging from 0.02 to
0.3 mg/l.

The performance goal appliesto the water quality design storm volume or
flow rate, whichever is applicable, and on an annual average basis. The
incremental portion of runoff in excess of the water quality design flow
rate or volume can be routed around the facility (off-line treatment
facilities), or can be passed through the facility (on-line treatment
facilities) provided a net pollutant reduction is maintained. Ecology
encourages the design and operation of treatment facilities that treat flows
higher than the water quality design flow rate as long as the reduction in
dissolved metals |oading meets the performance goal.

Treatment Facility Selection Process

This section describes a process for selecting the type of treatment
facilities that will apply to individual projects. Refer to Sections 5.10 and
5.11 for additional details on three of the four treatment facility options -
oil control treatment, phosphorus control, and Metals Treatment.

5.2.1 Step-by-Step Selection Process for Treatment
Facilities

A seven-step selection processis used to aid the designer in choosing the
appropriate treatment facility for a particular project. The seven steps are:

Step 1: Determine Where Site Discharges to:
Evaporation

Combined Sanitary Sewer

Surface Water

Surface Infiltration

Subsurface Infiltration

moo®p

Step 2: If to Surface Water, Determine the Recelving Waters and
Pollutants of Concern Based on Off-Site Analysis

Step 3: Determineif an Oil Control Facility/Deviceis Required

Step 4: Determine if Pollutant Removal via Infiltration and Collection is
Practicable

Step 5: Determineif Control of Phosphorous is Required
Step 6: Determine if Metals Treatment is Required
Step 7: Select aBasic Treatment Facility

June 2003
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The process should be used in conjunction with Figures 5.2.1 and 5.2.2.
Table 5.2.1 provides information on determining pollutant sources and
pollutants of concern for some land uses. Table 5.2.2 provides
information on the relative ability of different treatment facilitiesto
remove key pollutants. Table 5.2.3 provides an initial screening of
treatment facilities based upon severa soil types. Table 5.2.4 provides
suggested stormwater treatment options for arid and semi-arid climates.
Table 5.2.5 discussed cold weather challenges to BMP design. And Table
5.2.6 provides a summary of BMP applicability in cold regions.

Refer to Figure5.2.1 for aflow chart of the steps.

Step 1. Determine Where Site Discharges To:
A. Evaporation (no additional treatment required)
B. Combined Sanitary Sewer (no additional treatment required)
C. Surface Waters (proceed to Step 2)
D. Surface Infiltration (proceed further with Step 1)
E. Subsurface Infiltration (proceed further with Step 1)
Determineif Treatment is Required and Apply Infiltration BMP

Check theinfiltration treatment design criteriain Section 5.4 of this
chapter. Infiltration can be effective at treating stormwater runoff, but soil
properties must be appropriate to achieve effective treatment while not
adversely impacting ground water resources. The location and depth to
bedrock, the water table, or impermeable layers, and the proximity to
wells, foundations, septic tank drainfields, and unstable slopes can
preclude the use of infiltration.

Infiltration treatment facilities should be preceded by a pretreatment
facility, such as a presettling basin or vault, to reduce the occurrence of
plugging. Any of the basic treatment facilities, and detention ponds
designed to meet flow control requirements, can also be used for pre-
treatment.

If an infiltration treatment facility is planned, please refer to the Core
Elements in Chapter 2 — Core Elements for New Development and
Redevelopment. They can affect the design and placement of facilities on
your site.

Figure 5.2.2 describes a BMP selection process for discharges to
subsurface infiltration facilities, sometimes referred to as drywells. One of
theinitial stepsisto determine pollutant source and loading. The geologic
matrix and depth to ground water should be determined using the criteria
and guidance in Chapter 6. Using Table 5.6.3, adetermination is then
made whether treatment is required prior to discharge. If treatment is

5-4
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required, appropriate controls are then selected, such as oil control, and/or
other treatment BM Ps as applicable. The reader should use Chapter 6 for
subsurface infiltration system siting and design guidance.

Thelocal government should verify whether any type of groundwater
guality management plans and/or local ordinances or regulations have
been established such as:

' Groundwater Management Plans (Wellhead Protection Plans): To
protect groundwater quality and/or quantity, these plans may identify
actions required of stormwater discharges.

If Some or All Site Stormwater Dischargesto Surface Waters, Proceed
to Step 2; If There are No Dischargesto Surface Waters, then Perform
Step 1.

Step 2: Determinethe Receiving Water s and Pollutants of Concern

To obtain a more complete determination of the potential impacts of a
stormwater discharge, Ecology encourages local governmentsto require
an Off-site Analysis similar to that in Chapter 3 — Preparation of
Stormwater Site Plans. Also, see Core Element #5 in Chapter 2, Section
2.2.5. Even without an off-site analysis requirement, the project
proponent must determine the natural receiving water for the stormwater
drainage from the project site (wetland, lake, or stream). Thisis necessary
to determine the applicable treatment menu from which to select treatment
facilities. Theidentification of the receiving water should be verified by
the local government agency with review responsibility. If the discharge
isto thelocal municipal storm drainage system, the receiving water for the
drainage system must be determined.

The local government should verify whether any type of water quality
management plans and/or local ordinances or regulations have established
specific requirements for the receiving waters. The

devel oper/owner/engineer needs to check all other agencies for
requirements. Examples of plansto be aware of include:

' Watershed or Basin Plans. These can be developed to cover awide
variety of geographic scales (e.g., Water Resource Inventory Areas, or
sub-basins of afew square miles), and can be focused solely on
establishing stormwater requirements (e.g., “ Stormwater Basin
Plans’), or can address a number of pollution and water quantity
issues, including urban stormwater.

' Water Clean-up Plans. These plans are written to establish a Total
Maximum Daily Load (TMDL) of a pollutant or pollutantsin a
specific receiving water or basin, and to identify actions necessary to
remain below that maximum loading. The plans may identify
discharge limitations or management limitations (e.g., use of specific

June 2003
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treatment facilities) for stormwater discharges from new and
redevelopment projects.

 LakeManagement Plans. These plans are developed to protect lakes
from eutrophication due to inputs of phosphorus from the drainage
basin. Control of phosphorus from new development isalikely
requirement in such plans.

An analysis of the proposed land use(s) of the project should also be used
to determine the stormwater pollutants of concern. Table5.2.1 liststhe
pollutants of concern from various land uses. Table 5.2.2 lists the ability
of treatment facilities to remove key pollutants. Refer to these tables for
examples of treatment options after determining whether oil control,
phosphorus, enhanced, or basic treatments apply to the project. Those
decisions are made in the steps below.

Step 3: Determineif an Oil Control Facility/Deviceis Required

The use of ail control devices and facilitiesis required for high use sites.
High use sites are those that typically generate high concentrations of oil
due to high traffic turnover or the frequent transfer of oil. See Core
Element #5 in Chapter 2, Section 2.2.5, Guidelines section, for a
description of these sites.

Application on the Project Site Qil control facilities are to be placed
upstream of other facilities, as close to the source of oil generation as
practical. For high-use sites |ocated within alarger commercial center,
only the impervious surface associated with the high-use portion of the
site is subject to treatment requirements. |If common parking for multiple
businessesis provided, treatment shall be applied to the number of parking
stalls required for the high-use business only. However, if the treatment
collection area also receives runoff from other areas, the treatment facility
must be sized to treat all water passing through it.

High-use roadway intersections shall treat |anes where vehicles
accumulate during the signal cycle, including left and right turn lanes and
through lanes, from the beginning of the left turn pocket. 1f no left turn
pocket exists, the treatable area shall 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.

Oil Control Treatment Options Qil control optionsinclude facilities
that are small, treat runoff from alimited area, and require frequent
maintenance. The options aso include facilities that treat runoff from
larger areas and generally have less frequent maintenance needs.

T API-Type Oil/Water Separator — See Section 5.10
f Coalescing Plate Oil/Water Separator — See Section 5.10

5-6
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 Catch Basin Inserts— See Section 5.12
1 Bio-infiltration Swales — See Section 5.4
1 Sand Filter — See Section 5.8

Note: Some land use types require the use of a spill control (SC-type)
oil/water separator. Those situations are described in Chapter 8 and are
separate from this treatment requirement. While a number of activities
may be required to use spill control (SC-type) separators, only a few will
necessitate an American Petroleum Institute (API) or a coalescing plate
(CP)-type separators for treatment. The following urban land uses are
likely to have areas that fall within the definition of “ high-use sites” or
have sufficient quantities of free oil present that can be treated by an API
or CP-type oil/water separator:

f Industrial Machinery and Equipment, and Railroad Equipment
Maintenance

Log Storage and Sorting Y ards
Aircraft Maintenance Areas
Railroad Y ards

Fueling Stations

Vehicle Maintenance and Repair

= —a _—a _—_a _—_a _2

Construction Businesses (paving, heavy equipment storage and
maintenance, storage of petroleum products).

If oil control isrequired for the site, please refer to the General
Reguirementsin Sections 5.3 and 5.10.6. These requirements may affect
the design and placement of facilities on the site (e.g., flow splitting). If
an Oil Control Facility isrequired, select and apply an Oil Control
Facility. Refer to the Oil Control options listed above and in Figure 5.2.1.

Step 4: Determineif Infiltration for Pollutant Removal is Practicable

In some situations it may be feasible to treat stormwater through
infiltration, after which it is collected in a conveyance system and
discharged to a surface water. See Section 5.4 for planning guidance and
design criteriato determine the feasibility of infiltration. Although asite
may be unable to meet the criteria of Site Suitability Criteria4 givenin
Section 5.4 (depth to impermeable layer >5), infiltration may be used near
the ground surface as atreatment measure. The treated water can then be
collected in perforated pipe or other conduit and discharged offsite. The
outer boundaries of theinfiltration facility must be lined to prevent
unwanted exfiltration into the surrounding soils. Note that the other six
Site Suitability Criterialisted in Section 5.4 must still be met in order to
utilize this approach.
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Step 5: Determineif Control of Phosphorousis Required

The requirement to provide phosphorous control is determined by the local
jurisdiction, the Department of Ecology, or the USEPA. The local
jurisdiction may have devel oped a management plan and implementing
ordinances or regulations for control of phosphorus from new
development and redevelopment for the receiving water(s) of the
stormwater drainage. The local jurisdiction can use the following sources
of information for pursuing plans and implementing ordinances and/or
regulations:

Those waterbodies reported under section 305(b) of the Clean Water Act,
and designated as not supporting beneficial uses due to phosphorous,

Those listed in Washington State's Nonpoint Source A ssessment required
under section 319(a) of the Clean Water Act due to nutrients.

If phosphorus control is required, select and apply a phosphorous
treatment facility. Please refer to the Phosphorus Treatment options
shown in Section 5.11 and Figure 5.2.1. Select afacility after reviewing
the applicability and limitations, site suitability, and design criteria of each
for compatibility with the site. Y ou may also use Tables 5.2.1 through
5.2.6 asan initial screening of options.

If you have selected a phosphorus treatment facility, please refer to the
General Requirementsin Section 5.3. They may affect the design and
placement of the facility on the site.

Note: Project sites subject to the Phosphorus Treatment requirement
could also be subject to the Metals Treatment requirement (see Sep 6). In
that event, apply a facility or a treatment train that is listed in both the
Metals Treatment Menu and the Phosphorus Treatment Menu.

Step 6: Determineif Metals Treatment is Required
Metals Treatment is required for:

f Industrial project sites,

. Commercial project sites,

f Multi-family project sites, and

Arterials and highways

which discharge to fish-bearing streams, lakes, or to waters or conveyance
systems tributary to fish-bearing streams or lakes. Areas of arterials and
highways, multifamily, industrial and commercial project sites that do not
discharge to fish-bearing streams or lakes or are identified in a storm
drainage comprehensive plan or basin plan as subject to Basic Treatment
requirements are not subject to Metals Treatment requirements. For
developments with amix of land use types, the Metals Treatment
requirement shall apply when the runoff from the areas subject to the
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Metals Treatment requirement comprise 50% or more of the total runoff
within athreshold discharge area.

If the project must apply Metals Treatment, select and apply an
appropriate Metals Treatment facility. Pleaserefer to the Metals
Treatment options shown in Figure 5.2.1 and detailed in Section 5.11.
Select afacility after reviewing the applicability and limitations, site
suitability, and design criteria of each for compatibility with the site. You
may also use Tables 5.2.1 through 5.2.6 for an initial screening of the
options or parts of the two facility treatment trains.

Note: Project sites subject to the Metals Treatment requirement could also
be subject to a phosphorus removal requirement if located in an area
designated for phosphorus control. In that event, apply a facility or a
treatment train that is listed in both the Metals Treatment Menu and the
Phosphorus Treatment Menu. If you have selected an Metals Treatment
facility, please refer to the General Requirementsin Section 5.3. They
may affect the design and placement of the facility on the site.

If Phosphorus Control or Metals Treatment is Required, Step 7 is Not
Required.

Step 7: Select a Basic Treatment Facility

Basic Treatment Options Any one of the following options may be
chosen to satisfy the Basic Treatment requirement:

Bio-infiltration swale (grassed percolation area)

Biofiltration swale

Vegetated Filter Strip

Wetpond

Wetvault

Combined Detention/Wetpond

Sand filter

Mediafilter

Evaporation pond

Refer to Tables 5.2.1 through 5.2.6 as an initial screening of options.

= =4 4 A4 a4 -—a _—_a _—_a -2

After selecting aBasic Treatment Facility, refer to the General
Requirementsin Section 5.3. They may affect the design and placement
of the facility on the site.
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Figure5.2.2
BMP Selection Process for Dischargesto Subsurface Infiltration Systems
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5.2.2 Other Treatment Facility Selection Factors

The selection of atreatment facility should be based on site physical
factors and pollutants of concern. The types of site physical factors that
influence facility selection are summarized below.

Pollutants of Concern (Table 5.2.1 and 5.2.2)

Table 5.2.1 summarizes the pollutants of concern and those land uses that
are likely to generate pollutants. It also provides suggested basic
treatment options for each land use. For example, oil and grease are the
expected pollutants from an uncovered fueling station. Using Table 5.2.1,
a combination of an oil/water separator and a biofilter could be considered
as the basic treatment for runoff from uncovered fueling stations. Table
5.2.2isagenerd listing of the relative effectiveness of classes of
treatment facilities in removing key stormwater pollutants.

Soil Type (Table 5.2.3)

The permeability of the soil underlying atreatment facility has a profound
influence on its effectiveness. Thisis particularly true for infiltration
treatment facilities that are best sited in sandy to loamy sand soils. They
are not generally appropriate for sites that have final infiltration rates of
less than 0.5 inches per hour. Wet pond facilities situated on coarser soils
will need a synthetic liner or the soils amended to reduce the infiltration
rate and provide treatment. Maintaining a permanent pool in the first cell
IS necessary to avoid resuspension of settled solids. Biofiltration swalesin
coarse soils can aso be amended to reduce the infiltration rate.

High Sediment Input

High TSS loads can clog infiltration soil, sand filters and coal escing plate
oil & water separators. Pretreatment with a presettling basin, wet vault, or
another basic treatment facility would typically be necessary.

Annual Rainfall (Table 5.2.4)

Arid regions have annual rainfall less than 16 inches and semi-arid regions
have annual rainfall from 16 to 35 inches. The amount of annual rainfall
affects the effectiveness of BMPs that rely on vegetation for filter material
or apool of water for trestment. Table 5.2.4 identifies the preferred BMPs
and the limitations to use in the arid and semi-arid climates found in most
of Eastern Washington.

Other Physical Factors

I Slope: Steep site slopes restrict the use of several BMPs. A
geotechnical/hydrol ogic evaluation should be done for sites on steeper
slopes. See specific guidance for each BMP.

 High Water Table: Unlessthereis sufficient horizontal hydraulic
receptor capacity the water table acts as an effective barrier to
exfiltration and can sharply reduce the efficiency of an infiltration
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system. If the high water table extends to within five (5) feet of the
bottom of an infiltration BMP, the site is seldom suitable.

Depth to Limiting Layer: The downward exfiltration of stormwater
isalso impeded if abedrock or till layer liestoo close to the surface. If
the impervious layer lies within five feet below the bottom of the
infiltration BMP the siteis not suitable. Similarly, pond BMPs are
often not feasible if bedrock lies within the area that must be
excavated.

Proximity to Foundations and Wells: The downward exfiltration of
stormwater can be impeded by many different types of impervious
limiting layers, including but not limited to: bedrock, hardpan, till, or
clay. This can be areal problem if the BMP islocated too closeto a
building foundation. Another risk is ground water pollution, hence the
requirement to site infiltration systems more than 100 feet away from
drinking water wells.

Table 5.2.1
cal Sources for Pollutants of Concern in Stormwater

Pollutant Sources | Pollutants of Concern

ROOFS:

Metal

Zn

Vents & Emissions™ 0 & G, TSS, Organics

PARKING

LOT/DRIVEWAY:

>High-use

Site High O & G, TSS, Cu, Zn, PAH

<High-use

0&G, TSS

STREETS

/HIGHWAYS:

Arterials/Highways 0 &G, TSS, Cu, Zn, PAH

Residential Collectors LowO & G, TSS, Cu, Zn

High Use Site Intersections High O & G, TSS, Cu, Zn, PAH

OTHER SOURCES:

Industrial/lCommercial Development 0 &G, TSS, Cu, Zn

Residential Development TSS, Pest/ Herbicides Nutrients

Uncovered Fueling Stations: HighO & G

Industrial Yards High O & G, TSS, Metals, PAH

Metals, TSS, PAH

Notes:

Applicatio
pollutant r
ineffective

Legend:

n of effective source control measures is the preferred approach for
eduction. Where source control measures are not used, or where they are
. stormwater treatment is necessary.

Cu = Copper
0O & G=0il and Grease

PAH = Po

lycyclic Aromatic Hydrocarbons

PGPS = Pollution-generating pervious surface
TSS = Tota Suspended Solids

Zn=17inc

(1) Manufacturing and Food Production
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Table 5.2.2¢
Ability of Treatment Facilities to Remove Key Pollutants®®

Hydro-
Dissolved carbons
Metals Total Pesticides/ | incl. 0&G,
Treatment Facility TSS incl. Cu, Zn | Phosphorus | Fungicides PAH
Wet Pond A + + +
Wet Vault A
Biofiltration A + + + +
Sand Filter A + + +
Constructed Wetland A A + A A
Leaf Compost Filters A + A A
Infiltration A + + +
Oil/Water Separator A
Bio-infiltration A A + A A

Ifootnotes:
A Sgnificant Process
+ Lesser Process

(1) Adapted from Kulzer, King Co. Additional BMPs not included in the table, but that have metals
treatment benefit, are amended sand filter, and two facility treatment trains; for phosphorus treatment
are large sand filter, two facility treatment trains, and amended sand filter.

(2)  Assumes Loamy sand, Sandy loam, or Loam soils

(3) Ifacdlisblank, then the Treatment Facility is not particularly effective at treating the identified
pollutant

Table 5.2.3
Screening Treatment Facilities Based on Soil Type
Wet Bio- Biofiltration*
Soil Type Infiltration Pond* Infiltration | (Swale or Filter Strip)
Coarse Sand or Cobbles - - - -
Sand A - - -
Loamy Sand A - A A
Sandy Loam A A A
Loam - - A A
Silt Loam - - A A
Sandy Clay Loam - A - A
Silty Clay Loam - A - Not Generally Approp.
Sandy Clay - A - Not Generally Approp.
Silty Clay - A - -
Clay - A - -
Notes:

A Indicates that use of the technology is generally appropriate for this soil type.
- Indicates that use of the technology is generally not appropriate for this soil type
*  Coarser soils may be used for these facilitiesif a liner isinstalled to prevent infiltration, or if the soils
are amended to reduce the infiltration rate.
Note: Sand filtration is not listed because its feasibility is not dependent on soil type.
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Table 5.2.4

Suggested Stormwater Treatment Options

Based on Rainfall

Stormwater Practice

Arid Watersheds
< 16 in. rainfall

Semi-Arid Watersheds
16 in. to 35 in. rainfall

Sand filters Preferred: Preferred

A requires greater pretreatment

A sensitive to sediment loadings
Bio-infiltration Swales Acceptable with Limitations: Preferred:

A Use dryland grass A Use dryland or irrigated grass
Extended detention dry | Preferred: Acceptable:

ponds

A Multiple storm extended detention
A Stable pilot channels
A "Dry" forebay

A dry or wet forebay needed

Infiltration Acceptable with Limitations: Acceptable with Limitations:
A See Table 5.6.4 A See Table 5.6.4
A minimize erodable soils that reduce A minimize erodable soils that reduce
infiltration infiltration
A pretreatment A pretreatment
A soil limitations
Wet ponds Not Recommended: Limited Use:

A evaporation rates are too high to
maintain a normal pond without
extensive use of scarce water

A liners to prevent water loss require
water balance analysis design for a
variable rather than permanent normal
pool

A use water sources such as AC
condensate for pool

A aeration unit to prevent stagnation

Stormwater wetlands

Not Recommended:
A evaporation rates too great to maintain
wetlands plants

Limited Use:

A require supplemental water

A submerged gravel wetlands can help
reduce water loss

Biofiltration Swales

Not Recommended:

A not recommended for pollutant
removal, but rock berms and grade
control needed for open channels to
prevent channel erosion

Limited Use:

A limited use unless irrigated

A rock berms and grade control essential
to prevent erosion in open channels

Adapted from: Stormwater Strategies for Arid and Semi-Arid Watersheds, Watershed Protection Techniques, Val. 3,

No. 3, March 2000

5.2.3 Cold Weather Considerations

Objective

This section presents cold weather considerations for BMP selection and
design. Discussion and guidance are given in the following areas:

 Cold weather challenges to BMP Design

" BMP applicability

" Snow and snowmelt considerations (see Section 4.2.8)

June 2003
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Cold Weather Challengesto BMP Design

Cold climates can present additional challenges to the selection, design,
and maintenance of stormwater treatment BM Ps due to one or more of the
factorslisted in Table 5.2.5. Engineers designing treatment BMPs in cold
weather regions should be aware of these challenges and make provisions
for them in their final designs.

Regions which have an average daily maximum temperature of 35 degrees
or less during January, and which have a growing season less than 120
days, are especially vulnerable to the effects of cold weather. As
illustrated in Figure 5.2.3, these criteriaindicate that these cold weather
conditions exist in many parts of eastern Washington and are therefore an
important design concern.

This section of the manual describes the general concerns common to
most BMPs. Cold weather considerations specific to asingle BMP are
presented in the discussion of that methodol ogy.

Table5.2.5
Cold Weather Challengesto BMP Design

Climatic Conditions BMP Design Challenge

Cold Temperatures Pipe freezing

Permanent pool ice-covered

Reduced biological activity

Reduced oxygen levels during ice cover
Reduced settling velocities

Impacts of road salt/deicers/chlorides

Winter sanding impacts on facilities

Deep Frost Line Frost heaving
Reduced soil infiltration

Pipe freezing

Short Growing Season Short time period to establish vegetation

Tolerance of plant species

Significant Snowfall High runoff volumes during snowmelt

High runoff during rain-on-snow

High pollutant loads during spring melt
Other impacts of road salt/deicers/chlorides
Snow management may affect BMP storage

Winter sanding impacts on facilities

= —a _—a _—_a _—_a _a = —. = —. _—a = —a _—a _—_a _—_a _—_a _a
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Much of the following information has been adapted from areport on
Stormwater Practices for Cold Climates by the Center for Watershed
Protection. The original recommendations presented in that report were
based on two surveys of BMP designers from state and local governments
or consulting firms. The first survey was atelephone polling of 140
individuals. The survey obtained qualitative information aswell as BMP
manuals. The second survey was a 6-page written questionnaire returned
by 55 respondents. Additional information, including the entire manual, is
available for downloading at:

http://www.stormwatercenter.net/ Col d%20Cli mates/col d-climates.htm

The recommendations presented in the report were customized in response
to regional experiences for eastern Washington. However, since local
experiences are often the best measure of BMP performance, designers
may want to consult with the local jurisdiction before making afinal
decision on the inclusion of cold weather measures.

As previously noted, Table 5.2.4 contains information regarding the
effects of climatic conditions on BMP design for arid and semi-arid
watersheds. For cold weather considerations, several of the most common
effects are briefly described in the following sections. These discussions
are not meant to address every possible design detail that an engineer may
face when specifying an appropriate BMP for cold weather. The goal isto
identify common BMP concerns such that the designer is aware of factors
that might influence their designs.

Figure5.2.3 Overlay of Maximum January Temperature and Growing Season

(Source: U.S. Doc, 1975)
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Pipe Freezing

Many BMPs rely on some piping system for the inlet, outlet, or underdrain
system. Frozen pipes can crack due to ice expansion, creating a
maintenance or replacement burden. In addition, pipe freezing reduces the
capability of BMPsto treat runoff for water quality and can create the
potential for flooding.

| ce Formation on Wet Ponds

The permanent pool of awet pond serves several purposes. First, the
water in the permanent pool slows down incoming runoff, allowing
increased settling. In addition, the biological activity in this pool can act
to remove nutrients, as growing algae, plants, and bacteria require these
nutrients for growth. In some systems, such as sand filters, a permanent
pool acts as a pretreatment measure, settling out larger sediment particles
before full treatment by the BMP.

|ce cover on the permanent pool causes two problems. First, the treatment
pool’svolumeis reduced. Second, because the permanent pool is frozen,
it acts as an impermeable surface. Runoff entering the pond will either be
forced under theice, causing scouring of the bottom sediments, or it will
flow over the top of theice, where it receives very little treatment.

Reduced Biological Activity

Many BMPs rely on biological mechanisms to help reduce pollutants,
especially nutrients and organic matter. In cold temperatures, microbial
activity is sharply reduced when plants are dormant during longer winters,
[imiting these pollutant removal pathways.

Reduced Oxygen Levelsin Bottom Sediments

In cold regions, oxygen exchange between the air-water interface in ponds
and lakesisrestricted by ice cover. In addition, warmer water sinks to the
bottom during ice cover because it is denser than the cooler water near the
surface. Although biological activity islimited in cooler temperatures the
decomposition that takes place does so at the bottom of wet ponds, sharply
reducing oxygen concentrations in bottom sediments. In these anoxic
conditions, positive ions retained in sediments can be released from
bottom sediments, reducing the BMPs ability to treat these nutrients or
metals in runoff.

Reduced Settling Velocities

Settling is the most important removal mechanism in many BMPs. As
water becomes cooler, its viscosity increases, reducing particle settling
velocity. Thisreduced settling velocity influences pollutant removal in
any BMP that relies on settling.
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Frost Heave

The primary risk of frost heave is the damage of structures such as pipes
or concrete materials to construct BMPs. Another concern is that
infiltration BMPs can cause frost heave damage to other structures,
particularly roads. The water infiltrated into the soil matrix can flow
under a permanent structure and then refreeze. The sudden expansion
associated with this freezing can cause damage to above ground structures.

Reduced Soil Infiltration

The rate of infiltration in frozen soilsis limited, especially when ice lenses
form. There are two results of this reduced infiltration. First, BMPs that
rely on infiltration to function are ineffective when the soil isfrozen.
Second, runoff rates from snowmelt are elevated when the ground
underneath the snow is frozen.

Short Growing Season

For some BMPs, such as bio-infiltration swales and biofiltration swales,
vegetation isintegral to the proper function of the BMP. When the
growing season is shortened, establishing and maintaining this vegetation
becomes more difficult. Some plant species go dormant at the onset of
colder temperatures, reducing the pollutant removal efficiency in BMPs
that rely on actively growing plant life.

High Pollutant Loading During Winter or Spring Thaw Periods

Winter or spring melt events are important because of increased runoff
volumes and pollutant loads. The snowpack contains high pollutant
concentrations due to the buildup of pollutants over a several-month
period. Chloride loadings are highest in snowmelt events because of the
use of deicing salts, such as sodium chloride and magnesium chloride.
Excessive loadings can kill vegetation in swales and other vegetative
BMPs. Research indicates roughly 65% of the annual sediment, organic,
nutrient, and lead loads can be attributed to winter and spring melts.

Snow M anagement — Plowing and Sanding

Snow management can influence water quality and impact the selection of
BMPs. Dumping snow into receiving watersis discouraged. Plowing
snow onto pervious surfaces can help to decrease peak runoff rates and
encourage infiltration. Snow with large amounts of sand, or bare surfaces
with accumulated sand, however, can result in smothering or filling the
capacity of stormwater BMPs.

BMP Applicability

Based on climate conditions and design obstacles, alist of BMP

applicability in cold regionsis presented in Table 5.2.6. Once again, these
recommendations should be used as a rule-of-thumb rather than a hard and
fast rule that can be applied in all instances. Also note that in order to meet
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the goal of treating 90% of the annual runoff, it may be necessary to
oversize facilitiesin cold regions.

Tableb5.2.6
Summary of BMP Applicability in Cold Regions
Section/ YT
BMPT Appl I N
SMP # ype pplicability otes
6.4 Infiltration and Bio-infiltration
T6.10 Infiltration Pond fair Can be effective but may be

restricted by groundwater quality
concerns related to infiltration of
chlorides. Frozen ground may

inhibit the infiltration capacity of

ground.

T6.20 Infiltration Trench fair Same concerns as for Infiltration
Pond

T6.21 Infiltration Swale fair Same concerns as for Infiltration
Pond

T6.30 Bio-infiltration Swale fair Same concerns as for Infiltration
Pond

6.5 Biofiltration
T6.40 Biofiltration Swale far Reduced effectiveness in the winter

because of dormant vegetation.
Very valuable for snow storage and
meltwater infiltration.

T6.50 Vegetated Filter Strip fair Reduced effectiveness in the winter
because of dormant vegetation.
Very valuable for snow storage and
meltwater infiltration.

6.6 Subsurface Infiltration fairtogood | Infiltration surface below frost line.

Drywell fairtogood | Infiltration surface below frost line.

6.7 Wetpools

T6.70 Basic Wetpond fair Can be effective but needs
modifications to prevent freezing of
outlet pipes. Limited by reduced
treatment volume and biological
activity during ice cover.
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Tableb5.2.6
Summary of BMP Applicability in Cold Regions
Section / TS
BMP Type Applicabilit Notes
T6.71 Large ED Wetpond good Some modifications needed to
B _ conveyance structures. Extended

(ED = Extended Detention) detention storage provides treatment

during winter season.
T6.72 Wet Vault good Design pooal eevation below frost
line or per manufacturer specs.
Some modifications needed to
conveyance structures.
T6.73 ED Wetland good Extended detention storage provides
B , treatment during winter season.

(ED = Extended Detention) Maodifications needed to wetland
plant species. Some modifications
needed to conveyance structures.

6.8 Sand Filtration

T6.80 Basic Sand Filter poor Frozen ground considerations,
combined with frost heave, make
thisineffectivein cold climates.

T6.81 Large Sand Filter poor Same concerns as for Basic Sand
Filter.

T6.82 Sand Filter Vault good Design filter elevation below frost
line or per manufacturer specs

T6.83 Linear Sand Filter poor to fair | Design filter elevation below frost
line or per manufacturer specs. Cold
conditions may plug surface inlet
and impact performance.

6.9 Evaporation Ponds fair togood | Evaporation not expected to result
in significant water losses during
cold weather; hence must size to
provide adequate storage.

6.10 Oil and Water Separator
T6.100 APl Separator Bay poor to fair | Check with the manufacturer for
cold weather applicability.
T6.110 Coalescing Plate Bay poor to fair | Check with the manufacturer for
cold weather applicability.
June 2003 Chapter 5 — Runoff Treatment Facility Design 5-21




FINAL DRAFT

Table5.2.6
Summary of BMP Applicability in Cold Regions
Section/ A
BMP Type Applicabilit Notes
BMP # yp pp y
[not Dry Ponds
inserted
in Large (ED) Dry Ponds fair Few modifications needed to adapt
Manual _ to cold climates. Not highly
vel] (ED = Extended Detention) recommended because of relatively
poor warm season performance.

5.3 General Requirements for Stormwater
Facilities
This section addresses general requirements for treatment facilities.
Requirements discussed in this section include design volumes and flows,
sequencing of facilities and basic siting requirements for treatment
facilities.
5.3.1 Design Volume and Flow
Water Quality Design Storm Volume

Refer to Chapter 4 — Hydrologic Design and Analysis, for information on
design storms, and the determination of peak flow rates and storm
volumes.

“On-line” Systems

Most treatment facilities can be designed as “ on-line” systems with flows
above the water quality design flow or volume simply passing through the
facility 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-ling” systems. An
example of an on-line system is a biofiltration swale with overflow to a
drywell.

Bypass Requirements

A bypass or overflow structure must be provided for all treatment BMPs
unless the facility is able to convey the 25-year short duration storm
without damaging the BMP or dislodging pollutants from within it.
Bypass or overflow provisions must be provided for all flow-rate-based
treatment BM Ps and for volume-based treatment BM Ps that require them.
See local requirements for typical designs.

To design a bypass for aflow-rate-based runoff treatment facility:
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1. Determine the maximum allowable velocity that will not result in
damage of the facility or dislodging of pollutants from withinit.

2. Sizeanorifice or weir in aflow splitter manhole, vault, etc. such that
the maximum velocity is not exceeded for the 25-year event.

3. Sizeoverflow (bypass) conveyance system to handle bypass flows.

To design a bypass for a volume-based runoff treatment facility such asa
bioinfiltration swale, maintain an elevated inlet or other overflow structure
that bypasses flows above the design volume for the treatment facility
instead of using aflow-rate-based device. The bypassed water may flow
to another treatment facility or directly into a conveyance system or
infiltration facility. Bypassis not recommended for wet ponds,
constructed wetlands, and similar volume-based treatment facilities. Inlet
structures for these facilities should be designed to dampen velocities; the
pond dimensions will further dissipate the energy. In these facilities,
larger stormswill be retained for a shorter detention time than the shorter
storms for which the ponds are designed.

Summary of Areas Needing Treatment

All runoff from pollution-generating impervious surfaces meeting
permitted thresholds isto be treated through the water quality facilities as
required by Core Element #5.

f  Lawns and landscaped areas specified are pervious but also generate
run-off into street drainage systems. In those cases the runoff from the
pervious areas must be estimated and added to the runoff from
impervious areas to size treatment facilities.

Drainage from impervious surfaces that are not pollution- generating
need not be treated and may bypass runoff treatment, if it is not
mingled with runoff from pollution-generating surfaces.

1 Runoff from metal roofs must be treated unless the roofs are coated
with an inert non-leachable material.

I Drainage from areas in native vegetation should not be mixed with
untreated runoff from streets and driveways, if possible. It isbest to
infiltrate or disperse thisrelatively clean runoff to maximize recharge
to shallow ground water, wetlands, and streams.

f If runoff from non-pollution generating surfaces reaches a runoff
trestment BMP, flows from those areas must be included in the sizing
calculations for the facility. Once runoff from non-pollution
generating areas is mixed with runoff from pollution-generating areas,
it cannot be separated before treatment.
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5.3.2 Sequence of Facilities

In generd, all treatment facilities may be installed upstream of detention
facilities. However, not all treatment facilities can function effectively if
located downstream of detention facilities. Those facilities that treat
unconcentrated flows, such asfilter strips, are usually not practical
downstream of detention facilities. Other types of treatment facilities
present special problems that must be considered before placement
downstream of detention. These would include biofiltration swales or
sand filters which are sensitive to saturation and continuous flow.

Oil control facilities may be located upstream or downstream of treatment
facilities and as close to the source of oil-generating activity as possible.
They should also be located upstream of detention facilities, if possible.

5.3.3 Setbacks, Slopes, and Embankments

The following guidelines for setbacks, slopes, and embankments are
intended to provide for adequate maintenance accessibility to runoff
treatment facilities. Setback requirements are generally required by local
regulations, Uniform Building Code requirements, or other state
regulations. Local governments should require specific setback, slopes
and embankment limitations to address public health and safety concerns.

Setbacks

Local governments may require specific setbacksin sites with steep
slopes, land-dlide areas, open water features, springs, wells, and septic
tank drain fields. Setbacks from tract lines are necessary for maintenance
access and equipment maneuverability. Adeguate room for maintenance
equipment should be considered during site design.

Examples of setbacks commonly used include the following:

Stormwater infiltration systems shall be set back at |east 100 feet from
open water features and 200 feet from springs used for drinking water
supply. Infiltration facilities upgradient of drinking water supplies
must comply with Health Department requirements (Washington
Wellhead Protection Program, Department of Health, 12/93).

Stormwater infiltration systems, and unlined wetponds and detention
ponds shall be located at least 100 feet from drinking water wells and
septic tanks and drainfields.

T All facilities shall be located away from any steep slope (greater than
15%), at a minimum distance equivalent to the height of the slope. A
geotechnical report must address the potential impact of awetpond on
asteep slope.
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Side Slopes and Embankments

I Side slopes should preferably not exceed a slope of 3H:1V.
Moderately undulating slopes are acceptable and can provide a more
natural setting for the facility. In general, gentle side slopes improve
the aesthetic attributes of the facility and enhance safety.

f Interior side slopes may be retaining walls. The design shall be
prepared and stamped by alicensed civil engineer, when required by
code. A fence should be provided along the top of the wall.

f  Maintenance access should be provided through an access ramp or
other adequate means.

. Embankments that impound water must comply with the Washington
State Dam Safety Regulations (Chapter 173-175 WAC). If the
impoundment has a storage capacity, including both water and
sediment storage volumes, greater than 10 acre-feet above natural
ground level, then dam safety design and review are required by the
Department of Ecology. See Chapter 5 for more detail concerning
Detention Ponds.

5.3.4 Maintenance Standards for Drainage Facilities

Each of the BMP sections which follows includes specific maintenance
criteria the designer needs to be aware of when selecting that BMP. More
information on maintenance criteriafor all BMPsisincluded in
Appendix 5A of this chapter.

Surface Infiltration and Bio-infiltration
Treatment Facilities

5.4.1 Purpose

A stormwater infiltration treatment facility is an impoundment, typically a
pond, trench, or bio-infiltration swale whose underlying soil removes
pollutants from stormwater. These facilities serve the dua purpose of
removing pollutants (TSS, heavy metals, phosphates, and organics) from
stormwater and recharging aquifers. Infiltration treatment soils must
contain sufficient organic matter and/or clays to sorb, decompose, and/or
filter stormwater pollutants. Pollutant/soil contact time, soil sorptive
capacity, and soil aerobic conditions are important design considerations.

The infiltration BMPs described in this section include:

T BMPT5.10 Infiltration ponds

T BMPT5.20 Infiltration trenches

1 BMPT5.21 Infiltration swales

 BMPT5.30 Bio-infiltration swales (grassed percolation area)
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5.4.2 Application

Theseinfiltration and bio-infiltration treatment measures are capabl e of
achieving the performance objectives cited in Section 5.1 for specific
treatment menus. In general, these treatment techniques can capture and
remove or reduce the target pollutants to levels that:

T will not adversely affect public health or beneficial uses of surface and
ground water resources, and

f will not cause aviolation of ground water quality standards

Aninfiltration trench or bio-infiltration swale is preferred, but an
infiltration basin may be more applicable where an infiltration trench or
bio-infiltration swale cannot be sufficiently maintained.

5.4.3 General Considerations for Infiltration and
Bio-infiltration Facilities

Discussed below are several considerations common to infiltration and
bio-infiltration treatment.

Design Infiltration Rate Determination

See Chapter 6 — Flow Control Facility Design, for information on
determining infiltration rates. The following table can be used for
determining presumptive rates for surface treatment facilities based on the
USDA soil classification or the Unified Soil Classification System.
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Table5.4.1 Infiltration Rates for Surface Infiltration and Bio-infiltration Facilities

Unified Soil Classification | Presumptive Infiltration
Textural Classification System Rate
USDA Group Symbol* (inches’hour)
Sand SP-SM See Note 2
Sand SP-SC See Note 2
Loamy Sand SM, SC 2°
Sandy Loam SM, SC 13
Loam ML, MH 0.5°

Notes:

1. Groups contain from two to eight soil types distinguished by Group Name.

2. Not suitable for infiltration treatment unless justified by geotechnical study and approved by
permitting municipality.

3. Short-term infiltration rates from Washington State Department of Ecology, “ Stormwater Management
Manual for Western Washington” August 2001, Publication Numbers 99-11 through 99-15.

Site Suitability Criteria (SSC)

This section specifies the site suitability criteria that must be considered
for siting infiltration treatment systems. Check with the local jurisdiction
for reporting requirements and other possible requirements specific to
local conditions. When a site investigation reveals that any of the seven
applicable criteria cannot be met, appropriate mitigation measures must be
implemented so that the infiltration facility will not pose a threat to human
safety and health, and the environment.

For infiltration treatment, site selection, and design decisions, a
geotechnical and hydrogeologic report should be prepared by aregistered
professional engineer with geotechnical expertise, or aregistered geologist
with hydrogeology specialty, if required by the site suitability criteria, or
local jurisdiction requirements.

The seven site suitability criteriaare as follows:
SSC-1 Setback Criteria

Setback requirements are generally required by local regulations, Uniform
Building Code requirements, or state regulations. These Setback Criteria
are provided as guidance.

From drinking water wells, septic tanks or drainfields, and springs used
for public drinking water 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, DOH, 12/93): 2 100 feet

Note: Additional setbacks should be considered if roadway deicers or
herbicides are likely to be present in the influent to the infiltration system.

' From building foundations: 2 20 feet downslope and 100 feet upsiope
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f  From aNative Growth Protection Easement (NGPE): 2 20 feet

f From thetop of slopes >15%: Setback distance to be determined by
professional engineer, 50 feet minimum.

Also evaluate on-site and off-site structural stability due to extended
subgrade saturation and/or head loading of the permeable layer, including
the potential impacts to downgradient properties, especialy on hills with
known side-hill seeps.

SSC-2 Ground Water Protection Areas

A siteisnot suitableif theinfiltrated stormwater will cause a violation of
Ecology's Ground Water Quality Standards. Local jurisdictions should be
consulted for applicable pretreatment requirements and whether the siteis
located in an aquifer sensitive area, sole source aquifer, or awellhead
protection zone. See SSC-7 for verification testing guidance.

SSC-3 Sail Infiltration Rate/Drawdown Time

The long-term soil infiltration rate should be 2.4 in./hour, or less, to a
depth of 2.5 times the maximum design flooded depth. Thisinfiltration
rate is also typical for soil textures that possess sufficient physical and
chemical properties for adequate treatment, particularly for soluble
pollutant removal (see SSC-5). It is comparable to the textures
represented by Hydrologic Groups B and C.

It is necessary to empty the maximum ponded depth (water quality
volume) from the infiltration basin within 24 hours from the completion of
inflow to the storage pond in order to meet the following objectives:

I restore hydraulic capacity to receive runoff from anew storm
! maintain infiltration rates

I aerate vegetation and soil to keep the vegetation healthy, prevent
anoxic conditionsin the treatment soils, and enhance the
biodegradation of pollutants and organics

SSC-4 Depth to Bedrock, Water Table, or Imper meable L ayer

The base of all infiltration basins or trench systems should be 2 5 feet
above the seasonal high-water mark, bedrock (or hardpan) or other low
permeability layer. A minimum separation of 3 feet may be considered if
the ground water mounding analysis, volumetric receptor capacity, and the
design of the overflow and/or bypass structures are judged by the
professional engineer to be adequate to prevent overtopping and to meet
the site suitability criteria specified in this section.

SSC-5 Soil Physical and Chemical Suitability for Treatment

The soil texture and design infiltration rates should be considered along
with the physical and chemical characteristics specified below to
determineif the soil is adequate for removing the target pollutants. The
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following soil properties should be carefully considered in making such a
determination:

f Cation exchange capacity (CEC) of the treatment soil must be 2 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 meqg/100g are expected in loamy
sands, according to Rawls, et al. 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.

 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).

1 Wastefill materials should not be used as infiltration soil media nor
should such media be placed over uncontrolled or non-engineered fill
soils.

I Engineered soils may be used to meet the design criteriain this
section. Field performance evaluation(s), using acceptable protocols,
would be needed to determine feasibility and acceptability by the local
jurisdiction.

f Local jurisdictions may establish pre-approved soil types for treatment
suitability. Check locally for specific allowances and requirements.

SSC-6 Seepage Analysis and Control

Determine whether there would be any adverse effects caused by seepage
zones on nearby building foundations, basements, roads, parking lots or
sloping sites. Infiltration of stormwater is not recommended on or up-
gradient of contaminated sites where infiltration of even clean water can
cause contaminants to mobilize. Refer to SSC for Chapter 6 on filtration.

SSC-7 Construction Monitoring

The professional engineer should monitor the construction of the
infiltration facility to ensure that the work is completed in compliance
with the designer’ s intent, and the plans and specifications. Following
construction, the facility should be visually monitored quarterly over a 2-
year period to assess its performance as designed.
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General Information for Infiltration Basins, Trenches, and Bio-
infiltration Swales

This section covers the general design, construction, and maintenance
criteriathat apply to infiltration basins, trenches, and bio-infiltration
swales.

Sizing Criteria: Size should be determined by using the method(s)
outlined with each BMP, based on the requirement of infiltrating the
Water Quality Design Storm Volume within 72 hours after cessation of
flow.

Construction Criteria

I Excavation - Initial excavation should be conducted to within 1-foot of
the final elevation of the floor of theinfiltration facility. Final
excavation to the finished grade should be deferred until all disturbed
areas in the upgradient watershed have been stabilized or protected.
Thefinal phase of excavation should remove al accumulated
sediment. After construction is completed, prevent sediment from
entering the infiltration facility by first conveying the runoff water
through an appropriate pretreatment system such as a pre-settling
basin, wet pond, or sand filter.

f Infiltration facilities should generally not be used as temporary
sediment traps during construction. If aninfiltration facility isto be
used as a sediment trap, it must not be excavated to final grade until
after the upgradient drainage area has been stabilized. Any
accumulation of silt in the basin must be removed before putting it in
service.

I Traffic Control - Relatively light-tracked equipment is recommended
for excavation to avoid compaction of the floor of the infiltration
facility. Theuse of draglines and trackhoes should be considered. The
infiltration area should be flagged or marked to keep equipment away .

Maintenance Criteria

I Provision should be made for regular and perpetual maintenance of the
infiltration basin/trench, including replacement and/or reconstruction
of the treatment infiltration medium. Maintenance should be
conducted when water remainsin the basin or trench for more than 72
hours or overflows the basin/pond. Adeguate access for O& M must be
included in the design of infiltration basins and trenches. An
Operation and Maintenance Plan, approved by the local jurisdiction,
should ensure maintaining the desired efficiency of theinfiltration
facility.

1 Debris/sediment accumulation - Removal of accumulated
debris/sediment in the basin/trench should be conducted every 6
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months or as needed to prevent clogging, or when water remainsin the
pond for greater than 72 hours.

' Thetreatment soil should be replaced or amended as needed to ensure
it is maintaining adequate treatment capacity.

Verification of Performance

' During thefirst 1-2 years of operation verification testing as specified
in SSC-7 is strongly recommended. Operating and maintaining
ground water monitoring wellsis aso strongly encouraged.

5.4.4 Best Management Practices (BMPs) for Infiltration
and Bio-infiltration Treatment

The three BMPs discussed below are recognized currently as effective
treatment techniques using infiltration and bio-infiltration. Selection of a
specific BMP will depend upon having followed the Treatment Facility
Selection Process in Section 5.2.

BMP T5.10 Infiltration Ponds

Description Infiltration ponds are earthen impoundments used for the
collection, temporary storage and infiltration of incoming stormwater
runoff.

Design Criteria Design of infiltration ponds for water quality treatment
isidentical to the criteriagiven in Section 6.3.6 (BMP F6.21), except that
the allowable infiltration rateis limited to 2.4 in/hr or less.

BMP T5.20 Infiltration Trenches

Description Infiltration trenches are trenches, generally at least 24 inches
wide, with a perforated pipe and backfilled with a coarse stone aggregate,
allowing for temporary storage of stormwater runoff in the voids of the
aggregate material. Stored runoff then is gradually infiltrated into the
surrounding soil.

Design Criteria The design of infiltration trenches for water quality
treatment isidentical to the criteria given in Section 6.3.7 (BMP F6.22),
except that the allowable infiltration rate is limited to 2.4 in/hr or less.

BMP T5.21 Infiltration Swales

Description Infiltration swales are conveyances designed for removal of
stormwater pollutants by percolation into the ground.

Design Criteria Thedesign of infiltration swales for water quality
treatment isidentical to bio-infiltration swales (BMP T5.30, below) except
that amended soil may be required to meet SSC-5 (Soil Physical and
Chemical Suitability for Treatment). Greater soil depth isrequired for
treatment because there is no uptake by vegetation. Appropriate vegetation
or alandscaped rock surface such asriver rock or crushed basalt is
recommended for aesthetic purposes and for dust and erosion control.
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BMP T5.30 Bio-infiltration Swale

Description Bio-infiltration swales, also known as Grassed Percolation
Areas, combine grasses (or other vegetation) and soils to remove
stormwater pollutants by percolation into the ground. Their pollutant
remova mechanismsinclude filtration, soil sorption, and uptake by
vegetated root zones. Bio-infiltration swales have been used in Spokane
County for many yearsto treat urban stormwater and recharge the ground
water.

In general, bio-infiltration swales are used for treating stormwater runoff
from roofs, roads and parking lots. For flow control, flows greater than
the Water Quality Design flows are typically overflowed to the subsurface
through an appropriate conveyance facility such asadry well, or to
surface water through an overflow channel.

Design Criteria Bio-infiltration swales may be sized using several
different design methods. Each of the approachesisvalid in the context of
this manual, although the local jurisdiction may, at its option, direct the
designer to use a particular method.

Basic Design Method

This method prescribes a set runoff volume to be used in calculating the
treatment volume of the bio-infiltration swale, based on the 2-year 24-hour
precipitation at the site and the design infiltration rate. Table 5.4.2 and
5.4.3 illustrate the amount of runoff from 1,000 square feet of impervious
areafor various regions of Eastern Washington. The appropriate value for
the site may be used to calculate the required volume of the bio-infiltration
facility.

V = A; R/1,000
Where:  V =volume of the bio-infiltration swale (cu. ft.)
Ai = impervious area draining to bio-infiltration swale (sqg. ft.)
R = runoff volume ratio shown in the third column of Tables5.4.2 and
543

Table 5.4.2 Bio-infiltration Swale Sizing Table for Design Infiltration Rates

in the Range of 0.15 to 0.40 Inches/Hour

2-YEAR 24-HOUR
. SWALE VOLUME
PRECIPITATION (in) EXAMPLES OF APPLICABLE
PER 1000 SQUARE-FEET e
FROM TO OF IMPERVIOUS AREA
0.60 0.80 29.2 cubic-feet Moses Lake
0.81 1.00 37.5 cubic-feet Yakima, Kennewick
1.01 1.20 45.8 cubic-feet Wenatchee, Walla Walla
1.21 1.40 55.8 cubic-feet Colfax, Colville
1.41 1.55 61.3 cubic-feet Lowlands Blue Mountains
1.56 and greater Hydrograph Method Eastern and Cascade Mountains
Required
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Table 5.4.3 Bio-infiltration Swale Sizing Table for Design Infiltration Rates

in the Range of 0.41 to 1.00 Inches/Hour

2-YEAR 24-HOUR
PRECIPITATION (in) SWALE VOLUME EXAMPLES OF APPLICABLE
PER 1000 SQUARE-FEET SITES
FROM TO OF IMPERVIOUS AREA
0.60 0.80 19.6 cubic-feet Moses Lake
0.81 1.00 25.4 cubic-feet Yakima, Kennewick
1.01 1.20 27.9 cubic-feet Wenatchee, Walla Walla
1.21 1.40 33.8 cubic-feet Colfax, Colville
1.41 1.55 36.7 cubic-feet Lowlands Blue Mountains
1.56 and greater Hydrog;zz?rxjethc’d Eastern and Cascade Mountains

Alternative Design M ethod

This method uses the first one-half inch of runoff from impervious
surfaces to size the bio-infiltration swale. This method is only applicable
in Climate Regions 2 and 3.

V =(A)(0.5in.)/(12in./ft.)
Where:  V =volume of the bio-infiltration swale (cu. ft.)

A = impervious area draining to bio-infiltration swale (sg. ft.)
Hydrograph Design Methods

These methods uses hydrologic models, such as SCS or the Santa Barbara
Urban Hydrograph, to determine the quantity of runoff from the Water
Quality Design Storm and then route the flow through the infiltration
facility, assuming the long-term infiltration rate is used for the outflow
calculations. This method isrequired in areas with greater than 1.56 inches
of rainfall in the 2-year 24-hour storm and allowed in all other areas with
the approval of the local jurisdiction. See Chapter 4 for more information
on hydrologic methods.

Additional Design Criteriafor Bio-infiltration Swales

f  Usethe same sizing guidance, off-line and on-line guidance, and
design procedures as in Section 6.3.4.

' The maximum drawdown time for the flooded depth should be within
72 hours after cessation of flow.

f  The swale bottom should be flat with alongitudinal slope less than
1%.

' The maximum flood depth of swale should be 6 inches, prior to
overflow to adrywell or other infiltrative facility.
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 Thetreatment soil should be at least 6 inches thick with a CEC of at
least 5 meg/100 gm dry soil, organic content of at least 1%, and
sufficient target pollutant loading capacity. (See Criteriafor Assessing
the Trace Element Removal Capacity of Bio-filtration Systems, Stan
Miller, Spokane County, June 2000).

f  Other combinations of treatment soil thickness, CEC, and organic
content design factors can be considered if it is demonstrated that the
soil and vegetation will provide atarget pollutant loading capacity and
performance level acceptable to the local jurisdiction.

I Thetreatment zone depth of 6 inches or more should contain sufficient
organics and texture to ensure good growth of the vegetation.

 Theaverageinfiltration rate of the 6-inch thick layer of treatment soil
should not exceed 1-inch per hour for a system relying on the root
zone to enhance pollutant removal. Furthermore, a maximum
infiltration rate of 2.4 inches per hour is applicable and Site Suitability
Criteriain Section 5.4.3 must also be applied.

f Native grasses, adapted grasses, or other vegetation with significant
root mass should be used. Grasses should be drought tolerant or
irrigation should be provided.

Pretreatment may be used to prevent the clogging of the treatment soil
and/or vegetation by debris, TSS, and oil and grease.

| dentify pollutants, particularly in industrial and commercial area runoff,
that could cause aviolation of Ecology's ground water quality Standards
(Chapter 173-200 WAC). Include appropriate mitigation measures
(pretreatment, source control, etc.) for those pollutants.

Biofiltration Treatment Facilities

5.5.1 Purpose

Biofiltration treatment facilities are vegetated treatment systems (typically
grass) that remove pollutants by means of sedimentation, filtration, soil
sorption, and/or plant uptake. They are typically configured as swales or
filter strips. These facilities are designed to remove low concentrations
and quantities of total suspended solids (TSS), heavy metals, petroleum
hydrocarbons, and/or nutrients from stormwater. The biofiltration BMPs
described in this section include:

! BMPT5.40 Biofiltration swales
1 BMPT5.50 Vegetated filter strip
5.5.2 Application

Biofiltration treatment facilities can be used as a basic treatment BMP for
contaminated runoff from roadways, driveway, parking lots, and highly
impervious ultra-urban areas or as the first stage of atreatment train. In
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cases where hydrocarbons, high TSS, or debris would be present in the
runoff, such as high-use sites, a pretreatment system for those components
would be necessary. Off-line location is preferred to avoid flattening
vegetation and the erosive effects of high flows.

5.5.3 Best Management Practices (BMPs) for Biofiltration
Treatment

The two BMPs discussed below are recognized currently as effective

treatment techniques using biofiltration. Selection of a specific BMP

should be coordinated with the Treatment Facility options provided in
Section 5.2.

BMP T5.40 - Biofiltration Swale

Biofiltration is the simultaneous process of filtration, particle settling,
adsorption, and biological uptake of pollutants in stormwater that occurs
when runoff flows over and through vegetated areas. A biofiltration swale
isasloped, vegetated channel or ditch that provides both conveyance and
water quality treatment to stormwater runoff. It does not provide
stormwater quantity control but can convey runoff to BMPs designed for
that purpose.

General Criteria

' Though the actual dimensions for a specific site may vary, the swale
should generally have alength of 200 feet. The maximum bottom
width istypically 10 feet. The depth of flow should not exceed
4 inches during the design storm. The flow velocity should not exceed
1 ft/sec.

' The channel slope should be at least 1 percent and no greater than 5
percent.

f The swale can be sized as both atreatment facility for the 6-month
storm and as a conveyance system to pass the peak hydraulic flows of
the 25-year storm if it islocated "on-line."

f Theideal cross-section of the swale should be atrapezoid. The side
slopes should be no steeper than 3:1.

f Roadside ditches should be regarded as significant potential
biofiltration sites and should be utilized for this purpose whenever
possible.

f If flow isto be introduced through curb cuts, place pavement slightly
above the biofilter elevation. Curb cuts should be at least 12 inches
wide to prevent clogging.

I Biofilters must be vegetated in order to provide adequate treatment of
runoff.
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It isimportant to maximize water contact with vegetation and the soil
surface. For general purposes, select fine, close-growing grasses (or
other vegetation) that can withstand prolonged periods of wetting, as
well as prolonged dry periods (to minimize the need for irrigation).
Consult the local NRCS office or the County Extension Service for
specific vegetation selection recommendations.

Biofilters should generally not receive construction-stage runoff. If
they do, pre-settling of sediments should be provided. See BMPs
C240 (Sediment Trap) and C241 (Temporary Sediment Pond) in
Chapter 7 — Construction Stormwater Pollution Prevention. Such
biofilters should be evaluated for the need to remove sediments and
restore vegetation following construction. The maintenance of pre-
settling basins or sumps s critical to their effectiveness as pretreatment
devices.

If possible, divert runoff (other than necessary irrigation) during the
period of vegetation establishment. Where runoff diversion is not
possible, protect graded and seeded areas with suitable erosion control
measures.

Design Procedure

1

Step 1 - Determine the peak flow rate to the biofilter from the Water
Quality Design Storm. See Chapter 4.

Step 2 - Determine the slope of the biofilter. Thiswill be somewhat
dependent on where the biofilter is placed. The slope should be at
least 1 percent and shall be no steeper than 5 percent. When slopes
less than 2 percent are used, the need for underdrainage must be
evaluated.

Step 3 - Select aswale shape. Trapezoidal isthe most desirable shape;
however, rectangular and triangular shapes can be used. The
remainder of the design process assumes that a trapezoidal shape has
been selected.

Step 4 - Use Manning's Equation to estimate the bottom width of the
biofilter. Manning's Equation for English unitsis asfollows:

Q=(1.486 A R*®" s> /n
Where: Q= flow (cfs)
A = cross sectional area of flow (ft)
R = hydraulic radius of flow cross section (ft)
S=longitudinal dope of biofilter (ft/ft)

n = Manning's roughness coefficient (use n = 0.20 for
typical biofilter with turf/lawn vegetation, and n = 0.30
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for biofilter with less dense vegetation such as meadow
or pasture.)

For atrapezoid, this equation cannot be directly solved for bottom
width. However, for trapezoidal channels that are flowing very
shallow the hydraulic radius can be set equal to the depth of flow.
Using this assumption, the equation can be altered to:

B=((0.135Q)/ (y"* $*))-zy
Where: B = bottom width of the swale
y = depth of flow
Z = the side slope of the biofilter in the form of z:1

Typically, the depth of flow for turf grassis selected to be 4 inches.
For dryland grasses the depth of flow should be set to 3 inches. It can
be set lower but doing so will increase the bottom width. Sometimes
when the flowrate is very low the equation listed above will generate a
negative value for B. Sinceit is not possible to have a negative bottom
width, the bottom width should be set to 1 foot when this occurs.

Biofilters are limited to a maximum bottom width of 10 feet. If the
required bottom width is greater than 10 feet, parallel biofilters should
be used in conjunction with a device that splits the flow and directs the
proper amount to each biofilter.

Step 5 - Calculate the cross sectional area of flow for the given
channel using the calculated bottom width and the selected side slopes
and depth.

Step 6 - Calculate the velocity of flow in the channel using:
V=Q/A

If V islessthan or equal to 1 ft/sec, the biofilter will function correctly
with the selected bottom width. Proceed to design step 7.

If V isgreater than 1 ft/sec, the biofilter will not function correctly.
Increase the bottom width, recal culate the depth using Manning's
Equation and return to Step 5.

Step 7 - Select alocation where a biofilter with the calculated width
and alength of 200 feet will fit. If alength of 200 feet isnot possible,
the width of the biofilter must be increased so that the area of the
biofilter isthe same asif a 200 foot length had been used.

Step 8 - Select avegetation cover suitable for the site. Consult the
local NRCS office or the County Extension Service for guidance.

Step 9 - Determine the peak flow rate to the biofilter during the 25-
year 24-hour storm. Using Manning’s Equation, find the depth of flow
(typically n=0.04 during the 25-year flow). The depth of the channel
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shall be 1 foot deeper than the depth of flow. Check to determine that
shear stresses do not cause erosion. This step can be skipped if all
storms larger than the short duration water quality storm bypass the
biofiltration swale.

Construction and M aintenance Criteria

' Groomed biofilters planted in grasses shall be mowed during the
summer to promote growth and pollutant uptake.

' Remove sediments during summer months when they build up to 4
inches at any spot, cover biofilter vegetation, or otherwise interfere
with biofilter operation. Reseed bare spots created by removal
equipment.

I Inspect biofilters periodically, especialy after periods of heavy runoff.
Remove sediments, fertilize, and reseed as necessary. Be careful to
avoid introducing fertilizer to receiving waters or ground water.

I Clean curb cuts when soil and vegetation buildup interferes with flow
introduction.

' Remove litter to keep biofilters free of external pollution.
See Appendix 5A for more detailed information.
BMP T5.50 Vegetated Filter Strip

A vegetated filter strip isafacility that is designed to provide stormwater
quality treatment of conventional pollutants but not nutrients. See Figure
5.5.2. ThisBMP will not provide stormwater quantity control. Vegetated
filter strips are primarily used adjacent and parallel to paved areas such as
parking lots or driveways, and along rural roadways where sheet flow
from the paved area will pass through the filter strip before entering a
conveyance system or a quantity control facility, or is dispersed into areas
where it can beinfiltrated or evaporated. The vegetated filter strip is still
in an interim phase of development. This BMP is acceptable for use on
any project that meets the General Criterialisted below; however, the
General Criteriamay change in the future as research projects and field
testsinvolving this BMP are compl eted.

General Criteria

I Along roadways, filter strips should be placed at least 1 foot, and
preferably 3 to 4 feet from the edge of pavement, to accommodate a
vegetation free zone.

' Once stormwater has been treated by afilter strip, it may need to be
collected and conveyed to a stormwater quantity BMP.

I Theflow from the roadway must enter the filter strip as sheet flow.
I Vegetated filter strips must not receive concentrated flow discharges.
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A maximum flowpath of each 30 feet can contribute to afilter strip
designed via this method.

Filter strips should be used where the roadway ADT isless than
30,000.

Vegetated filter strips should not be used on roadways with
longitudinal slopes greater than 5 percent because of the difficulty in
maintai ning the necessary sheet flow conditions.

Vegetated filter strips should be constructed after other portions of the
project are completed.

Design Procedure This procedure is based on the Narrow Area Filter
Strips presented in the 1998 King County Surface Water Design Manual.
The sizing of thefilter strip is based on the length of the flowpath draining
to thefilter strip and the longitudinal slope of the filter strip itself (parallel
to the flowpath).

1

Step 1: Deter mine length of flowpath draining to thefilter strip.
Determine the length of the flowpath from the upstream to the
downstream edge of the impervious area draining to the filter strip.
Normally thisis the same as the width of the paved area, but if the site
is sloped, the flow path may be longer. In the case of crowned
roadways, the flowpath may be half the width of the roadway.

Step 2: Determine average longitudinal slope of thefilter strip:
Calculate the longitudinal slope of the filter strip (parallel to the
flowpath), averaged over the total width of the filter strip. If the Slope
islessthan 2 percent, use 2 percent for sizing purposes. The
maximum longitudinal slope allowed is 15 percent.

Step 3: Determinerequired length of thefilter strip: Use Figure
5.5.1 to size thefilter strip based on flowpath length and filter strip
(longitudinal) slope. To use the figure, find the length of the flowpath
on one of the curves (interpolate between curves as necessary). Move
along the curve to the point where the design longitudinal slope of the
filter stripisdirectly below. Read thefilter trip length to the left on
they-axis. Thefilter strip must be designed to provide this minimum
length “L” along the entire stretch of pavement draining to it.

Construction and M aintenance Criteria

1l
1l

Construct filter strips after completion of paving operations.

Groomed filter strips planted in grasses should be mowed during the
summer to promote growth.

Inspect filter strips periodically, especially after periods of heavy
runoff. Remove sediments and reseed as necessary. Catch basins or
sediment sumps that precede filter strips should be cleaned to maintain
proper function.

June 2003

Chapter 5 — Runoff Treatment Facility Design 5-39



FINAL DRAFT

See Appendix 5A for more detailed information.

Figure5.5.1 Vegetated Filter Strip Design Graph
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5.6 Subsurface Infiltration (Underground Injection
Facilities)

Noteto reviewers: Ecology is proposing to revise the existing
UIC rule (Chapter 173-218 WAC). This section presents some of
the proposed changes to the rule which are under consideration by
Ecology and the UIC rule revision advisory committee. Input
received during this public comment period will also be considered
in that process. For more information about the rule revision
contact Mary Shaleen-Hansen at maha461@ecy.wa.gov or
(360) 407-6143. Information on the UIC Rule can also be
accessed through Ecology's website at
http://www.ecy.wa.gov/programs/wag/grndwtr/uic

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 systemsin eastern Washington. Subsurface infiltrationis
regulated by the Underground Injection Control (UIC) rule, which
isintended 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
fluidsinto 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. Many
of these UIC facilities are designed to infiltrate the 10- or 25-year
runoff event within a48 to 72 hour period; check for local
requirements.

The following types of stormwater infiltration facilities are not
subject to the UIC rule: surface infiltration basins as described in
BMP F6.21 and flow dispersion as described in BMPs F6.40,
F6.41, F6.42 and T5.30 [SWMMWW]. 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 as
described in BMP F6.22 that include perforated pipe. Those
facilities must be registered with the Department of Ecology (see
Section 5.6.7). However, if those facilities are designed,
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constructed, operated and maintained according to the
specifications of this Manual or another equivalent manual
approved by Ecology, the facilities 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 specificationsin BMP F6.22 of thisManual or in
another equivalent manual approved by Ecology are also
authorized by the UIC rule)) Facilities that cannot meet the
requirements of this section must apply for individual permits from
the Department of Ecology. In some cases, the discharge may be
prohibited. See Section 1.3.4 for more information on the UIC
rule-authorization basis and requirements.

The unsaturated geol ogic 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 removing
contaminants by filtration, adsorption, and/or degradation. In
some cases, the treatment provided by the vadose zone is suitable
for protecting groundwater quality from contamination by
stormwater runoff; in other cases, additional pre-treatment may be
required to protect groundwater quality. This section defines site
suitability, pre-treatment requirements, and design criteriafor 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 in Section 5.6.4).

This section does not address the infiltration capacity of the vadose
zone below the UIC facility, nor does it address the ability of the
facility to meet local operational requirementsto infiltrate a certain
volume of water in a given amount of time.

5.6.2 Application and Limitations

Subsurface infiltration (UIC facilities) may be used to provide flow
control of excess stormwater runoff where pollutant concentrations
that reach groundwater are not expected to exceed Washington
State groundwater quality standards; for flows greater than the
water quality design storm (see Section 2.2.5); or where
stormwater is adequately treated prior to discharge. Under certain
conditions, subsurface infiltration may be considered to provide an
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acceptable level of treatment for removing pollutants from
stormwater that exceed groundwater 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 groundwater was developed using a risk-based
approach. In order to be rule authorized, the discharge froma UIC
structure must meet the “non-endangerment standard,” which
requires that the discharge comply with State groundwater quality
standards when it reaches the water table, or first comesinto
contact with an aquifer (see Section 1.3.4 and WAC 173-200).

A review of available urban and road runoff data (see Section 1.2.2
for additional detail and references) indicates that typical
concentrations of copper, zinc, total suspended solids, chloride and
phosphorus in urban and road runoff do not generally appear to be
an issue of concern for meeting Washington State groundwater
quality standards. Phosphorusin groundwater may still be a
concern in small lake watersheds. Chromium, lead, iron and
arsenic are potential pollutants of concern: if the suspended portion
isremoved by filtration, the typical dissolved fractions of the total
concentrations of these metalsin urban and road runoff are
expected to meet State groundwater quality standards except for
arsenic, which is naturally present at levels of concernin
groundwater in many areas of Washington State. Oil, grease and
PAHs are of potential concern, particularly in the event of alarge
spill reaching an unprotected UIC facility. Pollutants such as
pesticides and nitrates may be a concern in areas where landscapes
are intensively managed. Concentrations of fecal coliformin
urban and road runoff commonly exceed groundwater quality
standards and may exceed the capacity of the vadose zone remove
bacteriato alevel that meets standards; however, no stormwater
treatment technology currently exists to practically address this
issue.

Studies of sub-surface infiltration systems indicate that filtered and
adsorbed pollutants accumul ate in the vadose zone at depths of less
than afew feet below the facilities at concentrations that may
require soil cleanup activities upon decommissioning of aUIC
facility (Mikkelsen et a 1996 #1 and #2; Appleyard 1993).
Because contaminated soil removal and disposal costs can be
considerable, 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 the UIC facility. Thiscaution is particularly addressed to UIC
facilities receiving runoff from traffic areas with moderate to high
use.
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Studies of pollutant concentrations in water through and below
infiltration systems show mixed results in the effectiveness of
vadose zone filtration in protecting groundwater quality (USEPA
1999; Pitt 1999; Mason et a 1999; and Appleyard 1993). Many of
the problems documented in these studies can be corrected by
proper siting, design and use of the facilities; 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:

1 The presumptive approach to protecting groundwater quality is
defined as using 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).

1 A demonstrative approach to protecting groundwater 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
groundwater quality may also utilize a site specific analysis
that otherwise demonstrates that the proposed discharge will
comply with groundwater quality standards. Local
governments might also modify the presumptive approach to
protecting groundwater quality based on local information and
planning that results in adoption of a UIC management plan
that meets the non-endangerment standard.

The presumptive approach described in this section is based
primarily on benefits provided by removal of the solid phase of
pollutantsin stormwater as it passes through the vadose zone. In
amost all cases, removal of the solid phase of metals and most
pesticides from stormwater results in meeting the groundwater
standards. Filtration and separation are considered the most
effective means of removing fecal coliform.

Additional, programmatic or source control activities may be
necessary to protect groundwater 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: areductionin
application rate or more selective use; increased source control
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activities; or separation of the areas of use from the contributing
areadraining to the UIC facility. Contact the local jurisdiction to
determine whether specific source control requirements apply to
your project in addition to those methods described in Chapter 8
for the proposed land use.

5.6.3 Siting Criteria and Treatment Requirements

Prior to evaluation of the water quality considerations, project
proponents should be certain that the site meets the criteriain
Section 6.3.5 of this Manual or appropriate aternative local
criteria

Where geologic and groundwater depth information are available,
Tables 5.6.1 through 5.6.3 can be used to evaluate whether a
stormwater discharge from acommercial or residential siteto a
UIC facility meets the non-endangerment standard. Industrial sites
with no outdoor processing, storage or handling of raw or finished
products may also use these tables; additional guidance for
industrial sitesis provided later in this sub-section (see “Land uses
or activities with specia treatment requirements’). 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 groundwater quality standards (see
also the exceptions to Table 6.6.3 below). At siteswhere the
vadose zone is considered to provide sufficient treatment to protect
groundwater quality (“Suitable for all UIC facilities” or “Suitable
for 2-stage drywell” in Table 5.6.3), pre-treatment is not required.
If the proposed UIC facility cannot meet the depth/thickness
requirementsin Table 5.6.1 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 Sections 5.6.4
Accidental Spillsand 5.6.5 Prohibitions for additional
considerations that may apply to their sites.

Several alternative approaches are provided in Table 5.6.1 for
identifying the proper treatment capacity classification of the
vadose zone matrix. The designer can utilize 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 thistable is on atreatment layer,
and not the depth to groundwater.

Native materialsin the “high treatment capacity” category provide
filtration combined with some chemically reactive characteristics,
specifically cation exchange capacity. Native organic matter
improves adsorption and filtration (Igloriaet. al, 1997) but israrely
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found at depths below UIC facilities, so this category generally
relies on clay or fine silt materialsto 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.

Native materials in the “ medium treatment capacity” category
provide moderate to high filtration and have minor or no
chemically reactive characteristics. Native materialsin the “low
treatment capacity” category provide some minimal filtration; the
sand and gravel mixturesin this category may provide moderate
filtration when aUIC facility isinitially installed, but will typically
yield preferential flow paths where treatment capacity is reduced.
Materialsin the “no treatment capacity” category do not provide
any filtration to remove pollutants.

Table 5.1.1 isintended for use in meeting the presumptive
approach; project proponents and local jurisdictions using the
demonstrative approach may define other treatment capacity
categories.

Geologic information may be available from regional subsurface
geology maps in publications from the Department of Natural
Resources or U.S. Geological Survey; from awell borehole log(s)
in the same quarter section on the Department 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 data bases
contain many errors of thistype. When using borehole logs, a
“nearby” siteis generally within a quarter of amile. Subsurface
geology can vary considerably in avery 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, adesign
professional might apply a conservative design approach subject to
the approval of the local jurisdiction.

Groundwater depths may be available from 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
facilitiesin areas with very shallow water tables (less than fifteen
feet below the land surface), since significant mounding of
infiltrating stormwater can occur above the water table (Appleyard,
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1993) and UIC facilities must not discharge stormwater directly
into groundwater at any time, even if the groundwater 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 groundwater level. Water level
data associated with a single borehole log may be insufficient to
determine the seasonal high water table, especialy if the drilling
occurred outside of the normal period of highest water tables
(generaly late winter through mid-spring in most of Washington
State; but keep in mind that at sitesin heavily irrigated areas, the
seasonal high water table elevation may occur in late summer)
and(or) following a wet season with lower than normal
precipitation. At sites where the fluctuation of the seasonal water
table islarge (several feet) or unknown, designers should err on the
side of caution: UIC facilities must not discharge stormwater
directly into groundwater. 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 asto the
seasonal high water table elevation.

Well-head All UIC facilities must be sited in accordance with State or local

Protection Department of Health 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. The current State regulation
requires 100 feet of horizontal separation; local departments may
establish stricter requirements and vertical separations. Project
proponents should consider available information about the
direction of local groundwater 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. Some guidance regarding siting of stormwater facilities near
geologic hazardsis provided in Chapter 3.

Performance As noted in Section 5.6.2 above, project proponents may wish to

Consideration 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 Exceptionsto Tables 5.6.1 through 5.6.3:
Based on Site-
Specific or

Local Studies

Where more or better site-specific data are gathered by the project
proponent and local permission is granted, or where alocal
planning study is done with the intent of modifying the
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presumptive approach described in this section, the following
modifications to the tables may be made:

l

Wherereliable, 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 thicknessis
allowed if implemented under alocally 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.

Wherereliable, 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 thicknessis
allowed if implemented under alocally 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 stormwater above the water table should also be
considered. Use of atwo-stage drywell (including spill control
or acatch basin) is still required for medium pollutant |oadings
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 as arequirement, the local
jurisdiction may accept reclassification of these sites as
medium or low, respectively.

Where local jurisdiction planning efforts result in an aternative
framework for evaluating the suitability of various discharges
to UIC facilities, that approach may be used in lieu of Tables
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5.6.1-5.6.3. Such an approach must be judged by the local
jurisdiction to meet the non-endangerment standard for
protecting groundwater under the local conditions. Other
special conditions and exceptions listed in this subsection and
in the subsections below on land uses or activities with specid
treatment requirements still apply.

UIC facilities located near surface water bodies that do not meet

state water quality standards: Where a UIC facility dischargesto

groundwater that contributes to baseflow in a nearby surface water
body which 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.

l

Where a UIC facility receives stormwater from a medium or
high pollutant loading source area and discharges to a shallow
water table (Iess than ten feet below the UIC facility) and it is
less than 100 feet from a surface water body which isimpaired
due to metals, pre-treatment for solids removal isrequired. If
the UIC facility is already required to apply pre-treatment for
solids removal to protect the groundwater due to the expected
pollutant load and(or) the limited treatment capacity of the
vadose zone materials, then additional pre-treatment for metals
removal is also required (see Section 2.2.6 and/or Section 5.2).

Where a UIC facility discharges to a shallow water table (less
than ten to fifteen feet below the land surface) and it isless
than 100 feet from a surface water body isimpaired due to
coliform bacteria, then pre-treatment for solids removal is
required. This pre-treatment requirement extendsto 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.”

Where a UIC facility islocated near a surface water body
which isimpaired due to phosphor us, pre-treatment for
removal of phosphorus may be required according to the
remediation strategy adopted in a TMDL or other water clean-
up plan. Check with the local jurisdiction for applicable
requirements. If required, see Chapter 6.2 for more
information.

Land uses or activities with special treatment requirements:

l

Where fueling activities take place or petroleum products
are stored and(or) transferred in amounts greater than 1,500
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gallons per year, the UIC facility must include a spill
containment structure. A spill prevention, control and
containment plan is also required for these sites (see Chapter
3).

At al other high-use sites (see the definition in Section 2.2.5),
the UIC facility must include a spill control device.

At sites with stormwater associated with industrial activities
as defined by EPA (40 CFR 122.26(b)(14)), pre-treatment for
solids removal isrequired prior to discharge to aUIC facility
where outdoor processing, handling or storage of raw solid
materialsor finished products, including outdoor loading
areas for these materials or products, takes place. Stormwater
associated with construction activities at sites classified as
Category (x) under the federal rules are exempt from this
requirement. If any activities at the facility fall under
categories that are subject to benchmark monitoring
requirements for nitrate, nitrite, ammonia or phosphorus under
in the U.S. Environmental Protection Agency’s multi-sector
industrial permit (October 30, 2000), runoff from the site must
be directed to biofiltration or bioinfiltration systems or to
constructed wetlands with pre-treatment for removal of solids,
or to sanitary sewer if allowed by the local jurisdiction.
Facilities may complete a“no exposure” certification as part of
Ecology’ s UIC facility registration process to be exempted
from these requirements; in order to qualify, no outdoor
processing, handling or storage of raw solid materials or
finished products may take place at the facility.

At commercial siteswith outdoor handling or storage of
raw solid materials or treated wood products, pre-treatment
for solids removal isrequired prior to dischargeto aUIC
facility.

Dueto intensive fertilizer and pesticide use and the
ineffectiveness of treatment facilities to remove those
pollutants from runoff, UIC facilities should not be located at
golf courses and other similarly intensely managed landscape
ar eas such as many public ball fields and cemeteries. Runoff
from the landscape areas should be directed to biofiltration or
bioinfiltration systems or to constructed wetlands prior to
discharge to UIC facilities. Limiting use of applied chemicals
at these sitesis encouraged, asis site design that minimizes
runoff from the landscaped surface.

Due to the ineffectiveness of stormwater treatment facilitiesin
removing nutrients from runoff, UIC facilities may not be
located at Sitesthat generate high nutrient loadingsin
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runoff. Runoff from sites with high nutrient loadings should
be directed to biofiltration or bioinfiltration systems or to
constructed wetlands prior to discharge to UIC facilities, or
used to irrigate crops in accordance with other applicable
requirements.

Note that UIC facilities may still be employed for parking lots and
other impervious areas at these sites in accordance with Tables

5.6.1-5.6.3.
Pre-Treatment Selection of pre-treatment BMPs: Where structural pre-treatment
Methods BMPs are required, the appropriate treatment BMPs must be

selected from other sections in this chapter or from an equivalent
manual approved by Ecology. (Source Control BMPs are
described in Chapter 8.) Project proponents may also request
conditional approval from Ecology for anew or experimental
treatment method (see Chapter 5.12 Emerging Technologies). 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 groundwater
guality 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) for flows up to the water quality design
storm (see Section 2.2.5).

Overflows or bypass flows from these treatment BMPs may be
discharged directly to UIC facilities, provided that the entire water
quality design storm flow is treated and that only the excess flows
are routed directly to the drywell and discharged without treatment.
Such discharge is alowed only provided that the frequency of
overflow and the combination of site characteristics and expected
pollutant loadings (based on projected land use) are not likely to
result in contamination of groundwater.

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 aroad or other
locations where traffic accidents are likely to occur; roads in
industrial areas or with frequent daily travel by tanker trucks; or
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some other increased risk situation that might increase the potential
for accidental spills. For commercial and industrial sites, the
designer should consider the types of materials that will be handled
and stored at the site; site layout and spill response plans; and
probable employee training and preparation for responding to a
spill and protecting the UIC facility from receiving the spilled
material. In general, response to spills on roadways will be
delayed, but response to an on-site spill at a well-prepared facility
can be almost immediate.

If in the designer’ s judgment spills are likely during the life of the
project, the UIC facility should include a spill containment
structure or spill control device (see Chapter 8). The
owner/operator should regularly inspect the facility in order to
detect and attend to any unreported spills that may have occurred.
All spills must be reported to Ecology.

It is preferable to prevent any spill from passing through the UIC
facility and entering the vadose zone. If the potential for
accidental spillsisjudged to be low and no spill containment
structure or control deviceis present, or if the project proponent
chooses to accept responsibility for cleanup and retrofit of the
facility following a spill, the vadose zone may be used temporarily
to contain aspill. 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 deemed necessary to protect groundwater
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 owner/operator must remove and properly dispose of the
contaminated soils and replace them 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 sedimentsis not practicable, long-term monitoring of
the groundwater or application of other cleanup technol ogies may
be required.

Areas or land uses that local jurisdictions determine to be subject
to frequent spills or illegal dumping may be prohibited from using
UIC facilities. Historic incidentsin these areas may have been
documented by the local jurisdiction, or there may be sufficient
evidence to identify the location as an attractive nuisance. For
example, UIC facilities at many auto parts shops, restaurants, and
food processing facilities have been subject to frequent illicit
discharges by customers or employees. Designers planning
stormwater infrastructure for such facilities should discuss the
potential problems with their clients and take care to locate UIC
facilitiesin such amanner as to minimize easy, unobtrusive access
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for illegal dumping. Employee training will help to reduce these
incidents.

5.6.5 Prohibitions

Due to potential contamination of groundwater, discharge of
stormwater to UIC facilitiesis not allowed where any activities
listed below take place out-of-doors. Conventional stormwater
treatment is not considered protective of groundwater 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 facilitiesin accordance
with Tables 5.6.1-5.6.3. If structural separation is not practicable,
stormwater from the entire site must be handled on site with a
closed-loop system or discharged to sanitary sewer if alowed by
the local jurisdiction.

1 Areaswhere stormwater comes into contact with surfaces
subject to:

V ehicle 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 Handling of radioactive materials,

1 Recycling facilities (unless limited to glass products);

1 Industrial or commercia 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 8 for source control);

1 Siteswhere any activities subject to the Resource Conservation
and Recovery Act (RCRA) take place.

See also “Land uses or activities with special treatment
requirements’ in sub-section 6.6.3 above.

O O 0O O O O°

5.6.6 Design Criteria

The UIC facility must be designed in accordance with local
jurisdiction requirements or following the guidance in Sections
6.3.3 through 6.3.5. Pre-treatment facilities must be designed in
accordance with the criteria established in Section 2.2.5 and in this
Chapter; in another Manual or document approved by Ecology; or
by local jurisdictions.
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5.6.7 Construction Criteria

The UIC facility must be constructed in accordance with local
jurisdiction requirements or following the guidance in Sections
6.3.3 through 6.3.5. Pre-treatment facilities must be constructed in
accordance with the criteria established in Section 2.2.5 and in this
Chapter; in another Manual or document approved by Ecology; or
by local jurisdictions. All UIC facilities must be registered with
the Department of Ecology in accordance with the submittal
requirements established in the UIC rule. The project proponent
should begin the registration process during the design phase and
submit the completed paperwork prior to first use of the UIC
facility.

5.6.8 Operation and Maintenance Criteria

The UIC facility must be operated and maintained in accordance
with State or local jurisdiction 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, in another Manual or document
approved by Ecology, or by local jurisdictions. Frequent
inspections and regular maintenance will improve the long-term
performance of the facilities.
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Table5.6.1 — 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

HIGH

A minimum thickness of ten feet of these materials

must be naturally present between the bottom of the
UIC structure and the top of the highest known
seasonal water table.*

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

Sandy or silty clay

Silt

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

MEDIUM

A minimum thickness of fifteen feet of these materials
must be naturally present between the bottom of the
UIC structure and the top of the highest known
seasonal water table.*

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

Fine, medium or coarse sand

Gravelly sand

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

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 highest known
seasonal water table.

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

Well-graded/sorted or clean gravel
Sandy gravel or sand and gravel

This category includes some alluvium and outwash
deposits

NONE

Materials with average grain size >64mm or having total
fines (sand and mud) less than 5%

Boulders and/or cobbles
Fractured rock

This category generally includes fractured basalt, other
fractured bedrock, and cavernous limestone

* See Section 5.6.2 narrative for possible exceptions to the thickness requirement.
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Table5.6.2 — 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 only subject 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 Section 5.6.3 prohibitions. 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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Table5.6.3—Matrix for determining suitability of subsurface dischar ge of stormwater
from commercial and residential land usesto new UIC facilities

(Seetables 5.6.1 and 5.6.2 for treatment capacity and pollutant loading definitions. All
project proponents should read the entirety of Section 5.6 for exceptions or other
requirements that apply in certain situations. Appropriate pre-treatment requirements must be

determined using the information provided in Section 5.2 and in this section.)

Treatment
capacity
Pollutant High Medium Low None
loading
Insianificant Suitable for all Suitable for all Suitable for all Suitable for all
9 UIC facilities UIC facilities UIC facilities UIC facilities
Low Suitable for all | Suitable forall | Suitable for all Prrg”ueifég‘fg“
UIC facilities UIC facilities UIC facilities q 1
remove solids
. . Pretreatment Pretreatment
Medium Sttgtaebcljer fo;ﬁ; ;l;ltf;b:jer foreﬁ; required to required to
ge dryw ge dryw remove solids’ | remove solids®
Pretreatment Pretreatment
Prftﬁ?;?f:t Prr:tﬁ?ér;fgt required to required to
High** rer?mve oil2 rer?mve oil? remove oil and remove oil and
solids? 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 aturned-down pipe elbow or other passive device.

** Note that the prohibitions listed in Section 5.6.5 still apply.

! Treatment to remove solids means basic treatment as defined in Section 2.2.5 and Section 5.2. Removal
of solids should also remove a large portion of the metalsin most stormwater runoff.

2 Treatment to remove oil means oil control as defined in Section 2.2.5 and Section 5.2.

5.7 Wetpool Facilities

5.7.1 Purpose and Definition

A wetpond is a constructed stormwater pond that retains a permanent pool
of water ("wetpool") at least during the wet season. The volume of the
wetpool is related to the effectiveness of the pond in settling particulate
pollutants. Asan option, a shallow marsh area can be created within the
permanent pool volume to provide additional treatment for nutrient
removal. Peak flow control can be provided in the "live storage” area
above the permanent pool. Figures5.7.1 and 5.7.2 illustrates atypical wet
pond BMP.

The following design, construction, and operation and maintenance
criteria cover two wetpond applications - the basic wetpond and the large
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wetpond. Large wetponds are designed for higher levels of pollutant
removal.

BMP T5.70 Basic Wetpond
BMP T5.71 Large Wetpond

A wetpond is a constructed stormwater pond or portion of facility, that
retains a pool of water (the “wetpool”). In some areas the wetpool may be
permanent, at least during the wet season. The volume of the wet pond is
related to the effectiveness of the pond in settling particulate pollutants.
As an option, a shallow marsh area can be created within the permanent
pool volume to provide additional treatment for nutrient removal. Peak
flow control can be provided in the "live storage” area above the
permanent pool. Figures5.7.1 and 5.7.2 illustrate a typical wet pond
BMP.

A combined detention/wetpool places a detention pond or vault on top of
the wetpond or vault. The wetpond or vault is designed per this section
and the detention pond or vault is designed per Section 5.2. The sediment
storage area of the detention facility can be del eted.
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>

\\
inlet pipe & catch basin per
detention facility requirements

access road to inlet structure

Access ramp to bottom of first

wetpool cell (5H:1V) (see text)

berm or baffle at design
WS or submerged 1’
below design W.S.

Extend berm across entire

wetpool width.

FIRST WETPOOL CELL

25% to 35% of wetpool volume,
excluding access ramp

berm top width 5" min. (if earthen)

p A

SECOND WETPOOL CELL %‘4

WQ design WS ———
wetpool e %‘%

overflow WS
width
plantings required on cut

I, II \
— B o % slopes for lake protection
facilities

emergency overflow WS

emergency spillway per -
W\ manhole & outlet pipe pie
A sized to pass peak flow per
conveyance requirements

detention facility requirements

AT
outlet erosion control &

Y access road to Seheke
outlet structure energy dissipation per
detention facility requirements

L>_ —_
_ B
Wit length 0 width ratio > 4 PLAN VIEW
or if volume less than 4000 c.{. NTS
Figure 5.7.1 Wetpond/Wetpool (plan view)
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slope vegetation

wetpool flow length = 3 (min.) x width

per detention

. ; first cell
facility requirements depth 4’ min. wetpool depth 8’ max. recirculation
to 8’ max. recommended for depth > 6’

emergency overflow WS

< WQ design WS

inlet erosion control/
slope protection per
detention facility
requirements

sediment storage —!
depth = 1" min.

outlet pipe invert at
wetpool WS elevation

emergency overflow WS

\ \\? overflow WS
)

Y

keyed

Note: Berm slope may be
2:1 when top submerged
1’ below WQ design WS

SECTION A-A
NTS

access road

overflow WS v
W.Q. design WS
Invert 6" min. 127 min.
below top
of internal 18" min. . Il _—
i Spdlae(;ierzbelgt - manhole or
" gravity drain type 2 -
(if grade allows) catch basin
8" min. diameter

valve
(may be located inside MH
or outside with approved

/

emergent vegetation
required for wetpool
depths 3’ or less

fence required for side slopes
/ steeper than 3(V): 1(H)

capacity of outlet system
sized to pass peak flow for
conveyance req.

exterior berms designed per
dam safety requirements
if applicable

operational access)
SECTION B-B
NTS

NOTE: See detention facility
requirements for location and
setback requirements.

Figure 5.7.2 Wet Pond (sections)

5.7.2 Applications and Limitations

A wetpond requires alarger areathan a biofiltration swale or a sand filter,
but it can be integrated to the contours of a sitefairly easily. In clayey or
silty soils, the wetpond may hold a permanent pool of water that provides
an attractive aesthetic feature. In more porous soils, wet ponds may till
be used, but water seepage from unlined cells could result in adry pond,
particularly in the summer months. Lining thefirst cell with alow
permeability liner is one way to deal with thissituation. Aslong asthe
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first cell retains a permanent pool of water, this situation will not reduce
the pond'’ s effectiveness but may be an aesthetic drawback.

Wet ponds may be single-purpose facilities, providing only runoff
treatment, or they may be combined with a detention pond to also provide
flow control. If combined, the wetpool can often be stacked under the
detention pond with little further loss of development area. See Chapter 6
for the design of detention ponds.

5.7.3 Design Criteria

The primary design factor that determines awet pond's treatment
efficiency is the volume of the wetpool. The larger the wetpool volume,
the greater the potential for pollutant removal. The wetpool volume
provided shall be equal to or greater than the total volume of runoff from
the water quality design storm.

Also important are the avoidance of short-circuiting and the promotion of
plug flow. Plug flow describes the hypothetical condition of stormwater
moving through the pond as a unit, displacing the "old" water in the pond
with incoming flows. To prevent short-circuiting, water is forced to flow,
to the extent practical, to all potentially available flow routes, avoiding
"dead zones" and maximizing the time water stays in the pond during the
active part of astorm.

Design features that encourage plug flow and avoid dead zones are:
{ Dissipating energy at the inlet.
f Providing alarge length-to-width ratio.

f  Providing abroad surface for water exchange using a berm designed
as a broad-crested weir to divide the extended detention dry pond into
two cells rather than a constricted area such as a pipe.

' Maximizing the flowpath between inlet and outlet, including the
vertical path, also enhances treatment by increasing residence time.

Sizing Procedure

Procedures for determining a wetpool’ s dimensions and volume are
outlined below.

Step 1: Identify required wetpool volume using the following table or the
SCS (now known as NRCYS) curve number equations presented in

Chapter 4 - Hydrologic Analysis and Design. For aLarge Wetpond
increase size of basic pond by 50%.
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Table5.7.1 Design Tablefor Basic Wetpond Sizing

2-YEAR 24-HOUR
PRECIPITATION (in) POND VOLUME
PER 1000 SQUARE-FEET OF EXAMPLESS?EEASPPLICABLE
FROM TO IMPERVIOUS AREA
0.60 0.80 43.3 cubic-feet Moses Lake
0.81 1.00 57.1 cubic-feet Yakima, Kennewick
1.01 1.20 79.7 cubic-feet Wenatchee, Walla Walla
1.21 1.40 97.1 cubic-feet Colfax, Colville
1.41 and greater Hydrologic Method Required Eastern and Cascade Mountains

Step 2: Determine wetpool dimensions. Determine the wetpool
dimensions satisfying the design criteria outlined below and illustrated in
Figures5.7.1 and 5.7.2. A simple way to check the volume of each
wetpool cell isto use the following equation:

Vv _ h(A + Ay)
2
Where: V = wetpool volume (cf)
h = wetpool average depth (ft)
A = water quality design surface area of wetpool (sf)

A = bottom area of wetpool (sf)

Step 3. Design primary overflow water surface. See Chapter 6 to
determine the overflow water surface for detention ponds.

Step 4. Determine extended detention dry pond dimensions. General
extended detention dry pond design criteria and concepts are shown in
Figures5.7.1 and 5.7.2.

Wetpool Geometry

The wetpool should be divided into two cells separated by a baffle or
berm. Thefirst cell should contain between 25 to 35 percent of the total
wetpool volume. The baffle or berm volume shall not count as part of the
total wetpool volume. The term baffle means a vertical divider placed
across the entire width of the pond, stopping short of the bottom. A berm
isavertical divider typically built up from the bottom, or if in avault,
connects all the way to the bottom.

Intent The full-length berm or baffle promotes plug flow and enhances
guiescence and laminar flow through as much of the entire water volume
as possible. Alternative methods to the full-length berm or baffle that
provide equivalent flow characteristics may be approved on a case-by-case
basis by the local jurisdiction.
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Sediment storage should be provided in thefirst cell. The sediment
storage should have a minimum depth of 1-foot. A fixed sediment depth
monitor should beinstalled in the first cell to gauge sediment
accumulation unless an alternative gauging method is proposed.

The minimum depth of the first cell should be 4 feet, exclusive of
sediment storage requirements. The depth of thefirst cell may be greater
than the depth of the second cell.

The maximum depth of each cell should not exceed 8 feet (exclusive of
sediment storage in thefirst cell). Pool depths of 3 feet or shallower
(second cell) should be planted with emergent wetland vegetation.

Inlets and outlets should be placed to maximize the flowpath through the
facility. Theratio of flowpath length to width from the inlet to the outlet
should be at least 3:1. The flowpath length is defined as the distance
from the inlet to the outlet, as measured at mid-depth. Thewidth at mid-
depth can be found as follows: width = (average top width + average
bottom width)/2.

Ponds with wetpool volumes less than or equal to 4,000 cubic feet may be
single celled (i.e., no baffle or bermisrequired). However, it isespecialy
important in this case that the flow path length be maximized. The ratio of
flow path length to width should be at least 4:1 in single celled extended
detention dry ponds, but should preferably be 5:1.

All inlets should enter the first cell. If there are multiple inlets, the length-
to-width ratio should be based on the average flowpath length for all
inlets. Thefirst cell may be lined as needed.

Berms, Baffles, and Slopes

A berm or baffle should extend across the full width of the wetpool, and
tie into the wetpool side slopes. If the berm embankments are greater than
4 feet in height, the berm must be constructed by excavating a key equal to
50 percent of the embankment cross-sectional height and width. This
requirement may be waived if authorized by a geotechnical engineer based
on specific site conditions. The geotechnical analysis should address
situations in which one of the two cells is empty while the other remains
full of water.

The top of the berm may extend to the WQ design water surface or be 1-
foot below the WQ design water surface. If at the WQ design water
surface, berm side slopes should be 3H:1V. Berm side slopes may be
steeper (up to 2:1) if the berm is submerged 1-foot.

Intent Submerging the berm is intended to enhance safety by
discouraging pedestrian access when side slopes are steeper than 3H:1V.
An alternative to the submerged berm design is the use of barrier planting
to prevent easy access to the divider berm in an unfenced extended
detention dry pond.
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If good vegetation cover is not established on the berm, erosion control
measures should be used to prevent erosion of the berm back-slope when
the pond isinitialy filled.

The interior berm or baffle may be aretaining wall provided that the
design is prepared and stamped by alicensed civil engineer. If abaffle or
retaining wall is used, it should be submerged one foot below the design
water surface to discourage access by pedestrians.

Embankments

Embankments that impound water must comply with the Washington
State Dam Safety Regulations (Chapter 173-175 WAC). If the
impoundment has a storage capacity (including both water and sediment
storage volumes) greater than 10 acre-feet (435,600 cubic feet or 3.26
million gallons) above natural ground level, then dam safety design and
review are required by the Department of Ecology.

Inlet and Outlet
See Figures 5.7.1 and 5.7.2 details on the following requirements:

The inlet to the wetpool should be submerged with the inlet pipe invert a
minimum of two feet from the pond bottom (not including sediment
storage). Thetop of theinlet pipe should be submerged at least 1-foot, if
possible.

Intent Theinlet is submerged to dissipate energy of the incoming flow.
The distance from the bottom is set to minimize resuspension of settled
sediments. Alternative inlet designs that accomplish these objectives are
acceptable.

An outlet structure shall be provided. Either a Type 2 catch basin with a
grated opening (jail house window) or a manhole with a cone grate
(birdcage) may be used. No sump isrequired in the outlet structure for
extended detention dry ponds not providing detention storage. The outlet
structure receives flow from the pond outlet pipe. The grate or birdcage
openings provide an overflow route should the pond outlet pipe become
clogged. The overflow criteria provided below specifies the sizing and
position of the grate opening.

The pond outlet pipe (as opposed to the manhole or type 2 catch basin
outlet pipe) should be back-sloped or have a turn-down elbow, and extend
1 foot below the WQ design water surface. Note: A floating outlet, set to
draw water from 1-foot below the water surface, is also acceptable if
vandalism concerns are adequately addressed.

Intent Theinverted outlet pipe provides for trapping of oils and
floatables in the extended detention dry pond.

The pond outlet pipe shall be sized, at a minimum, to pass the WQ design
flow. Note: The highest invert of the outlet pipe sets the WQ design water
surface elevation.
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The overflow criteriafor single-purpose (treatment only, not combined
with flow control) wetpools are as follows:

' Therequirement for primary overflow is satisfied by either the grated
inlet to the outlet structure or by a birdcage above the pond outlet
structure.

. The bottom of the grate opening in the outlet structure should be set at
or above the height needed to pass the WQ design flow through the
pond outlet pipe. Note: The grate invert elevation sets the overflow
water surface elevation.

f  Inon-line ponds, the grated opening should be sized to pass the 100-
year design flow. The capacity of the outlet system should be sized to
pass the peak flow for the conveyance requirements.

" An emergency spillway shall be provided and designed according to
the requirements for detention ponds (see Chapter 6 — Flow Control
Facility Design).

A gravity drain for maintenance is recommended if grade allows.

Intent Itisanticipated that sediment removal will only be needed for the
first cell inthe majority of cases. The gravity drain isintended to alow
water from the first cell to be drained to the second cell when the first cell
is pumped dry for cleaning.

All metal parts should be corrosion-resistant. Galvanized materials should
not be used unless unavoidable.

Intent Galvanized metal contributes zinc to stormwater, sometimesin
very high concentrations.

Access and Setbacks

All facilities shall be a minimum of 20 feet from any structure, property
line, and any vegetated buffer required by the local government, and 100
feet from any septic tank/drainfield.

All facilities shall be located away from any steep (greater than 15
percent) slope, at a minimum distance equivalent to the height of the
slope. A geotechnical report must address the potential impact of a wet
pond on a steep slope.

Access and maintenance roads shall be provided and designed according
to the requirements for detention ponds. Access and maintenance roads
shall extend to both the extended detention dry pond inlet and outlet
structures. An access ramp (5H minimum:1V) shall be provided to the
bottom of the first cell unless all portions of the cell can be reached and
sediment loaded from the top of the pond.

If the dividing bermis also used for access, it should be built to sustain
loads of up to 80,000 pounds.
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Planting Requirements

If desired the pond may be planted with dryland grasses. Sod or wetland
plants should be avoided unless irrigation will be provided during the dry
months.

Recommended Design Features

The following design features should be incorporated into the extended
detention dry pond design where site conditions allow:

The method of construction of soil/landscape systems can cause natural
selection of specific plant species. Consult a soil restoration or wetland
soil scientist for site-specific recommendations. The soil formulation will
impact the plant species that will flourish or suffer on the site, and the
formulation should be such that it encourages desired species and
discourages undesired species.

For permanent wetpool depthsin excess of 6 feet, it is recommended that
some form of recirculation be provided in the summer, such as afountain
or aerator, to prevent stagnation and low dissolved oxygen conditions.

A flow length-to-width ratio greater than the 3:1 minimum is desirable. If
theratio is4:1 or greater, then the dividing berm is not required, and the
pond may consist of one cell rather than two.

A tear-drop shape, with the inlet at the narrow end, rather than a
rectangular pond is preferred since it minimizes dead zones caused by
corners.

A small amount of base flow is desirable to maintain circulation and
reduce the potential for low oxygen conditions during late summer.

Columnar deciduous trees along the west and south sides of ponds are
recommended to reduce thermal heating, except that no trees or shrubs
may be planted on berms meeting the criteria of dams regulated for safety.
In addition to shade, trees and shrubs al so discourage waterfowl use and
the attendant phosphorus enrichment problems they cause. Trees should
be set back so that the branches will not extend over the pond.

Intent Evergreen trees or shrubs are preferred to avoid problems
associated with leaf drop, except on the south and west sides which may
inhibit the melting of ice during the winter. Columnar deciduous trees
(e.g., hornbeam, Lombardy poplar, etc.) typically have fewer leaves than
other deciduous trees.

The number of inlets to the facility should be limited; ideally there should
be only oneinlet. The flowpath length should be maximized from inlet to
outlet for al inlets to the facility.

The access and maintenance road could be extended along the full length
of the extended detention dry pond and could double as playcourts or
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picnic areas. Placing finely ground bark or other natural material over the
road surface would render it more pedestrian friendly.

The following design features should be incorporated to enhance
aesthetics where possible:

Provide side dlopes that are sufficiently gentle to avoid the need for
fencing (3:1 or flatter).

Include fountains or integrated waterfall features for privately maintained
facilities.

Provide visual enhancement with clusters of trees and shrubs. On most
pond sites, it isimportant to amend the soil before planting since ponds are
typically placed well below the native soil horizon in very poor sails.
Make sure dam safety restrictions against planting do not apply.

Orient the pond length along the direction of prevailing summer winds
(typically west or southwest) to enhance wind mixing.

5.7.4 Construction Criteria

Sediment that has accumulated in the pond must be removed after
construction in the drainage area of the pond is complete (unless used for a
liner - see below).

Sediment that has accumulated in the pond at the end of construction may
be used as aliner in excessively drained soilsif the sediment meets the
criteriafor alow permeability liner, and is approved for use as such by a
geotechnical engineer. Sediment used for a soil liner must be graded to
provide uniform coverage and thickness.

5.7.5 Operation and Maintenance

Maintenanceis of primary importance if wetpools are to continue to
function as originally designed. A local government, a designated group
such as a homeowners' association, or a property owner should accept the
responsibility for maintaining the structures and the impoundment area. A
specific maintenance plan should be formulated outlining the schedule and
scope of maintenance operations.

The pond should be inspected by the local government annually. The
maintenance standards contained in Appendix 5A are measures for
determining if maintenance actions are required as identified through the
annual inspection.

Site vegetation should be trimmed as necessary to keep the pond free of
leaves and to maintain the aesthetic appearance of the site. Slope areas
that have become bare should be revegetated and eroded areas should be
regraded prior to being revegetated.

Sediment should be removed when the 1-foot sediment zoneis full plus 6
inches. Sediments should be tested for toxicants in compliance with
current disposal requirements. Sediments must be disposed in accordance
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with current local health department requirements and the Minimum
Functiona Standards for Solid Waste Handling.

Any standing water removed during the maintenance operation must be
properly disposed of. The preferred disposal option isdischargeto a
sanitary sewer at an approved location. Other disposal optionsinclude
discharge back into the wetpool facility or the storm sewer system, if
approved by the operator of the storm sewer system.

5.7.6 BMP T5.72 Wetvaults
Purpose and Definition

A wetvault is an underground structure similar in appearanceto a
detention vault, except that a wetvault has a permanent pool of water
(wetpool) which dissipates energy and improves the settling of particulate
pollutants (see the wetvault details in Figure 5.7.3). Being underground,
the wetvault lacks the biological pollutant remova mechanisms, such as
algae uptake, present in surface extended detention dry ponds.

Applications and Limitations

A wetvault may be used for commercial, industrial, or roadway projects if
there are space limitations precluding the use of other treatment BMPs.
The use of wetvaults for residential development is highly discouraged.
Combined detention and wetvaults are allowed.

A wetvault is believed to be ineffective in removing dissolved pollutants
such as soluble phosphorus or metals such as copper. Thereisaso
concern that oxygen levels will decline, especially in warm summer
months, because of limited contact with air and wind. However, the
extent to which this potential problem occurs has not been documented.

Below-ground structures like wetvaults are relatively difficult and
expensive to maintain. The need for maintenance is often not seen and as
aresult routine maintenance does not occur.

If oil control isrequired for a project, a wetvault may be combined with an
API oil/water separator.

Design Criteria

Sizing Procedure Aswith wet ponds, the primary design factor that
determines the removal efficiency of awetvault is the volume of the
wetpool. The larger the volume, the higher the potential for pollutant
removal. Performanceisalso improved by avoiding dead zones (like
corners) where little exchange occurs, using large length-to-width ratios,
dissipating energy at the inlet, and ensuring that flow rates are uniform to
the extent possible and not increased between cells.

The sizing procedure for awetvault isidentical to the sizing procedure for
an extended detention dry pond. The wetpool volume for the wetvault
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shall be equal to or greater than the total volume of runoff from the 6-
month, 24-hour storm event.

Typical design details and concepts for the wetvault are shown in Figure
5.7.3.

Wetpool Geometry Same as specified for wet ponds (see BMP T5.70
and BMP T5.71) except for the following two modifications:

The sediment storage in the first cell shall be an average of 1-foot.
Because of the v-shaped bottom, the depth of sediment storage needed
above the bottom of the side wall isroughly proportional to vault width
according to the schedule below:

Vault Sediment Depth

Width (from bottom of side wall)
15' 10"

20 9"

40 6"

60 4"

The second cell shall be aminimum of 3 feet deep since planting cannot
be used to prevent re-suspension of sediment in shallow water asit canin
open ponds.
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Vault Structure The vault shall be separated into two cellsby awall or a
removable baffle. If awall isused, a5-foot by 10-foot removable

mai ntenance access must be provided for both cells. If aremovable baffle
is used, the following criteria apply:

The baffle shall extend from a minimum of 1-foot above the WQ design
water surface to aminimum of 1-foot below the invert elevation of the
inlet pipe.

The lowest point of the baffle shall be a minimum of 2 feet from the
bottom of the vault, and greater if feasible.

If the vault isless than 2,000 cubic feet (inside dimensions), or if the
length-to-width ratio of the vault pool is5:1 or greater, the baffle or wall
may be omitted and the vault may be one-celled.

The two cells of awetvault should not be divided into additional subcells
by internal walls. If internal structural support is needed, it is preferred
that post and pier construction be used to support the vault lid rather than
walls. Any walls used within cells must be positioned so as to lengthen,
rather than divide, the flowpath.

Intent Treatment effectiveness in wetpool facilitiesisrelated to the
extent to which plug flow is achieved and short-circuiting and dead zones
areavoided. Structural walls placed within the cells can interfere with
plug flow and create significant dead zones, reducing treatment
effectiveness.

The bottom of the first cell shall be sloped toward the access opening.
Slope should be between 0.5 percent (minimum) and 2 percent
(maximum). The second cell may be level (longitudinally) sloped toward
the outlet, with a high point between the first and second cells. The intent
of sloping the bottom is direct the sediment accumulation to the closest
access point for maintenance purposes. Sloping the second cell towards
the access opening for thefirst cell is also acceptable.

The vault bottom shall slope laterally a minimum of 5 percent from each
side towards the center, forming abroad "v" to facilitate sediment
removal. Note: More than one "v" may be used to minimize vault depth.

Exception: The Local Jurisdiction may alow the vault bottom to be flat if
removable panels are provided over the entire vault. Removable panels
should be at grade, have stainless steel lifting eyes, and weigh no more
than 5 tons per panel.

The highest point of a vault bottom must be at least 6 inches below the
outlet elevation to provide for sediment storage over the entire bottom.

Provision for passage of flows should the outlet plug shall be provided.

Wetvaults may be constructed using arch culvert sections provided the top
area at the WQ design water surfaceis, at aminimum, equal to that of a
vault with vertical walls designed with an average depth of 6 feet.
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Intent To prevent decreasing the surface area available for oxygen
exchange.

Wetvaults shall conform to the "Materials' and " Structural Stability"
criteria specified for detention vaults in Chapter 6.

Where pipes enter and leave the vault below the WQ design water surface,
they shall be sealed using a non-porous, non-shrinking grout.

Inlet and Outlet Theinlet to the wetvault shall be submerged with the
inlet pipe invert aminimum of 3 feet from the vault bottom. The top of
theinlet pipe should be submerged at least 1-foot, if possible.

Intent The submerged inlet isto dissipate energy of the incoming flow.
The distance from the bottom is to minimize re-suspension of settled
sediments. Alternative inlet designs that accomplish these objectives are
acceptable.

Unless designed as an off-line facility, the capacity of the outlet pipe and
available head above the outlet pipe should be designed to convey the 100-
year design flow for developed site conditions without overtopping the
vault. The available head above the outlet pipe must be a minimum of 6
inches.

The outlet pipe shall be back-sloped or have tee section, the lower arm of
which should extend 1 foot below the WQ design water surface to provide
for trapping of oils and floatables in the vault.

The Local Jurisdiction may require a bypass/shutoff valve to enable the
vault to be taken offline for maintenance.

Access Requirements Same as for detention vaults (see Chapter 6)
except for the following additional requirement for wetvaults:

A minimum of 50 square feet of grate should be provided over the second
cell. For vaultsin which the surface area of the second cell is greater than
1,250 square feet, 4 percent of the top should be grated. This requirement
may be met by one grate or by many smaller grates distributed over the
second cell area. Note: a grated access door can be used to meet this
requirement.

Intent The grate allows air contact with the wetpool in order to minimize
stagnant conditions which can result in oxygen depletion, especially in
warm weather.

Access Roads, Right of Way, and Setbacks Same as for detention vaults
(Chapter 6).

Recommended Design Features

The following design features should be incorporated into wetvaults where
feasible, but they are not specifically required:
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' Thefloor of the second cell should slope toward the outlet for ease of
cleaning.

 Theinlet and outlet should be at opposing corners of the vault to
increase the flowpath.

A flow length-to-width ratio greater than 3:1 minimum is desirable.

f  Lockable gratesinstead of solid manhole covers are recommended to
increase air contact with the wetpool.

1 Gavanized materials shall not be used unless unavoidable.

' The number of inlets to the wetvault should be limited, and the
flowpath length should be maximized from inlet to outlet for al inlets
to the vault.

Construction Criteria

Sediment that has accumulated in the vault must be removed after
construction in the drainage areais complete. 1f no more than 12 inches of
sediment have accumulated after the infrastructure is built, cleaning may
be left until after building construction is complete. In general, sediment
accumulation from stabilized drainage areas is not expected to exceed an
average of 4 inches per year in thefirst cell. If sediment accumulation is
greater than thisamount, it will be assumed to be from construction unless
it can be shown otherwise.

Operation and Maintenance

Accumulated sediment and stagnant conditions may cause noxious gases
to form and accumulate in the vault. Vault maintenance procedures must
meet OSHA confined space entry requirements, which includes clearly
marking entrances to confined space areas. This may be accomplished by
hanging aremovable sign in the access riser(s), just under the access lid.

Facilities should be inspected by the local government annually. The
maintenance standards contained in Appendix 5A of this chapter are
measures for determining if maintenance actions are required as identified
through the annual inspection.

Sediment should be removed when the 1-foot sediment zone is full plus

6 inches. Sediments should be tested for toxicants in compliance with
current disposal requirements. Sediments must be disposed in accordance
with current local health department requirements.

Any standing water removed during the maintenance operation must be
properly disposed of. The preferred disposal option is dischargeto a
sanitary sewer at an approved location.

See Appendix 5A for more detailed information.
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Modifications for Combining with a Baffle Oil/Water Separator

If the project site is a high-use site and a wetvault is proposed, the vault
may be combined with a baffle oil/water separator to meet the runoff
treatment requirements with one facility rather than two. Structural
modifications and added design criteria are given below. However, the
maintenance requirements for baffle oil/water separators must be adhered
to, in addition to those for awetvault. Thiswill result in more frequent
inspection and cleaning than for awetvault used only for TSS removal.
See Appendix 5A for information on maintenance of baffle oil/water
Separators.

1. Thesizing procedures for the baffle oil/water separator (Section 5.10)
should be run as a check to ensure the vault islarge enough. If the
oil/water separator sizing procedures result in alarger vault size,
increase the wetvault size to match.

2. Anoail retaining baffle shall be provided in the second cell near the
vault outlet. The baffle should not contain a high-flow overflow, or
else the retained oil will be washed out of the vault during large
storms.

3. Thevault shall have a minimum length-to-width ratio of 5:1.

4. Thevault shall have adesign water depth-to-width ratio of between
1:3to0 1:2.

5. Thevault shall be watertight and shall be coated to protect from
corrosion.

6. Separator vaults shall have a shutoff mechanism on the outlet pipe to
prevent oil discharges during maintenance and to provide emergency
shut-off capability in case of aspill. A valve box and riser shall also
be provided.

7. Wetvaults used as oil/water separators must be off-line and must
bypass flows greater than the WQ design flow.

I ntent This design minimizes the entrainment and/or emulsification of
previously captured oil during very high flow events.

5.7.7 BMP T5.73 Stormwater Treatment Wetlands
Purpose and Definition

In land development situations, wetlands are usually constructed for two
main reasons: to replace or mitigate impacts when natural wetlands are
filled or impacted by development (mitigation wetlands), and to treat
stormwater runoff (stormwater treatment wetlands). Stormwater treatment
wetlands are shallow man-made ponds that are designed to treat
stormwater through the biological processes associated with emergent
aguatic plants (see the stormwater wetland detailsin Figure 5.7.4 and
Figure 5.7.5).
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Wetlands created to mitigate disturbance impacts, such asfilling, may not
also be used as stormwater treatment facilities. Thisis because of the
different, incompatible functions of the two kinds of wetlands. Mitigation
wetlands are intended to function as full replacement habitat for fish and
wildlife, providing the same functions and harboring the same species
diversity and biotic richness as the wetlands they replace. Stormwater
treatment wetlands are used to capture and transform pollutants, just as
wetponds are, and over time pollutants will concentrate in the sediment.
Thisisnot a healthy environment for aquatic life. Stormwater treatment
wetlands are used to capture pollutants in a managed environment so that
they will not reach natural wetlands and other ecologically important
habitats. In addition, vegetation must occasionally be harvested and
sediment dredged in stormwater treatment wetlands, further interfering
with use for wildlife habitat.

In general, stormwater wetlands perform well to remove sediment, metals,
and pollutants that bind to humic or organic acids. Phosphorus removal in
stormwater wetlandsis highly variable.

Applications and Limitations

This stormwater wetland design occupies about the same surface area as
wetponds, but has the potential to be better integrated aesthetically into a
site because of the abundance of emergent aguatic vegetation. The most
critical factor for a successful design is the provision of an adequate
supply of water for most of the year. Careful planning is needed to be sure
sufficient water will be retained to sustain good wetland plant growth. A
source of irrigation water may be needed. Since water depths are
shallower than in wetponds, water 10ss by evaporation is an important
concern. Stormwater wetlands are a good WQ facility choicein areas
with high winter groundwater levels.

Design Criteria

When used for stormwater treatment, stormwater wetlands employ some
of the same design features as wetponds. However, instead of gravity
settling being the dominant treatment process, pollutant removal mediated
by aguatic vegetation and the microbiological community associated with
that vegetation becomes the dominant treatment process. Thus when
designing wetlands, water volume is not the dominant design criteria.
Rather, factors which affect plant vigor and biomass are the primary
concerns.

Wetland Geometry Criteria

1. Stormwater wetlands shall consist of two cells, a presettling cell and a
wetland cell.
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. The presettling cell shall contain approximately 33 percent of the

wetpool volume calculated in Step 1 above.

. The depth of the presettling cell shall be between 4 feet (minimum)

and 8 feet (maximum), excluding sediment storage.

. One-foot of sediment storage shall be provided in the presettling cell.
. Thewetland cell shall have an average water depth of about 1.5 feet

(plus or minus 3 inches).

. The "berm" separating the two cells shall be shaped such that its

downstream side gradually slopes to form the second shallow wetland
cell (see the section view in Figure 5.7.4). Alternatively, the second
cell may be graded naturalistically from the top of the dividing berm
(see Criterion 8 below).

. Thetop of berm shall be either at the WQ design water surface or

submerged 1-foot below the WQ design water surface, as with
wetponds. Correspondingly, the side slopes of the berm must meet the
following criteria:

a. If thetop of bermisat the WQ design water surface, the berm side
slopes shall be no steeper than 3H:1V.

b. If thetop of berm is submerged 1-foot, the upstream side slope
may beupto 2H:1V. If the bermisat the water surface, then for
safety reasons, its slope should be not greater than 3:1, just asthe
pond banks should not be greater than 3:1 if the pond is not fenced.
A steeper dope (2:1 rather than 3:1) isalowableif the bermis
submerged in 1 foot of water. If submerged, the berm is not
considered accessible, and the steeper slope is allowable.

. Two examples are provided for grading the bottom of the wetland cell.

One exampleis a shallow, evenly graded slope from the upstream to
the downstream edge of the wetland cell (see Figure 5.7.4). The
second exampleisa"naturalistic” aternative, with the specified range
of depths intermixed throughout the second cell (see Figure 5.7.5). A
distribution of depths shall be provided in the wetland cell depending
on whether the dividing berm is at the water surface or submerged (see
Table 5.7.3 below). The maximum depth is 2.5 feet in either
configuration. Other configurations within the wetland geometry
constraints listed above may be approved by the local jurisdiction.

It isintended that the intent of the Wetland Geometry Criterialisted
above generally be met. Appropriate deviations may be necessary,
based upon site specific considerations.
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Table 5.7.3 — Distribution of depths in wetland cell
Dividing Berm at WQ Design Water Surface Dividing Berm Submerged 1-Foot
Depth Range (feet) Per cent Depth Range (feet) Per cent
0.1tol 25 1to 15 40
1to2 55 15t02 40
2t025 20 2t025 20

first cell (forebay)

plant with
wetland plants
(see text)

access road

PLAN VIEW Option A
NTS

inlet outlet structure
submerged (see detail
Figure 6.4.1.B)

first cell depth
4’ min. to 8’ max.
2.5 ft max.

If required, place liner in
second cell to hold water.
inlet erosion control/slope
protection per detention
facility requirements

Slope maybe 2:1
when top submerged

1ft below design WS
sediment storage

depth =1" min.
SECTION VIEW Option A
NTS

Note: See detention facility
requirements for location
and setback requirements.

Figure 5.7.4 Stormwater Wetland — Option A
Note: Figure adapted from King County Surface Water Design Manual

access road

DBJ( .
ot spillway
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W 251t
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5" min. (if earthen) b baffl
erm or baffle

at design WS

or submerged 1’
below design WS
extend berm
across entire width

berm top width — - | |
|
[
|
|

design WS
overflow WS

emergency overflow WS

Plantings required for
lake protection facilities
on cut slopes.
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designed to peak flow o oy
for conveyance N .
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energy dissipation per
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NTS

Figure 5.7.5 Stormwater Wetland — Option B
Note: Figure adapted from King County Surface Water Design Manual
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Sizing Procedure

Step 1. The volume of a basic wetpond is used as atemplate for sizing the
stormwater wetland. See Section 5.7.3 for sizing procedure.

Step 2: Calculate the surface area of the stormwater wetland. The surface
area of the wetland shall be the same as the top area of awetpond sized for
the same site conditions. Calculate the surface area of the stormwater
wetland by using the volume from Step 1 and dividing by the average
water depth (typically 3 feet).

Step 3: Determine the surface area of the first cell of the stormwater
wetland. Use the volume determined from Criterion 2 under "Wetland
Geometry”, and the actual depth of the first cell.

Step 4: Determine the surface area of the wetland cell. Subtract the
surface area of thefirst cell (Step 3) from the total surface area (Step 2).

Step 5. Determine water depth distribution in the second cell. Decideif
the top of the dividing berm will be at the surface or submerged
(designer's choice). Adjust the distribution of water depthsin the second
cell according to Criterion 8 under "Wetland Geometry" (below). Note:
Thiswill result in afacility that holds less volume than that determined in
Step 1 above. Thisisacceptable.

Intent: The surface area of the stormwater wetland is set to be roughly
equivalent to that of a wetpond designed for the same site so as not to
discourage use of this option.

Step 6: Choose plants. See Table 5.7.2 for alist of plants recommended
for wetpond water depth zones, or consult awetland scientist.
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Table 5.7.2 -- Emergent wetland plant species recommended for wetponds,

Eastern Washington Arid and Cold Climates

Maximum
Species Common Name Notes Depth
INUNDATION TO 1-FOOT
Deschampsia caespitosa Tufted hairgrass Prairie to coast to 2 feet
Carex nebrascensis Nebraska sedge Wet meadows to pond margins
Eleocharis palustris Spike rush Margins of ponds, wet meadows to 2 feet
Glyceria occidentalis Western mannagrass Marshes, pond margins to 2 feet
Juncus articulatus Jointed rush Wet soils, wetland margins
Smilacina stellata False Solomon'’ s sed Moist aress; needs saturated soilsdl summer
Scirpus validus® Soft-stem bulrush Wet ground to shallow water
Scirpus microcar pus® Small-fruited bulrush Wet ground to 18 inches depth 18 inches
Sagittaria latifolia® Arrowhead Margins of ponds, shallow water
INUNDATION 1 TO 2 FEET
Agrostis idahoensis Idaho bent grass Prairie, wet meadows Does not
withstand
flooding-
moist soil
Alisma plantago-aquatica American water plantain | Shallow to deep marshes
Eleocharis palustris Spike rush Margins of ponds, wet meadows Bestin1'
zone
Calamagrostis canadensis Bluegjoint reedgrass Marshes, pond margins
Juncus ensifolius Dagger-leaf rush Wet meadows, pastures, wetland margins
Scirpus validus® Soft-stem bulrush Wet ground to 18 inches depth 18 inches
Sparganium eurycarpum Broad-fruited burreed Shallow standing water, saturated soils
INUNDATION 1TO 3FEET
Carex nebrascensis Nebraska sedge Wet meadows to pond margins 1.5t0 3 feet
Beckmania syzigachne®™ American sloughgrass Wet meadows to pond margins
Scirpus acutus® Hardstem bulrush Single tall stems, not clumping to 3 feet
Scirpus americanus'? Three-square bulrush
INUNDATION GREATER THAN 3 FEET
Nuphar polysepalum Y ellow water-lily Deep water 3to 7.5 feet
Potamogeton natans Floating-leaf pondweed Shallow to deep ponds to 6 feet
Notes:
@ Non-native species. However Beckmania syzigachne is native to Oregon.
@ Scirpus tubers must be protected from foraging waterfowl until established. Emerging aerial stems should project above water surface

to allow oxygen transport to the roots.

Primary sources: Washington State Department of Ecology, Restoring Wetlands in Washington, Pub. #93-17. Hortus Northwest, Wetland Plants
for Western Oregon, Issue 4, 1993. Hitchcock and Cronquist, Flora of the Pacific Northwest, 1973.
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Lining Requirements

Ininfiltrative soils, both cells of the stormwater wetland shall belined. To
determine whether alow-permeability liner or atreatment liner is
required, determine whether the following conditions will be met. If soil
permeability will allow sufficient water retention, lining may be waived.

1 Thesecond cell must retain water for at least 10 months of the year.

2. Thefirst cell must retain at least three feet of water year-round.

3. A complete precipitation record shall be used when establishing these
conditions. Evapotranspiration losses shall be taken into account as
well asinfiltration losses.

Intent: Many wetland plants can adapt to periods of summer drought, so a
limited drought period is allowed in the second cell. Thismay allow a
treatment liner rather than alow permeability liner to be used for the
second cell. Thefirst cell must retain water year-round in order for the
presettling function to be effective.

T If alow permeability liner is used, aminimum of 18 inches of native
soil amended with good topsoil or compost (one part compost mixed
with 3 parts native soil) must be placed over the liner. For
geomembrane liners, a soil depth of 3 feet is recommended to prevent
damage to the liner during planting. Hydric soils are not required.

The criteriafor liners given in Section 5.8.5 must be observed.
Inlet and Outlet
Same as for wetponds (see BMP T5.70 and BMP T5.71).

Access and Setbacks

f Location of the stormwater wetland relative to site constraints (e.g.,
buildings, property lines, etc.) shall be the same as for detention ponds
(see Chapter 6). See Section 5.3.3 for typical setback requirements for
WQ facilities.

f Access and maintenance roads shall be provided and designed
according to the requirements for detention ponds (see Chapter 6).
Access and maintenance roads shall extend to both the wetland inlet
and outlet structures. An access ramp (7H minimum:1V) shall be
provided to the bottom of the first cell unless all portions of the cell
can be reached and sediment loaded from the top of the wetland side
slopes.

I thedividing bermisalso used for access, it should be built to sustain
loads of up to 80,000 pounds.
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Planting Requirements

The wetland cell shall be planted with emergent wetland plants following
the recommendations given in Table 5.7.2 or the recommendations of a
wetland specialist. Note: Cattails (Typha latifolia) are not recommended.
They tend to escape to natural wetlands and crowd out other species. In
addition, the shoots die back each fall and will result in oxygen depletion
in the wetpool unless they are removed.

Construction Criteria

1 Construction and mai ntenance considerations are the same as for
wetponds.

1 Construction of the naturalistic aternative (Option B) can be easily
done by first excavating the entire area to the 1.5-foot average depth.
Then soil subsequently excavated to form deeper areas can be
deposited to raise other areas until the distribution of depths indicated
in the design is achieved.

Operation and Maintenance

1 Wetlands should be inspected at |east twice per year during the first
three years during both growing and non-growing seasons to observe
plant species presence, abundance, and condition; bottom contours and
water depths relative to plans; and sediment, outlet, and buffer
conditions.

f  Maintenance should be scheduled around sensitive wildlife and
vegetation seasons.

1 Plants may require watering, physical support, mulching, weed
removal, or replanting during the first three years.

1 Nuisance plant species should be removed and desirable species
should be replanted.

1 The effectiveness of harvesting for nutrient control is not well
documented. There are many drawbacks to harvesting, including
possible damage to the wetlands and the inability to remove nutrients
in the below-ground biomass. If harvesting is practiced, it should be
donein the late summer.

Sand Filtration Treatment Facilities
5.8.1 Description

A typical sand filtration system consists of a pretreatment system, flow
spreader(s), a sand bed, and the underdrain piping. The sand filter bed
includes a geotextile fabric between the sand bed and the bottom
underdrain system.
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An impermeable liner under the facility may also be needed if the filtered
runoff requires additional treatment to remove soluble ground water
pollutants, or in cases where additional ground water protection is
mandated. The variations of a sand filter include abasic or large sand
filter, sand filter with level spreader, sand filter vault, and linear sand
filter. (SeeFigure5.8.1 for abasic sand filter.)

5.8.2 Performance Objectives
BMP T5.80 Basic sand filter:

Basic sand filters are expected to achieve the performance goals for Basic
Treatment. Based upon experience in King County and Austin, Texas
basic sand filters should be capable of achieving the following average
pollutant removals:

80 percent TSS at influent Event Mean Concentrations (EMCs) of 30-300
mg/L (King County, 1998) (Chang, 2000) oil and grease to below 10 mg/L
daily average and 15 mg/L at any time, with no ongoing or recurring
visible sheen in the discharge.

BMP T5.81 Large sand filter:

Large sand filters are expected to remove at least 50 percent of the total
phosphorous compounds (as TP) by collecting and treating 95% of the
runoff volume. (ASCE and WEF, 1998)
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5.8.3 Applications and Limitations

Sand filtration can be used in most residential, commercial, and industrial
developments where debris, heavy sediment loads, and oils and greases
will not clog or prematurely overload the sand, or where adequate
pretreatment is provided for these pollutants. Specific applications include
residential subdivisions, parking lots for commercial and industrial
establishments, gas stations, high-use sites, high-density multi family
housing, roadways, and bridge decks.

Sand filters should be located off-line before or after detention. Sand
filters are also suited for locations with space constraints in retrofit, and
new/re-development situations. Overflow or bypass structures must be
carefully designed to handle the larger storms. An off-line system is sized
to treat 90% of the annual runoff volume. If a project must comply with
Core Element #6, Flow Control, the flows bypassing the filter and the
filter discharge must be routed to a retention/detention facility or other
appropriate flow control BMP (for example, infiltration BMPs such as
infiltration trenches or drywells)

Pretreatment is necessary to reduce velocities to the sand filter and remove
debris, floatables, large particulate matter, and oils. In high water table
areas adequate drainage of the sand filter may require additional
engineering analysis and design considerations. Surface filters will not
provide treatment in the winter if the ground is frozen, but may still
provide adequate treatment during warmer months. An underground filter
should be considered in areas subject to freezing conditions. (Urbonas,
1997)

5.8.4 Site Suitability

Thefollowing site characteristics should be considered in siting a sand
filtration system:

I Space availability, including a presettling basin
I Sufficient hydraulic head, at least 4 feet from inlet to outlet

I Average winter conditions at the project site do not create snow or ice
conditions that prevent the filter from operating as designed

f  Adequate Operation and Maintenance capability including
accessibility for O & M

I Sufficient pretreatment of oil, debris and solidsin the tributary runoff
5.8.5 Design Criteria

Objective: To capture and treat the Water Quality Design Storm volume
(when using the Simple Sizing Method described below). Off-line sand
filters can be located either upstream or downstream of detention facilities.
On-line sand filters should only be located downstream of detention.
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Simple Sizing Method This method applies to the off-line placement of
a sand filter upstream or downstream of detention facilities. A
conservative design approach is provided below using arouting
adjustment factor that does not require flow routing computations through
the filter. An alternative simple approach for off-line placement
downstream of detention facilitiesisto route the full 2-year release rate
from the detention facility (sized for duration control) to a sand filter with
sufficient surface areato infiltrate at that flow rate.

Basic Sand Filter For sizing aBasic Sand Filter, a0.7 routing
adjustment factor is applied to compensate for routing through the sand
bed at the maximum pond depth. A flow splitter should be designed to
route the water quality design flow rate to the sand filter.

Large Sand Filter: For sizing aLarge Sand Filter, use the same
procedure as outlined above for the Basic Sand Filter. Then apply a scale-
up factor of 1.6 to the surface area. Thisis considered a reasonable
average for various impervious tributary sources. For a Large Sand Filter
the flow splitter upstream or downstream of the detention facility should
be designed to route the flow rate associated with conveying 95% of the
annual runoff volume to the sand filter. Use the standard water quality
design flow rate multiplied by 1.2.

Note: An overflow should be included in the design of the sand filter
pond. The overflow height should be at the maximum hydraulic head of
the pond above the sand bed.

Example calculation using the simple sizing method and a routing
adjustment factor.

Design Specifications.

Background The sizing of the sand filter is based on routing the design
runoff volume through the sand filter and using Darcy’s Law to account
for the increased flow through the sand bed caused by the hydraulic head
variations in the pond above the sand bed. Darcy’s Law is represented by
the following equation:

Qs =KiAg =FA¢ where: i = (h+L)/L
Therefore, As=Qq«/Ki

Also, Qg=A{QuR/t

Substituting for Qg¢, Ag=A{QyR/Kit
Or, Ag=AQuR/{K(h+L)/Lt}

Or, Ag=AQu4R/Ft

Where:

Qg isthe flow ratein cu. feet per day (or ft¥/sec.) at which runoff is
filtered by the sand filter bed,
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Ay isthe sand filter surface area (sg. ft.)

Qqisthe design storm runoff depth (ft.) for the water quality storm. Itis
estimated using the SCS Curve Number equations detailed in Chapter 4.

R isarouting adjustment factor. Use R =0.7.
A isthetributary drainage area (sq. ft.)

K isthe hydraulic conductivity of the sand bed. Use 2 ft./day or 1.0
inch/hour at full pre-sedimentation

i isthe hydraulic gradient of the pond above the filter; (h+L)/L, (ft/ft)
F=Ki isthefiltration rate, feet/day (or inches per hour)
d is the maximum sand filter pond depth, and h = d/2 in ft.

t is the recommended maximum drawdown time of 24 hours from the
completion of inflow into the sand filter pond (assume ponded pre-settling
basin) of adiscrete storm event to the completion of outflow from the sand
filter underdrain of that same storm event.

L isthe sand bed depth; typically 1.5 ft.
Given condition:
Sedimentation basin fully ponded and no pond water above sand filter

(Full sedimentation prior to sand filter-24 hours residence of WQ storm
runoff)

A =10 acresistributary drainage area
Q4 =0.92 inches (0.0767 ft.), for Y akima Rainfall

with Curve Number = 96.2 for 85% impervious and 15% grass tributary
surfaces

R = 0.7, the routing adjustment factor

Maximum drawdown time through sand filter, 24 hours
Maximum pond depth above sand filter, example at 3 and 6 feet,
h=1.5and 3 feet

Design Hydraulic Conductivity of basic sand filter, K, 2.0 feet/day
(1 inch/hour)

Using Design Equation
Ag = Ag=AQqR/ { K(h+L)/Lt}
At pond depth of 3 feet:

Ag = (10 acres)(43,560 ft¥/acre)(0.0767 ft)(0.7)/ {(2.0 ft/day)(1.5 ft + 1.5
ft)/(1.5 ft) (1 day)}= 5,846 sgquare feet
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Therefore A« for Basic Sand Filter becomes:
5,846 squar e feet at pond depth of 3 feet
Additional Design Infor mation
1. Runoff to be treated by the sand filter must be pretreated (e.g., pre-

settling basin, etc. depending on pollutants) to remove debris and other
solids, and oil from high use sites.

. Inlet bypass and flow spreading structures (e.g., flow spreaders, weirs or

multiple orifice openings) should be designed to capture the applicable
design flow rate, minimize turbulence and to spread the flow uniformly
across the surface of the sand filter. Stoneriprap or other energy
dissipation devices should be installed to prevent gouging of the sand
medium and to promote uniform flow. Include emergency spillway or
overflow structures.

. Thefollowing are design criteriafor the underdrain piping: (types of

underdrainsinclude: a central collector pipe with lateral feeder pipes,
or, a geotextile drain strip in an 8-inch gravel backfill or drain rock
bed, or, longitudinal pipesin an 8-inch gravel backfill or drain rock
with a collector pipe at the outlet end.)

f Upstream of detention underdrain piping should be sized to handle
double the two-year design storm. Downstream of detention the
underdrain piping should be sized for the two-year design storm. In
both instances there should be at least one (1) foot of hydraulic
head above the invert of the upstream end of the collector pipe.

f Interna diameters of underdrain pipes should be a minimum of six
(6) inches and two rows of ¥2-inch holes spaced 6 inches apart
longitudinally (maximum), with rows 120 degrees apart (laid with
holes downward). Maximum perpendicular distance between two
feeder pipes must be 15 feet. All piping isto be schedule 40 PVC
or greater wall thickness. Drain piping could be installed in basin
and trench configurations. Minimum underdrain size should be 8
inchesin diameter if filter is subject to freezing for a month or
more.

' Main collector underdrain pipe should be at a slope of 0.5 percent
minimum (1% if subject to freezing for a month or more.)

A geotextile fabric must be used between the sand layer and drain
rock or gravel and placed so that 1-inch of drain rock/gravel is
above the fabric. Drain rock should be 0.75-1.5 inch rock or
gravel backfill, washed free of clay and organic material. Increase
gravel depth at base of filter to 18 inchesif subject to freezing for a
month or more.

f Cleanout wyes with caps or junction boxes must be provided at
both ends of the collector pipes. Cleanouts must extend to the
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surface of thefilter. A valve box must be provided for access to
the cleanouts. Accessfor cleaning all underdrain piping should be
provided. Thismay consist of installing cleanout ports, which tee
into the underdrain system and surface above the top of the sand
bed. To facilitate maintenance of the sand filter an inlet
shutoff/bypass valve is recommended.

Note: Other equivalent energy dissipaters can be used if needed.

4. Sand Specification The sand in afilter must consist of a medium sand
meeting the size gradation (by weight) given in Table 5.8.1 below. The
contractor must obtain agrain size analysis from the supplier to certify
that the No. 100 and No. 200 sieve requirements are met. (Note:
Sandard backfill for sand drains, Wa. Sd. Spec. 9-03.13, does not
meet this specification and should not be used for sand filters.)

Table5.8.1 - Sand Medium Specification

U.S. Sieve Number | Percent Passing

4 95-100

8 70-100

16 40-90

30 25-75

50 2-25

100 <4

200 <2

Source: King County Surface Water Design Manual, September 1998

5. Impermeable Linersfor Sand Bed Bottom: Impermeable liners are
generally required for soluble pollutants such as metals and toxic
organics and where the underflow could cause problems with
structures. Impermeable liners may be clay, concrete or geomembrane.
Clay liners should have a minimum thickness of 12 inches and meet
the specifications givein Table 5.8.2.

Table5.8.2 - Clay Liner Specifications

Property Test Method Unit Specification

Permeability ASTM D-2434 cm/sec | 1x10°m

Plasticity Index of Clay | ASTM D-423 & D-424 | Percent | Not less than 15

Liquid Limit of Clay ASTM D-2216 Percent | Not less than 30

Clay Particles Passing ASTM D-422 Percent | Not less than 30

Clay Compaction ASTM D-2216 Percent | 95% of Standard Proctor Density

Source: City of Austin, 1988

If ageomembrane liner is used it should have a minimum thickness of
30 mils and be ultraviolet resistant. The geomembrane liner should be
protected from puncture, tearing, and abrasion by installing geotextile
fabric on the top and bottom of the geomembrane.

Concrete liners may also be used for sedimentation chambers and for
sedimentation and sand filtration facilities less than 1,000 square feet
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inarea. Concrete should be 5 inches thick Class A or better and
should be reinforced by steel wire mesh. The steel wire mesh should
be 6 gauge wire or larger and 6-inch by 6-inch mesh or smaller. An
"Ordinary Surface Finish" isrequired. When the underlying soil is
clay or has an unconfined compressive strength of 0.25 ton per square
foot or less, the concrete should have a minimum 6-inch compacted
aggregate base. This base must consist of coarse sand and river stone,
crushed stone or equivalent with diameter of 0.75- to 1-inch.

If an impermeable liner is not required then a geotextile fabric liner
should be installed that retains the sand unless the sand filter has been
excavated to bedrock.

If an impermeable liner is not provided, then an analysis should be
made of possible adverse effects of seepage zones on ground water,
and near building foundations, basements, roads, parking lots and
dloping sites. Sand filters without impermeable liners should not be
built on fill sites and should be located at |east 20-foot downslope and
100-foot upslope from building foundations.

6. Include an access ramp with a slope not to exceed 7:1, or equivalent,
for maintenance purposes at the inlet and the outlet of a surface filter.
Consider an access port for inspection and maintenance.

7. Side slopes for earthen/grass embankments should not exceed 3:1 to
facilitate mowing.

8. High groundwater may damage underground structures or affect the
performance of filter underdrain systems. There should be sufficient
clearance (at least 2 feet is recommended) between the seasonal high
groundwater level (highest level of ground water observed) and the
bottom of the sand filter to obtain adequate drainage.

9. A sport-field sod, grown in sand, may be used on the sand surface. No
other soil may be used due to the high clay content in most sod soils.
No topsoil may be added to sand filter beds because fine-grained
materials (e.g. silt and clay) reduce the hydraulic capacity of thefilter.

5.8.6 Construction Criteria

No runoff should enter the sand filter prior to completion of construction
and approval of site stabilization by the responsible inspector.
Construction runoff may be routed to a pretreatment sedi mentation
facility, but discharge from sedimentation facilities should by-pass
downstream sand filters. Careful level placement of the sand is necessary
to avoid formation of voids within the sand that could lead to short-
circuiting, (particularly around penetrations for underdrain cleanouts) and
to prevent damage to the underlying geomembranes and underdrain
system. Over-compaction should be avoided to ensure adequate filtration
capacity. Sand is best placed with alow ground pressure bulldozer (4 psig
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or less). After the sand layer is placed water settling is recommended.
Flood the sand with 10-15 gallons of water per cubic foot of sand.

5.8.7 Maintenance Criteria

Inspections of sand filters and pretreatment systems should be conducted
every 6 months and after storm events as needed during the first year of

operation, and annually thereafter if filter performs as designed. Repairs
should be performed as necessary. Suggestions for maintenance include:

Accumulated silt, and debris on top of the sand filter should be removed
when their depth exceeds 1/2-inch. The silt should be scraped off during
dry periods with steel rakes or other devices. Once sediment is removed,
the design permeability of the filtration media can typically be restored by
then striating the surface layer of the media. Finer sediments that have
penetrated deeper into the filtration media can reduce the permeability to
unacceptable levels, necessitating replacement of some or all of the sand.

Sand replacement frequency is not well established and will depend on
suspended solids levels entering the filter (the effectiveness of the
pretreatment BMP can be a significant factor).

Frequent overflow into the spillway or overflow structure or slow
drawdown are indicators of plugging problems. A sand filter should empty
in 24 hours following a storm event (24 hours for the pre-settling
chamber), depending on pond depth. If the hydraulic conductivity drops to
one (1) inch per hour corrective action is needed, e.g.:

I Scraping the top layer of fine-grain sediment accumulation (mid-
winter scraping is suggested)

Removal of vegetation

Aerating thefilter surface

Tilling the filter surface (late-summer rototilling is suggested)
Replacing the top 4 inches of sand

Inspecting geotextiles for clogging

= —a _—a _—_a _a _a

For sand filters with sport sod/grass cover, remove and replace sod as
appropriate. Sod removal may not be necessary for aeration of top of
filter sand.

Rapid drawdown in the sand bed (greater than 12 inches per hour)
indicates short-circuiting of the filter. Inspect the cleanouts on the
underdrain pipes and along the base of the embankment for |eakage.

Drawdown tests for the sand bed could be conducted, as needed, during
the wet season. These tests can be conducted by allowing the filter to fill
(or partidly fill) during a storm event, then measuring the decline in water
level over a4-8 hour period. Aninlet and an underdrain outlet valve
would be necessary to conduct such atest.
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Formation of rills and gullies on the surface of the filter indicates improper
function of the inlet flow spreader, or poor sand compaction. Check for
accumulation of debris on or in the flow spreader and refill rillsand

gullies with sand.
Avoid driving heavy equipment on the filter to prevent compaction and rut
formation.
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Sand Filter Vault

5.8.8 Sand Filtration BMPs
BMP T5.82 Sand Filter Vault

Description: (Figure 5.8.2a& b) A sand filter vault is similar to an open
sand filter except that the sand layer and underdrains are installed below
gradein avault. It consists of presettling and sand filtration cells.

Applicationsand Limitations
I Usewhere space limitations preclude above ground facilities
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f Not suitable where high water table and heavy sediment loads are
expected

1 Ané€evation difference of 4 feet between inlet and outlet is needed
Additional Design Criteriafor Vaults

f  Vaults may be designed as off-line systems or on-line for small
drainages

1 Inan off-line system a diversion structure should be installed to divert
the design flow rate into the sediment chamber and bypass the
remaining flow to detention/retention (if necessary to meet Core
Element #6), or to surface water.

f Optimize sand inlet flow distribution with minimal sand bed
disturbance. A maximum of 8-inch distance between the top of the
spreader and the top of the sand bed is suggested. Flows may enter the
sand bed by spilling over the top of the wall into a flow spreader pad
or aternatively a pipe and manifold system may be used. Any pipe
and manifold system must retain the required permanent pool volume
in the first cell, minimize turbulence, and be readily maintainable.

f If aninlet pipe and manifold system is used, the minimum pipe size
should be 8 inches. Multiple inlets are recommended to minimize
turbulence and reduce local flow velocities.

I Erosion protection must be provided along the first foot of the sand
bed adjacent to the spreader. Geotextile fabric secured on the surface
of the sand bed, or equivalent method, may be used.

I Thefilter bed should consist of a sand top layer, and a geotextile fabric
second layer with an underdrain system.

 Design the presettling cell for sediment collection and removal. A V-
shaped bottom, removabl e bottom panels, or equivalent sludge
handling system should be used. One-foot of sediment storage in the
presettling cell must be provided.

 The pre-settling chamber should be constructed to trap oil and trash.
This chamber is usually connected to the sand filtration chamber with
an invert elbow or underflow baffle to protect the filter surface from
oil and trash.

f If aretaining baffleis necessary for oil/floatablesin the presettling
cell, it must extend at |east one foot above to one foot below the design
flow water level. Provision for the passage of flowsin the event of
plugging must be provided. Access opening and ladder must be
provided on both sides of the baffle.

f To prevent anoxic conditions, a minimum of 24 square feet of
ventilation grate should be provided for each 250 square feet of sand
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bed surface area. For sufficient distribution of airflow across the sand
bed, grates may be located in one area if the sand filter is small, but
placement at each end is preferred. Small grates may also be dispersed
over the entire sand bed area.

Provision for access is the same as for wet vaults. Removable panels
must be provided over the sand bed.

Sand filter vaults must conform to the materials and structura
suitability criteria specified for wet vaults.

Provide a sand filter inlet shutoff/bypass valve for maintenance.

A geotextile fabric over the entire sand bed may be installed that is
flexible, highly permeable, three-dimensional matrix, and adequately
secured. Thisisuseful intrapping trash and litter.

BMP T5.83 Linear Sand Filter
Description:

Linear sand filters (Figure 5.8.4) are typically long, shallow, two-celled,
rectangular vaults. Thefirst cell isdesigned for settling coarse particles,
and the second cell contains the sand bed. Stormwater flows into the
second cell viaaweir section that also functions as a flow spreader.

Application and Limitations

1l

Applicable in long narrow spaces such as the perimeter of a paved
surface.

Asapart of atreatment train as downstream of afilter strip, upstream
of an infiltration system, or upstream of awet pond or a biofilter for
oil control.

To treat small drainages (less than 2 acres of impervious area).

To treat runoff from high-use sites for TSS and oil/grease removal, if
applicable.

Additional Design Criteriafor Linear Sand Filters

1l

The two cells should be divided by adivider wall that islevel and
extends a minimum of 12 inches above the sand bed.

Stormwater may enter the sediment cell by sheet flow or a piped inlet.

The width of the sand cell must be 1-foot minimum to 15 feet
maximum.

The sand filter bed must be a minimum of 12 inches deep and have an
8-inch layer of drain rock with perforated drainpipe beneath the sand
layer.

The drainpipe must be 6-inch diameter minimum and be wrapped in
geotextile and sloped a minimum of 0.5 percent.
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' Maximum sand bed ponding depth: 1-foot.
' Must be vented as for sand filter vaults

1 Linear sand filters must conform to the materials and structura
suitability criteria specified for wet vaults.

1 Set sediment cell width as follows:
Sand filter width, (w) inches  12-24  24-48  48-72 72+

Sediment cdll width, inches 12 18 24 w/3

5.9 Evaporation Ponds

Evaporation ponds are ponds with no outlet which settle out the suspended
solids, heavy metals, and hydrocarbons and may be used for water quality
treatment. See Section 5.4 for details on designing evaporation ponds.

5.10 Oil and Water Separators

This section provides a discussion of oil and water separators, including
their application and design criteria. BMPs are described for baffle type
and coalescing plate separators.

5.10.1 Purpose of Oil and Water Separators

To remove oil and other water-insoluble hydrocarbons, and settleable
solids from stormwater runoff.

5.10.2 Description

Oil and water separators are typically the American Petroleum Institute
(API) (also called baffle type) (American Petroleum Institute, 1990) or the
coalescing plate (CP) type using a gravity mechanism for separation. See
Figures 5.10.1 and 5.10.2. Oil removal separatorstypically consist of
three bays; forebay, separator section, and the afterbay. The CP separators
need considerably less space for separation of the floating oil due to the
shorter travel distances between parallel plates. A spill control (SC)
separator (Figure 5.10.3) isasimple catchbasin with a T-inlet for
temporarily trapping small volumes of oil. The spill control separator is
included here for comparison only and is not designed for, or to be used
for treatment purposes.
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Figure 5.10.3 Spill Control Separator (not for oil treatment)

Source: 1992 Ecology Manual

5.10.3 Performance Objectives

Oil and water separators should be designed to remove oil and TPH down
to 15 mg/L at any time and 10 mg/L on a 24-hr average, and produce a
discharge that does not cause an ongoing or recurring visible sheen in the
stormwater discharge, or in the receiving water (see also Section 5.2).

5.10.4 Applications/Limitations

The following are potential applications of oil and water separators where
free oil is expected to be present at treatable high concentrations and
sediment will not overwhelm the separator. (Seattle METRO, 1990;
Watershed Protection Techniques, 1994; King County Surface Water
Management, 1998) For low concentrations of oil, other treatments may
be more applicable. These include sand filters and emerging technol ogies.

Facilities that would require oil control BMPs under the high-use site
threshold described in Chapter 2 — Core Elements include parking lots at
convenience stores, fast food restaurants, grocery stores, shopping malls,
discount warehouse stores, banks, truck fleets, auto and truck dealerships,
and delivery and commercial and industrial areas including petroleum
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storage yards, vehicle maintenance facilities, manufacturing areas,
airports, utility areas (water, electric, gas), and fueling stations.

Without intense maintenance oil/water separators may not be sufficiently
effective in achieving oil and TPH removal down to required levels.

Pretreatment should be considered if the level of TSSin theinlet flow
would cause clogging or otherwise impair the long-term efficiency of the
Separator.

For inflows from small drainage areas (fueling stations, maintenance
shops, etc.) a coalescing plate (CP) type separator is typically considered,
due to space limitations. However, if plugging of the platesislikely, then
anew design basis for the baffle type API separator may be considered on
an experimental basis.

5.10.5 Site Suitability

Consider the following site characteristics:
Sufficient land area

Adequate TSS control or pretreatment capability

Compliance with environmental objectives

= —a —a _a

Adequate influent flow attenuation and/or bypass capability
Sufficient access for operation and maintenance (O & M)
5.10.6 Design Criteria-General Considerations

Thereis concern that oil/water separators used for stormwater treatment
have not performed to expectations.(Watershed Protection Techniques,
1994; Schueler, Thomas R., 1990) Therefore, emphasis should be given
to proper application (see Section 5.4), design, O & M, (particularly
sludge and oil removal) and prevention of CP fouling and plugging.(US
Army of Engineers, 1994) Other treatment systems, such as sand filters
and emerging technologies, should be considered for the removal of
insoluble oil and TPH.

The following are design criteria applicable to APl and CP oil/water
separators.

I If practicable, determine oil/grease (or TPH) and TSS concentrations,
lowest temperature, pH; and empirical oil rise rates in the runoff, and
the viscosity, and specific gravity of the oil. Also determine whether
the oil isemulsified or dissolved. (Washington State Department of
Ecology, 1995) Do not use oil/water separators for the removal of
dissolved or emulsified oils such as coolants, soluble lubricants,
glycols, and acohols.

I Locate the separator off-line and bypass flows in excess of 2.15 times
the Water Quality design flow rate.

June 2003

Chapter 5 — Runoff Treatment Facility Design 5-103



1l
1l

1

FINAL DRAFT

Use only impervious conveyances for oil contaminated stormwater.

Specify appropriate performance tests after installation and
shakedown, and/or certification by a professional engineer that the
separator is functioning in accordance with design objectives.
Expeditious corrective actions must be taken if it is determined the
separator is not achieving acceptable performance levels.

Add pretreatment for TSS that could cause clogging of the CP
separator, or otherwise impair the long-term effectiveness of the
Separator.

Criteria for Separator Bays:

1l

1

Size the separator bay for the Water Quality design flow rate x a
correction factor of 2.15.

To collect floatables and settleable solids, design the surface area of
the forebay at 20 ft2 per 10,000 ft2 of area draining to the separator.
The length of the forebay should be 1/3-1/2 of the length of the entire
separator. Include roughing screens for the forebay or upstream of the
separator to remove debris, if needed. Screen openings should be about
3/4 inch.

Include a submerged inlet pipe with a turn-down elbow in the first bay
at least two feet from the bottom. The outlet pipe should be a Tee,
sized to pass the design peak flow and placed at least 12 inches below
the water surface.

Include a shutoff mechanism at the separator outlet pipe. (King County
Surface Water Management, 1998)

Use absorbents and/or skimmers in the afterbay as needed.

Criteria for Baffles:

1l

Oil retaining baffles (top baffles) should be located at |east at 1/4 of
the total separator length from the outlet and should extend down at
least 50% of the water depth and at least 1 ft. from the separator
bottom.

Baffle height to water depth ratios should be 0.85 for top baffles and
0.15 for bottom baffles.

5.10.7 Oil and Water Separator BMPs

Two BMPs are described in this section. BMP T5.10 for baffle type
separators, and BMP T6.11 for coalescing plate separators.

BMP T5.100 -API (Baffle type) Separator Bay

Design Criteria: The criteriafor small drainagesis based on Vh, Vt,
residence time, width, depth, and length considerations. As a correction
factor API'sturbulence criteriais applied to increase the length.
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Ecology is modifying the API criteriafor treating stormwater runoff from
small drainage area (fueling stations, commercial parking lots, etc.) by
using the design hydraulic horizontal velocity, Vh, for the design Vh/Vt
ratio rather than the APl minimum of Vh/Vt =15. The AP criteria appear
applicable for greater than two acres of impervious drainage area.
Performance verification of this design basis must be obtained during at
least one wet season using the test protocol referenced in Section 5.12 for
new technologies.

The following is the sizing procedure using modified API criteria:

I Determinethe ail riserate, Vt, in cm/sec, using Stokes Law (Water
Pollution Control Federation, 1985), or empirical determination, or
0.033 ft./min for 6001 oil. The application of Stokes' Law to site-based
oil droplet sizes and densities, or empirical rise rate determinations
recognizes the need to consider actual site conditions. In those cases
the design basis would not be the 60 micron droplet size and the 0.033
ft/min. riserate.

I StokesLaw equation for rise rate, Vt (cm/sec):
V= g(Sw-So)D?/18hy)

Where: g = gravitational constant (981 cm/sec?)
D = diameter of the oil particlein cm.

Use  oil particle size diameter, D=60 microns (0.006 cm)
Sw =0.999 gm/cc. at 32° F
So. Select conservatively high oil density,

For example, if diesal oil @ s,=0.85 gm/cc and motor oil @ s, = 0.90 can
be present then use s,=0.90 gm/cc

hy, =0.017921 poise, gm/cm-sec. at T,,=32 °F, (See API Publication 421,
February , 1990)

Use the following separator dimension criteria:

Separator water depth, d 23¢8 feet (to minimize turbulence) (American
Petroleum Institute, 1990; US Army Corps of Engineers, 1994).

Separator width, 6-20 feet (WEF & ASCE, 1998; King County Surface
Water Management, 1998)

Depth/width (d/w) of 0.3-0.5 (American Petroleum Institute, 1990)
For Stormwater Inflow from Drainagesunder 2 Acres.

Determine V; and select depth and width of the separator section based
on above criteria

I Calculate the minimum residence time (t) of the separator at depth d:
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f Caculate the horizontal velocity of the bulk fluid, V, vertical cross-
sectional area, A,, and actual design V/V; (American Petroleum
Institute, 1990; US Army Corps of Engineers, 1994).

Vi =Q/dw = Q/A, (Vn maximum at < 2.0 ft/min.)(American
Petroleum Institute, 1990)

Q = 2.15 x the Water Quality design flow rate in ft&/min, a minimum
residence time, tm

At V/Vdetermine F, turbulence and short-circuiting factor (Appendix
V-D of the SWMMWW) API F factors range from 1.28-1.74.
(American Petroleum Institute, 1990)

I Calculate the minimum length of the separator section, I(s), using:

I(9) = FQtw/wd = F(V/Vy)d

1)) = 1(f) + () +I(@)
1) = 1(8)/3 + I(3) + I (t)/4

Where:

[(t) = total length of 3 bays
[(f) = length of forebay
[(@) = length of afterbay

 CdculateV =I(s)wd = FQtm, and Ah = wl(s)

V = minimum hydraulic design volume

An= minimum horizontal area of the separator
BMP T5.110 - Coalescing Plate (CP) Separator Bay
Design Criteria

Calculate the projected (horizontal) surface area of plates needed using the
following equation:

Calculate the projected (horizontal) surface area of plates needed using the
following equation:

Ap = Q/Vi=Q/0.00386(Sw-So/hw)

Ap = Ay(cosineb)

Where:

Q= 215 x thewater quality design flow rate, ft3/min

V= Riserate of 0.033 ft/min, or empirical determination, or Stokes Law
based

Ap = projected surface area of the plate in ft2; .00386 is unit conversion
constant
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sw=density of water at 32° F
So= density of oil at 32°F
A, = actual plate areain ft2 (one side only)

b = angle of the plates with the horizontal in degrees (usually varies from
45-60 degrees).

hy=viscosity of water at 32° F

1

Plate spacing should be a minimum of 3/4 in (perpendicular distance
between plates). (WEF & ASCE, 1998; US Army Corps of Engineers,
1994; US Aiir Force, 1991; Jaisinghani, R., 1979)

Select a plate angle between 45° to 60° from the horizontal.

Locate plate pack at least 6 inches from the bottom of the separator for
sediment storage

Add 12 inches minimum head space from the top of the plate pack and
the bottom of the vault cover.

Design inlet flow distribution and baffles in the separator bay to
minimize turbulence, short-circuiting, and channeling of the inflow
especially through and around the plate packs of the CP separator. The
Reynolds Number through the separator bay should be <500 (laminar
flow).

Include forebay for floatables and afterbay for collection of effluent.
(WEF & ASCE, 1998)

The sediment-retaining baffle must be upstream of the plate pack at a
minimum height of 18 in. (King County Surface Water Management,
1998).

Design plates for ease of removal, and cleaning with high-pressure
rinse or equivalent.

5.10.8 Operation and Maintenance

1

Prepare, regularly update, and implement an O & M Manual for the
oil/water separators.

Inspect oil/water separators monthly during the wet season of October
1-April 30 (WEF & ASCE, 1998; Woodward-Clyde Consultants) to
ensure proper operation, and, during and immediately after alarge
storm event of greater than or equal to 1 inch per 24 hours.

Clean oil/water separators regularly to keep accumulated oil from
escaping during storms. They must be cleaned by October 15 to
remove material that has accumulated during the dry season
(Woodward-Clyde Consultants), after al spills, and after a significant
storm. Coalescing plates may be cleaned in-situ or after removal from
the separator. An eductor truck may be used for oil, sludge, and
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washwater removal. (King County Surface Water Management, 1998)
Replace wash water in the separator with clean water before returning
it to service.

' Remove the accumulated oil when the thickness reaches 1-inch. Also
remove sludge deposits when the thickness reaches 6 inches (King
County Surface Water Management, 1998).

 Replace oil absorbent pads before their sorbed oil content reaches
capacity.

f Train designated employees on appropriate separator operation,
inspection, record keeping, and maintenance procedures.

See Appendix 5A for more detailed information.

5.11 Phosphorus Treatment and Metals Treatment

5.11.1 Phosphorus Treatment

Where Applied — Phosphorus Treatment applies to projects within
watersheds that have been determined by local governments, the
Department of Ecology, or the USEPA to be sensitive to phosphorus and
that are being managed to control phosphorus inputs from stormwater.

Performance Goal: The Phosphorus Treatment facility choices are
intended to achieve agoal of 50% total phosphorus removal for arange of
influent concentrations of 0.1 — 0.5 mg/l total phosphorus. In addition, the
choices are intended to achieve the Basic Treatment performance goal.
The performance goal appliesto the water quality design storm volume or
flow rate, whichever is applicable, and on an annual average basis. The
incremental portion of runoff in excess of the water quality design flow
rate or volume can be routed around the facility (off-line treatment
facilities), or can be passed through the facility (on-line treatment
facilities) provided a net pollutant reduction is maintained. Ecology
encourages the design and operation of treatment facilities that engage a
bypass at flow rates higher than the water quality design flow rate.
However, thisis acceptable provided that the overall reduction in
phosphorus loading (treated plus bypassed) is at least equal to that
achieved with initiating bypass at the water quality design flow rate.

Phosphorus Treatment Options

Any one of the following options may be chosen to satisfy the phosphorus
treatment requirement.

Infiltration With Appropriate Pretreatment — See Section 5.4.

Infiltration treatment — If infiltration is through soils meeting the
minimum site suitability criteriafor infiltration treatment (see Section
5.4), apresettling basin or a basic treatment facility can serve for
pretreatment.
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Infiltration preceded by Basic Treatment — If infiltration is through
soils that do not meet the site suitability criteriafor infiltration treatment,
treatment must be provided by a basic treatment facility unless the soil and
sitefit the description in the next option below.

Infiltration preceded by Phosphorus Treatment — Requirements to be
determined by TMDL.

Amended Sand Filter — See Section 5.12.

Note: Processed stedl fiber and crushed calcitic limestone are the only
sand filter amendments for which Ecology has data that documents
increased dissolved metals removal. Though Ecology isinterested in
obtaining additional data on the effectiveness of these amendments, local
governments may exercise their judgment on the extent to which to allow
their use.

L arge Wetpond — See Section 5.7.
Media Filter Targeted for Phosphorus Removal — See Section 5.12.

Note: The use of a Sormfilter ™ with iron-infused media is approved for
usein limited circumstances, provided a monitoring program consistent
with adopted protocols is implemented.

Two-Facility Treatment Trains— See Table 5.11.1.
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Table5.11.1 - Treatment Trainsfor Phosphorus Removal

First Basic Treatment Facility

Second Treatment Facility

Biofiltration Swale

Basic Sand Filter or Sand Filter Vault

Vegetated Filter Strip

Linear Sand Filter (no presettling needed)

Linear Sand Filter

Filter Strip

Basic Wetpond

Basic Sand Filter or Sand Filter Vault

Wetvault

Basic Sand Filter or Sand Filter Vault

Basic Combined Detention and Wetpool

Basic Sand Filter or Sand Filter Vault

NOTE: See Section 5.2.3 (or Table 5.2.6) for Cold Weather Considerations and Table 5.2.4 for

Arid and Semi-Arid Climate Considerations.

5.11.2 Metals Treatment

Where Applied: Metals Treatment is required for:

Industrial project sites,

Commercial project sites,

= —a _—a _a

Arterials and highways

Multi-family project sites, and

that discharge to fish-bearing streams, lakes, or to waters or conveyance
systems tributary to fish-bearing streams or lakes. Areas of arterials and
highways, multifamily, industrial and commercial project sites that do not
discharge to fish-bearing streams or lakes or are identified in a storm
drainage comprehensive plan or basin plan as subject to Basic Treatment
requirements are not subject to Metals Treatment requirements. For
developments with amix of land use types, the Metals Treatment
requirement shall apply when the runoff from the areas subject to the
Metals Treatment requirement comprise 50% or more of the total runoff
within athreshold discharge area.

Performance Goal: The Metals Treatment facility choices are intended
to provide a higher rate of removal of dissolved metals than Basic

Treatment facilities. Due to the sparse data available concerning dissolved

metals removal in stormwater treatment facilities, a specific numeric
removal efficiency goa could not be established at the time of publication.
Instead, Ecology relied on available nationwide and local data, and
knowledge of the pollutant removal mechanisms of treatment facilities to
develop the list of options below. In addition, the choices are intended to
achieve the Basic Treatment performance goal. The performance goal
assumes that the facility istreating stormwater with dissolved copper

typically ranging from 0.003 to 0.02 mg/l, and dissolved zinc ranging from

0.02to0 0.3 mgl/l.

The performance goal appliesto the water quality design storm volume or
flow rate, whichever is applicable, and on an annual average basis. The
incremental portion of runoff in excess of the water quality design flow
rate or volume can be routed around the facility (off-line treatment
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facilities), or can be passed through the facility (on-line treatment
facilities) provided a net pollutant reduction is maintained. Ecology
encourages the design and operation of treatment facilities that engage a
bypass at flow rates higher than the water quality design flow rate as long
as the reduction in dissolved metals |oading exceeds that achieved with
initiating bypass at the water quality design flow rate.

Metals Treatment Options

Any one of the following options may be chosen to satisfy the Metals
Treatment requirement:

Infiltration with Appropriate Pretreatment — See Section 5.4.
Infiltration Treatment

If infiltration is through soils meeting the minimum site suitability criteria
for infiltration treatment (see Section 5.4), a presettling basin or abasic
treatment facility can serve for pretreatment.

Infiltration preceded by Basic Treatment

If infiltration is through soils that do not meet the soil suitability criteria
for infiltration treatment, treatment must be provided by a basic treatment
facility unless the soil and site fit the description in the next option below.

Infiltration preceded by Metals Treatment

If the soils do not meet the soil suitability criteriaand the infiltration siteis
within ¥2mile of afish-bearing stream, atributary to afish-bearing stream,
or alake, treatment must be provided by one of the other treatment facility
options listed below.

Large Sand Filter — See Section 5.8.
Amended Sand Filter — See Section 5.12.

Note: Processed stedl fiber and crushed calcitic limestone are the only
sand filter amendments for which Ecology has data that documents
increased dissolved metals removal. Though Ecology isinterested in
obtaining additional data on the effectiveness of these amendments, local
governments may exer cise their judgment on the extent to which to allow
their use.

Two Facility Treatment Trains— See Table 5.11.2.
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Tableb5.11.2 -Treatment Trainsfor Dissolved M etals Removal

First Basic Treatment Facility

Second Treatment Facility

Biofiltration Swale

Basic Sand Filter or Sand Filter Vault or
Media Filter™®

Filter Strip

Linear Sand Filter with no pre-settling cell
needed

Linear Sand Filter

Filter Strip

Basic Wetpond Basic Sand Filter or Sand Filter Vault or
Media Filter™
Wetvault Basic Sand Filter or Sand Filter Vault or

Media Filter”

Basic Combined Detention/Wetpool

Basic Sand Filter or Sand Filter Vault or
Media Filter™®

Basic Sand Filter or Sand Filter Vault Media Filter™

with a presettling cell if the filter isn’t

preceded by a detention facility

D The media must be of a nature that has the capability to remove dissolved

metals effectively based on at least limited data. Ecology includes Stormfilter's ™ leaf

compost and zeolite media in this category.

5.12 Emerging Technologies

Emerging technologies are new technologies that have not been evaluated

using approved protocols, but for which preliminary dataindicate that they

may provide adesirable level of stormwater pollutant removal.

5.12.1 Background

During the last 10 years, new technol ogies have been under development
to meet the needs of urban stormwater pollutant control. However,
because no standardized statewide procedure for evaluating these
technologies was available, local jurisdictions and commercial
establishments have had to individually decide on their use. Thisresulted
in differences in the criteriafor accepting new technol ogies.

Some emerging technol ogies have aready been installed in Washington as

parts of treatment trains or as stand-alone systems for specific
applications. In some cases, emerging technologies are appropriate to
remove metals, hydrocarbons, and nutrients. Emerging technologies can

also be used for retrofits and where land is unavailable for larger treatment

systems.

5.12.2 Ecology Role in Evaluating Emerging Technologies

Ecology has devel oped a new technology evaluation program which is
briefly described in this chapter. The program is based on reviewing
engineering reports on the performance of new technologies and reporting

the results at Ecology's web site.

5-112

Chapter 5 — Runoff Treatment Facility Design

June 2003



FINAL DRAFT

This program includes:

A web site with brief descriptions of each new technology, TRC
recommendations, and Ecology's determinations of the levels of
development of each technology at:
http://www.ecy.wa.gov/programs/wa/stormwater/new_tech/

A Technical Review Committee (TRC) including representatives from
local governments in eastern and western Washington that actsin an
advisory capacity to provide recommendations to Ecology on the level
of development of each technology.

5.12.3 Local Government Evaluation of Emerging
Technologies

Local governments should consider the following as they make decisions
concerning the use of new stormwater technologiesin their jurisdictions:

Remember the goal: The goal of any stormwater management program or
BMP isto treat and release stormwater in a manner that does not harm
beneficial uses. Compliance with water quality standards is one measure
of determining whether beneficial uses will be harmed.

Exer cise reasonable caution: It isimportant to be cautious with the use
of emerging, unproven, technologies for new development and for
retrofits. Before selecting a new technology for alimited application, the
local government should review evaluation information based on an
acceptable protocol.

An emerging technology must not be used for new development sites
unless there are data indicating that its performance is expected to be
reasonably equivalent to a Basic Treatment, or as part of atreatment train.
Local governments can refer to Ecology’ s web site to obtain the latest
performance verification of an emerging technology.

Local governments are encouraged to:

f Conduct a monitoring program, using an acceptable protocol, of those
emerging technologies that have not been verified for limited or full-
scale statewide use at Ecology’ s web site.

f Look for achieving acceptable performance objectives as specified in
Section 5.1.

To achieve the goals of the Clean Water Act and the Endangered Species
Act, local government may find it necessary to retrofit many, existing
stormwater discharges. In retrofit situations the use of any BMPs that
make substantial progress toward these goalsis a step forward and is
encouraged by Ecology. To the extent practical, the performance of these
BM Ps should be evaluated, using approved protocols.
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5.12.4 Testing Protocol

To properly evaluate new technologies, performance data must be
obtained using an accepted protocol. A test protocol has been developed
which servesto standardize the testing conditions. Sampling criteria, site
and technology information, QA/QC, target pollutants, and evaluation
report content, are specified in the protocol.

Other acceptable protocols may also be added to Ecology's web site. Such
protocols may be developed by locdl, state, or federal agencies.

5.12.5 Assessing Levels of Development of Emerging
Technologies

Ecology has received several submittals from vendors to approve their
new technologies for statewide applications. However, none of the
submittals included performance information using the Ecology testing
protocol, or equivalent protocol. Moreover, it is evident that some
technol ogies have been under development for many years and have been
improved considerably during that time.

To assess and classify levels of developments, Ecology is proposing to use
the criteriagiven below. These criteriawill be included on the planned
web site. Emerging technologies shall be used only within the application
criteriaand performance limits listed at Ecology’ s web site. Best
Professional judgment may be used in the interim until the Ecology-TRC
process is operational.

f Pilot UseLevel — Thislevel will be designated for promising
technologies that need more verification testing. Pilot studies could
typically be conducted at roadway, commercial and residential sites, or
specific land uses for which the system is marketed. Runoff at each
site should be tested at full flow (design flow) conditions using
reasonable evaluation criteria before deciding on alimited or genera
statewide use of the technology. The pilot studies should be conducted
during dry and wet seasons.

I General UseLevel —Thislevel will be designated if the evaluation
report demonstrates, with a sufficient degree of confidence, that the
technology is expected to achieve Ecology's performance goals. To
obtain general acceptance in eastern Washington, the performance
criteriaas specified in Section 5.1 must be met using the Ecology
testing protocol, or other acceptable protocol. Final application,
design and O&M criteria, and costs must be determined. Approvals
may include application as part of atreatment train and/or as a stand-
alone BMP.

f Conditional Short-Term Use Designation — This designation can be
issued for those technologies that are in widespread usein
Washington, and that are considered likely to attain a General Use
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Level provided that testing following the Protocol is completed within
a specified time-period.

5.12.6 Examples of Emerging Technologies for
Stormwater Treatment and Control

The descriptions and other supplier information provided in this section
should not be construed as approvals by Ecology of any of the
technologies. Suppliers of these emerging technol ogies are encouraged to
submit performance verification data to Ecology in accordance with the
Ecology-TRC process described earlier in this Section.
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Figure 5.12.1 Vertical Media Filter
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Media Filters

The mediafilter technology has been under development in the Pacific
Northwest since the early 1990s. During the early stages of
development, aleaf compost medium was used in fixed beds, replacing
sand. Continued development of thistechnology is based on placing the
mediain filter cartridges (vertical mediafilters) instead of fixed beds,
and amending the media (Varner, Phyllis, City of Bellevue, 1999) with
constituents that will improve effectiveness (See Figure 5.12.1). Many
systems have been installed in the U.S. The primary target pollutants for
removal are: TSS, total and soluble phosphorous, total nitrogen, soluble
metals, and oil & grease and other organics.

The media can be housed in cartridge filters enclosed in concrete vaults,
or in fixed beds such as the sand filters described in Section 5.8. An
assortment of filter media are available including leaf compost, pleated
fabric, activated charcoal, perlite, amended sand and perlite, and zeolite.
The system functions by routing the stormwater through the filtering or
sorbing medium, which traps particul ates and/or soluble pollutants. (Leif,
Bill, 1999; Stormwater Management Company, 1999)

Media can be selected for removal of TSS, oil/grease or total petroleum
hydrocarbons, soluble metals, nutrients and organics. (See Section 4 for
performance objectives.)

Typical applications and limitations include:

I Pretreatment isrequired for high TSS and/or hydrocarbon loadings
and debris that could cause premature failures due to clogging

f Mediafiltration, such as amended sand, (Varner, Phyllis, City of
Bellevue, 1999) should be considered for some Metals Treatment
applications to remove soluble metals and soluble phosphates

' These systems may be designed as on-line systems for small
drainage areas, or as off-line systems.

1 For off-line applications, flows greater than the design flow shall be
bypassed.

Consider:

Space requirements

Design flow characteristics
Target pollutants

O & M requirements

= =4 —a —a -

Capital and annual costs
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Determine TSS loading and peak design flow.

1l

TSS loading capacity per cartridge based on manufacturer’s loading
and flow design criteriato determine number and size of cartridges.

Evaluate for pre-treatment needs. Typically, roadways, single family
dwellings, and developments with steep slopes and erodible soils
need pretreatment for TSS. Developments producing sustained oil
and grease loads should be evaluated for oil and grease pretreatment
needs.

Select media based on pollutants of concern which are typically
based on land use and local agency guidelines.

Use source control where feasible, including gross pollutant
removal, sweeping, and spill containment Maintain catchbasins as
needed to minimize inlet debris that could impair the operation of
the filter media.

Sedimentation vaults/ponds/ tanks, innovative more efficient
catchbasins, oil/water separators for oil > 25 ppm, or other
appropriate pre-treatment system to improve and maintain the
operational efficiency of the filter media

Bypassing of flows above design flows should be included.

A precast or cast-in-place vault istypically installed over an
underdrain manifold pipe system. Thisisfollowed by installation of
the cartridges.

Prior to cartridge installation construction sites must be stabilized to
prevent erosion and solids loading.

Follow manufacturers O & M guidelines to maintain design flows
and pollutant removals

Based on TSS loading and cartridge capacity cal culate maintenance
frequency Additional Applications, Limitations, Design,
Construction, and Maintenance Criteria (See Ecology web site when
available).

Amended Sand Filter

The addition of mediato improve the pollutant removal capabilities of
basic sand filters.

In athorough study (Varner, Phyllis, City of Bellevue, 1999) of the
performance of sand filters amended with processed steel fiber (95%
sand and 5% processed steel fiber by volume), and crushed calcitic
limestone (90% sand and 10% crushed calcitic limestone by volume), the
City of Bellevue reported significant reductionsin total phosphorus and
dissolved zinc in runoff from the Lakemont residential area. Because the
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Lakemont filter study was a detailed, well-documented, and reviewed
analysis of afull scale operation, Ecology considers this technology as
sufficiently advanced in development to allow its use as an option under
the Metals Treatment Menu and the Phosphorus Treatment Menu. Sand
filters amended with one of these media should be sized using the design
criteriafor abasic sand filter. Ecology prefers that these amendments be
tested at another location to confirm the performances achieved by the
Lakemont study and to further refine the design criteria

Catch Basin Inserts (CBI)

CBIs have been under development for many yearsin the Puget Sound
Basin. They function similarly to media filtration except that they are
typically limited by the size of the catchbasin. They aso arelikely to be
mai ntenance intensive.

Catch basin inserts typically consist of the following components:

1 A structure (screened box, brackets, etc.) which contains a pollutant
removal medium

A means of suspending the structure in a catch basin

1
T A filter medium such as sand, carbon, fabric, etc.
A primary inlet and outlet for the stormwater

1

A secondary outlet for bypassing flows that exceed design flow

By treating runoff close to its source, the volume of flow is minimized
and more effective pollutant removal is therefore possible. Depending on
the insert medium, removals of TSS, organics (including oils), and
metals can be achieved. The main drawbacks are the limited retention
capacities and maintenance requirements on the order of once per month
in the wet season to clean or replace the medium. Based on two studies
of catch basin inserts,(Koon, John, Interagency Catchbasin Insert
Committee, 1995; Leif, William, Snohomish County 1998) the following
are potential limitations and applications for specifically designated
CBls.

1 CBlsare not recommended as a substitute for basic BMPs such as
wet ponds, vaults, constructed wetlands, grass swales, sand filters or
related BMPs.

f CBIscan be used as temporary sediment control devices and
pretreatment at construction sites.

1 CBlscan be considered for oil control at small sites where the insert
medium has sufficient hydrocarbon loading capacity and rate of
removal, and the TSS and debris will not prematurely clog the
insert.
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f CBlscan be used in unpaved areas and should be considered
equivalent to currently accepted inlet protection BMPs.

f CBlscan be used when an existing catch basin lacks a sump or has
an undersized sump.

f CBlscan cause flooding when plugged.

CBIs may be considered in specialized small drainage applications
for specific target pollutants where clogging of the medium will not
be a problem

Manufactured Storm Drain Structures

Most of these types of systems marketed thus far are cylindrical in shape
and are designed to fit into or adjacent to existing storm drainage systems
or catch basins. The removal mechanisms include vortex-enhanced
sedimentation, circular screening, and engineered designs of internal
components, for large particle TSS and large oil droplets.

Vortex-enhanced Sedimentation

Description Vortex-enhanced Sedimentation consists of acylindrical
vessel with tangential inlet flow which spirals down the perimeter, thus
causing the heavier particlesto settle. It uses avortex-enhanced settling
mechanism (swirl-concentration) to capture settleable solids, floatables,
and oil and grease. This system includes awall to separate TSS from oil.
See Figure 5.12.2.
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Figure 5.12.2 - Vortex-enhanced settling mechanism

Applications, Limitations, Design, Construction, and M aintenance
Criteria (See Ecology web site when available).
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Vortex-enhanced Sedimentation and Media Filtration

Description This system uses a two-stage approach which includes a
Swirl Concentrator followed by afiltration chamber. See Figure 5.12.3.

Swird
Concentrator™

lirarinm s m s

Figure 5.12.3 - Vortex-enhanced Sedimentation and
Media Filtration

Cylindrical Screening System

Description This system is comprised of acylindrical screen and
appropriate baffles and inlet/outlet structures to remove debris, large
particle TSS, and large oil droplets. It includes an overflow for flows
exceeding the design flow. Sorbents can be added to the separation
chamber to increase pollutant removal efficiency. See Figure5.12.4.
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Figure 5.12.4 - Screen Separator

Engineered Cylindrical Sedimentation

Description This system is comprised of an engineered internal baffle
arrangement and oil/TSS storage compartment designed to provide
considerably better removals of large particle TSS and oil droplets than
the standard catchbasins. It includes a bypass of flows higher than design
flows, thus preventing scouring of collected solids and oils during the
bigger storms.

5.12.7 High Efficiency Street Sweepers

Description A new generation of street sweepers has been devel oped
that utilize strong vacuumsto pick-up small particulates. They include
mechanical sweeping and air filtration to control air emissionsto
acceptable levels. At least two manufacturers market what is referred to as
a"high-efficiency" street sweeper.

Application High efficiency street sweepers are being marketed for
roadways that are sufficiently accessible, need fine particulate removal
(<250 microns), and for which a sufficient frequency of sweeping can be
maintained to achieve proper removals of street dirt.

Limitations
f Limited field data and dependence on modeling projections
' May not be sufficiently effective during wet conditions
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' More expensive than traditional sweepers - the cost of alternative
BMPs should be compared.

I Increased storm frequency, with short intervals between storms, results
in aneed for increased frequency of sweeping.

' May depend on its availability, particularly during the wet season, and
the need for a minimum in-place backup treatment facility.
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Appendix 5A — Recommended Maintenance Criteria

The facility-specific maintenance standards contained in this section are intended to be
conditions for determining if maintenance actions are required as identified through inspection.
They are not intended to be measures of the facility's required condition at all times between
inspections. In other words, exceedance of these conditions at any time between inspections
and/or maintenance does not automatically constitute aviolation of these standards. However,
based upon inspection observations, the inspection and maintenance schedules shall be adjusted
to minimize the length of time that afacility isin a condition that requires a maintenance action.

No. 1 —Wetponds

Maintenance | Defect Conditions When Maintenance Is Results Expected When
Component Needed Maintenance Is Performed
General Trash & Debris | Any trash and debris which exceed 5 | Trash and debris cleared from site.

cubic feet per 1,000 square feet (this

is about equal to the amount of trash

it would take to fill up one standard

size garbage can). In general, there

should be no visual evidence of

dumping.

If less than threshold all trash and

debris will be removed as part of next

scheduled maintenance.

Poisonous Any poisonous or nuisance No danger of poisonous vegetation

Vegetation and | vegetation which may constitute a where maintenance personnel or the

noxious weeds hazard to maintenance personnel or public might normally be. (Coordinate
the public. with local health department)

Any evidence of noxious weeds as Complete eradication of noxious weeds

defined by State or local regulations. may not be possible. Compliance with
. State or local eradication policies

(Apply requirements of adopted IPM required

policies for the use of herbicides).

Contaminants Any evidence of oil, gasoline, No contaminants or pollutants present.

and Pollution contaminants or other pollutants
(Coordinate removal/cleanup with
local water quality response agency).

Rodent Holes Any evidence of rodent holes if Rodents destroyed and dam or berm
facility is acting as a dam or berm, or | repaired. (Coordinate with local health
any evidence of water piping through | department; coordinate with Ecology
dam or berm via rodent holes. Dam Safety Office if pond exceeds 10

acre-feet.)
June 2003 Chapter 5 — Runoff Treatment Facility Design 5A-1




No. 1 —Wetponds

FINAL DRAFT

Maintenance

Defect

Conditions When Maintenance Is

Results Expected When

Component Needed Maintenance Is Performed

Beaver Dams Dam results in change or function of Facility is returned to design function.
the facility.

y (Coordinate trapping of beavers and
removal of dams with appropriate
permitting agencies)

Insects When insects such as wasps and Insects destroyed or removed from site.
hornets interfere with maintenance ) » ) ) )
activities. Apply insecticides in compliance with

adopted IPM policies

Tree Growth Tree growth does not allow Trees do not hinder maintenance

and Hazard maintenance access or interferes activities. Harvested trees should be

Trees with maintenance activity (i.e., slope recycled into mulch or other beneficial
mowing, silt removal, vactoring, or uses (e.g., alders for firewood).
equipment movements). If trees are
not interfering with access or Remove hazard Trees
maintenance, do not remove
If dead, diseased, or dying trees are
identified
(Use a certified Arborist to determine
health of tree or removal
requirements)

Side Slopes Erosion Eroded damage over 2 inches deep Slopes should be stabilized using

of Pond where cause of damage is still appropriate erosion control measure(s);
present or where there is potential for | e.g., rock reinforcement, planting of
continued erosion. grass, compaction.

Any erosion observed on a If erosion is occurring on compacted

compacted berm embankment. berms a licensed civil engineer should
be consulted to resolve source of
erosion.

Storage Area | Sediment Accumulated sediment that exceeds Sediment cleaned out to designed pond
10% of the designed pond depth shape and depth; pond reseeded if
unless otherwise specified or affects necessary to control erosion.
inletting or outletting condition of the
facility.

Liner (If Liner is visible and has more than Liner repaired or replaced. Liner is fully

Applicable) three 1/4-inch holes in it. covered.
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Maintenance
Component

Defect

Conditions When Maintenance Is
Needed

Results Expected When
Maintenance Is Performed

Pond Berms
(Dikes)

Settlements

Any part of berm which has settled 4
inches lower than the design
elevation.

If settlement is apparent, measure
berm to determine amount of
settlement.

Settling can be an indication of more
severe problems with the berm or
outlet works. A licensed civil
engineer should be consulted to
determine the source of the
settlement.

Dike is built back to the design
elevation.

Piping

Discernable water flow through pond
berm. Ongoing erosion with potential
for erosion to continue.

(Recommend a Goethechnical
engineer be called in to inspect and
evaluate condition and recommend
repair of condition.

Piping eliminated. Erosion potential
resolved.

Emergency
Overflow/
Spillway and
Berms over 4
feet in height.

Tree Growth

Tree growth on emergency spillways
creates blockage problems and may
cause failure of the berm due to
uncontrolled overtopping.

Tree growth on berms over 4 feet in
height may lead to piping through the
berm which could lead to failure of
the berm.

Trees should be removed. If root
system is small (base less than 4
inches) the root system may be left in
place. Otherwise the roots should be
removed and the berm restored. A
licensed civil engineer should be
consulted for proper berm/spillway
restoration.

Piping

Discernable water flow through pond
berm. Ongoing erosion with potential
for erosion to continue.

(Recommend a Goethechnical
engineer be called in to inspect and
evaluate condition and recommend
repair of condition.

Piping eliminated. Erosion potential
resolved.
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Maintenance | Defect Conditions When Maintenance Is Results Expected When
Component Needed Maintenance Is Performed
Emergency Emergency Only one layer of rock exists above Rocks and pad depth are restored to
Overflow/ Overflow/ native soil in area five square feet or design standards.
) Spillway larger, or any exposure of native soil

Spillway at the top of out flow path of spillway.

(Rip-rap on inside slopes need not be

replaced.)

General Water level First cell is empty, doesn't hold water. | Line the first cell to maintain at least 4
feet of water. Although the second
cell may drain, the first cell must
remain full to control turbulence of the
incoming flow and reduce sediment
resuspension.

Trash and Accumulation that exceeds 1 CF per | Trash and debris removed from pond.

Debris 1000-SF of pond area.

Inlet/Outlet Pipe | Inlet/Outlet pipe clogged with No clogging or blockage in the inlet

sediment and/or debris material. and outlet piping.

Sediment Sediment accumulations in pond Sediment removed from pond bottom.

Accumulation in | bottom that exceeds the depth of

Pond Bottom sediment zone plus 6-inches, usually

in the first cell.

Oil Sheen on Prevalent and visible oil sheen. Oil removed from water using oil-

Water absorbent pads or vactor truck.
Source of oil located and corrected.

If chronic low levels of oil persist,
plant wetland plants such as Juncus
effusus (soft rush) which can uptake
small concentrations of oil.

Erosion Erosion of the pond'’s side slopes Slopes stabilized using proper

and/or scouring of the pond bottom, erosion control measures and repair
that exceeds 6-inches, or where methods.
continued erosion is prevalent.
Settlement of Any part of these components that Dike/berm is repaired to
Pond Dike/Berm | has settled 4-inches or lower than the | specifications.
design elevation, or inspector
determines dike/berm is unsound.

Internal Berm Berm dividing cells should be level. Berm surface is leveled so that water
flows evenly over entire length of
berm.

Overflow Rock is missing and soil is exposed Rocks replaced to specifications.

Spillway at top of spillway or outside slope.
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No. 2 — Bio-infiltration/Infiltration Trenches/Basins

Maintenance Defect Conditions When Maintenance Is Results Expected

Component Needed When Maintenance Is
Performed

General Trash & Debris See "Wet Ponds" (No. 1). See "Wet Ponds" (No.

1),

Poisonous/Noxious
Vegetation

See "Wet Ponds" (No. 1).

See "Wet Ponds" (No.
1).

Contaminants and
Pollution

See "Wet Ponds" (No. 1).

See "Wet Ponds" (No.
1).

Rodent Holes

See "Wet Ponds" (No. 1).

See "Wet Ponds" (No.
1).

Storage Area

Sediment

Water ponding in infiltration pond after
rainfall ceases and appropriate time
allowed for infiltration.

(A percolation test pit or test of facility
indicates facility is only working at 90% of
its designed capabilities. If two inches or
more sediment is present, remove).

Sediment is removed
and/or facility is cleaned
so that infiltration
system works according
to design.

Rock Filters

Sediment and

By visual inspection, little or no water flows

Gravel in rock filter is

Debris through filter during heavy rain storms. replaced.
Side Slopes of Erosion See "Wet Ponds" (No. 1). See "Wet Ponds" (No.
Pond 1).
Emergency Tree Growth See "Wet Ponds" (No. 1). See "Wet Ponds" (No.
Overflow Spillway 1).
and Berms over 4
feet in height.

Piping See "Wet Ponds" (No. 1). See "Wet Ponds" (No.

1).

Emergency Rock Missing See "Wet Ponds" (No. 1). See "Wet Ponds" (No.
Overflow Spillway 1).

Erosion See "Wet Ponds" (No. 1). See "Wet Ponds" (No.

1),

Pre-settling Ponds

and Vaults

Facility or sump
filled with Sediment
and/or debris

6" or designed sediment trap depth of
sediment.

Sediment is removed.
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No. 3 — Closed Treatment Systems (Tanks/Vaults)

Maintenance
Component

Defect

Conditions When Maintenance is Needed

Results Expected
When Maintenance
is Performed

Storage Area

Plugged Air Vents

One-half of the cross section of a vent is
blocked at any point or the vent is damaged.

Vents open and
functioning.

Debris and Sediment

Accumulated sediment depth exceeds 10%
of the diameter of the storage area for 1/2
length of storage vault or any point depth
exceeds 15% of diameter.

(Example: 72-inch storage tank would
require cleaning when sediment reaches
depth of 7 inches for more than 1/2 length of
tank.)

All sediment and
debris removed from
storage area.

Joints Between
Tank/Pipe Section

Any openings or voids allowing material to
be transported into facility.

(Will require engineering analysis to
determine structural stability).

All joint between
tank/pipe sections are
sealed.

Tank Pipe Bent Out
of Shape

Any part of tank/pipe is bent out of shape
more than 10% of its design shape. (Review
required by engineer to determine structural
stability).

Tank/pipe repaired or
replaced to design.

Vault Structure
Includes Cracks in
Wall, Bottom,
Damage to Frame
and/or Top Slab

Cracks wider than 1/2-inch and any
evidence of soil particles entering the
structure through the cracks, or
maintenance/inspection personnel
determines that the vault is not structurally
sound.

Cracks wider than 1/2-inch at the joint of any
inlet/outlet pipe or any evidence of soil
particles entering the vault through the walls.

Vault replaced or
repaired to design
specifications and is
structurally sound.

No cracks more than
1/4-inch wide at the
joint of the inlet/outlet

pipe.

Manhole

Cover Not in Place

Cover is missing or only partially in place.
Any open manhole requires maintenance.

Manhole is closed.

Locking Mechanism
Not Working

Mechanism cannot be opened by one
maintenance person with proper tools. Bolts
into frame have less than 1/2 inch of thread
(may not apply to self-locking lids).

Mechanism opens
with proper tools.

Cover Difficult to
Remove

One maintenance person cannot remove lid
after applying normal lifting pressure. Intent
is to keep cover from sealing off access to
maintenance.

Cover can be removed
and reinstalled by one
maintenance person.

Ladder Rungs Unsafe

Ladder is unsafe due to missing rungs,
misalignment, not securely attached to
structure wall, rust, or cracks.

Ladder meets design
standards. Allows
maintenance person
safe access.

Catch Basins

See “Catch Basins”
(No. 5)

See “Catch Basins” (No. 5).

See “Catch Basins”
(No. 5).
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No. 4 — Control Structure/Flow Restrictor for Wetponds

Maintenance

Defect

Condition When Maintenance is Needed

Results Expected

Component When Maintenance
is Performed
General Trash and Debris Material exceeds 25% of sump depth or 1 Control structure

(Includes Sediment)

foot below orifice plate.

orifice is not
blocked. All trash
and debris removed.

Structural Damage

Structure is not securely attached to
manhole wall.

Structure securely
attached to wall and
outlet pipe.

Structure is not in upright position (allow up
to 10% from plumb).

Structure in correct
position.

Connections to outlet pipe are not watertight
and show signs of rust.

Connections to
outlet pipe are water
tight; structure
repaired or replaced
and works as
designed.

Any holes--other than designed holes--in the
structure.

Structure has no
holes other than
designed holes.

Cleanout Gate

Damaged or Missing

Cleanout gate is not watertight or is missing.

Gate is watertight
and works as
designed.

Gate cannot be moved up and down by one
maintenance person.

Gate moves up and
down easily and is
watertight.

Chain/rod leading to gate is missing or
damaged.

Chain is in place
and works as
designed.

Gate is rusted over 50% of its surface area.

Gate is repaired or
replaced to meet
design standards.

Orifice Plate

Damaged or Missing

Control device is not working properly due to
missing, out of place, or bent orifice plate.

Plate is in place and
works as designed.

Obstructions Any trash, debris, sediment, or vegetation Plate is free of all
blocking the plate. obstructions and
works as designed.
Overflow Pipe Obstructions Any trash or debris blocking (or having the Pipe is free of all
potential of blocking) the overflow pipe. obstructions and
works as designed.
Manhole See “Closed See “Closed Treatment Systems” (No. 3). See “Closed
Treatment Systems” Treatment Systems”
(No. 3). (No. 3).
Catch Basin See “Catch Basins” See “Catch Basins” (No. 5). See “Catch Basins”
(No. 5). (No. 5).
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Maintenance Defect Conditions When Maintenance is Needed Results Expected When
Component Maintenance is
performed
General Trash & Trash or debris which is located immediately No Trash or debris located
Debris in front of the catch basin opening or is immediately in front of
blocking inletting capacity of the basin by catch basin or on grate
more than 10%. opening.
Trash or debris (in the basin) that exceeds 60 | No trash or debris in the
percent of the sump depth as measured from | catch basin.
the bottom of basin to invert of the lowest
pipe into or out of the basin, but in no case
less than a minimum of six inches clearance
from the debris surface to the invert of the
lowest pipe.
Trash or debris in any inlet or outlet pipe Inlet and outlet pipes free
blocking more than 1/3 of its height. of trash or debris.
Dead animals or vegetation that could No dead animals or
generate odors that could cause complaints vegetation present within
or dangerous gases (e.g., methane). the catch basin.
Sediment Sediment (in the basin) that exceeds 60 No sediment in the catch
percent of the sump depth as measured from | basin
the bottom of basin to invert of the lowest
pipe into or out of the basin, but in no case
less than a minimum of 6 inches clearance
from the sediment surface to the invert of the
lowest pipe.
Structure Top slab has holes larger than 2 square Top slab is free of holes
Damage to inches or cracks wider than 1/4 inch and cracks.
Frame and/or . N .
Top Slab (Intent is to make sure no material is running
into basin).
Frame not sitting flush on top slab, i.e., Frame is sitting flush on the
separation of more than 3/4 inch of the frame | riser rings or top slab and
from the top slab. Frame not securely firmly attached.
attached
Fractures or Maintenance person judges that structure is Basin replaced or repaired
Cracks in unsound. to design standards.
Basin Walls/
Bottom
Grout fillet has separated or cracked wider Pipe is regrouted and
than 1/2 inch and longer than 1 foot at the secure at basin wall.
joint of any inlet/outlet pipe or any evidence of
soil particles entering catch basin through
cracks.
Settlement/ If failure of basin has created a safety, Basin replaced or repaired
Misalignment function, or design problem. to design standards.
Vegetation Vegetation growing across and blocking more | No vegetation blocking
than 10% of the basin opening. opening to basin.
Vegetation growing in inlet/outlet pipe joints No vegetation or root
that is more than six inches tall and less than | growth present.
six inches apart.
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Maintenance

Defect

Conditions When Maintenance is Needed

Results Expected When

Component Maintenance is
performed

Contamination | See "Wetponds" (No. 1). No pollution present.
and Pollution

Catch Basin Cover | Cover Not in Cover is missing or only partially in place. Catch basin cover is closed
Place Any open catch basin requires maintenance.
Locking Mechanism cannot be opened by one Mechanism opens with
Mechanism maintenance person with proper tools. Bolts proper tools.
Not Working into frame have less than 1/2 inch of thread.

Cover Difficult
to Remove

One maintenance person cannot remove lid
after applying normal lifting pressure.

(Intent is keep cover from sealing off access
to maintenance.)

Cover can be removed by
one maintenance person.

Ladder

Ladder Rungs
Unsafe

Ladder is unsafe due to missing rungs, not
securely attached to basin wall,
misalignment, rust, cracks, or sharp edges.

Ladder meets design
standards and allows
maintenance person safe
access.

Metal Grates
(If Applicable)

Grate opening
Unsafe

Grate with opening wider than 7/8 inch.

Grate opening meets
design standards.

Trash and Trash and debris that is blocking more than Grate free of trash and
Debris 20% of grate surface inletting capacity. debris.

Damaged or Grate missing or broken member(s) of the Grate is in place and meets
Missing. grate. design standards.

No. 6 — Debris Barriers (e.g., Trash Racks)

Maintenance Defect Condition When Maintenance is Results Expected When
Components Needed Maintenance is Performed
General Trash and Trash or debris that is plugging more Barrier cleared to design flow
Debris than 20% of the openings in the barrier. capacity.
Metal Damaged/ Bars are bent out of shape more than 3 Bars in place with no bends more
Missing inches. than 3/4 inch.
Bars.
Bars are missing or entire barrier Bars in place according to design.
missing.
Bars are loose and rust is causing 50% Barrier replaced or repaired to
deterioration to any part of barrier. design standards.
Inlet/Outlet Debris barrier missing or not attached to Barrier firmly attached to pipe
Pipe pipe
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Maintenance Defect Conditions When Maintenance is Results Expected When
Components Needed Maintenance is Performed
External:
Rock Pad Missing or Only one layer of rock exists above Rock pad replaced to design
Moved Rock | native soil in area five square feet or standards.
larger, or any exposure of native soil.
Erosion Soil erosion in or adjacent to rock pad. Rock pad replaced to design
standards.
Dispersion Trench Pipe Accumulated sediment that exceeds Pipe cleaned/flushed so that it
Plugged with | 20% of the design depth. matches design.
Sediment
Not Visual evidence of water discharging at Trench redesigned or rebuilt to
Discharging | concentrated points along trench (normal | standards.
Water condition is a “sheet flow” of water along
Properly trench). Intent is to prevent erosion
damage.
Perforations | Over 1/2 of perforations in pipe are Perforated pipe cleaned or
Plugged. plugged with debris and sediment. replaced.
Water Flows | Maintenance person observes or Facility rebuilt or redesigned to
Out Top of receives credible report of water flowing standards.
“Distributor” | out during any storm less than the design
Catch Basin. | storm or is causing or appears likely to
cause damage.
Receiving Water in receiving area is causing or has | No danger of landslides.
Area Over- potential of causing landslide problems.
Saturated
Internal:
Manhole/Chamber Worn or Structure dissipating flow deteriorates to | Structure replaced to design
Damaged 1/2 of original size or any concentrated standards.
Post, worn spot exceeding one square foot
Baffles, Side | which would make structure unsound.
of Chamber
Other See “Catch Basins” (No. 5). See “Catch Basins” (No. 5).
Defects
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Maintenance Defect or Condition When Recommended Maintenance to Correct
Component Problem Maintenance is Needed Problem
General Sediment Sediment depth exceeds 2 Remove sediment deposits on grass
Accumulation on | inches. treatment area of the bio-swale. When
Grass finished, swale should be level from side
to side and drain freely toward outlet.
There should be no areas of standing
water once inflow has ceased.

Standing Water When water stands in the Any of the following may apply: remove
swale between storms and sediment or trash blockages, improve
does not drain freely. grade from head to foot of swale, remove

clogged check dams, add underdrains or
convert to a wet biofiltration swale.

Flow spreader Flow spreader uneven or Level the spreader and clean so that flows
clogged so that flows are not | are spread evenly over entire swale width.
uniformly distributed through
entire swale width.

Constant When small quantities of Add a low-flow pea-gravel drain the length

Baseflow water continually flow through | of the swale or by-pass the baseflow
the swale, even when it has around the swale.
been dry for weeks, and an
eroded, muddy channel has
formed in the swale bottom.

Poor Vegetation | When grass is sparse or bare | Determine why grass growth is poor and

Coverage or eroded patches occur in correct that condition. Re-plant with plugs
more than 10% of the swale of grass from the upper slope: plant in the
bottom. swale bottom at 8-inch intervals. Or re-

seed into loosened, fertile soil.

Vegetation When the grass becomes Mow vegetation or remove nuisance
excessively tall (greater than vegetation so that flow not impeded.
10-inches); when nuisance Grass should be mowed to a height of 3 to
weeds and other vegetation 4 inches. Remove grass clippings.
starts to take over.

Excessive Grass growth is poor because | If possible, trim back over-hanging limbs

Shading sunlight does not reach and remove brushy vegetation on
swale. adjacent slopes.

Inlet/Outlet Inlet/outlet areas clogged with | Remove material so that there is no
sediment and/or debris. clogging or blockage in the inlet and outlet

area.

Trash and Trash and debris Remove trash and debris from bioswale.

Debris accumulated in the bio-swale.

Accumulation

Erosion/Scouring | Eroded or scoured swale For ruts or bare areas less than 12 inches
bottom due to flow wide, repair the damaged area by filling
channelization, or higher with crushed gravel. If bare areas are
flows. large, generally greater than 12 inches

wide, the swale should be re-graded and
re-seeded. For smaller bare areas,
overseed when bare spots are evident, or
take plugs of grass from the upper slope
and plant in the swale bottom at 8-inch
intervals.
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Maintenance Defect or Condition When Recommended Maintenance to Correct
Component Problem Maintenance is Needed Problem
General Sediment Sediment depth exceeds 2 | Remove sediment deposits, re-level so

Accumulation on | inches. slope is even and flows pass evenly

Grass through strip.

Vegetation When the grass becomes Mow grass, control nuisance vegetation,
excessively tall (greater such that flow not impeded. Grass should
than 10-inches); when be mowed to a height between 3-4 inches.
nuisance weeds and other
vegetation starts to take
over.

Trash and Debris | Trash and debris Remove trash and debris from filter.

Accumulation accumulated on the filter
strip.

Erosion/Scouring | Eroded or scoured areas For ruts or bare areas less than 12 inches
due to flow channelization, | wide, repair the damaged area by filling
or higher flows. with crushed gravel. The grass will creep

in over the rock in time. If bare areas are
large, generally greater than 12 inches
wide, the filter strip should be re-graded
and re-seeded. For smaller bare areas,
overseed when bare spots are evident.

Flow spreader Flow spreader uneven or Level the spreader and clean so that flows
clogged so that flows are are spread evenly over entire filter width.
not uniformly distributed
through entire filter width.
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Maintenance Defect Condition When Maintenance | Results Expected When
Component is Needed Maintenance is Performed
General Trash/Debris Trash and debris accumulated Remove trash and debris from vault.
Accumulation in vault, pipe or inlet/outlet
(includes floatables and non-
floatables).
Sediment Sediment accumulation in vault | Remove sediment from vault.
Accumulation in bottom exceeds the depth of the
Vault sediment zone plus 6-inches.
Damaged Pipes Inlet/outlet piping damaged or Pipe repaired and/or replaced.
broken and in need of repair.
Access Cover Cover cannot be opened or Pipe repaired or replaced to proper
Damaged/Not removed, especially by one working specifications.
Working person.
Ventilation Ventilation area blocked or Blocking material removed or cleared
plugged. from ventilation area. A specified %
of the vault surface area must provide
ventilation to the vault interior (see
design specifications).
Vault Structure Maintenance/inspection Vault replaced or repairs made so
Damage - personnel determine that the that vault meets design specifications
Includes Cracks vault is not structurally sound. and is structurally sound.
in Walls Bottom,
Damage to Frame
and/or Top Slab
Cracks wider than 1/2-inch at Vault repaired so that no cracks exist
the joint of any inlet/outlet pipe wider than 1/4-inch at the joint of the
or evidence of soil particles inlet/outlet pipe.
entering through the cracks.
Baffles Baffles corroding, cracking, Baffles repaired or replaced to
warping and/or showing signs of | specifications.
failure as determined by
maintenance/inspection staff.
Access Ladder Ladder is corroded or Ladder replaced or repaired to
Damage deteriorated, not functioning specifications, and is safe to use as
properly, not attached to determined by inspection personnel.
structure wall, missing rungs, Replace sign warning of confined
has cracks and/or misaligned. space entry requirements. Ladder
Confined space warning sign and entry notification complies with
missing. OSHA standards.
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No. 11 — Sand Filters (above ground/open)

Maintenance Defect Condition When Maintenance is Results Expected When
Component Needed Maintenance is Performed
Above Ground Sediment Sediment depth exceeds 1/2-inch. No sediment deposit on grass layer of
(open sand filter) Accumulation sand filter that would impede
on top layer permeability of the filter section.
Trash and Trash and debris accumulated on Trash and debris removed from sand
Debris sand filter bed. filter bed.

Accumulations

Sediment/ When the clean-outs become full or | Sediment removed from clean-outs.
Debris in partially plugged with sediment
Clean-Outs and/or debris.
Sand Filter Drawdown of water through the Top several inches of sand are
Media sand filter media takes longer than | scraped. May require replacement of
24-hours, and/or flow through the entire sand filter depth depending on
overflow pipes occurs frequently. extent of plugging (a sieve analysis is
helpful to determine if the lower sand
has too high a proportion of fine
material).
Prolonged Sand is saturated for prolonged Low, continuous flows are limited to a
Flows periods of time (several weeks) and | small portion of the facility by using a
does not dry out between storms low wooden divider or slightly
due to continuous base flow or depressed sand surface.
prolonged flows from detention
facilities.
Short When flows become concentrated Flow and percolation of water through
Circuiting over one section of the sand filter sand filter is uniform and dispersed
rather than dispersed. across the entire filter area.
Erosion Erosion over 2-inches deep where Slopes stabilized using proper
Damage to cause of damage is prevalent or erosion control measures.
Slopes potential for continued erosion is
evident.
Rock Pad Soil beneath the rock is visible. Rock pad replaced or rebuilt to
Missing or Out design specifications.
of Place

Flow Spreader

Flow spreader uneven or clogged
so that flows are not uniformly
distributed across sand filter.

Spreader leveled and cleaned so that
flows are spread evenly over sand
filter.

Damaged
Pipes

Any part of the piping that is
crushed or deformed more than
20% or any other failure to the

piping.

Pipe repaired or replaced.
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No. 12 —Sand Filters (below ground/enclosed)

Maintenance Defect Condition When Maintenance is Results Expected When
Component Needed Maintenance is Performed
Below Ground Sediment Sediment depth exceeds 1/2-inch. No sediment deposits on sand
Vault. Accumulation on filter section that which would
Sand Media impede permeability of the filter
Section section.
Sediment Sediment accumulation in vault No sediment deposits in first
Accumulation in bottom exceeds the depth of the chamber of vault.
Pre-Settling sediment zone plus 6-inches.

Portion of Vault

Trash/Debris
Accumulation

Trash and debris accumulated in
vault, or pipe inlet/outlet, floatables
and non-floatables.

Trash and debris removed from
vault and inlet/outlet piping.

Sediment in
Drain
Pipes/Cleanouts

When drain pipes, cleanouts become
full with sediment and/or debris.

Sediment and debris removed.

Short Circuiting

When seepage/flow occurs along the
vault walls and corners. Sand
eroding near inflow area.

Sand filter media section re-laid
and compacted along perimeter
of vault to form a semi-seal.
Erosion protection added to
dissipate force of incoming flow
and curtail erosion.

Damaged Pipes

Inlet or outlet piping damaged or
broken and in need of repair.

Pipe repaired and/or replaced.

Access Cover

Cover cannot be opened,

Cover repaired to proper working

Damaged/Not corrosion/deformation of cover. specifications or replaced.
Working )

Maintenance person cannot remove

cover using normal lifting pressure.
Ventilation Ventilation area blocked or plugged Blocking material removed or

cleared from ventilation area. A
specified % of the vault surface
area must provide ventilation to
the vault interior (see design
specifications).

Vault Structure
Damaged;
Includes Cracks
in Walls, Bottom,
Damage to
Frame and/or
Top Slab.

Cracks wider than 1/2-inch or
evidence of soil particles entering the
structure through the cracks, or
maintenance/inspection personnel
determine that the vault is not
structurally sound.

Vault replaced or repairs made
so that vault meets design
specifications and is structurally
sound.

Cracks wider than 1/2-inch at the joint
of any inlet/outlet pipe or evidence of
soil particles entering through the
cracks.

Vault repaired so that no cracks
exist wider than 1/4-inch at the
joint of the inlet/outlet pipe.

Baffles/Internal
walls

Baffles or walls corroding, cracking,
warping and/or showing signs of
failure as determined by
maintenance/inspection person.

Baffles repaired or replaced to
specifications.
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No. 12 —Sand Filters (below ground/enclosed)

Maintenance

Defect

Condition When Maintenance is

Results Expected When

Component Needed Maintenance is Performed
Access Ladder Ladder is corroded or deteriorated, Ladder replaced or repaired to
Damaged not functioning properly, not securely | specifications, and is safe to use
attached to structure wall, missing as determined by inspection
rungs, cracks, and misaligned. personnel.
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Maintenance Defect Condition When Maintenance is Results Expected When
Component Needed Maintenance is Performed
Below Ground Sediment Sediment depth exceeds 0.25-inches. No sediment deposits which

Vault

Accumulation on
Media.

would impede permeability of
the media.

Sediment
Accumulation in
Vault

Sediment depth exceeds 6-inches in first
chamber.

No sediment deposits in vault
bottom of first chamber.

Trash/Debris
Accumulation

Trash and debris accumulated on filter
bed.

Trash and debris removed from
the filter bed.

Sediment in
Drain
Pipes/Clean-
Outs

When drain pipes, clean-outs, become
full with sediment and/or debris.

Sediment and debris removed.

Damaged Pipes

Any part of the pipes that are crushed or
damaged due to corrosion and/or
settlement.

Pipe repaired and/or replaced.

Access Cover
Damaged/Not
Working

Cover cannot be opened; one person
cannot open the cover using normal
lifting pressure, corrosion/deformation of
cover.

Cover repaired to proper
working specifications or
replaced.

Vault Structure
Includes Cracks
in Wall, Bottom,

Cracks wider than 1/2-inch or evidence
of soil particles entering the structure
through the cracks, or

Vault replaced or repairs made
so that vault meets design
specifications and is structurally

Damage to maintenance/inspection personnel sound.

Frame and/or determine that the vault is not structurally

Top Slab sound.
Cracks wider than 1/2-inch at the joint of | Vault repaired so that no cracks
any inlet/outlet pipe or evidence of soil exist wider than 1/4-inch at the
particles entering through the cracks. joint of the inlet/outlet pipe.

Baffles Baffles corroding, cracking warping, Baffles repaired or replaced to

and/or showing signs of failure as
determined by maintenance/inspection
person.

specifications.

Access Ladder

Ladder is corroded or deteriorated, not

Ladder replaced or repaired and

Damaged functioning properly, not securely meets specifications, and is
attached to structure wall, missing rungs, | safe to use as determined by
cracks, and misaligned. inspection personnel.

Below Ground Filter Media Drawdown of water through the media Media cartridges replaced.
Cartridge Type takes longer than 1 hour, and/or overflow
occurs frequently.

Short Circuiting Flows do not properly enter filter Filter cartridges replaced.
cartridges.
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No. 14 — Baffle Oil/Water Separators (APl Type)

Maintenance Defect Condition When Maintenance is | Results Expected When
Component Needed Maintenance is Performed
General Monitoring Inspection of discharge water for Effluent discharge from vault should
obvious signs of poor water be clear with out thick visible sheen.
quality.
Sediment Sediment depth in bottom of vault | No sediment deposits on vault
Accumulation exceeds 6-inches in depth. bottom that would impede flow
through the vault and reduce
separation efficiency.
Trash and Debris Trash and debris accumulation in | Trash and debris removed from
Accumulation vault, or pipe inlet/outlet, vault, and inlet/outlet piping.
floatables and non-floatables.
Oil Accumulation Oil accumulations that exceed 1- Extract oil from vault by vactoring.
inch, at the surface of the water. Disposal in accordance with state
and local rules and regulations.
Damaged Pipes Inlet or outlet piping damaged or Pipe repaired or replaced.
broken and in need of repair.
Access Cover Cover cannot be opened, Cover repaired to proper working
Damaged/Not corrosion/deformation of cover. specifications or replaced.
Working
Vault Structure Vault replaced or repairs made so
Damage - Includes . o that vault meets design
Cracks in Walls See “Catch Basins” (No. 5) specifications and is structurally
Bottom, Damage to sound.
Frame and/or Top
Slab
Cracks wider than 1/2-inch at the Vault repaired so that no cracks
joint of any inlet/outlet pipe or exist wider than 1/4-inch at the joint
evidence of soil particles entering | of the inlet/outlet pipe.
through the cracks.
Baffles Baffles corroding, cracking, Baffles repaired or replaced to
warping and/or showing signs of specifications.
failure as determined by
maintenance/inspection person.
Access Ladder Ladder is corroded or Ladder replaced or repaired and
Damaged deteriorated, not functioning meets specifications, and is safe to
properly, not securely attached to | use as determined by inspection
structure wall, missing rungs, personnel.
cracks, and misaligned.
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No. 15 — Coalescing Plate Oil/Water Separators

Maintenance Defect Condition When Maintenance is | Results Expected When
Component Needed Maintenance is Performed
General Monitoring Inspection of discharge water for Effluent discharge from vault
obvious signs of poor water should be clear with no thick visible
quality. sheen.
Sediment Sediment depth in bottom of vault | No sediment deposits on vault
Accumulation exceeds 6-inches in depth and/or | bottom and plate media, which
visible signs of sediment on would impede flow through the
plates. vault and reduce separation
efficiency.
Trash and Debris | Trash and debris accumulated in Trash and debris removed from
Accumulation vault, or pipe inlet/outlet, vault, and inlet/outlet piping.
floatables and non-floatables.
Oil Accumulation Oil accumulation that exceeds 1- Oil is extracted from vault using
inch at the water surface. vactoring methods. Coalescing
plates are cleaned by thoroughly
rinsing and flushing. Should be no
visible oil depth on water.
Damaged Plate media broken, deformed, A portion of the media pack or the
Coalescing Plates | cracked and/or showing signs of entire plate pack is replaced
failure. depending on severity of failure.
Damaged Pipes Inlet or outlet piping damaged or Pipe repaired and or replaced.
broken and in need of repair.
Baffles Baffles corroding, cracking, Baffles repaired or replaced to
warping and/or showing signs of specifications.
failure as determined by
maintenance/inspection person.
Vault Structure Cracks wider than 1/2-inch or Vault replaced or repairs made so
Damage - evidence of soil particles entering | that vault meets design
Includes Cracks in | the structure through the cracks, specifications and is structurally
Walls, Bottom, or maintenance/inspection sound.
Damage to Frame | personnel determine that the vault
and/or Top Slab is not structurally sound.
Cracks wider than 1/2-inch at the Vault repaired so that no cracks
joint of any inlet/outlet pipe or exist wider than 1/4-inch at the joint
evidence of soil particles entering | of the inlet/outlet pipe.
through the cracks.
Access Ladder Ladder is corroded or Ladder replaced or repaired and
Damaged deteriorated, not functioning meets specifications, and is safe to
properly, not securely attached to | use as determined by inspection
structure wall, missing rungs, personnel.
cracks, and misaligned.
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Maintenance Defect Conditions When Maintenance is Results Expected When
Component Needed Maintenance is Performed
General Sediment When sediment forms a cap over the No sediment cap on the insert
Accumulation insert media of the insert and/or unit. media and its unit.
Trash and Trash and debris accumulates on insert Trash and debris removed
Debris unit creating a blockage/restriction. from insert unit. Runoff freely
Accumulation flows into catch basin.
Media Insert Not | Effluent water from media insert has a Effluent water from media
Removing Oil visible sheen. insert is free of oils and has no
visible sheen.
Media Insert Catch basin insert is saturated with water | Remove and replace media
Water Saturated | and no longer has the capacity to insert
absorb.
Media Insert-Oil Media oil saturated due to petroleum spill | Remove and replace media
Saturated that drains into catch basin. insert.
Media Insert Use | Media has been used beyond the typical | Remove and replace media at
Beyond Normal average life of media insert product. regular intervals, depending on
Product Life insert product.
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Flow Control Facility Design

Introduction

This chapter of the stormwater manual focuses on techniques and BMPs
related to implementation of Core Element #6 — Flow Control. This
chapter presents methods, criteria, and details for hydraulic analysisand
design of flow control facilities. Flow control facilities are detention,
infiltration, or evaporation facilities engineered to meet the flow control
standards specified by the regulatory agency.

The design criteria outlined in this chapter are applicable only to those
infiltration facilities used for runoff quantity control. Design criteriafor
infiltration facilities used for runoff quality treatment are listed in
Chapter 5.

Design considerations for conveyance systems are not included in the
stormwater manual, as thistopic is adequately covered in standard
engineering references.

Detention Facilities

This section presents the methods, criteria, and details for design and
analysis of detention facilities. These facilities provide for the temporary
storage of increased surface water runoff resulting from devel opment
pursuant to the performance standards set forth by the regulatory agency.

There are three primary types of detention facilities described in this
section: detention ponds, tanks, and vaults.

6.2.1 BMP F 6.10 Detention Ponds

The design criteriain this section are for detention ponds. However, many
of the criteria also apply to infiltration ponds (Section 6.3 and Chapter 5 —
Runoff Treatment Facility Design).

Very large stormwater detention facilities that can impound 10 acre-feet
(435,600 cubic feet; 3.26 million gallons) or more with the water level at
the embankment crest are subject to the state’ s dam safety requirements,
even if water storage is intermittent and infrequent (WAC 173-175-
020(1)). The principal safety concern isfor the downstream population at
risk if the dam should breach and allow an uncontrolled release of the
pond contents. Peak flows from dam failures are typically much larger
than the 100-year flows which these ponds are typically designed to
accommodate.

The Dam Safety Office in the Department of Ecology is availableto
provide written guidance documents and technical assistance to project
owners and design engineers in understanding and addressing the dam
safety requirements for their specific project. If the pond will meet the
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size or depth criteriafor dam safety it is requested that Dam Safety be
contacted early in the facilities planning process.

Electronic versions of the guidance documentsin PDF format are
available on the Department of Ecology Web site at
http://www.ecy.wa.gov/programs/wr/dams/dss.html.

Standard details for detention ponds are shown in Figure 6.2.1 through
Figure 6.2.3. Control structure details are provided in Section 6.2.4.

General

Ponds may be designed as flow-through systems (however, parking lot
storage may be utilized through a back-up system; see Section 6.2.5).
Developed flows must enter through a conveyance system separate from
the control structure and outflow conveyance system. Maximizing
distance between the inlet and outlet is encouraged to promote
sedimentation.

Pond bottoms should be level and be located a minimum of 0.5 foot
(preferably 1 foot) below theinlet and outlet to provide sediment storage.

The design professional should carefully consider and evaluate any
situation where a pond will be situated upslope from a structure or behind
the top of aslope inclined in excess of 15 percent. The minimum setback
from such aslopeisequal to ‘h’, the height of the slope, unless the design
professional can justify alesser setback based on a comprehensive site
evaluation.

Side Slopes

Interior side slopes up to the emergency overflow water surface should
not be steeper than 3H:1V unless afenceis provided (see “Fencing”).

Exterior side slopes should not be steeper than 2H:1V unless analyzed for
stability by a geotechnical engineer.

Pond walls may be vertical retaining walls, provided: (a) they are
constructed of reinforced concrete; (b) afenceis provided along the top of
the wall; (c) the entire pond perimeter may be retaining walls, however, it
is recommended that at least 25 percent of the pond perimeter be a
vegetated soil slope not steeper than 3H:1V; and (d) the design is stamped
by alicensed civil engineer with structural expertise. Other retaining
walls such as rockeries, concrete, masonry unit walls, and keystone type
wall may be used if designed by a geotechnical engineer or acivil
engineer with structural expertise. If the entire pond perimeter isto be
retaining walls, ladders should be provided on the walls for safety
reasons.

Embankments

Pond berm embankments higher than 6 feet must be designed by a
professional engineer with geotechnical expertise.
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For berm embankments 4 feet or less, the minimum top width should be 4
feet or as recommended by a geotechnical engineer.

Pond berm embankments must be constructed on native consolidated soil
(or adequately compacted and stable fill soils analyzed by a geotechnical
engineer) free of loose surface soil materials, roots, and other organic
debris.

Pond berm embankments greater than 4 feet in height must be constructed
by excavating akey equal to 50 percent of the berm embankment
cross-sectional height and width unless specified otherwise by a
geotechnical engineer.

Embankment compaction should be accomplished in such a manner asto
produce a dense, low permeability engineered fill that can tolerate post-
construction settlements with a minimum of cracking. The embankment
fill should be placed on a stable subgrade and compacted to a minimum of
95% of the Modified Proctor Maximum Density, ASTM Procedure
D1557. Placement moisture content should lie within 1% dry to 3% wet
of the optimum moisture content. The referenced degree of compaction
may have to be increased to comply with local regulations.

The berm embankment should be constructed of soils with the following
characteristics: a minimum of 20% silt and clay, a maximum of 60% sand,
amaximum of 60% silt, with nominal gravel and cobble content. Soils
outside this specified range can be used, provided the design satisfactorily
addresses the engineering concerns posed by these soils. The paramount
concerns with these soils are their susceptibility to internal erosion or
piping and to surface erosion from wave action and runoff on the
upstream and downstream slopes, respectively. Anti-seepage filter-drain
diaphragms must be placed on outflow pipes in berm embankments
impounding water with depths greater than 8 feet at the design water
surface. See Dam Safety Guidelines at
www.ecy.wa.gov/programs/wr/dams/dss.html.

Overflow

1. Inall ponds, tanks, and vaults, a primary overflow (usually ariser pipe
within the control structure; see Section 6.2.4) must be provided to
bypass the 25-year developed peak flow over or around the restrictor
system. This assumes the facility will be full due to plugged orifices
or high inflows; the primary overflow isintended to protect against
breaching of a pond embankment (or overflows of the upstream
conveyance system in the case of a detention tank or vault). The
design must provide controlled discharge directly into the downstream
conveyance system or another acceptable discharge point.

2. A secondary inlet to the control structure should be provided in ponds
as additional protection against overtopping should the inlet pipeto
the control structure become plugged. A grated opening (“jailhouse
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window”) in the control structure manhole functions as aweir (see
Figure 6.2.2) when used as a secondary inlet.

Note: The maximum circumferential length of this opening must not
exceed one-half the control structure circumference. The “birdcage’
overflow structure as shown in Figure 6.2.3 may also be used asa
secondary inlet.

Emergency Overflow Spillway

Emergency overflow spillways are intended to control the location of
pond overtopping in the event of total control structure failure (e.g.,
blockage of the control structure outlet pipe) or extreme inflows, and
direct overflows back into the downstream conveyance system or other
acceptabl e discharge point.

Emergency overflow spillways must be provided for ponds with
constructed berms over 2 feet in height, or for ponds located on gradesin
excess of 5 percent. Asan option for ponds with bermslessthan 2 feet in
height and located at grades less than 5 percent, emergency overflow may
be provided by an emergency overflow structure, such as a manhole fitted
with a birdcage as shown in Figure 6.2.3. The emergency overflow
structure must be designed to pass the 25-year devel oped peak flow, with
aminimum 6 inches of freeboard, directly to the downstream conveyance
system or another acceptable discharge point. Where an emergency
overflow spillway would discharge to a steep slope, consideration should
be given to providing an emergency overflow structure in addition to the
spillway.

The emergency overflow spillway must be armored with riprap. The
spillway must be armored full width, beginning at a point midway across
the berm embankment and extending downstream to where emergency
overflows re-enter the conveyance system (see Figure 6.2.2). Guidance
for the design of the riprap can be found in HEC-11, "Design of Riprap
Revetment,” and HEC-14, "Hydraulic Design of Energy Dissipators for
Culverts and Channels.”

Emergency overflow spillway designs should be analyzed as broad-
crested trapezoidal welirs.

Access
The following guidelines for access may be used.

M aintenance access road(s) should be provided to the control structure
and other drainage structures associated with the pond (e.g., inlet or
bypass structures). It isrecommended that manhole and catch basin lids
bein or at the edge of the access road and at |east three feet from a
property line.

An access ramp is needed for removal of sediment with atrackhoe and
truck. The ramp should extend to the pond bottom if the pond bottom is
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greater than 1,500 square feet (measured without the ramp) and it may
end at an elevation 4 feet above the pond bottom, if the pond bottom is
less than 1,500 sguare feet (measured without the ramp).

On large, deep ponds, truck access to the pond bottom via an access ramp
is necessary so loading can be done in the pond bottom. On small deep
ponds, the truck can remain on the ramp for loading. On small shallow
ponds, aramp to the bottom may not be required if the trackhoe can load a
truck parked at the pond edge or on the internal berm of a wetpond or
combined pond (trackhoes can negotiate interior pond side slopes).

Access ramps must meet the requirements for design and construction of
access roads specified below.

If afenceisrequired, access should be limited by a double-posted gate or
by bollards —that is, two fixed bollards on each side of the access road
and two removable bollards equally located between the fixed bollards.

Design of Access Roads

The design guidelines for access road are given below.
Maximum grade should be 20 percent.

Outside turning radius should be a minimum of 40 feet.

Fence gates should be located only on straight sections of road.

Access roads should be 15 feet in width on curves and 12 feet on straight
sections.

A paved apron must be provided where access roads connect to paved
public roadways.

Construction of Access Roads

Access roads may be constructed with an asphalt or gravel surface, or
modular grid pavement. All surfaces must conform to the jurisdictional
standards and manufacturer's specifications.

Fencing

A fence may also be needed around impoundments of open water. Refer
to the Uniform Building Code or local building codes for fencing
requirements in these areas.

Right-of-Way

Right-of-way may be needed for detention pond maintenance. Itis
recommended that any tract not abutting public right-of-way have 15-20
foot wide extension of the tract to an acceptable access location.

Setbacks

It is recommended that the ponded area be a minimum of 20 feet from any
structure, property line, and any vegetative buffer required by the local
government. Side slopes for the pond or berm should be a minimum of
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5 feet from any structure or property line. The detention pond water
surface at the pond outlet invert elevation must be set back 100 feet from
proposed or existing septic system drainfields. However, the setback
requirements are generally specified by the local government, Uniform
Building Code, or other statewide regulation, and may be different from
those mentioned above.

The design professional should carefully consider and evaluate any
situation where an infiltration facility will be situated upslope from a
structure or behind the top of aslope inclined in excess of 15 percent.
The minimum setback from such aslopeisequal to ‘h’, the height of the
slope, unless the design professional can justify alesser setback based on
acomprehensive site evaluation.

Seeps and Springs

Intermittent seeps along cut slopes are typically fed by a shallow
groundwater source (interflow) flowing along arelatively impermeable
soil stratum. These flows are storm driven and should discontinue after a
few weeks of dry weather. However, more continuous seeps and springs,
which extend through longer dry periods, are likely from a deeper
groundwater source. When continuous flows are intercepted and directed
through flow control facilities, adjustments to the facility design may have
to be made to account for the additional base flow (unless already
considered in design).

Planting Requirements

Exposed earth on the pond bottom and interior side slopes may be sodded
or seeded with an appropriate seed mixture. All remaining areas of the
tract may be planted with grass or be landscaped. See Chapter 7 -
Construction Stormwater Pollution Prevention for typical seed mixes.

L andscaping

If provided, landscaping should adhere to the criteria that follow so as not
to hinder maintenance operations. Landscaped stormwater tracts may, in
some instances, provide arecreational space. In other instances,
“naturalistic” stormwater facilities may be placed in open space tracts.

The following guidelines should be followed if landscaping is proposed
for facilities.

1. No treesor shrubs may be planted within 10 feet of inlet or outlet
pipes or manmade drainage structures such as spillways or flow
spreaders. Species with roots that seek water, such as willow or
poplar, should be avoided within 50 feet of pipes or manmade
structures.

2. Planting should be restricted on berms that impound water either
permanently or temporarily during storms. This restriction does not
apply to cut slopes that form pond banks, only to berms.
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a) Trees or shrubs may not be planted on portions of water
impounding berms taller than four feet high. Only grasses may be
planted on berms taller than four feet.

Grasses allow unobstructed visibility of berm slopes for detecting
potential dam safety problems such as animal burrows, slumping,
or fracturesin the berm.

b) Trees planted on portions of water-impounding berms less than 4
feet high must be small, not higher than 20 feet mature height, and
have afibrous root system.

These trees reduce the likelihood of blow-down trees, or the
possibility of channeling or piping of water through the root
system, which may contribute to dam failure on berms that retain
water.

. All landscape material, including grass, should be planted in good

topsoil. Native underlying soils may be made suitable for planting if
amended with 4 inches of well-aged compost tilled into the subgrade.
Compost used should meet specifications for Grade A compost quality
as described in Ecology publication 94-38.

. Sail in which trees or shrubs are planted may need additional

enrichment or additional compost top-dressing. Consult a
nurseryman, landscape professional, or arborist for site-specific
recommendations.

. For anaturalistic effect as well as ease of maintenance, trees or shrubs

should be planted in clumps to form “landscape islands’ rather than
evenly spaced.

The landscaped islands should be a minimum of six feet apart, and if
set back from fences or other barriers, the setback distance should also
be aminimum of 6 feet. Where tree foliage extends low to the
ground, the six foot setback should be counted from the outer drip line
of the trees (estimated at maturity). This setback allows a 6-foot wide
mower to pass around and between clumps.

. Evergreen trees and trees which produce relatively little leaf-fall (such

as ash, locust, hawthorn) are preferred in areas draining to the pond.

. Trees should be set back so that branches do not extend over the pond

(to prevent leaf-drop into the water). Drought tolerant species are
recommended.
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Access ramp“ Tract lines as required
into pond
nce road
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¥ See Figure 6.2.2
for section cut
diagrams

Note:

This detail is a schematic representation only. Actual configuration Figure 6.2.1 - Typical
will vary depending on specific site constraints and applicable Detention Pond
design criteria.
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Figure 6.2.2 Typical Detention Pond Sections
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_ \7 15° (typ) see note 1
3/4" diameter smooth . /C‘\ 4 hook clamps evenly
bars equally spaced- - ) : piaced see detail below
{4 ©.C. max.) : '

"t

M

Provide maintenance access
by welding 4 crossbars to 4
vertical bars as shown.

Hinge upper ends with flanges/
bolts and provide locking
mechanism {padiock) on

. ! lower end.
L“Ey Locats steps directly below

_TA

lower stesl band 3/4™ x 47 wide 3/4" dia. smooth round bars
formed to fit in groove welded equally spaced.
of C.B. riser ) Bars shall be welded to
: upper & iower bands
24 {24 bands evenly spaced
see see note 1)

A

SECTION A-A
NTS

C.B. riser

DETAIL HOOK CLAMP
NTS

NOTES: _ _

1. Dimensions are for Alustration on 547 diameter CB For different diameter CB's adjust to maintain 45°

angle on "vertical” bars and 7* o.c. maximum spacing of bars argund lower steel band.

2. Metal parts must ba corosion resistant; stee! bars must be galvanized. . T

3. This debris barrier is also recommended for use on the inlet to' roadway cross-culverts with high

" potential for debris collection (except on type 2 streams)

Figure 6.2.3 Overflow Structure
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General. Maintenanceis of primary importance if detention ponds are to
continue to function as originally designed. A local government, a
designated group such as a homeowners' association, or some individual
should accept the responsibility for maintaining the structures and the
impoundment area. A specific maintenance plan should be formulated
outlining the schedule and scope of maintenance operations. Debris
removal in detention basins can be achieved through the use of trash racks
or other screening devices.

Design with maintenance in mind. Good maintenance will be crucial to
successful use of the impoundment. Hence, provisions to facilitate

mai ntenance operations must be built into the project when it isinstalled.
Maintenance should be a basic consideration in design and in
determination of first cost. See Appendix 6A for specific maintenance
requirements.

Any standing water removed during the maintenance operation must be
disposed of to a sanitary sewer at an approved discharge location.
Pretreatment may be necessary. Residuals must be disposed of in
accordance with state and local solid waste regulations (See Minimum
Functiona Standards For Solid Waste Handling, Chapter 173-304 WAC).

Vegetation. If ashallow marsh is established, then periodic removal of
dead vegetation may be necessary. Since decomposing vegetation can
release pollutants captured in the detention pond, especially nutrients, it
may be necessary to harvest dead vegetation annually prior to the winter
season. Otherwise the decaying vegetation can export pollutants out of the
pond and also can cause nuisance conditions to occur.

Sediment. Maintenance of sediment forebays and attention to sediment
accumulation within the pond is extremely important. Sediment deposition
should be periodically monitored in the basin. Owners, operators, and

mai ntenance authorities should be aware that significant concentrations of
metals (e.g., lead, zinc, and cadmium) as well as some organics such as
pesticides, may be expected to accumulate at the bottom of these treatment
facilities. Testing of sediment, especialy near points of inflow, should be
conducted periodically to determine the leaching potential and level of
accumulation of potentially hazardous material before disposal.

Detention Volume and Outflow. The volume and outflow design for
detention ponds must be in accordance with the requirements of Core
Element #6, and the hydrologic analysis and design methods in Chapter 4.
Design guidelines for restrictor orifice structures are given in Section 6.2.4.

Note: The design water surface elevation is the highest elevation which
occursin order to meet the required outflow performance for the pond.

Detention Pondsin Infiltrative Soils. Detention ponds may occasionally
be sited on soils that are sufficiently permeable for a properly functioning
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infiltration system. These detention ponds have a surface discharge and
may also utilize infiltration as a second pond outflow. Detention ponds
sized with infiltration as a second outflow must meet all the requirements
of Section 6.3 for infiltration ponds, including a soils report, testing,
groundwater protection, pre-settling, and construction techniques.

Emergency Overflow Spillway Capacity. For impoundments under 10-
acre-feet, the emergency overflow spillway weir section must be designed
to pass the 25-year runoff event for devel oped conditions assuming a
broad-crested weir. The broad-crested weir equation for the spillway
section in Figure 6.2.4, for example, would be:

2 8
Qs =C(29) *? 5 LH¥? + 1 Tan9) H?] (Eq. 5.2.1)

Where Qs = peak flow for the 25-year runoff
event (cfs)

discharge coefficient (0.6)
gravity (32.2 ft/sec?)

length of weir (ft)

height of water over weir (ft)
angle of side slopes

Q IrrQn
TR TR T

Assuming C = 0.6 and Tan g = 3 (for 3:1 slopes), the equation becomes:
Qa5 = 3.21[LH¥*? + 2.4 H¥?] (Eq. 5.2.2)

To find length L for the weir section, the equation is rearranged to use the
computed Qs and trial values of H (0.2 feet minimum):

L =[Qus/(3.21H¥%)] - 24H  or 6 feet minimum (Eq. 5.2.3)

emergency overfiow
v Water surface -

Figure 6.2.4 Weir Section for Emergency Overflow Spillway
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6.2.2 BMP F 6.11 Detention Tanks

Detention tanks are underground storage facilities typically constructed
with large diameter corrugated metal pipe. Standard detention tank details
are shown in Figures 6.2.5 and 6.2.6. Control structure details are shown
in Section 6.2.4.

General. Typical design guidelinesare asfollows:

1. Tanksmay be designed as flow-through systems with manholesin line
(see Figure 6.2.5) to promote sediment removal and facilitate
maintenance. Tanks may be designed as back-up systemsif preceded
by water quality facilities, since little sediment should reach the
inlet/control structure and low head losses can be expected because of
the proximity of the inlet/control structure to the tank

2. The detention tank bottom should be located 0.5 feet below the inlet
and outlet to provide dead storage for sediment.

3. The minimum pipe diameter for a detention tank is 36 inches.

4. Tankslarger than 36 inches may be connected to each adjoining
structure with a short section (2-foot maximum length) of 36-inch
minimum diameter pipe.

Note: Control and access manholes should have ladder rungs to allow
ready access to all tank access pipes when the catch basin sump is
filled with water.

Materials. Pipe material, joints, and protective treatment for tanks should
be in accordance with Section 9.05 of the WSDOT/APWA Standard
Specification.

Structural Stability. Tanks must meet structural requirements for
overburden support and traffic loading if appropriate. H-20 live loads, or
other loading criteria applicable to the site, must be accommodated for
tanks lying under parking areas and access roads. Metal tank end plates
must be designed for structural stability at maximum hydrostatic loading
conditions. Flat end plates generally require thicker gage material than the
pipe and/or require reinforcing ribs. Tanks must be placed on stable, well
consolidated native material with a suitable bedding. Tanks must not be
placed in fill slopes, unless analyzed in a geotechnical report for stability
and constructability.

Buoyancy. In moderately pervious soils where seasona groundwater may
induce flotation, buoyancy tendencies must be balanced either by
ballasting with backfill or concrete backfill, providing concrete anchors,
increasing the total weight, or providing subsurface drains to permanently
lower the groundwater table. Calculations that demonstrate stability must
be documented.

Access. Thefollowing guidelines for access may be used.
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1. The maximum depth from finished grade to tank invert should be 20
feet.

2. Access openings should be positioned a maximum of 50 feet from any
location within the tank.

3. All tank access openings should have round, solid locking lids (usually
1/2 to 5/8-inch diameter Allen-head cap screws).

4. 36-inch minimum diameter CMP riser-type manholes (Figure 6.2.6) of
the same gage as the tank material may be used for access along the
length of the tank and at the upstream terminus of the tank in a backup
system. The top slab is separated (1-inch minimum gap) from the top
of the riser to allow for deflections from vehicle loadings without
damaging the riser tank.

5. All tank access openings must be readily accessible by maintenance
vehicles.

6. Tanks must comply with the OSHA confined space requirements,
which includes clearly marking entrances to confined space areas. This
may be accomplished by hanging aremovable sign in the access
riser(s), just under the accesslid.

Access Roads Accessroads are needed to all detention tank control
structures and risers. The access roads must be designed and constructed
as specified for detention pondsin Section 6.2.1.

Right-of-Way. Right-of-way may be needed for detention tank
maintenance. It isrecommended that any tract not abutting public right-of-
way have a 15 to 20-foot wide extension of the tract to accommodate an
access road to the facility.

Setbacks. It isrecommended that facilities be a minimum of 5 feet from
any structure, property line, and any vegetative buffer required by the local
government and from any septic drainfield. However, the setback
regquirements are generally specified by the local government, Uniform
Building Code, or other statewide regulation and may be different from
those mentioned above.

Provisions to facilitate maintenance operations must be built into the
project when it isinstalled. Maintenance must be a basic consideration in
design and in determination of first cost. See Appendix 6A for specific
mai ntenance requirements.

Methods of Detention Volume and Outflow. The volume and outflow design for

Analysis detention tanks must be in accordance with the requirements of the
regulatory agency and the hydrologic analysis and design methodsin
Chapter 4 - Hydrologic Analysis and Design. Restrictor and orifice design
are given in Section 6.2.4.
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P optional paralle! tank

\ accass ;isers /

See anu_re 5.2.6

'PLAN VIEW
- NTS
*Flow-through”® system shown solid.
- Designs for “flow backup™ system and
paraliel tanks shown dashed

2" min, diameter air vent

pipe welded to tank

. (required if no access
riser on tank)

100 max

|——50’ MEX — /acc risem\

[ _ ] = $
2 max. ) ) J
./ '
. 0.5" sediment '
o il N e et =
e 1 * i TN, o -
e mm \36" min. " Ndefention tank . |5 macc
diameter {typ) size as required ) '
control structure l -
FROP-T shown, : ; -
( min. 54 dia? : : - SECTION-A-A
Type2CB NTS
- sae Section S2.4 “Flow through™ system shown solid.
NOTE:
All metai parts corrosion resistant.

Steel paris galvanized and asphalt © . Figure 6.2.5 Typical Detention Tank
coaled (Treatment 1 or better). _ '
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- standard type 2-60" diam. \

CB concrete top slab

frame locking lid

36" CMP riser —

standard locking -
M.H. frame & cover

compacted pipe bedding

M.H. steps 12" O.C.

weld or boit
standard M.H. steps

_4- (marked “DRAIN™}
7T mounted over 24" diam.
N[/ eccentric opening
- 6"

maintain 1° gap between

bottom of slab & top of
riser — provide pliable

gasket to exclude dirt

riser, 36" diam. min.,
same material & gage as
- tank welded or fused {o tank

detention tank
SECTION Figure 6.2.6 Detention
NTS Tank Access Detail

Notes for Figure 6.2.6:

Use adjusting blocks as required to bring frame to grade.

All materials to be auminum or galvanized and asphalt coated
(Treatment 1 or better).

Must be located for access by maintenance vehicles.

May substitute WSDOT specia Type IV manhole (RCP only).
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6.2.3 BMP F 6.12 Detention Vaults

Detention vaults are box-shaped underground storage facilities typically
constructed with reinforced concrete. A standard detention vault detail is
shown in Figure 6.2.7. Control structure details are shown in Section
6.2.4.

General. Typical design guidelines are as follows:

1. Detention vaults may be designed as flow-through systems with
bottoms level (longitudinally) or sloped toward the inlet to facilitate
sediment removal. Distance between the inlet and outlet should be
maximized (as feasible).

2. The detention vault bottom may slope at least 5 percent from each side
towards the center, forming abroad “v” to facilitate sediment removal.
More than one “v” may be used to minimize vault depth. However, the
vault bottom may be flat with 0.5-1 foot of sediment storage if
removable panels are provided over the entire vault. It isrecommended
that the removable panels be at grade, have stainless steel lifting eyes,
and weigh no more than 5 tons per panel.

3. Theinvert elevation of the outlet should be elevated above the bottom
of the vault to provide an average 6 inches of sediment storage over the
entire bottom. The outlet should also be elevated a minimum of 2 feet
above the orifice to retain oil within the vault.

Materials. Minimum 3,000 psi structural reinforced concrete may be used
for detention vaults. All construction joints must be provided with water
stops.

Structural Stability. All vaults must meet structural requirements for
overburden support and H-20 traffic loading (See Standard Specifications
for Highway Bridges, 1998 Interim Revisions, American Association of
State Highway and Transportation Officials). Vaults located under
roadways must meet any live load requirements of the local government.
Cast-in-place wall sections must be designed as retaining walls. Structural
designs for cast-in-place vaults must be stamped by alicensed civil
engineer with structural expertise. Vaults must be placed on stable, well-
consolidated native material with suitable bedding. Vaults must not be
placed in fill slopes, unless analyzed in a geotechnical report for stability
and constructability.

Access. Access must be provided over theinlet pipe and outlet structure.
The following guidelines for access may be used.

1. Access openings should be positioned a maximum of 50 feet from any
location within the tank. Additional access points may be needed on
large vaults. If more than one “v” is provided in the vault floor, access
to each “v” must be provided.
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2. For vaults with greater than 1,250 square feet of floor area, a5' by 10'
removable panel should be provided over the inlet pipe (instead of a
standard frame, grate and solid cover). Alternatively, a separate access
vault may be provided.

3. For vaults under roadways, the removable panel must be located outside
the travel lanes. Alternatively, multiple standard locking manhole
covers may be provided. Ladders and hand-holds need only be
provided at the outlet pipe and inlet pipe, and as needed to meet OSHA
confined space requirements. Vaults providing manhole access at 12-
foot spacing need not provide corner ventilation pipes as specified in
[tem 10 below.

4. All access openings, except those covered by removable panels, may
have round, solid locking lids, or 3-foot square, locking diamond plate
covers.

5. Vaults with widths 10 feet or less must have removable lids.

6. The maximum depth from finished grade to the vault invert should be
20 feet.

7. Interna structural walls of large vaults should be provided with
openings sufficient for maintenance access between cells. The
openings should be sized and situated to allow accessto the
maintenance “v” in the vault floor.

8. The minimum internal height should be 7 feet from the highest point of
the vault floor (not sump), and the minimum width should be 4 feet.
However, concrete vaults may be aminimum 3 feet in height and width
if used as tanks with access manholes at each end, and if the width isno
larger than the height. Also the minimum internal height requirement
may not be needed for any areas covered by removable panels.

9. Vaults must comply with the OSHA confined space requirements,
which includes clearly marking entrances to confined space areas. This
may be accomplished by hanging a removable sign in the access
riser(s), just under the access lid.

10. Ventilation pipes (minimum 12-inch diameter or equivalent) should be
provided in all four corners of vaultsto alow for artificial ventilation
prior to entry of maintenance personnel into the vault. Alternatively
removable panels over the entire vault may be provided.

Access Roads. Access roads are needed to the access panel (if applicable),
the control structure, and at least one access point per cell, and they may be
designed and constructed as specified for detention pondsin Section 6.2.1.

Right-of-Way. Right-of-way is needed for detention vaults maintenance.
It is recommended that any tract not abutting public right-of-way should
have a 15 to 20-foot wide extension of the tract to accommodate an access
road to the facility.
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Setbacks. It isrecommended that facilities be a minimum of 20 feet from
any structure, property line, and any vegetative buffer required by the local
government and from any septic drainfield. However, the setback
requirements are generally specified by the local government, uniform
building code, or other statewide regulation and may be different from
those mentioned above.

The design professional should carefully consider and evaluate any
situation where a pond will be situated upslope from a structure or behind
the top of aslope inclined in excess of 15 percent. The minimum setback
from such aslope is equal to 'h', the height of the slope, unless the design
professional can justify alesser setback based on a comprehensive site
evaluation.

Maintenance. Provisions to facilitate maintenance operations must be
built into the project when it isinstalled. Maintenance must be abasic
consideration in design and in determination of first cost. See Appendix
6A for specific maintenance requirements.

Methods of Detention Volume and Outflow. The volume and outflow design for

Analysis detention vaults must be in accordance with the requirements of the
regulatory agency and the hydrologic analysis and design methods in
Chapter 4. Restrictor and orifice design are given in Section 6.2.4.
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6.2.4 Control Structures

Control structures are catch basins or manholes with arestrictor device for
controlling outflow from afacility to meet the desired performance. Riser
type restrictor devices (“tees’) or flow restrictor oil pollution control tees
(“FROP-TS") also provide some incidental oil/water separation to
temporarily detain oil or other floatable pollutants in runoff dueto
accidental spill or illegal dumping.

The restrictor device usually consists of two or more orifices and/or aweir
section sized to meet performance requirements.

Standard control structure details are shown in Figures 6.2.8 and 6.2.9.

Multiple Orifice Restrictor. In most cases, control structures need only
two orifices: one at the bottom and one near the top of the riser, athough
additional orifices may best utilize detention storage volume. Several
orifices may be located at the same elevation if necessary to meet
performance requirements.

Control Structure | Pond Head

outlet pipe very low
v-notch weir low
dlotted weir moderate

multi-stage orifice | high

A 1-inch diameter minimum orifice is recommended, but must be
confirmed with the requirements of the local jurisdiction.

1. Minimum orifice diameter is 1.0 inches, subject to confirmation by the
local jurisdiction. Note: In some instances, a 0.5-inch bottom orifice
will be too large to meet target release rates, even with minimal head.
In these cases, the live storage depth need not be reduced to less than 3
feet in an attempt to meet the performance standards. Also, under such
circumstances, flow-throttling devices may be afeasible option. These
devices will throttle flows while maintaining a plug-resistant opening.

2. Orifices may be constructed on atee section as shown in Figure 6.2.8
or on a baffle as shown in Figure 6.2.9.

3. In some cases, performance requirements may require the top
orifice/elbow to be located too high on theriser to be physically
constructed (e.g., a 13-inch diameter orifice positioned 0.5 feet from
the top of theriser). In these cases, a notch weir in the riser pipe may
be used to meet performance requirements (see Figure 6.2.12).

4. Consideration must be given to the backwater effect of water surface
elevations in the downstream conveyance system. High tailwater
elevations may affect performance of the restrictor system and reduce
live storage volumes.

June 2003
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Riser and Weir Restrictor.

1. Properly designed weirs may be used as flow restrictors (see Figures
6.2.11 and 6.2.12). However, they must be designed to provide for
primary overflow of the developed 25-year peak flow discharging to
the detention facility.

2. The combined orifice and riser (or weir) overflow may be used to meet
performance requirements; however, the design must still provide for
primary overflow of the developed 25-year peak flow assuming all
orifices are plugged. Figure 6.2.13 can be used to calculate the head in
feet above ariser of given diameter and flow.

Access. The following guidelines for access may be used.

1. Anaccessroad to the control structure is needed for inspection and
maintenance, and must be designed and constructed as specified for
detention pondsin Section 6.2.1.

2. Manhole and catch basin lids for control structures must be locking,
and rim elevations must match proposed finish grade.

3. Manholes and catch-basins must meet the OSHA and WISHA confined
space requirements, which include clearly marking entrances to
confined space areas. This may be accomplished by hanging a
removable sign in the access riser, just under the access lid.

Information Plate. Itisrecommended that a brass or stainless steel plate
be permanently attached inside each control structure with the following
information engraved on the plate:

Name and file number of project

Name and company of (1) developer, (2) engineer, and (3) contractor
Date constructed

Date of manual used for design

Ouitflow performance criteria

Release mechanism size, type, and invert elevation

List of stage, discharge, and volume at one-foot increments

Elevation of overflow

= —a _—a _—a _—_a _—_a _—_a _—_a _a

Recommended frequency of maintenance.
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Maintenance. Control structures and catch basins have a history of
maintenance-related problems and it isimperative that a good maintenance
program be established for their proper functioning. A typical problemis
that sediment builds up inside the structure which blocks or restricts flow to
theinlet. To prevent this problem these structures should be routinely
cleaned out. Regular inspections of control structures should be conducted
to detect the need for non-routine cleanout, especially if construction or
land-disturbing activities are occurring in the contributing drainage area.

A 15-foot wide access road to the control structure should be installed for
inspection and maintenance. Appendix 6A provides maintenance
recommendations for control structures and catch basins.

Methods of This section presents the methods and equations for design of control
Analysis structure restrictor devices. Included are details for the design of orifices,
rectangular sharp-crested weirs, v-notch weirs, sutro weirs, and overflow
risers.
Orifices. Flow-through orifice plates in the standard tee section or turn-
down elbow may be approximated by the general equation:
Q=CA 2gh (Eq. 5.2.4)
where Q = flow (cfs)
C = coefficient of discharge (0.62 for plate orifice)
A = areaof orifice (ft?)
h = hydraulic head (ft)
g = gravity (32.2 ft/sec?)
Figure 6.2.10 illustrates this simplified application of the orifice equation.
The diameter of the orificeis calculated from the flow. The orifice
equation is often useful when expressed as the orifice diameter in inches:
[36.88Q
d= (Eq. 5.2.5)
Jh
where d = orifice diameter (inches)
Q =flow (cfs)
h = hydraulic head (ft)
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Q = CA, V2ghy, + CAVZgh;
= CVZ5 (Ax/hp + AYy)

hb = distance from hydraulic grade fine
at the 2-year flow of the cutflow pipe
1o the overflow elevation

T \n ] . _ . .
orifice (b) Figure 6.2.10 Simple Orifice

Rectangular Sharp-Crested Weir. The rectangular sharp-crested weir
design shown in Figure 6.2.11 may be analyzed using standard weir
equations for the fully contracted condition.

Q=C (L - 02H)H ™ (Eq. 5.2.6)

where Q = flow (cfs)
C=3.27 + 0.40 H/P (ft)
H, P are as shown below
L = length (ft) of the portion of the riser circumference

as necessary, not to exceed 50 percent of the circumference
D = insideriser diameter (ft)

Note that this equation accounts for side contractions by
subtracting 0.1H from L for each side of the notch weir.

v
Lz H =
-
P
———
, . ~ PLAN
NTS
SECTION Figure 6.2.11 - Rectangular,
NTS ' Sharp Crested Weir
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V-Notch Sharp-Crested Weir. V-notch weirs as shown in Figure 6.2.12
may be analyzed using standard equations for the fully contracted
condition.

2.9

28 i

27 \\‘ -
.Cd 26 S~ 201 f""e
25 iN‘S B

A
g paai=s

e

)

A‘J__ o SECTION AfA

NTS

Q = Cu(Tan d2)Y *2, in cfs

Where values of Cd. may be taken from the fdllowing chart:

. ‘\'6'00 ) #‘qﬁ )
2.4 %

0-.2 0.4 26 0.8 Figure 6.2.12 V-Notch, Sharp-
arfqQ

B0 Crested Weir
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Riser Overflow. The nomograph in Figure 6.2.13 can be used to
determine the head (in feet) above ariser of given diameter and for agiven
flow (usually the 25-year peak flow for developed conditions).

100

72 54 48 P P’
.4 .
/77w A
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7 e A
V1Y gl s
/ {4 /27 /,/

e
7 // 24
/;%r/// . ra uf
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7 ity
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01 HEAD IN FEET (measured from crest of riser)

Q,,.=9.739 DH?
Figure 6.2.13 Riser Qornc,=23.782 D*H™

Infl I Q in cfs, D and H in feet
ntlow Lurves Slope change occurs at weir-arifice transition
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6.2.5 Supplemental Guidelines for Detention

Use of Parking Lotsfor Additional Detention. Private parking lots may
be used to provide additional detention volume for runoff events greater
than the design storm, provided all of the following are met:

1. The depth of water detained does not exceed 1 foot at any location in
the parking lot for runoff events up to and including the 100-year event.

2. Thegradient of the parking lot area subject to ponding is 1 percent or
greater.

3. The emergency overflow path isidentified and noted on the engineering
plan. The overflow must not create a significant adverse impact to
downhill properties or drainage system.

4. Firelanesused for emergency equipment are free of ponding water for
al runoff events up to and including the 100-year event.

Infiltration of Stormwater for Quantity Control

6.3.1 Description

Aninfiltration BMP istypically an open basin (pond), trench, or buried
perforated pipe used for distributing the stormwater runoff into the
underlying soil (See Figure 6.3.2). Stormwater drywells receiving
uncontaminated or properly treated stormwater can aso be considered as
infiltration facilities. (See Underground Injection Control Program,
Chapter 173-218 WAC).

Coarser more permeable soils can be used for quantity control provided
that the stormwater discharge does not cause a violation of ground water
quality criteria. Treatment for removal of TSS, oil, and/or soluble
pollutants may be necessary prior to conveyance to an infiltration BMP.
Companion practices, such as street sweeping, catch basin inserts, and
similar BMPs can provide additional benefit, and reduce the cleaning and
maintenance needs for the infiltration facility. The hydraulic design goal
should be to mimic the natural hydrologic balance between surface and
groundwater.

6.3.2 Applications

Infiltration facilities are used to convey stormwater runoff from new
development or redevelopment to the ground and ground water after
appropriate treatment. Runoff in excess of the infiltration capacity must
be detained and released in compliance with the flow control requirements
of the local jurisdiction.

Infiltration facilities may be used for quantity control where treatment is
not required or for flows greater than the water quality design storm, or
where runoff is treated prior to discharge. See Susceptibility Rating

June 2003
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Tables 5.6.1 to 5.6.3 and the matrix of treatment requirementsin Table
5.6.4 for determining when treatment is required prior to infiltration.

Discharge of uncontaminated or properly treated stormwater to drywells
must be done in compliance with Ecology’ s UIC regulations (Chapter
173-218 WAC).

Benefits of infiltration include:
f Ground water recharge

1 Retrofitsin limited land areas: Infiltration trenches can be considered
for residential lots, commercial areas, parking lots, and open space
areas.

1 Hood control
 Streambank erosion control

Not all sites are suitable for infiltration facilities. The following Site
Suitability Criteria should be considered when evaluating a site for its
ability to utilize infiltration.

SSC-1 Setback Criteria

Setback requirements are generally required by local regulations, uniform
building code requirements, or other state regulations.

These Setback Criteria are provided as guidance.

I Stormwater 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 supplies. Infiltration facilities upgradient of
drinking water supplies and within 1, 5, and 10-year time of travel
zones, and specia zones, must comply with Health Dept. requirements
(Washington Wellhead Protection Program, DOH, 12/93).

f  Additional setbacks must be considered if roadway deicers or
herbicides are likely to be present in the influent to the infiltration
system

' From building foundations; 2 20 feet downslope and 2100 feet upsiope
f From aNative Growth Protection Easement (NGPE); 220 feet

 Thedesign professional should carefully consider and evaluate any
situation where a pond will be situated upslope from a structure or
behind the top of aslope inclined in excess of 15 percent. The
minimum setback from such aslopeis equal to 'h', the height of the
slope, unless the design professional can justify alesser setback based
on a comprehensive site evaluation.

f Evauate on-site and off-site structural stability due to extended
subgrade saturation and/or head loading of the permeable layer,
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including the potential impacts to downgradient properties, especially
on hills with known side-hill seeps.

SSC-2 Ground Water Protection Areas

A siteisnot suitableif theinfiltration facility will cause a violation of
Ecology's Ground Water Quality Standards. Local jurisdictions should be
consulted for applicable pollutant removal requirements upstream of the
infiltration facility, and to determine whether the siteislocated in an
aquifer sensitive area, sole source aquifer, or awellhead protection zone.

SSC-3 High Vehicle Traffic Areas

Aninfiltration BMP may be considered for runoff from areas of industrial
activity and the high vehicle traffic areas described below. For such
applications sufficient pollutant removal (including oil removal) must be
provided upstream of the infiltration facility to ensure that ground water
quality standards will not be violated and that the infiltration facility is not
adversely affected.

High Vehicle Traffic Areas are:

' Commercial or industrial sites subject to an expected average daily
traffic count (ADT) 2100 vehicles/1,000 ft2 gross building area (trip
generation), and

 Road intersections with an ADT of 2 25,000 on the main roadway, or
2 15,000 on any intersecting roadway .

SSC-4 Sail Infiltration Rate/Drawdown Time

Design to completely drain ponded runoff within 72 hours after flow to it
has stopped.

SSC-5 Depth to Bedrock, Water Table, or Imper meable L ayer

The base of al infiltration basins or trench systems should be 2 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
ground water mounding analysis, volumetric receptor capacity, and the
design of the overflow and/or bypass structures are judged by the design
professional to be adequate to prevent overtopping and meet the site
suitability criteria specified in this section.

SSC-6 Previoudly contaminated soilsor unstable soils

The design professional should investigate whether the soil under the
proposed infiltration facility has contaminants that could be transported by
infiltrate from the facility. If so, measures should be taken for remediation
of the site prior to construction of the facility, or an aternative location
should be chosen. The designer should also determine if the soil beneath
the proposed infiltration facility is unstable, due to improper placement of

June 2003
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fill, subsurface geologic features, etc. If so, further investigation and
planning should be undertaken prior to siting of the facility.

6.3.3 Determination of Infiltration Rates

Many qualitative and quantitative procedures have been developed to
estimate the infiltration rates of soils, including those created by the
American Society for Testing and Materials (ASTM), the Sail
Conservation Service (SCS), American Association of State Highway and
Transportation Officials (AASHTO), and the Bureau of Reclamation.
Common field and laboratory test procedures include the constant-head
permeability test, test pits, and the borehole percolation test.

A reliable, cost-effective approach to estimating infiltrative capacities of
soilsis based on standard laboratory grain size analysis (ASTM D2487-
90) and/or Atterberg limits determinations (ASTM D4318-84), in
conjunction with the ASTM D2488-90 visual/manual procedure. Guidance
for conducting geotechnical studies that support presumptive infiltration
rates are contained in Appendix 6B. Infiltration rates for surface BMPs are
shownin Table5.4.1.

6.3.4 General Design, Maintenance, and Construction
Criteria for Infiltration Facilities

This section covers design, construction and maintenance criteria that
apply to subsurface infiltration facilities such as drywells, infiltration
basins, and trenches.

The size of theinfiltration facility can be determined by routing the
appropriate stormwater runoff through it. To prevent the onset of
anaerobic conditions, the infiltration facility must be designed to drain
completely 72 hours after the flow to it has stopped.

Inflow to infiltration facilities is cal culated according to the methods
described in Chapter 4. The storage volume in the pond, drywell,
perforated pipe, or voidsin the gravel, is used to detain runoff prior to
infiltration. The infiltration rate and size of the infiltration areaare used in
conjunction with the size of the storage area to design the facility.

In genera, an infiltration facility should have two discharge modes. The
primary mode of discharge from an infiltration facility isinfiltration into
the ground. However, when the infiltration capacity of the facility is
reached, additional runoff to the facility will cause the facility to overflow.
Overflows from an infiltration facility must comply with the requirements
of the local jurisdiction.
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Slope of the base of the infiltration facility should be lessthan 3
percent.

Spillways/Overflow structures- A nonerodible outlet or spillway with a
firmly established elevation must be constructed to discharge overflow.
Ponding depth, drawdown time, and storage volume are calculated
from that reference point.

Excavate infiltration trenches and basins to final grade only after
construction has been completed and all upgradient soil has been
stabilized. Initial basin excavation should be conducted to within 1-foot
of the final elevation of the basin floor. Any accumulation of silt in the
infiltration facility must be removed before putting it in service. After
construction is completed, prevent sediment from entering the
infiltration facility by first conveying the runoff water through an
appropriate pretreatment system such as a pre-settling basin, wet pond,
or sand filter.

Infiltration facilities should generally not be used as temporary
sediment traps during construction. If aninfiltration facility isto be
used as a sediment trap, it must not be excavated to final grade until
after the upgradient drainage area has been stabilized.

Traffic Control - Relatively light-tracked equipment is recommended
for this operation to avoid compaction of the basin floor. The use of
draglines and trackhoes should be considered for constructing
infiltration basins. The infiltration area should be flagged or marked to
keep heavy equipment away.

Provision should be made for regular and perpetual maintenance of the
infiltration basin/trench, with adequate access. Maintenance should be
conducted when water remainsin the basin or trench for more than 72
hours. An Operation and Maintenance Plan, approved by the local
jurisdiction, should ensure maintaining the desired infiltration rate.

Debris/sediment accumulation- Removal of accumulated
debris/sediment in the basin/trench should be conducted every 6
months or as needed to prevent clogging, or when water remainsin the
pond for greater than 72 hours.

Seepage Analysis and Control — Determine whether there would be any
adverse effects caused by seepage zones on nearby building
foundations, basements, roads, parking lots or sloping sites.

During the initial operation, verification of facility performanceis

Performance recommended, along with a maintenance program that resultsin
achieving expected performance levels. Operating and maintaining
ground water monitoring wellsis also encouraged.
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6.3.5 BMP F 6.20 Drywells
This section covers design and maintenance criteria specific for drywells.

Drywells are subsurface concrete structures, typically precast, that convey
stormwater runoff into the soil matrix. They can be used as standalone
structures, or as part of alarger drainage system (i.e., the overflow for a
bio-infiltration swale).

Figures 6.3.1 through 6.3.3 show typical infiltration drywell systems (at the
time of publication of this document). These systems are designed as
specified below.

Drywell bottoms should be a minimum of 5 feet above seasonal high
groundwater level or impermeable soil layers. Refer to the Site Suitability
Criteriain this chapter.

Typicaly drywells are 48 inches in diameter (minimum) and have a depth
of approximately 5 to 10 feet, or more.

Filter fabric (geotextile) may need to be placed on top of the drain rock and
on trench or drywell sides prior to backfilling to prevent migration of fines
into the drain rock, depending on local soil conditions and local
jurisdiction requirements.

Drywells should be no closer than 30 feet center to center or twice the
depth in free flowing soils, whichever is greater.

Drywells should not be built on slopes greater than 25% (4:1).

Drywells may not be placed on or above alandslide hazard area or slopes
greater than 15% without evaluation by a professional engineer with
geotechnical expertise or qualified geologist and jurisdiction approval.

1 Remove debris and sediment from the drywell grate on a semi-annual
basis, or as required to prevent the buildup of materials that could
inhibit infiltration.
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City of East Wenatchee Standard Detail
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Figure 6.3.1 - Sample Infiltration Drywell
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Spokane County Standard Detail
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6.3.6 BMP F 6.21 Infiltration Ponds

This section covers design and maintenance criteria specific for infiltration
ponds (see schematic in Figure 6.3.4).

Infiltration ponds are earthen impoundments used for the collection,
temporary storage and infiltration of incoming stormwater runoff. See
Table 5.4.1 for design infiltration rates.

I Access should be provided for vehicles to easily maintain the forebay
(presettling pond) area and not disturb vegetation, or resuspend
sediment any more than is necessary. See Section 6.2.1 for design
criteriaregarding access roads.

1 A minimum of one foot of freeboard is recommended when
establishing the design ponded water depth. Freeboard is measured
from the rim of the infiltration facility to the maximum ponding level
or from the rim down to the overflow point if overflow or a spillway is
included.

f Lining Material - Ponds can be open or covered with a6 to 12-inch
layer of filter material such as coarse sand, or a suitable filter fabric to
help prevent the buildup of impervious deposits on the soil surface. A
nonwoven geotextile should be selected that will function sufficiently
without plugging. Thefilter layer can be replaced or cleaned when/if it
becomes clogged.

1 Vegetation — The embankment, emergency spillways, spoil and borrow
areas, and other disturbed areas should be stabilized and planted,
preferably with grass, in accordance with the Stormwater Site Plan
(See Chapter 3). Without healthy vegetation the surface soil pores
would quickly plug.

f Maintain pond floor and side slopesto minimize erosion. This
enhances infiltration, prevents erosion and consequent sedimentation of
the pond floor, and prevents invasive weed growth. Where
appropriate, bare spots are to be immediately stabilized and
revegetated.

I Vegetation growth should not be allowed to exceed 18 inchesin height.
Mow the slopes periodically and check for clogging, and erosion.

1 Seed mixtures should be appropriate for the climate. The use of slow-
growing, stoloniferous grasses will permit long intervals between
mowing. Mowing twice ayear is generally satisfactory. Fertilizers
should be applied only as necessary and in limited amountsto avoid
contributing to ground water pollution. Consult the local extension
agency for appropriate fertilizer types, including slow release
fertilizers, and application rates.
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6.3.7 BMP F 6.22 Infiltration Trenches

This section covers design, construction, and maintenance criteria specific
for infiltration trenches.

Description f Infiltration trenches are generdly at least 24 inches wide, and are
backfilled with a coarse stone aggregate, allowing for temporary
storage of stormwater runoff in the voids of the aggregate material.
Stored runoff then gradually infiltrates into the surrounding soil. The
surface of the trench can be covered with grating and/or consist of
stone, gabion, sand, or a grassed covered areawith a surface inlet.
Perforated rigid pipe of at least 8-inch diameter can also be used to
distribute the stormwater in a stone trench.

1 SeeFigures6.3.5- 6.3.9 for examples of trench designs.
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Source: Schueler (reproduced with permission)

Design Criteria

l

Due to accessibility and maintenance limitations infiltration trenches
must be carefully designed and constructed. The local jurisdiction
should be contacted for additional specifications.

Consider including an access port or open or grated top for
accessibility to conduct inspections and maintenance.

Backfill Material - The aggregate material for the infiltration trench
should consist of a clean aggregate with a maximum diameter of 3
inches and a minimum diameter of 1.5 inches. Void space for these
aggregates should be in the range of 30 to 40 percent. For calculations
assume a void space of 30 percent maximum.

Perforated Pipe - a minimum of 8-inch perforated pipe should be
provided to increase the storage capacity of the infiltration trench and
to enhance conveyance of flows throughout the trench area.

Geotextile fabric liner - The aggregate fill material shall be completely
encased in an engineering geotextile material. In the case of an
aggregate surface, geotextile should surround all of the aggregate fill
material except for the top one-foot, which is placed over the
geotextile. Geotextile fabric with acceptable properties must be
carefully selected to avoid plugging.

The bottom sand or geotextile fabric as shown in the attached figuresis
optional.

Refer to the WSDOT Design Manual, Section 530, pages 1 through 24,
which discusses geosynthetics. This section contains information on
functions and applications, types and characteristics, and design
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approaches. The WSDOT 2002 Standard Specifications, English units
version, section 9-33, includes specifications for geotextiles, classed
pursuant to the design manual discussions and definitions.

Refer to the Federal Highway Administration Manual “ Geosynthetic
Design and Construction Guidelines,” Publication No. FHWA HI-95-
038, May 1995 for design guidance on geotextiles in drainage
applications. Refer to the NCHRP Report 367, “ Long-Term
Performance of Geosynthetics in Drainage Applications,” 1994, for
long-term performance data and background on the potential for
geotextiles to clog, blind, or to allow piping to occur and how to design
for these issues.

Surface Cover - A stonefilled trench can be placed under a porous or
impervious surface cover to conserve space.

Observation Well - An observation well should be installed at the
lower end of theinfiltration trench to check water levels, drawdown
time, sediment accumulation, and conduct water quality monitoring.
Figure 6.3.10 illustrates observation well details. It should consist of a
perforated PV C pipe which is4 to 6 inches in diameter and it should be
constructed flush with the ground elevation. For larger trenches a 12-
36 inch diameter well can be installed to facilitate maintenance
operations such as pumping out the sediment. The top of the well
should be capped to discourage vandalism and tampering.

Catch Basin and Tee - A tee section should be provided in the nearest
catch basin upstream of the infiltration trench if a catch basin is used
(see Figure 6.3.5). Thetee will trap floatable debris and ails.

Trench Preparation - Excavated materials must be placed away from
the trench sides to enhance trench wall stability. Care should aso be
taken to keep this material away from slopes, neighboring property,
sidewalks and streets. It isrecommended that this material be covered
with plastic.

Stone Aggregate Placement and Compaction - The stone aggregate
should be placed in lifts and compacted using plate compactors. Asa
rule of thumb, a maximum loose lift thickness of 12 inchesis
recommended. The compaction process ensures geotextile conformity
to the excavation sides, thereby reducing potential piping and
geotextile clogging, and settlement problems.

Potential Contamination - Prevent natural or fill soils from intermixing
with the stone aggregate. All contaminated stone aggregate must be
removed and replaced with uncontaminated stone aggregate.

Overlapping and Covering - Following the stone aggregate placement,
the geotextile must be folded over the stone aggregate to form a 12
inch minimum longitudinal overlap. When overlaps are required
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between rolls, the upstream roll should overlap a minimum of 2 feet
over the downstream roll in order to provide a shingled effect.

Voids behind Geotextile - V oids between the geotextile and excavation
sides must be avoided. Removing boulders or other obstacles from the
trench walls is one source of such voids. Natural soils should be placed
in these voids at the most convenient time during construction to
ensure geotextile conformity to the excavation sides. Soil piping,
geotextile clogging, and possible surface subsidence should be avoided
by this remedial process.

Unstable Excavation Sites - Vertically excavated walls may be difficult
to maintain in areas where the soil moisture is high or where soft or
cohesionless soils predominate. Trapezoidal, rather than rectangular,
Cross-sections may be needed.

Sediment buildup in the top foot of stone aggregate or the surface inlet
should be monitored on the same schedule as the observation well.
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V Figure 6.3.10 Observation Well Details
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6.4 Evaporation Ponds

This section provides the methods for the design of evaporation ponds,
which can be used to collect and dispose of stormwater when surface
dischargeis not available or the soils are not conducive to infiltration
facilities.

For the design of evaporative facilities, awater budget is required. A
cumulative, month-by-month water budget is performed as follows:

Vin - Vout = @ Vmonth
Z Vmonth =@ Vyear

Where:

Vin  Volume of water into evaporative facility, (usually cubic
ft./month). Vi, is a combination of stormwater runoff, direct
rainfall onto the pond surface, groundwater seepage into
evaporative facility, and any other source of water into the facility.

Vo  Volume of water out of the evaporative facility (usually acubic
ft/month). V. isal outflows, it can be a combination surface
evaporation, plant evapotranspiration, ground infiltration, or any
other qualified outflow.

M V month Net volume of storage increase (or decrease) into the
evaporative facility (usually cubic ft./month).

O Vyear Cumulative net volume of storage in evaporative facility until
storage equilibrium is obtained. Equilibrium is obtained when the
volume of water in the cycleis less than the volume stored at the
beginning of the cycle, evaluated over at least two calendar years.

It is recommended that a freeboard of at least 1 foot be maintained in the
pond at all times. The use of a spreadsheet to perform the calculations can
be helpful.

The water budget cycle should be performed on a month-by-month basis,
until a steady-state condition occurs (i.e., the volume at the end of the
cycleislessthan or equal to the volume at the start of the cycle). The
minimum duration of the water budget cycle isto be two years. The cycle
isto start in the month which yields the greatest net storage volume for the
year. Normally, beginning the water budget in September, October, or
November produces the largest required storage volume. Contributing
off-site areas are to be included in the analysis, considering existing
locations.

The climatological data source for evaporation and mean annual
precipitation rates used in the water budget are available from the National
Oceanic and Atmospheric Administration (NOAA), or other reliable
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sources. The Western Region Climate Center maintains data for several
western states (http://www.wrcc.dri.edu/summary/climsmwa.html).
Average monthly precipitation rates and average monthly evaporation
rates should be used in the water budget analysis, as a minimum.

6.4.1 Runoff Volume Determinations

Runoff volume from the basin directing stormwater into the evaporative
systems shall be included in the water budget analysis. Runoff volume can
be determined using the SCS hydrographic method, or other methods
approved by the local jurisdiction.

When preparing the water budget, antecedent moisture conditions need to
be considered during the months of the year when the ground may be
saturated or frozen. For the SCS method the curve numbers (CN) should
be adjusted as shown in Table 6.4.1 and Section 4.5. Thisrequirement is
applicablein climatic regions 1, 3, and 4 only. Climatic region 2 should
use AMC Il curve numbers throughout the year.

Table6.4.1
Curve Number Adjustment for Antecedent Moisture Condition
Antecedent Moisture Minimum Runoff Curve
Month Condition (AMC) Number (CN)
April-October Norma (AMC =11) See Table 4.5.2
November, March Wet (AMC = 111) See Table4.5.3
December-February - 95

Water loss through evaporation from overland surface areasis normally
not to be considered in the water budget, for the areas contributing runoff
to the evaporative pond(s), due to the wide variation in evaporative rates
which occur over these types of surfaces. The only reduction which can be
considered in the analysis is runoff interception and surface infiltration,
which is normally accounted for in the SCS curve members or rational
coefficients.

Disposal is primarily through evaporation from the pond surface. Credit
for infiltration through soils will not be considered in the water budget
analysisin the absence of any site specific infiltration testing work being
performed.

Geosynthetic or natural liners may be used to limit infiltration outflow
volumes in areas where thisis desired, or in locations where the seasonal
water table will adversely impact the pond.
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6.4.2 Other Design Considerations

When credit for infiltration is proposed, site characterization, testing, and
reporting is to be done in accordance with Section 6.3.

The design of the evaporative pond facility will need to evaluate the
potential of groundwater seeping into the pond from the surrounding area
for an unlined pond and evaluate the potential for groundwater mounding
or uplift for alined pond. A geotechnical evaluation should be performed,
evaluating this potential negative impact, and, if needed, mitigation
measures should be provided.

Sources of imported water need to be considered in the water budget
design and calculations. Other sources may include irrigation, sewer septic
tank/drainfield systems, natural springs, foundation drains, de-watering
wells, etc. The geotechnical engineer shall address thisissuein his/her
report, and the designer should include any imported water in the water
budget analysis.

The maximum water surface elevation permissible in the water budget is
to be below the finish floor elevations of the surrounding buildings
(existing or proposed). Privately owned parking lot areas, can be used for
temporary storage of stormwater and considered in the water budget
analysis. If ponding is proposed in parking lot areas, the maximum water
depth should normally not exceed 1 foot.

If snow removal operations deposit snow into an evaporative system, this
added factor must be considered in the water budget, especialy if snow
from another basin is put into the system. Temporary sediment ponds
should to be included in the design, to prevent sediment-laden runoff from
entering the pond and storm disposal system during construction.

6.5 Natural Dispersion

Natural dispersion attempts to minimize the hydrologic changes created by
new impervious surfaces by restoring the natural drainage patterns of sheet
flow and infiltration. There are three types of natural dispersion. They are:

" BMP F6.40 Concentrated Flow Dispersion

T BMP F6.41 Sheet Flow Dispersion

T BMP F6.42 Full Dispersion

6.5.1 BMP F6.40 Concentrated Flow Dispersion
Purpose and Definition

Dispersion of concentrated flows from driveways or other pavement
through a vegetated pervious area attenuates peak flows by slowing entry
of the runoff into the conveyance system, allows for some infiltration, and
provides some water quality benefits.
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Applicationsand Limitations

f Any situation where concentrated flow can be dispersed through
vegetation.

 Dispersion for driveways will generally only be effective for single-
family residences on large lots and in rural short plats. Lots proposed
by short plats in urban areas will generally be too small to provide
effective dispersion of driveway runoff.

f Figure 6.5.1 shows two possible ways of spreading flows from steep
driveways.

Design Guidelines

A vegetated flowpath of at least 50 feet should be maintained between
the discharge point and any property line, structure, steep slope,
stream, lake, wetland, lake, or other impervious surface.

A maximum of 700 square feet of impervious area may drain to each
dispersion BMP.

A pad of crushed rock (2 feet wide by 3 feet long by 6 inches deep)
shall be placed at each discharge point.

' No erosion or flooding of downstream properties may resullt.

f Runoff discharged towards landslide hazard areas must be evaluated
by a geotechnical engineer or qualified geologist. The discharge point
shall not be placed on or above slopes greater than 6:1 or above
erosion hazard areas without evaluation by a geotechnical engineer or
qualified geologist and approval by the local jurisdiction.

I For sites with septic systems, the discharge point should be
downgradient of the drainfield primary and reserve areas. This
requirement may be waived by the local jurisdiction if site topography
clearly prohibits flows from intersecting the drainfield.

June 2003 Chapter 6 — Flow Control Facility Design 6-49



FINAL DRAFT

A -~ 7 o r = ! N E=
z et = s
"r‘:? E% F *j." 1@] =
f ‘ ._.'r ! I %
o i ! =
[ | ; ' &
|. I ,| Locate drain | =
25 fram POw if
|?{I{I =q. ft ma}( bahwaaﬂ b-arrnsl drivaway slopeas

= I |t0wardstr\aat. !

r~ L

BERM DETAIL

PLAN
Steep Driveseay with Diagonal Eerms

(@.’ ;L:‘;’ ! %

! I'Lma‘tg drain i
/ ! 2R from BOW ify
! ! drivaway Skhoas
.rll If oward straat
I

! ] !
| 799 =q. ft. mak. batwaan drarns__Jl

_ Pk

R IGEH T2 F-AbA

Steep Drivevway with Slotted Drains
Figure6.5.1 Typical Concentrated Flow Dispersion for Steep Driveways

6-50 Chapter 6 — Flow Control Facility Design June 2003



FINAL DRAFT

6.5.2 BMP F6.41 Sheet Flow Dispersion
Pur pose and Definition

Sheet flow dispersion is the simplest method of runoff control. ThisBMP
can be used for any impervious or pervious surface that is graded so asto
avoid concentrating flows. Because flows are already dispersed as they
leave the surface, they need only traverse a narrow band of adjacent
vegetation for effective attenuation and treatment.

Applicationsand Limitations

Flat or moderately sloping (<15% slope) impervious surfaces such as
driveways, sport courts, patios, and roofs without gutters; sloping cleared
areas that are comprised of bare soil, non-native landscaping, lawn, and/or
pasture; or any situation where concentration of flows can be avoided.

Design Guidelines
I SeeFigure 6.5.2 for details for driveways.

A 2-foot-wide transition zone to discourage channeling should be
provided between the edge of the driveway pavement and the
downslope vegetation, or under building eaves. This may be an
extension of subgrade material (crushed rock), modular pavement,
drain rock, or other material acceptable to the local jurisdiction.

A vegetated buffer width of 10 feet of vegetation must be provided for
up to 20 feet of width of paved or impervious surface. An additional 5
feet of width must be added for each addition 20 feet of width or
fraction thereof.

A vegetated buffer width of 25 feet of vegetation must be provided for
up to 150 feet of contributing cleared area (i.e., bare soil, non-native
landscaping, lawn, and/or pasture). Slopes within the 25-foot
minimum flowpath through vegetation should be no steeper than 8
percent. If this criterion cannot be met due to site constraints, the 25-
foot flowpath length must be increased 1.5 feet for each percent
increase in slope above 8%.

' No erosion or flooding of downstream properties may resullt.

f Runoff discharge toward landslide hazard areas must be evaluated by a
geotechnical engineer or aqualified geologist. The discharge point
may not be placed on or above slopes greater than 20% or above
erosion hazard areas without evaluation by a geotechnical engineer or
gualified geologist and approval by the local jurisdiction.

I For sites with septic systems, the discharge point must be
downgradient of the drainfield primary and reserve areas. This
requirement may be waived by the local jurisdiction if site topography
clearly prohibits flows from intersecting the drainfield.
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6.5.3 BMP F6.42 Full Dispersion

Note to reviewers: This BMP was proposed at the last meeting of the
Manual Subcommittee during consideration of comments received during
the first public comment period. The text below has not been reviewed by
the Subcommittee. We include it here to solicit your input and to notify
you that we intend to develop a BMP for full dispersion for the final
Manual. Please provide your comments, suggestions and concerns.

Purpose and Definition

ThisBMP alows for "fully dispersing” runoff from impervious surfaces
and cleared areas of commercial and residential development sites that
protect a portion of the site (or for large sites, a portion of an areawithin a
sub-basin drainage on the site) in a natural, native vegetation cover
condition. Natural vegetation is preserved and maintained in accordance
with the guidelines of BMP T5.20 [SWMMWW]. Runoff from roofs,
driveways, and roads within the devel opment is dispersed within the site
by utilizing the areas of preserved vegetation.

Applicationsand Limitations

' Upto 10% of the site that is impervious surface can be rendered non-
effective impervious area by dispersing runoff from it into the native
vegetation area. Any additional impervious areas (thisBMP
recommends limiting additional impervious areas to not more than
another 10% for rural areas) are considered effective impervious
surfaces with the exception of roofs served by drywells.

I Typesof development that retain a percentage of the site (or for large
sites, a portion of an area within a sub-basin drainage on the site) in a
forested natural, native vegetation cover condition may also use these
BMPs to avoid triggering the flow control facility requirement or to
minimize its use a the site.

Design Guidelines

Impervious areas of residential devel opments can meet treatment and flow
control requirements by distributing runoff into native vegetation areas
that meet the limitations and design guidelines below if the ratio of
impervious area to native vegetation area does not exceed 15%.

V egetation must be preserved and maintained according to the
requirements of BMP T5.20 [SWMMWW].

The requirement operates on a“ dliding scale” comparing the percentage of
the site with undisturbed native vegetation to the percentage of the site
with impervious surface that drains into those areas of preserved native
vegetation:
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% of site with impervious % of site with
surface that drainsinto undisturbed
native vegetation area native vegetation

10.0 65
9.0 60
8.25 55
75 50
6.75 45
6.0 40
5.25 35
45 30
3.75 25
3.0 20

f Roof Downspouts

Roof surfaces that are connected to drywells are considered “fully
dispersed” provided that they are designed according to local
requirements. Otherwise, the roof runoff is assumed to run into the
street, and that volume must be added to the volume dispersed in the
roadway dispersion component of this BMP.

Driveway Dispersion

Driveway surfaces are considered to be "fully dispersed” if the site
meets the required ratio of impervious surfacesto preserved native
vegetation above, and if they comply with the driveway dispersion
BMPs—BMP T6.40 and BMP T6.41 - and have flow paths through
native vegetation exceeding 100 feet. This also holds true for any
driveway surfaces that comply with the roadway dispersion BMPs
described below.

Roadway Dispersion BMPs

Roadway surfaces are considered to be "fully dispersed” if the site
meets the required ratio of impervious surfaces to preserved native
vegetation above, and if they comply with the following dispersion
requirements:

1. Roadway runoff dispersion is alowed only on rural neighborhood
collectors and local access streets. To the extent feasible,
driveways should be dispersed to the same standards as roadways
to ensure adequate water quality protection of downstream
resources.

2. Theroad section shall be designed to minimize collection and
concentration of roadway runoff. Sheet flow over roadway fill
slopes (i.e., where roadway subgrade is above adjacent right-of -
way) should be used wherever possible to avoid concentration.
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. When it is necessary to collect and concentrate runoff from the

roadway and adjacent upstream areas (e.g., in aditch on a cut
slope), concentrated flows shall be incrementally discharged from
the ditch via cross culverts or at the ends of cut sections. These
incremental discharges of newly concentrated flows shall not
exceed 0.5 cfs at any one discharge point from a ditch for the 100-
year runoff event. Where flows at a particular ditch discharge
point were already concentrated under existing site conditions
(e.g., inanatura channel that crosses the roadway alignment), the
0.5-cfslimit would be in addition to the existing concentrated peak
flows.

. Ditch discharge points with up to 0.2 cfs discharge for the peak

100-year flow shall use rock pads or dispersion trenches to
disperse flows. Ditch discharge points with between 0.2 and 0.5
cfs discharge for the 100-year peak flow shall use only dispersion
trenches to disperse flows.

. Dispersion trenches shall be designed to accept surface flows (free

discharge) from a pipe, culvert, or ditch end, shall be aligned
perpendicular to the flowpath, and shall be minimum 2 feet by 2
feet in section, 50 feet in length, filled with ¥+inch to 1%-inch
washed rock, and provided with alevel notched grade board (see
Figure 6.5.3). Manifolds may be used to split flows up to 2 cfs
discharge for the 100-year peak flow between up to 4 trenches.
Dispersion trenches shall have a minimum spacing of 50 feet.

. After being dispersed with rock pads or trenches, flows from ditch

discharge points must traverse a minimum of 100 feet of
undisturbed native vegetation before leaving the project site, or
entering an existing onsite channel carrying existing concentrated
flows across the road alignment.

Note: In order to provide the 100-foot flowpath length to an
existing channel, some roadway runoff may unavoidably enter the
channel undispersed. Also note that water quality treatment may
be waived for roadway runoff dispersed through 100 feet of
undisturbed native vegetation.

. Flowpaths from adjacent discharge points must not intersect within

the 100-foot flowpath lengths, and dispersed flow from a discharge
point must not be intercepted by another discharge point. To
enhance the flow control and water quality effects of dispersion,
the flowpath shall not exceed 15% slope, and shall be located
within designated open space.

Note: Runoff may be conveyed to an area meeting these flowpath
criteria.

June 2003

Chapter 6 — Flow Control Facility Design 6-55



FINAL DRAFT

8. Ditch discharge points shall be located a minimum of 100 feet

0.

upgradient of steep slopes (i.e., slopes steeper than 40%), wetlands,
and streams.

Where the local jurisdiction determines there is a potential for
significant adverse impacts downstream (e.g., erosive steep slopes
or existing downstream drainage problems), dispersion of roadway
runoff may not be alowed, or other measures may be required.

f Cleared Area Dispersion BMPs

The runoff from cleared areas that are comprised of bare soil, non-
native landscaping, lawn, and/or pasture is considered to be "fully
dispersed” if it is dispersed through at least 25 feet of native vegetation
in accordance with the following criteria:

1

The contributing flowpath of cleared area being dispersed must be
no more than 150 feet, AND

Slopes within the 25-foot minimum flowpath through native
vegetation should be no steegper than 8%. If this criterion can not
be met due to site constraints, the 25-foot flowpath length must be
increased 1.5 feet for each percent increase in lope above 8%.
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Appendix 6A — Maintenance Requirements
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Maintenance Requirements for Detention Ponds

General Trash & Debris | Any trash and debris which Trash and debris cleared from site.
exceed 5 cubic feet per 1,000
square feet (this is about equal to
the amount of trash it would take
to fill up one standard size
garbage can). In general, there
should be no visual evidence of
dumping.

If less than threshold all trash and
debris will be removed as part of
next scheduled maintenance.

Poisonous Any poisonous or nuisance No danger of poisonous vegetation

Vegetation and | vegetation which may constitute a where maintenance personnel or the

noxious weeds | hazard to maintenance personnel or | public might normally be.
the public. (Coordinate with local health
Any evidence of noxious weeds as department)
defined by State or local regulations. | Complete eradication of noxious

. weeds may not be possible.
I(ﬁtzplya{ggu;fg&”;g:ggﬁt&%M) Compliance with State or local
-9 gemen eradication policies required
policies for the use of herbicides).

Contaminants Any evidence of oil, gasoline, No contaminants or pollutants

and Pollution contaminants or other pollutants present.

(Coordinate removal/cleanup with
local water quality response
agency).

Rodent Holes Any evidence of rodent holes if Rodents destroyed and dam or berm
facility is acting as a dam or berm, or | repaired. (Coordinate with local
any evidence of water piping through | health department and Ecology Dam
dam or berm via rodent holes. Safety Office if pone exceeds 10

acre feet)

Beaver Dams Dam results in change or function of | Facility is returned to design
the facility. function.

(Coordinate trapping of beavers and
removal of dams with appropriate
permitting agencies)

Insects When insects such as wasps and Insects destroyed or removed from
hornets interfere with maintenance site.
activities. . - . .

Apply insecticides in compliance
with adopted IPM policies.
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Tree Growth Tree growth does not allow Trees do not hinder maintenance
and Hazard maintenance access or interferes activities. Harvested trees should be
Trees with maintenance activity (i.e., slope | recycled into mulch or other

mowing, silt removal, vactoring, or beneficial uses (e.g., alders for

equipment movements). If trees are | firewood).

not interfering with access or Remove hazard trees

maintenance, do not remove

If dead, diseased, or dying trees are

identified

(Use a certified Arborist to determine

health of tree or removal

requirements)

Side Slopes of | Erosion Eroded damage over 2 inches deep Slopes should be stabilized using

Pond where cause of damage is still appropriate erosion control
present or where there is potential measure(s); e.g., rock
for continued erosion. reinforcement, planting of grass,
Any erosion observed on a compaction.
compacted berm embankment. If erosion is occurring on compacted

berms a licensed civil engineer
should be consulted to resolve
source of erosion.

Storage Area Sediment Accumulated sediment that exceeds | Sediment cleaned out to designed
10% of the designed pond depth pond shape and depth; pond
unless otherwise specified or affects | reseeded if necessary to control
inletting or outletting condition of the | erosion.
facility.

Liner (If Liner is visible and has more than Liner repaired or replaced. Liner is
Applicable) three 1/4-inch holes in it. fully covered.

Pond Berms Settlements Any part of berm which has settled 4 | Dike is built back to the design

(Dikes) inches lower than the design elevation.
elevation.

If settlement is apparent measure
berm to determine amount of
settlement.
Settling can be an indication of more
severe problems with the berm or
outlet works. A licensed civil
engineer should be consulted to
determine the source of the
settlement.
Piping Discernable water flow through pond | Piping eliminated. Erosion potential

berm. Ongoing erosion with resolved.
potential for erosion to continue.
(Recommend a Goethechnical
engineer be called in to inspect and
evaluate condition and recommend
repair of condition.
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Conditions When Maintenance Is
Needed

Results Expected When

Maintenance Is Performed

Emergency
Overflow/Spill
way and
Berms over 4
feet in height

Tree Growth

Tree growth on emergency spillways
create blockage problems and may
cause failure of the berm due to
uncontrolled overtopping.

Tree growth on berms over 4 feet in
height may lead to piping through
the berm which could lead to failure
of the berm.

Trees should be removed. If root
system is small (base less than 4
inches) the root system may be left
in place. Otherwise the roots should
be removed and the berm restored.
A licensed civil engineer should be
consulted for proper berm/spillway
restoration.

Piping

Discernible water flow through pond
berm. Ongoing erosion with
potential for erosion to continue.

(Recommend a Goethechnical
engineer be called in to inspect and
evaluate condition and recommend
repair of condition.

Piping eliminated. Erosion potential
resolved.

Emergency
Overflow/Spill
way

Emergency
Overflow/
Spillway

Only one layer of rock exists above
native soil in area five square feet or
larger, or any exposure of native soll
at the top of out flow path of
spillway.

(Rip-rap on inside slopes need not
be replaced.)

Rocks and pad depth are restored to
design standards.

Erosion

See “Side slopes of Pond”
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Maintenance Requirements for Detention Vaults/Tanks

Storage Plugged Air One-half of the cross section of a Vents open and functioning.
Area Vents vent is blocked at any point or the
vent is damaged.
Debris and Accumulated sediment depth All sediment and debris removed
Sediment exceeds 10% of the diameter of the | from storage area.
storage area for 1/2 length of storage
vault or any point depth exceeds
15% of diameter.
(Example: 72-inch storage tank
would require cleaning when
sediment reaches depth of 7 inches
for more than 1/2 length of tank.)
Joints Between | Any openings or voids allowing All joint between tank/pipe sections
Tank/Pipe material to be transported into are sealed.
Section facility.
(Will require engineering analysis to
determine structural stability).
Tank Pipe Bent | Any part of tank/pipe is bent out of Tank/pipe repaired or replaced to
Out of Shape shape more than 10% of its design design.
shape. (Review required by engineer
to determine structural stability).
Vault Structure | Cracks wider than 1/2-inch and any | Vault replaced or repaired to design
Includes evidence of soil particles entering the | specifications and is structurally
Cracks in Wall, | structure through the cracks, or sound.
Bottom, maintenance/inspection personnel
Damage to determines that the vault is not
Frame and/or structurally sound.
Top Slab
Cracks wider than 1/2-inch at the No cracks more than 1/4-inch wide
joint of any inlet/outlet pipe or any at the joint of the inlet/outlet pipe.
evidence of soil particles entering the
vault through the walls.
Manhole Cover Not in Cover is missing or only partially in Manhole is closed.
Place place. Any open manhole requires
maintenance.
Locking Mechanism cannot be opened by Mechanism opens with proper tools.
Mechanism Not | one maintenance person with proper
Working tools. Bolts into frame have less
than 1/2 inch of thread (may not
apply to self-locking lids).
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Conditions When Maintenance is
Needed

Results Expected When
Maintenance is Performed

Cover Difficult
to Remove

One maintenance person cannot
remove lid after applying normal

lifting pressure. Intent is to keep
cover from sealing off access to

maintenance.

Cover can be removed and
reinstalled by one maintenance
person.

Ladder Rungs
Unsafe

Ladder is unsafe due to missing
rungs, misalignment, not securely
attached to structure wall, rust, or
cracks.

Ladder meets design standards.
Allows maintenance person safe
access.

Maintenance

Component

Defect

Condition When Maintenance is
Needed

Maintenance of Control Structures

Results Expected When
Maintenance is Performed

Trash and Material exceeds 25% of sump depth | Control structure orifice is not
Debris or 1 foot below orifice plate. blocked. All trash and debris
(Includes removed.
Sediment)
Structural Structure is not securely attached to Structure securely attached to wall
Damage manhole wall. and outlet pipe.
Structure is not in upright position Structure in correct position.
(allow up to 10% from plumb).
Connections to outlet pipe are not Connections to outlet pipe are water
watertight and show signs of rust. tight; structure repaired or replaced
and works as designed.
Any holes--other than designed Structure has no holes other than
holes--in the structure. designed holes.
Cleanout Gate | Damaged or Cleanout gate is not watertight or is Gate is watertight and works as
Missing missing. designed.
Gate cannot be moved up and down Gate moves up and down easily
by one maintenance person. and is watertight.
Chain/rod leading to gate is missing Chain is in place and works as
or damaged. designed.
Gate is rusted over 50% of its surface | Gate is repaired or replaced to meet
area. design standards.
Orifice Plate Damaged or Control device is not working properly | Plate is in place and works as
Missing due to missing, out of place, or bent designed.
orifice plate.
Obstructions Any trash, debris, sediment, or Plate is free of all obstructions and
vegetation blocking the plate. works as designed.
Overflow Pipe | Obstructions Any trash or debris blocking (or Pipe is free of all obstructions and
having the potential of blocking) the works as designed.
overflow pipe.
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Manhole

See requirements for vaults

/tanks

General

Trash & Debris

Trash or debris which is located
immediately in front of the catch basin
opening or is blocking inletting capacity
of the basin by more than 10%.

No Trash or debris located
immediately in front of catch basin
or on grate opening.

Trash or debris (in the basin) that
exceeds 60 percent of the sump
depth as measured from the bottom
of basin to invert of the lowest pipe
into or out of the basin, but in no case
less than a minimum of six inches
clearance from the debris surface to
the invert of the lowest pipe.

No trash or debris in the catch
basin.

Trash or debris in any inlet or outlet
pipe blocking more than 1/3 of its
height.

Inlet and outlet pipes free of trash or
debris.

Dead animals or vegetation that could
generate odors that could cause
complaints or dangerous gases (e.g.,
methane).

No dead animals or vegetation
present within the catch basin.

Sediment

Sediment (in the basin) that exceeds
60 percent of the sump depth as
measured from the bottom of basin to
invert of the lowest pipe into or out of
the basin, but in no case less than a
minimum of 6 inches clearance from
the sediment surface to the invert of
the lowest pipe.

Measured from the bottom of basin to
invert of the lowest pipe into or out of
the basin.

No sediment in the catch basin

Structure
Damage to
Frame and/or
Top Slab

Top slab has holes larger than 2
square inches or cracks wider than
1/4 inch

(Intent is to make sure no material is
running into basin).

Top slab is free of holes and cracks.

Frame not sitting flush on top slab,
i.e., separation of more than 3/4 inch
of the frame from the top slab. Frame
not securely attached

Frame is sitting flush on the riser
rings or top slab and firmly
attached.

Fractures or
Cracks in

Maintenance person judges that
structure is unsound.

Basin replaced or repaired to
design standards.
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Basin Walls/ Grout fillet has separated or cracked Pipe is regrouted and secure at
Bottom wider than 1/2 inch and longer than 1 | basin wall.

foot at the joint of any inlet/outlet pipe

or any evidence of soil particles

entering catch basin through cracks.
Settlement/ If failure of basin has created a Basin replaced or repaired to

Misalignment

safety, function, or design problem.

design standards.

Vegetation

Vegetation growing across and
blocking more than 10% of the basin
opening.

No vegetation blocking opening to
basin.

Vegetation growing in inlet/outlet pipe
joints that is more than six inches tall
and less than six inches apart.

No vegetation or root growth
present.

Contamination

See "Detention Ponds"

No pollution present.

and Pollution
Catch Basin Cover Not in Cover is missing or only partially in Catch basin cover is closed
Cover Place place. Any open catch basin requires
maintenance.
Locking Mechanism cannot be opened by one | Mechanism opens with proper tools.
Mechanism maintenance person with proper
Not Working tools. Bolts into frame have less than
1/2 inch of thread.
Cover Difficult | One maintenance person cannot Cover can be removed by one
to Remove remove lid after applying normal maintenance person.
lifting pressure.
(Intent is keep cover from sealing off
access to maintenance.)
Ladder Ladder Rungs | Ladder is unsafe due to missing Ladder meets design standards and

Unsafe

rungs, not securely attached to basin
wall, misalignment, rust, cracks, or
sharp edges.

allows maintenance person safe
access.

Metal Grates
(if applicable)

Grate opening
Unsafe

Grate with opening wider than 7/8
inch.

Grate opening meets design
standards.

Trash and Trash and debris that is blocking Grate free of trash and debris.
Debris more than 20% of grate surface

inletting capacity.
Damaged or Grate missing or broken member(s) Grate is in place and meets design
Missing. of the grate. standards.
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Maintenance Requirements for Drywells

The structural life of a drywell is approximately 20 years, although hydraulic failure could potentially occur at
anytime. Drywell performance is dependent upon proper installation, regularly scheduled maintenance and
contaminants reaching swale and drywell facility. The following schedule is recommended as a guide; actual
schedule may need to be varied based upon observed performance.

Maintenance interval Description of maintenance to be performed
every 3 months Visually inspect.
every 6 months Remove debris and sediment.
annually Check for structural damage.
Whichever is more frequent: above schedule or below observed events:
following substantial (>24 hr) rainfall event If possible, observe facilities in operation during the rainfall
following intense but short duration event event. Aim to identify and correct problem prior to failure.

It is especially important to observe the facilities if the melt
occurred concurrently with frozen ground conditions.

following snowmelt event

DEFINITIONS OF MAINTENANCE TASKS:

1)

2)

3)

Visual Inspection: Ensure metal grate and drywell are free of debris and obstructions. Remove any
debris from on top of or around drywell and grate. Remove grate and inspect drywell for debris and
sediment build-up in the barrel. Debris needs to be removed immediately, if possible. Sediment needs
to be cleaned out before depth reaches the lowest row of slots providing outflow from drywell barrel.

Anytime that standing water is noticed in a drywell or swale more than 24 hours after an event has
ceased, a visual inspection is warranted. When standing water is observed, the inspector should be
aware of any signs of illicit discharge. If any of the following are observed, in addition to the sod and
topsoil being affected and requiring replacement, if it is evident that discharge was made directly into the
drywell, the drywell and affected surrounding drain rock must be replaced as soon as possible: oil
sheen, spilled paint, burned area due to battery acid, multi-colored appearance of antifreeze, brown to
black fuel oil, or any other materials that may be deemed deleterious to water quality. Sod, topsoil and
drain rock removed must be handled and disposed of in a manner consistent with a hazardous material.

Remove Debris and Sediment: Remove any large debris that would interfere with the vactoring
(suction removal) of the drywell. Sediment must be completely suctioned out of the drywell barrel. Care
should be taken to note the depth of the sediment. If it appears that the sediment is increasing with
depth at each inspection, this may be a sign that the swale is not functioning properly; stormwater may
be ponding and spilling, carrying sediment laden stormwater into the drywell, rather than infiltrating at
the design rate.

Check for Structural Damage: Inspect metal frame and grate, adjustment rings, mortar or any other
visible parts of the drywell structure. The metal frame and grate should sit flush on the top ring. Any
separation of % inch of greater must be adjusted and repaired. The drywell should be replaced or
repaired to design standards if it has settled more than 2 inches or if standing water fails to drain out of
the barrel slots. Adjustment rings should be free of cracks. Crack repair should adhere be performed
when:

location of crack maximum width of crack
top ring of drywell Yainch
drywell barrel % inch and longer than 3 feet
drywell floor % inch and longer than 1 foot

It should be noted that any crack, regardless of location or width, in which sediment is observed, needs
to be repaired as soon as possible. Cracks should be repaired with mortar similar to that used between
the adjustment rings. Mortar or grout should be waterproof and of the non-shrink variety.
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Maintenance Requirements for Infiltration Ponds

General

Trash & Debris

See "Detention Ponds".

See "Detention Ponds".

Poisonous/Noxi
ous Vegetation

See "Detention Ponds".

See "Detention Ponds".

Contaminants
and Pollution

See "Detention Ponds".

See "Detention Ponds".

Rodent Holes

See "Detention Ponds".

See "Detention Ponds".

Storage Area Sediment Water ponding in infiltration pond after Sediment is removed and/or facility is
rainfall ceases and appropriate time cleaned so that infiltration system
allowed for infiltration. works according to design.

(A percolation test pit or test of facility
indicates facility is only working at 90% of
its designed capabilities. If two inches or
more sediment is present, remove).
Filter Bags (if Filled with Sediment and debris fill bag more than Filter bag is replaced or system is

applicable) Sediment and 1/2 full. redesigned.
Debris
Rock Filters Sediment and By visual inspection, little or no water Gravel in rock filter is replaced.

Debris

flows through filter during heavy rain
storms.

Side Slopes of Erosion See "Detention Ponds". See "Detention Ponds".
Pond
Emergency Tree Growth See "Detention Ponds". See "Detention Ponds".
Overflow
Spillway and
Berms over 4
feet in height.

Piping See "Detention Ponds". See "Detention Ponds".
Emergency Rock Missing See "Detention Ponds". See "Detention Ponds".
Overflow
Spillway

Erosion See "Detention Ponds". See "Detention Ponds".
Pre-settling Facility or sump [ 6" or designed sediment trap depth of Sediment is removed.
Ponds and filled with sediment.
Vaults Sediment

and/or debris
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Maintenance Requirements for Evaporation Ponds

General Trash & Debris See "Detention Ponds". See "Detention Ponds".

Poisonous/Noxi | See "Detention Ponds". See "Detention Ponds".

ous Vegetation

Contaminants See "Detention Ponds". See "Detention Ponds".

and Pollution

Rodent Holes See "Detention Ponds". See "Detention Ponds".

Side Slopes Erosion See "Detention Ponds". See "Detention Ponds".

of Pond

Storage Area | Sediment Accumulated sediment that exceeds Sediment cleaned out to designed pond
10% of the designed pond depth shape and depth; pond reseeded if
unless otherwise specified or affects necessary to control erosion.
inletting or outletting condition of the
facility.

Liner (If Liner is visible and has more than Liner repaired or replaced. Liner is fully

Applicable) three 1/4-inch holes in it. covered.

Pond Berms Settlements Any part of berm which has settled 4 Dike is built back to the design
(Dikes) inches lower than the design elevation.

elevation.

If settlement is apparent, measure

berm to determine amount of

settlement.

Settling can be an indication of more

severe problems with the berm or

outlet works. A licensed civil

engineer should be consulted to

determine the source of the

settlement.

Piping Discernable water flow through pond Piping eliminated. Erosion potential
berm. Ongoing erosion with potential | resolved.
for erosion to continue.

(Recommend a Goethechnical
engineer be called in to inspect and
evaluate condition and recommend
repair of condition.
General Inlet Pipe Inlet pipe clogged with sediment No clogging or blockage in the inlet and
and/or debris material. outlet piping.

Oil Sheen on Prevalent and visible oil sheen. Oil removed from water using oil-

Water absorbent pads or vactor truck. Source

of oil located and corrected. If chronic
low levels of oil persist, plant wetland
plants such as Juncus effusus (soft
rush) which can uptake small
concentrations of oil.

Erosion Erosion of the pond’s side slopes Slopes stabilized using proper erosion
and/or scouring of the pond bottom, control measures and repair methods.
that exceeds 6-inches, or where
continued erosion is prevalent.

Overflow Rock is missing and soil is exposed Rocks replaced to specifications.

Spillway at top of spillway or outside slope.
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Maintenance Requirements for Evaporation Ponds
Results Expected When

Defect

Condition When Maintenance is
Needed

Maintenance is Performed

General
(cont'd)

Snow

Snow removal operations deposit
snow into evaporative system

This added factor must be considered in
the water budget, especially if show
from another basin is put into the
system. Temporary sediment ponds
should be included in the design, to
prevent sediment-laden runoff from
entering the pond and storm disposal
system during construction.
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Storm Drainage Design Guideline for

Site Characterization

Storm Drainage Design Guideline for Site
Characterization

Geotechnical site characterization should be conducted to demonstrate the
site’ s general suitability for on-site storm water disposal. The scope of the
investigation should consist of, but not be limited to, the following
elements:

1.

Review applicable geologic maps of the site area, to identify any site
conditions that can impact the use of storm drainage disposal systems.
This may include outcrops, borrow pits, or existing ground water
conditions.

Site explorations should consist of a minimum of three exploratory test
pits or borings on the site and specifically in the planned disposal area.
The explorations should extend at least 5 ft. below the bottom of the
proposed disposal facility.

Samples recovered from the site exploration work may be tested to
assess gradational characteristics to help verify the soil classification
for comparison with the mapped soil unit.

Include a surface reconnaissance of surrounding properties,
particularly in the anticipated down-gradient ground water flow
direction, to assess potential impact of additional ground water.

Perform laboratory testing to determine Unified Soil Classification
Group Symbol and Group Name of the site soils.

Provide a summary report, describing the results of the work. Include a
vicinity map, an exploration site plan, and laboratory test results.
Include information regarding the depth to ground water and the
presence of any limiting layers which may control ground water flow.
Consider feasibility and limitations for on-site disposal. Include
information on how the field permeability testing was performed and
the assumptions made for determining the recommended infiltration
rate. The report shall be prepared under the direction of alicensed
professional civil engineer or geotechnical engineer and appropriately
signed and sealed.
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