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Chapter 1 - Introduction

This volume of theC i t sgoérsvater manual focuses ocontrollingstormwater with designed and
constructed facilitieslt gives structuraBMPs to address the volume and timing of stormwater flsvs
well as for the treatment stormwater flows teemove sediment and other pollutants at developed sites.
BMPs for preventingpollution of stormwater runoffsource control BMPSire presented in Volumy .

Thisvolumed et ai | s t he @lindthe@uantify and quality eosntrolroergnaff from
developed or artificially altered site¥he scope of this chapter includdEsign criteria and specifications
for the construction of runoff quantity and quality control facilities

The intent of thichapter is to prescribe approved methods and requirements for runoff control to prevent
impacts to downstream properties or natural resources to the maximum extent practical. The City
recognizes that it is not always possible to fully prevent any impagtastream; in these extreme cases,

the project applicant may be required to providesg# mitigation as determined by the City.

These regulations and criteria are based on fundamental principles of drainage, hydraulics, hydrology,
environmental considations and publications, manuals, and texts accepted by the professional
engineering community. The engineer is responsible for being knowledgeable and proficient with the
necessary design methodologies identified within the manual. A partial lisgndpléations which may

be used as reference documents follows:

e The Washington State Department of Ecology (Ecology) Stormwater Management Manual For
Western Washington

e Any Ecologyapproved stormwater management manual

[ ]
=1}

Applied Handbookhowf Hydrology, 6 by C

[ ]
=1}

Handbook of Hydraulics, o0 by E.G. Brater an

[ ]
o

Hydraulics Manual , 0 published by Washingto

e ASoil Smohamisly CoantAr ea, Washington, d published
Service, U.S. Departme of Agriculture (USDA)

e fStandard Pl ans for Road, Bridge and Muni ci
e The Citybs Design and Construction Standard

e Other information sources acceptable to the City and based on general userbfewonal
engineering community

The most current edition of all publications shall be used.
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CITY OF EVERETT STORMWATER MANAGEMENT MANUAL

Chapter 2 - General Design Criteria for Flow Control and
Treatment BMPs

2.1

2.2

Introduction

This chapter provides gened®signrequirements that are commonmnore than one stormwater flow
control or treatment BMP. The criteria in this chapter apply in addition to any-&deélfic criteria
presented in subsequent chapters of this volume. These requirements relate to:

Access

Basins and Ponds

Berms and Embankmen

Easements

Fencing

Landscaping

Liners

Maintenance

Overflows

Projects with public maintenance of the stormwater facilities (residential plat and short plats)
Setbacks

Sites Containing or Adjacent to Critical Areas
Top Soil

Underground Facilities

Access Requirements

Adequate access for maintenance and operation activities must be provided for all stormwater facilities
constructed in the City.

221
1.

General

An access road is required to all stormwater facility inlet pipes, control structures, risers and at
least one point of each cell or compartment of a stormwater facility.

Access roads shall have a minimum width ofdét, a maximum slope of Jercent, and a
minimuminside road radius of at least 40 feet.

Access roadshall have an allveather surface arushed rock or better
A paved apron must be provided where access roads connect to paved public roadways.

Manhole and catch basin lids must be in or at the edge of the access road and tade&sind a
property line.

When the length of an accasmd exceeds 7eet, a vehicle turaround must be provided, and
designed to accommodate vehicles having a maximum lengthfeéBand having an inside

Volume Il T Flow Control and Treatment
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wheel path radius of 4fg@et. The vehicle turn around requirement may be waived if a completely
pawed perimeter road is provided and can be used in a continuous drive back to the entrance with
no turnarounds.

Stormwater facility access roads shall be located in the same tract as facilities, when the facilities
themselves are in tracts. When facilittge located in designated open space areas, access roads
may be located in the designated open space also, provided that they are constructed so as to be
aesthetically compatible with the open space use.

2.2.2 Acces s to open -air facilities (ponds and basins)

Acc ess Roads

1.
2.

3.

Vehicle access to opair facilities shall be limited to maintenance and operation personnel.

Access roads shall be provided to the bottomllodells or compartments of opeaiir facilities
unless all of the following conditions apply:

a. cell o compartment bottoms are accessible or reachable by track hoes from an access
road along the side of tHacility; and

b. atruck can be loaded without the truck accessing the bottom of the cell or compartment
(i.e., the cell depth, as measured from theédmotof the cell to the access road surface is
less than ); and(need number from M&O)

C. no point in the bottom of the cell or compartment is more thae&drom the center of
the access road.

A perimeter access road may be required by the City fige laperair stormwater facilities in
order to provide complete vehicular access to all points of the facility requiring regular
maintenance.

Perimeter roads may be feet in width where the road is not accessing a structure or being used
for a circularloop road in lieu of turn around.

Access Gates or Bollards

1.

2.2.3

A minimum of one locking access road gate shall be provided to fencedingadailities. Gates
must meet WSDOT State Standard RI&0.10 and may b&4, 16, 18, or 2feet in width.

Accesgo unfenced opeanir facilities shall be limited by removable bollards. Bollards shall
consist of two fixed bollards on the outside of the access road and two removable bollards equally
spaced between the fixed bollards (or all four removable if placi itmaveled way).

Access gates and bollards must be sde20back fronthe property line wien the access road is
connecting to a rdthatis postedat 35 mph or greater.

Access to underground facilities (vaults and tanks)

General access requirements

1.

Access roads shall be provided to all underground facilities (other than catch basins with solid
locking lids located downstream of detention facilities).

Access openings shall be provided over all inlet pipes and outlet structures. Pipe inletgeand out
structures shall be visible from the rim of the access opening.

Access openings shall be positioned a maximum é&&0from any location within a tank or a
vault. Additional access points may be needed on large tanks or vaults.

Volume Il T Flow Control and Treatment
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7.

The maximum deptfrom finished grade to vault bottom or tank invert shall bé2®.

Ladders and hanldolds shall be provided at the outlet structure and inlet pipes and as needed to
meet OSHA confined space requirements.

All access openings, except those covered mpwable panelaccess doorshall have round,
solid locking lidsper City standard®r 3foot square, locking diamond plate covers.

Rim elevations must match the finished grade.

Ventilation requirements

1.

Ventilation pipes (minimum Lihch diameter or equivalent) must be provided in all four corners
of vaults and at each end of tanks to allow for artificial ventilation prior to entry of maintenance
personnel into the vault.

Vaults and tanks providing manhole access dbb® spacingheed not provide corner/end
ventilation pipes as specifiedove

Vaults and tanks must comply with the Occupational Safety and Health Administration (OSHA)
confined space requirementghich 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

Access criteria specific to vaults:

1.

I f more than one AVO is provided in the valu
provided.

For vaults with geater than 1,258quare feet of floor area, ax3.0-foot removable panel shall be
provided over the inlet pipe (instead of a standard frame, grate and solid cover). Alternatively, a
separate access vault may be provided.

Internal structural walls of lasgdetention vaults shall be provided with openings sufficient for
maintenance access between cells. The openings shall be sized and situated to allow access to
mai ntenance fAVO in the vault fl oor.

The minimum internal height of vaults must bie&t fom the highest point of the vault floor

(not sump), and the minimum width must biedt. However, concrete vaults may be a minimum
3feet in height and width if used as tanks with access manholes at each end, and if the width is |
larger than the heightAlso the minimum internal height requirement may not be needed for any
areas covered by removable panels.

Access c riteria specific to tanks

1.

A 36-inch minimum diameter CMP ris¢ype manholef the same gage as the tank material may
be used for accesdong the length of the tank and at the upstream terminus of the tank in a
backup system. The top slab is separataddd minimum gap) from the top of the riser to allow
for deflections from vehicle loadings without damaging the riser tank.

2.3 Berm and Emb ankment Requirements
2.3.1 General

Stormwater facility berms and embankments shall satisfy the following criteria:

1.

Pond berm embankments shall be constructed on native consolidated soil (or adequately
compacted and stable fill soils analyzed by a geotechmipalt), which is free of loose surface
soil materials, roots and other organic debris.
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2.3.2

Pond berm embankments shall be c¢ mecntofthet ed by
berm embankment crosgctional height and width (except on till soilswherb e A k ey 0
minimum depth can be reduced téobt of excavation into the till).

Pond berm embankment cores shall be constructed of compacted soil (a minimujpe afedh
of the maximum dry density, standard proctor method per American Society for Testing a
Materials [ASTM] D1557) placed in-#ich lifts, with the following soil characteristics per the
USDAG&s t ext uminamium of BOpeacengclay a maximum of @@rcent sand,
amaximum of 6Qpercent silt, with nominal gravel and cobble conteraorecommended by a
geotechnical engineer. The core shall be adequate to make the embankment impervious.

Exposed earth on the pond side slaped bermshall be sodded or seeded with appropriate seed
mixture Gee Volumél, Erosion and Sedimentation @wol BMPY. Establishment of protective
vegetative cover shall be ensured with appropriate surface protection BMPs and reseeded as
necessary.

Where maintenance access is provided along the top of the berm, the minimum width of the top
of the berm shall & 15feet.

Pond berm embankments greater thd®ed in height shall require a design by a qualified
professional engineer licensed in the State of Washington. Berm embankment width shall vary as
recommended by the professional engineer.

Embankments legban 6feet in height shall have a minimurdf@ot top widthunless otherwise
recommended by a qualified professional engineer licensed in the State of Washington

Embankments adjacent to a stream or other body of water shall be sufficiently proteeted wit
riprap or bioengineering methods to prevent erosion of the pond embankment. Other control
measures may be necessary to protect the embankment.

Anti-seepage filtedrain diaphragms must be placed on outflow pipes in berm embankments
impounding water with depths greater thafie& at the design water surface. See Dam Safety
Guidelines, PartV, Section3.3.B on pages-37 to 330. An electroniwersion of the Dam
Safety Guidelines is available in PDF format at:
<www.ecy.wa.gov/programs/wr/dams/dss.#ml

Side Slope s

Interior eartherside slopes up to the emergency overflow water surface shall not be steeper than
3H:1V.

Exterior sde slopes for grassed embankments shall be at least 3:1 to facilitate mowing

Exterior side slopeshallnot be steeper than 2H:1V unlesglyzed for stability by a
geotechnical engineer.

Pond walls may be vertical retaining walls providiee following

a. the walls are designed by a geotechnical enginderemsedcivil engineer with
structural expertise;

b. afence is provided along the topthe wall;

c. an access ramp to the bottom of the pond is provided.
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2.4

2.3.3 Dam Safety

Stormwater facilities that can impound a€refeet (435,60@ubic feet; 3.2@nillion gallons) or more
with the water leveht the embankmentcrestr e subj ect to the stateds d
water storage is intermittent and infrequent (Washington Administrative Code [WAC7BAR0(1)).

In addition to the hydrologic and hydraulic issues related to precipitation and runoffjatheafety
requirements include geotechnical issues, construction inspection and documentation, dam breach
analysis, inundation mapping, emergency action planning, and periodic inspections by project owners al
by dam safety engineers.

It is recommendethatE ¢ o | dgnySafsty Sectionbe contacted early in the facilities planning
process. Electronic versions of the guidance
site at: <http://www.ecy.wa.gov/programs/wr/dams/dss.btml

Easement Requirements

1. A drainage easement with a minimum width of 15 feet shall be provided for publicly maintained
open channels, closed drainage systems, and from established city streets to a staanilitater f

2. Storm drain pipes installed in public easements shall be constructed in the center of the easeme
as nearly as possible, but in no case shall the pipe be within five feet of any structure or property
line.

3. No structures shall be erected withitygublic drainage easement. Construction of a fence
across a public easement is allowed provided-Bb@6wide access gate is provided.

4. All public easements, except for special circumstances, shall be located to run within single lots
rather than beingplit by a lot line.

5. All man-made drainage facilities and conveyances and all natural channels (on the project site)
used for conveyance of altered flows due to development shall be located within easements or
dedicated tracts as required by the Citasé&ments shall contain the natural features and facilities
and shall allow City access for purposes of inspection, maintenance, repair or replacement, flooc
control, water quality monitoring, and other activities permitted by law.

6. All drainage facilities sch as detention or retention ponds or infiltration systems to be maintained
by the City shall be located in separate tracts dedicated to the City. Conveyance systems can be
in easements.

7. Drainage facilities that are designed to function as mski rereational facilities shall be located
in separate tracts or in designated open space and shall be privately maintained and owned, unl
dedicated to andccepted by the City.

8. All publicly and privately maintained conveyance systems shall be locatidlicated tracts,
drainage easements, or public righfavay in accordance with this manual. Exceptianeroof
downspout, minor yard, and footing drains unless they serve other adjacent properties.

9. Any new conveyance system located on private propesigned to convey drainage from other
private properties must be located in a private drainage easement granted to the contributors of
stormwater to the systems to convey surface and stormwater and to permit access for maintenatr
or replacement in the sa of failure.

10. All drainage tracts and easements, public and private, must have a minimum widfieetf 15

11. All pipes and channels must be located within the easement so that each pipe face or top edge c
channel is no closer tharféet from its adjacdreasement boundary.

Volume Il T Flow Control and Treatment
2-5


http://www.ecy.wa.gov/programs/wr/dams/dss.html

12. Pipes greater thanfet in diameter and channels with top widths greater tHaetShall be
placed in easements adjusted accordingly so as to meet the required dimensions from the
easement boundaries.

2.5 Fencing Requirements

1. Surfaceponds and infiltration basins with a maximum depth of three feet or less do not require
fencing provided the maximum associated interior side slope of the pond does not exceed 3H:1V
(including baffle side slopes).

2. All ponds and basins with a maximum desaepth of water greater than three feet will require a
six foot high perimeter fence unless one of the following conditions is met:

a. The facility is designed and constructed with a 10 foot wide safety bench for every three
feet of depth, and no more tha®4 of the interior side slopes are greater than 3H:1V
(including baffle side slopes); or

b. The facility is designed and constructed so that the maximum water depth of the facility
does not exceed three feet during a 2 year recurrence interval event, ok thxee
feet during a 25 year recurrence interval event, and no more than 10% of the interior side
slopes exceed 3H:1V (including baffle side slopes); or

c. The City Council reviews a proposed facility designed and approved by a licensed
engineer or architéevhich meets neither the requirementsiof b herein and
exercising its discretion makes a policy determination that either no fencing will be
required or fencing less than six feet in height will be required. Issues considered by the
Council when makig this determination include but are not limited to: (1) reasons why
the proponent does not want to construct a fence six feet in height; (2) purpose(s) the
facility is to serve; (3) design considerations of the facility; (4) safety considerations of
thefacility without the fencing or with fencing reduced in height; and (5) such additional
issues as the Council feels are appropriate.

3. When fencing is required around a facility to be dedicated to and/or maintained by the City, the
fence shall be a chaimk fence. The chain link fabric shall be galvanized steel core wire and,
when the facility is in a visible location, shall be coated with bonded polyvinyl. The polyvinyl
coating shall not be subject to fading, cracking, peeling, or shrinkage and shaivme black,
or some shade of natural green (such as pine, forest, or olive). The fence manufacturer shall
provide a 10 year (minimum) warranty on polyvinyl coating. All posts, cross bars, rails,
fasteners, and gates shall be powttzated the same calas the chaitink fence fabric.

4. Fencing slats will be allowed, subject to the same color restrictions as the polyvinyl coating, if the
slats proposed are ndmittle, crackr e si st ant |, Al ocked in placed in
and nonrfading.

5. Thechainlink fence shall meet all other applicable specifications for Type | or Type 3lafiain
fence as set forth in thmost current edition of thtandard Specifications for Road, Bridge, and
Municipal Construction (Washington State Department of partation, American Public
Works Association), except that line posts for Type 3 fence shall be set in concrete.

6. Fencing of tracts within the clear zone of roads with design speedswdI86r higher shall use
WSDOT Type3 chain link fence.

7. Other reglations such as the International Building Code (IBC) may require fencing of vertical
walls.

8. For metal baluster fences, IBC standards apply.
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2.6

Landscaping/Planting Requirements

Planting Requirements

Exposed earth on the pond interior side slopes shabdeéed or seeded with an appropriate seed

mixture. Exposed earth on the pond bottom should also be sodded or seeded. All remaining areas of t
tract should be planted with grass or be landscaped and mulched withracbver of hog fuel or

shredded wod mulch. Shredded wood mulch is made from shredded tree trimmings, usually from trees
cleared on site. The mulch must be free of garbage and weeds and shall not contain excessive resin,
tannin, or other material detrimental to plant growth.

Landscaping

Landscaping is encouraged for most stormwater tract areas (see below for areas not to be landscaped).
However, if provided, landscaping shall adhere to the criteria that follow so as not to hinder maintenance
operations.

The following guidelines shallebfollowed if landscaping is proposed for facilities

1. No trees or shrubs may be planted withirfdd of inlet or outlet pipes or manmade drainage
structures such as spillways or flow spreaders. Species with roots that seek water, such as willo
or poplar, shall be avoided within $@et of pipes or manmade structures.

2. No trees may be planted 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

Note: The internal berm in a wet pond is not subject to this planting restriction since the failure
of an internal berm would be unlikely to create a safety problem.

3. All landscape material, including grass, shall be planted in good topsoil. Nativéyinglsoils
may be made suitable for planting if amended withches of welaged compost tilled into the
subgrade.Refer toChapter 12 of this volumi®r more information.

4. Soil in which trees or shrubs are planted may need additional enrichmeditmmed compost
top-dressing. Consult a nurseryman, landscape professional, or arborist-fpresifiec
recommendations.

5. For a naturalistic effect as well as ease of maintenance, trees or shrubs should be planted in
clumps to f or m dHerghardeeverdymsmgaced.s| andso r

6. Any landscaped islands shall be a minimum &dd8 apart, and if set back from fences or other
barriers, the setback distance shall also be a minimunfieat 6 Where tree foliage extends low
to the ground, the-tbot setbaclshall be counted from the outer drip line of the trees (estimated
at maturity). This setback allows &d@ot wide mower to pass around and between clumps.

7. Tree clumps should be under planted with skatkrant shrubs and groundcover plants. The
goal isto provide a dense understory that need not be weeded or mowed.

8. Deciduous trees must be set back so that branches do not extend over the pond (to prevent leaf
drop into the water).

9. Native, drought tolerant species are recommended.

10. The remaining site aresnall be planted with an appropriate grass seed mix, which may include
meadow or wildflower species. Native or dwarf grass mixes are preferred. ZIlablelow gives
an example of a dwarf grass mix developed for central Puget Sound. Grass seed should be
applied at 2.%0 3pounds per 1,008quare feetSee also Volume Il, Chapter 3.2.7.
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2.7

Table 2.1 St or mwat er Tr acSeediMixow Gr ow

Seed Name % by Weight
Dwarf tall fescue 45%
Dwarf perenni al 30%
Red fescue 20%
Colonial bentgrass 5%

* |f wildflowers are used and sowing is done before Labor Day, 1
amount of dwarf perennial rye can be reduced proportionately
the amount of wildflower seed used.

Liner Requirements

Liners are intended to reduce the likelihood that pollutants in staten will reach groundwater when
runoff treatment facilities are constructed. In addition to groundwater protection considerations, some
facility types require permanent water for proper functioning. An example is the first cell of a wet pond.

Treatmentiners amend the soil with materials that treat stormwater before it reaches more freely draining
soils. They have slow rates of infiltration, generally less thaim2hks per hour (1.7 x Idcentimeters
squared), but not as slow as low permeabiilitgrs. Treatment liners may useplace native soils or

imported soils.

Low permeability liners reduce infiltration to a very slow rate, generally less tham@la per hour

(1.4 x 10° centimeters squared). These types of liners are used for industrial or commercial sites with a
potential for high pollutant loading in the stormwater runoff, or where infiltration is not recommended
due to site limitations. Low permeability liners mag/flashioned from compacted till, clay,

geomembrane, or concrete.

2.7.1 General Design Criteria for Liners

1. Table2.2shows the type of liner required for use with various runoff treatment facilities. Other
liner configurations may be used with prior approvaff the City.

2. Liners shall be evenly placed over the bottom and/or sides of the treatment area of the facility as
indicated in Tabl@.2. Areas above the treatment volumes that are required to pass flows greater
than the water quality treatment flow (alume) need not be lined. However, the lining must be
extended to the top of the interior side slope and anchored if it cannot be permanently secured by
other means.

3. For low permeability liners, the following criteria apply:

a. Where the seasonal high growater elevation is likely to contact a low permeability
liner, liner buoyancy may be a concern. In these instances, the use of a low permeability
liner shall be evaluated and recommended by a geotechnical engineer.

b. Where grass must be planted over a l@nngeability liner per the facility design, a
minimum of 6inches of good topsoil or compeminended native soil (Bches compost
tilled into 6inches of native till soil) must be placed over the liner in the area to be
planted. Twelve inches of coverpgeeferred.

4. If atreatment liner will be below the seasonal high water level, the pollutant removal
performance of the liner and facility must be evaluated by a geotechnical or groundwater
specialist and found to be as protective as if the liner and yae#ite above the level of the
groundwater.
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Table 2.2 Lining Types Required for Runoff Treatment Facilities.

Water Quality Facility

Areato be Lined

Type of Liner Required

Presettling basin

Bottom and sides

Low permeability liner or Treatment
liner (If the basin will intercept the
seasonal high groundwater table, a
treatment liner may be
recommended.)

Wet pond

First cell: bottom and sides to water
quality design water surface

Low permeability liner or Treatment
liner

Second cell: bottom and sides to
water quality design water surface

Treatment liner

Combined detention/water
quality facility

First cell: bottom and sides to water
quality design water surface

Low permeability liner or Treatment
liner

Second cell: bottom and sides to
water quality design water surface

Treatment liner

Stormwater wetland

Bottom and sides, both cells

Low permeability liner

Sand filtration basin

Basin sides only

Treatment liner

Sand filter vault

Not applicable

No liner needed

Linear sand filter

Not applicable if in vault

Bottom and sides of presettling cell if
not in vault

No liner needed
Low permeability or treatment liner

Media filter (in vault)

Not applicable

No liner needed

Wet vault

Not applicable

No liner needed

2.7.2

1. A 2-foot thick layer of soil with a minimum organic content gi&rcent AND a minimum cation

Design Criteria for Treatment Liners

exchange capacifCEC) of Smilliequivalents/10@rams can be used as a treatment layer
beneath a water quality or detention facility.

2. To demonstrate that4iplace ®ils meet the above criteria, one sample per 1sg0@re feet of

facility area shall be tested. Each sample shall be a composite of sub samples taken throughout
the depth of the treatment layer (usually B-feet below the expected facility invert).

Typically, side wall seepage is not a concern if the seepage flows through the same stratum as t
bottom of the treatment BMP. However, if the treatment soil is an engineered soil or has very
low permeability, the potential to bypass the treatment sailigir the side walls may be

significant. In those cases, the treatment BMP side wiadlibe lined with at least li®ches of
treatment soil, as described above, to prevent untreated seepage. This lesser soil thickness is
based on unsaturated flow aseault of alternating wedry periods.

Organic content shall be measured on a dry weight basis using American Society for Testing anc
Materials (ASTM) D2974.

CEC shall be tested using U.S. Environmental Protection Agency (U.S. EPA) laboratory method
9081.
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2.7.3

A soils testing laboratomnust certifythat imported soil meets the organic content and CEC
criteria aboveand certificatiorshall be provided to the City.

Animal manures used in treatment soil layers must be sterilized because of potential for bacterial
contamination of the groundwater.

Design Criteria for Low Permeability Liners

This section presents the design criteria for each of the following four low permeability liner options:
compacted till liners, clay liners, geomembrane liners, and concrate line

Compacted Till Liners

1. Liner thickness shall be iBches after compaction.

2. Soil shall be compacted to g&rcent minimum dry density, modified proctor method (ASTM
D-1557).

3. Adifferent depth and density sufficient to retard the infiltration rate ta 2@ inches per
minute (1 x 10 centimeters squared) may also be used instead of Cfitarid2.

Soil shall be placed in 6nch lifts.
Soilsshallbe used that meet the gradatiomable2.3below:
Table 2.3 Compacted Till Liners.
Sieve Size Percent Passing
6-inch 100
4-inch 90
#4 70 - 100
#200 20
Clay Liners

1. Liner thickness shall be a minimum of ilZhes.

2. Clay shall be compacted to p&rcent minimum dry density, modified proctor method (ASTM
D-1557).

3. A different depth and density sufficietat retard the infiltration rate to 2.4 x 1@hches per
minute (1 x 10 centimeters squared) may also be used instead of the above criteria.

4. Plasticity index shall not be less thangg&cent (ASTM 423, D424).

5. Liquid limit of clay shall not be lessdn 30percent (ASTM B2216).

6. Clay particles passing shall not be less thape&ent (ASTM B422).

7. The slope of clay liners must be restricted to 3H:1V for all areas requiring soil cover; otherwise,
the soil layer must be stabilized by another methotaiosbil slippage into the facility does not
occur. Any alternative soil stabilization method must take maintenance access into consideration.

8. Where clay liners form the sides of ponds, the interior side sl@ensih be steeper than 3H:1V,

irrespectiveof fencing.
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Table 2.4 Clay Liner Specifications.

Property Test Method Unit Specification

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

Plasticity Index of ASTM D-423 and D-424 percent | Not less than 15

Clay

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

Clay Particles ASTM D-422 percent | Not less than 30

Passing

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

Source: City of Austin, 1988

Geomembrane Liners

1.

Geomembrane liners shall be ultraviolet (UV) ligisistant and have a minimum thickness of
30mils. A thickness of 4tnils shall be used in areas of maintenance access or where heavy
machinery must be operated over the membrane.

The geomembrane fabric shall be protected from puncture, tearingbeagion by installing
geotextile fabricdetermined to have a high survivability per the WSDOT standard specifications
as amended, specifically Sectié33 Construction Geotextile (2006 or the latest version as
amendedpn the top and bottom of the geami@rane. Equivalent methods for protection of the
geomembrane liner will be considered. Equivalency will be judged on the basis of ability to
protect the geomembrane from puncture, tearing, and abrasion.

Geomembranes shall be bedded according to the aantdr's recommendations.

Liners must be covered with Ir&ches of top dressing forming the bottom and sides of the water
quality facility, except for linear sand filters. Top dressing shall consistrafh@s of crushed

rock covered with énches of ntive soil. The rock layer is to mark the location of the liner for
future maintenance operations. As an alternative to crushed rocichE2 of native soil may be
used i f orange plastic fAisafety f encimbeddéd or
6 inches above the membrane.

If possible, liners should be of a contrasting color so that maintenance workers are aware of any
areas where a liner may have become exposed when maintaining the facility.

Geomembrane liners shall not be used on slsfgeper than 5H:1V to prevent the top dressing
material from slipping. Textured liners may be used on slopes up to 3H:1V upon
recommendation by a geotechnical engineer that the top dressing will be stable for all site
conditions, including maintenance.

Table 2.5 Geotextile Properties for Impermeable Liner Protection

Geotextile Property Test Method Geotextile Property Requirements1

Grab Tensile Strength, min. in ASTM D4632 250 Ibs min.
machine and x-machine
direction

Grab Failure Strain, in ASTM D4632 >50 percent
machine and x-machine
direction
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Geotextile Property Test Method Geotextile Property Requirementsl
Seam Breaking Strength ASTM D4632 and 220 Ibs min.
(if seams are present) ASTM D4884
(adapted for grab test)

Puncture Resistance ASTM D4833 125 lbs min.
Tear Strength, min. in ASTM D4533 90 Ibs min.
machine and x-machine
direction
Ultraviolet (UV) Radiation ASTM D4355 50 percent strength stability retained

min., after 500 hrs. in weatherometer
AOS ASTM D4751 0.43 mm max.

(#40 sieve)

Water Permittivity ASTM D4491 0.5 sec -1 min.

L All geotextile properties are minimum average roll values (i.e., the test result for any sampled roll in a lot shall meet
or exceed the values shown in the table).

Concrete Liners

1. Concrete liners may also be ugedsedimentation chambers and for sedimentation and filtration
basins less than 1,08Quare feet in area. Concrete shall bech thick Clas8000 or better and
shall be reinforced by steel wire mesh. The steel wire mesh shall be six (6) gage arigeror |
and 6inchby6i nch mesh or smaller. An AOrdinary Surfe
underlying soil is clay or has an unconfined compressive strength aiodb.pgr square foot or
less, the concrete shall have a minimumadh compacted aggreigabase consisting of coarse
sand and river stone, crushed stone or equivalent with diameter @b #teh. Where visible,
the concrete shall be inspected annually and all cracks shall be sealed.

2. Portland cement liners are allowed irrespective ofifgdize, and shotcrete may be used on
slopes. However, specifications must be developed by a professional engineer who certifies the
liner against cracking or losing water retention ability under expected conditions of operation,
including facility mainenance operations. Weight of maintenance equipment can be up to
80,000pounds when fully loaded.

3. Asphalt concrete may not be used for liners due to its permeability to many organic pollutants.

If grass is to be grown over a concrete liner, slopes musb seeeper than 5H: 1V to prevent the
top dressing material from slipping. Textured liners may be used on slopes up to 3H:1V upon
recommendation by a geotechnical engineer that the top dressing will be stable for all site
conditions, including maintenance

2.8 Maintenance Requirements

1. Adequate provisions to facilitate maintenance operations must be included in the design of all
stormwater facilities. Provisions must be made for regular and perpetual maintenance of the
facility, including replacement and/ora@nstruction of any media that are relied upon for
treatment purposedhe maintenance checklistsAppendix Fshall be used to identify required
maintenance for specific BMPs.

2. Any standing water removed during maintenance operations must be disptisad approved
discharge location. Discharge to a sanitary sewer at an approved discharge location may be an
option. The City of Everett must be contacted prior to any discharge. Residuals must be
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disposed of in accordance with state and local solidexragulations (see Minimum Functional
Standards for Solid Waste Handling, Chapter-3@3 WAC).

3. The maintenance of drainage facilities associated with commercial, industrial, planned residentia
development, and mufamily development is the respondityi of the owner(s) of the
development.

4. The City generally assumes the operation and maintenance of drainage facilities constructed in
connection with residential subdivision of land in the City, after the expiration of-ge&ro
operation and maintenamperiod, if the following conditions have been met:

a. All of the requirements of Section 14.28.090 of the Everett Municipal Code have been
fully complied with; and

b. The facilities have been inspected and accepted by the utility division of the Public
Works department after two years of operation and maintenance in accordance with City
maintenance standards; and

c. All deeds conveying drainage tracts and necessary easements entitling the City to
properly maintain the facilities have been conveyed to the Cityemrmalded with the
Snohomish County auditor; and

d. The warranty bond required in subsection D of Section 14.28.090 of the Everett
Municipal Code has been extended for one year, covering the City's first year of
operation and maintenance; and

e. The developer hasupplied to the City an accounting of capital construction, operation
and maintenance expenses, or other items, for the drainage facilities to the end of the
two-year period.

2.9 Overflow Requirements

1. A minimum of 1foot of freeboard is required when esislhing the design ponded water depth.
Freeboard is measured from the rim of the facility to the maximum ponding level or from the rim
down to the overflow point if an overflow or a spillway is included.

2. Inall ponds, tanks, and vaults, a primary overflosually a riser pipe within the control
structure) must be provided to bypass the-\l€#r recurrence interval developed peak flow over
or around the restrictor system. This assumes the facility will be full due to plugged orifices or
high inflowsi theprimary overflow is intended to protect against breaching of a pond
embankment (or overflows of the upstream conveyance system in the case of a detention tank o
vault). The design must provide controlled discharge directly into the downstream conveyance
system or another acceptable discharge point.

3. A secondary inlet to the control structure must be provided in ponds as additional protection
against overtopping should the inlet pipe to the control structure become plugged. A grated
opening (Ajail house windowo0) nsasaweinwhencused asrao |
secondary inletNote: The maximum circumferential length of this opening must not exceed one
half the control structure circumferencAfibi rdcageo overfl ow struc
secondarynlet.

100-year Overflow Conveyance

An overflow route must be identified for stormwater flows that overtop the facility feudity capacity

is exceeded or the facility becomes plugged and fails. The overflow route must be able to convey the
100year recurrence interval devekappeak flow to the downstream conveyance system or other
acceptable discharge point without posing a health or safety risk or causing property damage.
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Emergency Overflow Spillway Requirements

1. For impoundments less than d€refeet, ponds must have an egeency overflow spillway that
is sized to pass the 1§@ar recurrence interval developed peak flosthe event of total control
structure failure (e.qg., blockage of the control structure outlet pipe) or extreme inflows.
Emergency overflow spillways anetended to control the location of pond overtopping and
direct overflows back into the downstream conveyance system or other acceptable discharge
point.

2. Emergency overflow spillways must be provided for ponds with constructed bermsfeegir2
height,or for ponds located on grades in excess @érgent. As an option for ponds with berms
less than 2eet in height and located at grades less thaaréent, emergency overflow may be
provided by an emergency overflow structumach as a Typd manholefitted with afbirdcage.
The emergency overflow structure must be designed to pass tyediOfecurrence interval
developed peak flow, with a minimumriches of freeboard, directly to the downstream
conveyance system or another acceptable dischaige p

3. The emergency overflow spillway must be armored with riprap in conformanc€athter6.6
of Volume L The spillway must be armored full width, beginning at a point midway across the
berm embankment and extending downstream to where emergearflpws reenter the
conveyance system.

Emergency Overflow Spillway Capacity.

Emergency overflow spillway designs must be analyzed as4oreated trapezoidal weirs in accordance
with the following equations.

Thebroad-crested weir equationfor the pillway section would be:

Qw = C (29)%[2 LH¥2 + 1% (Tand) H>?] (equation 1)

where:
Qo =  peak flow for the 10§ear recurrence interval runoff event (cubic feet per second)
cC = discharge coefficient (0.6)

G = gravity (32.2 ft/sed

L = lengthof weir (ft)

H = height of water over weir (ft)
%

= angle of side slopes

Assuming C = 0.6 and Taft = 3 (for 3:1 slopes), the equation becomes:
Qoo =  3.2LH¥*?+2.4 H?] (equation 2)

To find widthL for the weir section, the equation is rearranged to use the compgtaddtrial values
of H (0.2feet minimum):

L = [Qo/(3.21H3]-2.4H (equation 3)

Minimum length shall be 6 feet.

Volume Il T Flow Control and Treatment
2-14



CITY OF EVERETT STORMWATER MANAGEMENT MANUAL

2.10 Projects with public maintenance of the stormwater facilities

Storm facilities in rightsf-way, public easements, and those associated with residential subdivisions or
any other development whettee City will undertake maintenance of the facility, may have special
restrictions regarding materials used and/or design criteria foraipepstems. Specific

restrictions/criteria applying to this type of development include, but may not be limitibe following:

1.

6.

Corrugated metal pipe may not be used in storm drainage systems, including detention pipes an
wet tanks, unless otherwise approved by the City Engineer.

All stormwater detention and deep dead storage (deeper than 2.5 feet) shall dedgrovi
underground, covered systems unless otherwise approved by the City Engineer. Only shallow
vegetated storage, infiltration basins, and sand filter basins shall generally be allowedais open
systems. Retaining walls associated with these-apdacilities shall not exceed three feet in
height and side slopshall not exceed 3:1 (H:V).

Openair stormwater facilities (such as wetponds, infiltration basins, and sand filter basins)
providing runoff control for residential subdivisions or any otiterelopment where the City will
undertake maintenance of the facilities shall be dedicated in a separate tract to the City of Evere
The tract dedicated shall include, at a minimum, all area within the high water mark, and may be
required to include anyequired access roads or paths associated with the facilities.

The City may require an area 10 feet wide, as measured from the high water mark, to be provide
around the perimeter of an opam runoff control facility and included in a tract held in coon
ownership, with an easement granted to the City. The City strongly encourages landscaping of
this area by the developer to provide screening for the pond and an aesthetically pleasing
appearance. Maintenance and irrigation of the landscapitigsiprovided as necessary to

ensure successful plant establishment.

At a minimum, an area five feet wide must be available to the City for maintenance of any
fencing associated witktormwater managemefatcilities. This area must be provided around
the peimeter of the fence, on both sides. If this area is not contained within the dedicated
drainage tract, then an easement must be granted to the City.

The developer shall establish appropriate vegetation in the entire dedicatexd-vigtyt

2.11 Setbacks

1.

All wet pool, detention and infiltrating facilities shall maintain minimum setback distances as
follows. All setbacks shall be horizontal unless otherwise specified:

a. 1 foot positive vertical clearance from any open water maximum surface elevation to
structues within 25feet.

b. 10 feet fromtheopen water maximum surface elevation or edgbd@stormwater
facility to property linesand onsite structures.

c. 50 feet from top of slopageatetthan20 percent and greater than @t high. A
geotechnical analysand report must be prepared addressing the potential impact of the
facility on the slope. The geotechnical report may recommend a reduced setback, but in
no case shall the setback be less than the vertical height of the slope.

d. 10 feetfrom open water mximum surface elevation or edge of stormwater facility to a
sanitary sewer main or service.

e. 50 feet from any septic tank, holding tank, containment vessel, pump chamber, and
distribution box.
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2.12

2.13

2.14

2. Infiltrating facilities shall maintain the following additionsetbacks:
a. 100 feet from the edge of a seghak, dain field and drain field reserve area.

b. 100 feet from drinking water wells and springs used for public drinking water supplies.
Infiltration facilities upgradient of drinking water supplies and witlin5, and 16§/ear
time of travel zones must comply with Health Remen requirements (Washington
Wellhead Protection Program, DOH, 12/93).

3. All underground stormwater facilities shall be setback from any structure or property line a
distance equal to thadepth of the ground disturbed in setting the structure.

4. A geotechnical analysis and report must be prepared for work located withiee3@d the top
of landslide or erosion hazard areas (as defined in T8le€Chaptei37 of the Everett Municipal
Code). The scope of the geotechnical report shall incudessessment of impoundment
seepage on the stability of the hazard area

Sites Containing or Adjacent to Critical Areas

Environmentally sensitive areas shall be protected and impacts mitigagedanor dance wi t h
Zoning Code requirements, this manual, and the conditions of final SEPA approval.

Topsoil

Topsoil used in constructing runoff control facilities shall be free from materials toxic to plant growth,
noxious weeds, rhizomes, roossipsoil, stones, and other debris and shall generally consist of a sandy
clay loam, sandy loam, loam, clay loam, silty clay loam, or silt loam soil or mix. The mix may not be
more than 50% sarat 20% clay. Total organic matter shall be 1% to 10%. Aimam of 20% of the

mix volume may be retained on a 1/4 inch sieve and 100% of the topsoil shall pass through a 1/2 inch
sieve.

Underground structures

1. Tanks and vaults must meet structural requirements for overburden support and vactor truck
loading.

2. Tarks and vaults must be placed on stable, well consolidated native material with suitable
bedding. Tanks and vaults must not be placed in fill slopes, unless analyzed in a geotechnical
report for stability and constructability.

3. Castin-place wall sections ust be designed as retaining walls. Structural designs feineast
place vaults must be stamped by a licensed civil engineer with structural expertise.

4. Tank end plates must be designed for structural stability at maximum hydrostatic loading
conditions.

Buoyancy.

In moderately pervious soils where seasonal 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 providisgbsurface drains to permanently lower the groundwater table.
Calculations that demonstrate stability must be documented.

Materials.

Minimum 3,000psi structural reinforced concretballbe used for detention vaults. All construction
joints must be provided with water stops.

Volume Il T Flow Control and Treatment
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Chapter 3 - Detention Facilities

3.1

3.2

Introduction

This chapterpresentslesign criteria specific tdetention facilities. These facilities provide for the
temporary storage ofarmwater runoffpursuant to the performance standards set forth in Minimum
Requirenent #7 for flow control (Volumé).

Design guidelines for outflow control structures are specifiatblnme |, Chapte6 .

There are three primary types of detention fed described in thishapter detertion ponds, tanks, and
vaults. Standard details for detention facilities and key detention facility structures are provided in the
400 series of the Cityodos Design and Constructi

NOTE: The specific requirements and design criteria given in this chapteriaraddition to applicable
BMP requirements from Chapte. Chapter2 addresses requirements that are common to more than
one BMP, such as access, maintenance, berms and entbanks, etc.

Detention BMPs
3.2.1 Detention Pond Design

General Design Criteria

1. Ponds must be designed as fldwough systemsDeveloped 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.

2. Pond bottomsnustbe leveland be located a minimum of Gdot (preferably foot) below the
inlet and outlet to provide sediment storage.

3. Drainage facilities should be maderattive features of the urban environment. To this end,
engineers are encouraged to be creative in shaping and landscaping facilities and to consider
aesthetics when choosing alternatives for parking lot paving, conveyance systems, detention
facilities, weirs, structures, etc.

3.2.2 Detention Tanks

Detention tanksire underground storage facilities typically constructed with large diameter corrugated
metal pipe.Detention tanksnay notbe perforatedo provide infiltration of stormwater.

General Design Criteri a

1. Tanks may be designed as flolwough systems with manholes in line to promote sediment
removal ando facilitate maintenance. Tanks malgobe designed as bacip systems if
preceded byunoff treatmenfacilities, since little sediment should reabke 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 bottomustbe located 0.5eet below the inlet and oetevationdo provide
dead storage for sedimenitithout compromising the ability to remove sediment from the
facility.

The minimum pipe diagter for a detention tank is 3&ches.

Tanks larger than 3@ches may be connected to each adjoining structure with a short section
(2-foot maximum length) of 3&ch minimum diameter pipe.

Volume Il T Flow Control and Treatment
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5. Tanks shall not be located under the travel way in public rights of warysinglefamily plats
andplannedurbandevelopments (PUDsplannedresidentialdevelopments, oplanring and
development distrist detention tanks shall be located in separate tracts.

Note: Control and access manhotassthave additional ladder rungs to allow ready access to all tank
access pipes when the catch basin sump is filled with water.

Pipe material, joints, and protectiveatment for tanks shall be in accordance withe Ci t y6s Desi ¢
Construction Standards and Specifications.

3.2.3 Detention Vaults

Detention vaultare boxshaped underground storage facilities typically constructed with reinforced
concrete.Detention vaulk may notbe perbrated to provide infiltration of stormwater.

General Design Criteria

1. Detention vaults may be designed as fitmough systems with bottoms level (longitudinally) or
sloped toward the inlet to facilitate sediment removal. Distance between the inlet anshailitlet
be maximized (as feasibleYaults may also be designedl@ckup systems if preceded by
runoff treatment facilities.

2. The detention vault bottoshallslope at least percent from each side towards the center,
forming a broad AVo to facilitate sediment rem
vault depth. However, the vault bottom may be flat with @051 foot of sediment storage if
removable panels are provided over the entire vault. It is recommended that the removable panels
be at grade, have stainless steel lifting eyes, and weigh no morettrenper panel.

3. The invert elevation of the outlet must be elevated above the bottom of the vault to provide an
average @nches of sediment storage over the entire bottom. The owat elevatiormust also
be elevated a minimum offget above therifice tohelp retain oil angirevent blockage of the
primary orifice with floatable materials.

4. Vaults shall not be located under the travel way in public rights of way. For-famgiy plats
and planned urban developments (PUDs), planned residéetiglopments, or planned
development distrist detention tanks shall be located in separate tracts.

Volume Il T Flow Control and Treatment
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Chapter 4 - Presettling Facilities

4.1

4.2

Introduction

This chapter presents the methdust may be used to provide presettling of sghidsr to sediment
sensitve BMPs. Presettlementmust be provided in the following applications:

e Forinfiltration and forsand and media filtration BMPis orderto protect them from excessive
siltation aml debris

e Where the basic treatment facility or the receiving water may be adversely affected by non
targeted pollutants (e.g., oil), or may by overwhelmed by a heavy load of targeted pollutants (e.g
suspended solids).

Presettling BMPs

Therequirementor presettlingnay be met by any of the following:
e A runoff treatment facility from the BasitreatmenMenu(seeTable 4.4of Volume ).
e A detention system designed to meet the flow control requirements
e An Ecologyapproved and City accepted pretreatnteahnology (se€hapterld)

e A presettlingfacility, which may be integrated as the first cell of the filtration facility and is
described below.

4.2.1 BMP 4.10 Presettling Basins, Vaults, or Tanks

A presettling facility provides pretreatment of runoff in ortteremove suspended solids, which can
impact other runoff treatment BMPs. Acceptable presettling facilities in the City include presettling
basins, tanks, and vaults.

Runoff treated by a presettling facility may not be discharged directly to a receiziagav to
groundwater; it must be further treated by a basic or enhanced runoff treatment BMP.

General Design criteria for presettling basins, vaults or tanks

Presettling facilities shall meet the applicable wetpool facility require(eant wet pond, et vault, or
wet tank)except as modified by the following:

1. A wetpool volume of at least 3fercent of the total water quality treatment design volsina!
be provided

2. If the runoff in the presettling facility will be in direct contact with the gbigpresettling facility
shall belined with animpermeabldiner meeting theequirement irChapter2.7.

3. The lengthto-width ratio shall be at least 3:1. Berms or baffles may be used to lengthen the
flowpath.

The minimum depth shall befdet, including ondoot of sediment storage
The maximum depth shall beféet.

Inlets and outlets shall be designed to minimize velocity and reduce turbulence.

N oo g &

Inlet and outlet structureshall be located to maximize partiedettling opportunities.

Volume Il T Flow Control and Treatment
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Chapter 5 - Sand Filtration Treatm ent Facilities

5.1

5.2

Introduction

This chapter presents criteria for the design and construction of runoff treatment sand filters including
basin, vault, and linear filters.

Three BMPs are discussed in this chapter:

e BMP 5.10 Sand Filter Basin
e BMP 5.20 Sand Filter Vault
e BMP 5.30 Linear Sand Filter.

General Requirements for Sand Filters

Sand filtersshallbe sized using an approved continuous simulation hydrohogae! (see Volume |,
Chapterb). Basic sand filtersmust capture and tre@l percent of the total runoff volum&arge sand

filters must capture and tre@b percentof the total runoff volumeOnly 9percent of the total runoff
volumemaybypass or oerflow froma basicsand filter facility 5% for large sand filtersThe sand filter
design rate shall be that flow rate which results in the above percentages of total runoff volume being
treated.

Inlet bypass and flow spreading structures (e.g., floweaggers, weirs or multiple orifice openings) shall
be designed to capture the applicable design flow rate, minimize turbuheice spread the flow
uniformly across the surface of the sand filter. Stone riprap or other energy dissipation devites shall
installed to prevent gouging of the sand medium and to promote uniform flow.

Overflow requirements must be met ($apter2.9).

In an offline system, a diversion structureadifbe installed to divert the design flow rate into the
sediment chambend bypass the remaining flow to detention/retention (if necessary to meet Minimum
Requirement #7), or to surface water.

Design Assumptions

A hydraulic conductivityof 1 inch per hour shall be used in the sand filter desidgne depth of the sand
bed shdlbe 18 inches.

Pretreatment Requiremen ts

Filtration facilities are particularly susceptible to clogging. Therefore, presettling must be provided
before stormwater enters a filtration facilitgeeChapter4 for presettlingacilities.

Floatable trashrad debrismust be removeldefore flows reach the sand bed. This requirement may be
met by providing a catch basivith a capped riser on the inlet to the sand filter.

For highuse sites, sand filters must be preceded by oil control.
Sequencing with deten tion systems

Sequencing requirements of sand filters and detention facilities are as follows:

e On-line sand filters must NOT be placegstreamof a detention facility. Thisequirement helps
to prevent exposure of the sand filter surface to high fies that could cause loss of media and
previously removed pollutants.

Volume Il T Flow Control and Treatment
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On-line sand filters placedownstreanof a detention facility must be sized to filthe design
water gquality volume

Off-line sand filters placedpstreamof a detention facility mst have a flow splitter designed to
send all flows at or below theand filter desigfiow rate to the sand filter. The sand filsrall

be sized to filter all the runoff sent tq(ito overflows from the treatment facility shall occur).

Note that WWHMallows any bypasses and the runoff filtered through the sand to be directed to
the downstream detention facility.

Off-line sand filters placedownstreanof a detention facility must have a flow splitter designed
to send all flows at or below they2ar reurrence interval flow from the detentiéarcility to the
treatment facility. The treatment facilighall besized to filter all the runoff sent to it (no
overflows from the treatment facility st occur).

Inlet Systems

1.

Inlet flow distribution shall b@ptimized and shall create minimal sand bed disturbance. Any
flow distribution system must retain any pretreatment dead storage volume provided in a
presettling cell, minimize turbulence within the sand filtration cell, and be readily maintainable.

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

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

Underdrain systems

1.

An underdrain system is requiréat sand filters Acceptablainderdrain systems include
centrallongitudinalcollector pipe(for installations less than 30 feet widaentrallongitudinal
collector pipe with lateral feeder pipesdlongitudinalfeedermipes with alateralcollector pipe
at the outlet end

The maximum distance between feeder pipes or the edge of tlitg &wll be 15 feet.
Geotextile drains may be used in place of feeder pipes.

All collectorpipes shall have a minimum slope 015 percent, with an invert outlet above the
seasonal high groundwater level.

Cleanouts withwatertight capsand valve bres (for accessghall be provided at each end of the
maincollectorpipe and shall extend to the surface of the filter.

At least 8 inches of drain rock shall be maintaioeer, and 6 inches on each safeall
underdrain piping to prevent damage by heavy equipment during maintenance.

A geotextile fabric shall be used between the sand layer and the drain rock and shall be placed so
that one inch of drain rock is above the fabric.

If the sand filter is loated uptream of detentigrthenunderdrain piping sl be sized to handle
double the tweyear return frequency flow

If the sand filter is located downstream of detention, therunderdrain piping sitl be sized for
the twoyear return frequency flow

A minimum ofone (1) foot of hydraulic heaghall be providedbove the invert of the upstream
end of the collector pipe.
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Material Specifications

1. Drain rockshall beclean0.751.5 inch rock or gravel backfill, washaddfree ofanyclay or
organic material.

2. Thesandin a filter must consist of a medium sand meeting the size gradhly weight) given
in Table 51. The contractor must obtain a grain size analysis from the supplier to certify that the
No. 100 and No. 200 sieve requiremeants met. fote: Standard backfill for sand drains, Wa.
Std. Spec.-93.13, doesiot meet this specification and must not be used for sand filters

3. Underdrain pipes shall be perforated PVC, SDR 35 (or approved equal), with a minimum
diameter of 6 inchesThe pipe shall have two rows ofittch holes, with the rows spaced 120
degrees apart. Holes shall be spaced a maximum of 6 inches apart longitudinally. The pipe sha
be laid with the holes located downward

4. Geotextilewith the properties in Tab®2 shall be used in sand filter design, between the sand
filter bed and the drain rock.

Table 5.1 Sand Media Specification.

U.S. Sieve Number Percent Passing

4 95-100

8 70-100

16 40-90

30 2575

50 2-25

100 <4

200 <2

Source: King County Surface Water Design Mandahuary?2009

Table 5.2 Geotextile Property Requirements for Sand Filter Design !

Geotextile Property Test Method Value
Grab Tensile Strength, min. in ASTM D4632 250 Ibs/160 Ibs min.
machine and x-machine direction
Grab Failure Strain, in machine and ASTM D4632 <50 percent/>50 percent
x-machine direction
Seam Breaking Strength (if seams ASTM D4632 220 lbs/140 Ibs min.
are present)
Puncture Resistance ASTM D4833 80 Ibs/50 Ibs min.
Tear Strength, min. in machine and ASTM D4533 80 Ibs/50 Ibs min.
x-machine direction
Ultraviolet (UV) ASTM D4355 50 percent strength
Radiation stability retained min., after 500
hrs. in weatherometer
AOS ASTM D4751 0.18 mm max.
(#80 sieve)
Water Permittivity ASTM D4491 0.3 sec -1 min.

1 All geotextile properties are minimum average roll values (i.e., the test result for any sampled roll in a lot
shall meet or exceed the values shown in the table).

Volume Il T Flow Control and Treatment
5-3



CITY OF EVERETT STORMWATER MANAGEMENT MANUAL

5.3 Construction Criteria

5.4

1.

Sand filtraion systems may not be operatedl no surface runoshallbe permitted to enter the
sydem until all project improvements are completed which produce surface runoff and all
exposed ground surfaces are stabilized by revegetation or by landscaping.

Construction runoff may be routed teiesettlingfacility, butthedischarge shll 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 shottircuiting (particularly around penetrations for undenmdi@deanouts), and to
prevent damage to the underlying geomembranes and underdrain system.

Overcompaction should be avoided to ensure adequate filtration capacity. Sand is best placed
with a low ground pressure bulldozergdig or less). After the sddayer is placedvater

settling is recommendda floodingthe sand with 1@ 15gallons of water per cubic foot of

sand.

Sand Filtration BMPs
5.4.1 BMP 5.10 Sand Filter Basin

Sand filter basins are open impoundments.

Criteria specific to basic and large sand filter basins.

1.

2.

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 gomembrane. See Chapger for impermeable liner specifications.

An access ramp with a slope not to exceed 7:1, or equivalent, shall be included for maintenance
purposes at the inlet and the outlet of a surface flieaccess poffior inspection and
maintenance shall be provided wheresiele.

5.4.2 BMP 5.20 Sand Filter Vault

A sand filter vault is similar to an open sand filter except that the sand layer and underdrains are installed
below grade in a vault.

Criteria specific to sand filter vaults:

1.
2.

Vaults may be designed as ifie systems oason-line systemdor small drainages

Pretreatmentnay occur in a properly designed fpeatmentell within the sand filter vault, dn
a separate upstream pretreatment system.

If a retaining baffle isised to retain floatable materialsapresettling cell, it must extend at least
one foot above to one foot below the design flow water level. Provision for the passage of flows
in the event of plugging must be providetin access opening and ladder shibe provided on

both sides of the baffle.

To helpprevent anoxic conditions within the sand beedjinimum of 24square feet of

ventilation grate sill be provided for each 25uare feet of sand bed surface area. For

sufficient distribution of airflonacross 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.
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5. A sand filter inlet shutoff/bypass vahahall be providedor maintenance
5.4.3 BMP 5.30 Linear Sand Filter

Linear sand filters are typically long, shallow, teelled rectangular vaults. The first cell is designed for
settling coarse particles, and the second cell contains the sand bed. Stormwater flows into tleelsecond

via a weir section that also functions as a flow spreafee Figuré.1 for an illustration of a linear sand
filter.

~ femovable grated cover*
(optional) (mustbear traffic loads
ifin aroad or parking area) :

NisHanl)

inlet pipe

L.

*covermay be solid with piped inlet -

* PLAN VIEW N pert. pipe, 05% slope
- NTS. .. Vien o tqward outiet (or strip drain) A

outlet pipe

~= gravel drain rock + sand layer — el ;
c Lo ETaimg et T 67 pert. pipe
SECTION A-A w/geotextile fabric wrap

~ NTS

- sand filter chamber -

 grated cover—\ ‘ . —removable . .
N\ \/ v O M ——/——r/=s cover (optional)
\S .'\/x h L $

' sand layer (127)

gravel drainrock (12"

........ 6" pert. pipe .
L S’ee‘text for sizing o
SECTION B-B y
" NTS
Figure 5.1 Linear Sand Filter
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Application and Limitations
Linear sand filters arepplicable inthefollowing situations:

e For oil controltreatmenfrom high use sites
e Inlong narrow spaces such ag perimeter of a paved surface

e As a part of a treatment traimpstream or downstreaof a filter strip
Additional Design Criteria for Linear Sand Filters

1. The two cells sall be divided by a divider wall that is level and extends a minimuéim¢hes
above the sand bed.

Stormwater may enter the sediment cell by sheet flow or a piped inlet.
The width of the sand cell must béabt minimum to 15eetmaximum.

The sand filter bed must be a minimum ofidéhes deep and have ain8h layer of drain rock
with perforated drainpipe beneath the sand layer.

5. The drainpipe must beifich diameter minimum and be wrapped in geotextile and sloped a
minimum of 05 percent.

The maximum sand bed ponding detmall bel foot.
The filter nust be vented as for sand filter vaults
The sediment cell width shall be set follows:

Sand filter width, (w) inches 1224 2448 4872 72+
Sediment cell width, inches 12 18 24 w/3
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Chapter 6 - Filter Strips

6.1

6.2

Introduction

Filter stripsare vegetated treatment systems (typically grass) that remove pollutants by means of
sedimentation, filtration, soil sorption, and/or plant uptake. Thegesigned to remove low

concentrations and quantities of total suspended solids, heavy metals, petroleum hydrocarbons, and/or
nutrients from stormwater.

This chapter presents the following treatment BMPs:
e BMP 6.10 Basic Filter Strip
e BMP 6.20 Compostmended Filter Strip
e BMP 630 Narrow Area Filter Strip.

In cases where high concentrations of hydrocarbons, total suspended solids, or debris would be present
the runoff, such as runoff from higlse sites, a pretreatment system for those pollutants may be
necessary. If poddie, an offline configuration is preferred to prevent damage from high flows.

PLEASE NOTE: Biofiltration swales are not an acceptable treatrfeility type in the City of Everett
Thereforeno guidance for their desidras been prodied in thismanual.

Filter Strip BMPs
6.2.1 BMP 6.10 Basic Filter Strip

A basic filter strip isessentiallyflat with no side slopek see Figuré.l. Stormwaterunoffis distributed
as sheet flow across the inlet widthtloé filter strip.

Applications/Limitations

The basic filter strip is typically used #tine and adjacent and parallel to a paved area such as parking
lots, driveways, and roadways.

Design Criteria for Filter Strips
1. Use the design criteria ifable6.1.
2. Filter strips shall only receive well didtrited sheet flow at the head of the strip.
3. To determine the required length of filter:
Calculate the design flow deptisingthe followingequation:
y = [KQn/1.49T§%%¢

where:
Q = Waterquality design flow rate

K =1.5if Q is determined using continuous flow modeling;
=1.0if Q is determined using SBUH methodology (see Volume |, Chapter
n = Manningbés roughness coefficient
s = Longitudinal slope of filter strip parallel to direction of flow
T = Width of filter strip perpendicular to the direction of flow, ft.
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Notei maximum allowable y = 1 inch

Calculate the design flow velociyy, ft./sec., through the filter strip:

V = KQITy

Notei maximum allowable V = 0.5 feet per second

Calculate the required letigof the filter strip (in feet) at the minimum hydraulic

residence time, t, of 9 minutes:
L =tV =540V

Table 6.1 Filter Strip Design Criteria

Design parameter

BMP T 8.40-Filter Strip

Longitudinal Slope 0.01-0.15
Maximum velocity 0.5 feet/sec
Maximum water depth 1-inch

Manning coefficient

0.35 (0.45 if compost-amended, and mowed to
maintain grass height <4 0 )

Design Flow Water Quality Design Flow Rate
Minimum hydraulic residence time 9 minutes
Transition detalil Inletedge>30 | ower than contr
Max. tributary drainage flowpath 150 ft

Max. longitudinal slope of
contributing area

0.05 (steeper than 0.05 needs upslope flow spreading

and energy dissipation)

Max. lateral slope of contributing area

0.02 (at the edge of the strip inlet)

6.2.2 BMP 6.20 Compost Amended Filter Strip

A compost amended filter strip shall meet all the requirements above, with the following additional

criteria;

o the filter strip area shall be comp@shended to a minimum of J&rcent aganic content in

accordance with BMP T5.1and

e grass shall be maintained at@&rcent density and aidch length by mowing and periodic-re

seeding

6.2.3 BMP 6.30 Narrow Area Filter Strip

This section describes a filter strip design for impervious areadlatpaths of 3Geet or less that can

drain along their widest dimension to grassy areas.

Applications/Limitations

A narrow area filter strip could be used at roadways with limited-o&tay, or for narrow parking

strips. If space is available to ube basic filter strip design, that design should be used in preference to

the narrow filter strip.
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150" Max.
Rec_o_mmended
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Figure 6.1 Typical Filter Strip
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Design Criteria

Design criteria for narrow area filter strips are shene as specified for basic filter stripdowever, the
sizing of a narrow area filter strip is based on the length of flowpath draining to the filter strip and the
longitudinal slope of the filter spritself (parallel to the flowpath).

Step 1: Determinethe length of the flowpath from the upstream to the downstream edge of the impervious
area draining sheet flow to the strip. Normally this is the same as the width of the paved area, butig the site
sloped, the flow path may be longer than the width of the impervious area.

Step 2: Calculate the longitudinal slope of the filter strip (along the direction of unconcentrated flow),
averaged over the total width of the filter strip. The minimum gigiape is Dercent. If the slope is less
than 2percent, use Rercent for sizing purposes. The maximum allowable filter strip slopepsr2ént. If
the slope exceeds p@rcent, the filter strip must be stepped down the slope so that the treatrasnt
between drop sections do not have a longitudinal slope greater tharc2ft. Drop sections must be
provided with erosion protection at the base and flow spreadersposad flows. Vertical drops along the
slope must not exceed fithes in hight. If this is not possible, a different treatment facility must be
selected.

Step 3: Select the appropriate filter strip length for the flowpath length and filter strip longitudinal slope
(Stepsl and2 above) from the graph in Figudet. The filter strip must be designed to provide this
minimum lengthL along the entire stretch of pavement draining into it.

To use the graphFind the length of the flowpath on one of the curves (interpolate between curves as
necessary). Move along tharve to the point where the design longitudinal slope of the filter stip (x
axis) is directly below. Read the filter strip length on tkexis which corresponds to the intersection
point.

20.0
15.0t

iq—)i -

L Flowpath

< = 30 feet

5 | A

Y 10.0+

2 ]

n

g

= _
5.0t
o0ttt

0% 5% 10% 15% 20%
Filter Strip Slope
Note: minimum allowable filter strip length is 4 feet

Figure 6.2 Filter Strip Lengths for Narrow  Right -of-Way.
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Chapter 7 - Wet Pool Facilities

7.1

7.2

Introduction

This chapter presents the methods, criteria, and details for analysis and design of wet ponds, wet vaults
and stormwater wetlands. These facilities have as a common element a permanent poot tievater

pool. Each of the wet pool facilities can be combined with a detention or flow control pond in a
combined facility. Included are the following specific facility designs:

e BMP 7.10 Wet ponds Basic and Large

e BMP 7.20 Wet vaults

e BMP 7.30 Stormwater Weands

e BMP 7.40 Combined Detention and Wet Pool Facilities.

General Design Criteria for All Wetpool Facilities

1. The basic wet pool volume shall theewaterquality designvolume.The water quality design
volume is the volume of runoff predicted fron24hour storm with a énonth return frequency
(6-month, 24hour storm). Alternatively, the 91st percentile;t#ur runoff volume indicated by
an approved continuous simulation runoff model may be used. See Ghaptéslume I for
more information.

2. Thefollowing design features shall be used to encourage plug flow and to avoid dead zones
within wetpools:

a. Energy dissipation at the inlet.
b. A large effectivdengthto-width ratio(3:1 length to width, minimum)

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

3. Wet pml facilities may be singleourpose facilities, providing only runoff treatment, or they may
be combined with detention to also provide flow control. If combitieelwet pool volume can
be provided below the outlet elevation of the combined facility, with the live storage provided
above. See BMR.40 for a description of combined detention and wet pool facilities.

4. The inlet to the wet pool shall be submergedilie inlet pipe invert a minimum off8et from
the wetpool bottom (including sediment storage).

5. The top of the inlet pipe shall be submerged at lefsit] if possible.Wet PoolBMPs

7.2.1 BMP 7.10 Wet Ponds T Basic and Large

A wet pond is a constructeiormwater pond that retains a permanent pool of wafew e t , apleast! 0 )
during the weseason.

The following design criteria cover two wet pond applicatiotiee basic wet pond and the large wet

pond. Large wet ponds are designed for higher levels of pollutant removal. As with other similar BMPs,
wet ponds may be used as sedimentation pondsgdemimstruction. However, any sediment that has
accumulated in the pond must be removed after construction is complete and before the pond is
permanentlyplacedon-line.

Volume Il T Flow Control and Treatment
7-5



CITY OF EVERETT STORMWATER MANAGEMENT MANUAL

Applications and Limitations

Wet ponds are designed to maintain a standing pool @ir(atthe design treatment elevatiohjough

much of the wet seasoiThe wet pool storage of wet ponds may be provided below the groundwater
level. However, if combined with a detention function, the live storage must be above the seasonal high
groundvater level.

Sizing Criteria

For a basic wet pond, the wet pool volume provided shdhdvater quality design volumé-or a hrge
wet pondthe wetpool volume provided shall bheb times the water quality design volume

Wet Pond Design Criteria

1.

10.

11.

The wet pool shall be divided into two cells separated by a vertical divider, such as, avbérin
ties into the wetpond side slopes at each érk volume of the vertical divider shall not count
as part of the total wet pool volume.

The interiorvertical dvider may be a retaining wall provided that the design is prepared and
stamped by a licensed civil engineer.

Sediment storage shall be provided in the firstwigh a minimum sediment storage depth of 1
foot. The first cell shall have a level bottom.

The first cellof the wet pondthe presettling cell) shall contai® Bercent of the total wet pool
volume. The presettling volume majsobe provided in an underground wet vault instead of an
open pond cell.

Thedepth of the first cell shall bei46 feet, excluding the sediment storage depth.
The maximum depth of the second cell shalblieet

A minimum of15% of thetotal wet pool volume shall be provided in the second cell at depths of
07 2.5 feet, with a maximum average depth of 2.0 feet ¢tihergent treatment area).

Inlets and outlets shall be placed to maximize the flow path through the fadilitg length to
width from the inlet to the outletf at least 3:1.

Note: Theflow path lengthis defined as the distance from the inlet to the outlet, as measured at
mid-depth in each cell. Theidth at middepth can be found as follows: width = (average top
width + average bottom width)/2.

All inlets shall enter the first cell. If there are tipie inlets, the lengtto-width ratio shall be
based on the average flow path length for all inlets.

The wet pool cells shall be lined in accordance witHdhepermeabilitiner requirements
outlined inChapter 2.7

Erosion control measuresalhbe wsed to prevent erosion of the berm batdpe when the pond
is initially filled.

Inlet and Outlet

1.

An outlet structure shall be provided. Either a T¢mmtch basin with a grated opening (jail
house window) or a manhole with a cone grate (birdcage) maydue

A floatable material separat@SCCDrawings#410 and #41]lis required on the outlet pipe
from the outlet structure.

The pond outlet pipe shall be sized, at a minimum, to pass {lreeonater quality flow ratand
shall be placedonarevege ade from the pondébés .wet pool t

Volume Il T Flow Control and Treatment
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4.

The primary overflow elevatiois determined by using the charts in Figurek, 7.2, and 7.3 (see
the end of this chapter)Use these figurde select a pond outlet pipe size and overflow stage.
The charts provide the overflow stage by assuming tHmerwater quality design flowQy,q, is
the flow rate that occurs at the critical depth. PphHmaryoverflow elevation is the outlet invert
elevation plus the overflow stage.

The overflow criteria for singkpurpose (treatment only, not combined with flow control) wet
ponds are as follows:

a. The requirement for primary overflow is satisfied by either the grated inlet to the outlet
structure ohby a birdcage above the pond outlet structure.

b. Thebottom of the grate opening in the outlet structure shall be set at or above the height
needed to pass the water quality design flow through the pond outlet pipe.

c. The primary overflow shall be sized tags the 10§ear recurrence interval design
flow.

The City may require a bypass/ shutoff valve forlofé ponds to enable the pond to be isolated
from the upstream conveyance system for maintenance purposes.

Sizing Procedure

Procedures for determinirggwet pond's dimensions and volume are outlined below.

Step 1 Determine the required wet pool volume in accordance with Chapter 5 in Volume |.

Step 2 Design the pond outlet pipe and determine the primary overflow water surface elevation.

Step 3 Deermine the wet pool dimensions satisfying the Wet Pond Design Crifeganple way to
check the volume of each wet pool cell is to use the following equation:

where

v = hara)
2
V = wet pool volume (cf)
h = wet pool average depth (ft)
A = water quality design surface area of wet pool (sf)
A = bottom area of wet pool (sf)

Planting Requirements

1.

Theemergent treatment arshall be planted with emergent wetland vegetation. See Z#ble
for recommended emergent wetland plant speciesdbpamls.

Cattails (Typha latifolia) are not recommended because they tend to crowd out other species ant
will typically establish themselves anyway.

Volume Il T Flow Control and Treatment
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Table 7.1 Emergent Wetland Plant Species Recommended for Wet P ools

Maximum
Species Common Name Notes Depth
INUNDATION 1 TO 2 FT
Agrostis exarata & Spike bent grass Prairie to coast
Alisma plantago-aquatica Water plantain
Eleocharis palustris Spike rush Margins of ponds, wet meadows
Glyceria occidentalis Western mannagrass Marshes, pond margins
Juncus effusus Soft rush Wet meadows, pastures, wetland margins
Scirpus microcarpus Small-fruited bulrush Wet ground to 18 inches depth 18 inches
Sparganium emmersum Bur reed Shallow standing water, saturated soils
INUNDATION 1 TO 3 FT
Carex obnupta Slough sedge Wet ground or standing water 15to 3 ft
Beckmania syzigachne @ | Western sloughgrass Wet prairie to pond margins
Scirpus acutus @ Hardstem bulrush Single tall stems, not clumping to 3 ft
Scirpus validus © Softstem bulrush
INUNDATION GREATER THAN 3 FT
Nuphar polysepalum Spatterdock Deep water 3to7.51t
Nymphaea odorata @ White waterlily Shallow to deep ponds to 6 ft

Notes:

@ Non-native species. Beckmania syzigachne is native to Oregon. Native spegiefared.

@ Scirpus tubers must be planted shallower for establishment, and protected from foraging waterfowl until establishec
Emerging aerial stems should project above water surface to allow oxygen transport to the roots.

Primary sources: Municipgy of Metropolitan Seattle, Water Pollution Control Aspects of Aquatic Plants, 1990. Hortus

Northwest, Wetland Plants for Western Oregon, Issue 2, 1991. Hitchcock and Cronquist, Flora of the Pacific Northwes

7.2.2 BMP 7.20 Wet Vaults

A wet vault isan underground structure similar in appearance to a detention vault, except that a wet vault
has a wet pool which dissipates energy and improves the settling of particulate pollutants

Applications and Limitations

Wetvaults are generallyot allowed forthe primary treatment of runoff in the Cityhe only exception is
single family residential subdivisions creating less than 10,000 square feet of effective impervious area.
However, wet vaultsnay be used for sediment removal upstream of sedimentigetigatment

facilities, or aghe first/presettling cell of et pond design.

Combined detention andetvvaults are allowed; see BNIR40.

If a wet vault/tank is designed to provide runoff treatment but not runoff quantity censfuduld

generdly be located offine from the primary conveyance/detention system. Flows above the peak flow
for the water quality design storshouldbypass the facility in a separate conveyance to the point of
discharge. A mechanisshouldalso be provided at the bypass poinstatethe facility for

maintenance purposes.

Wetpool Geometry
Same as specified for wet ponds (see BMP T9.10) except for the following two modifications:

Volume Il T Flow Control and Treatment
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The sediment storagkepthin the first cell shall be an avage of ifoot.

Wet vaults shall ba minimum of Feetdeep excluding sediment storage depth.

Vault Structure Criteria

1.

10.

Vaults with more than 2,000 cubic feet of dstatage volumend a lengtio-width ratio of less
than 5:1 must bseparated into tacells by a wall or a removable baffle.

If a wall is used, a-foot by 16foot removable maintenance access must be provided for both
cells.

Bafflesshall extend from a minimum offtot above theunoff treatmentlesign water surface to
a minimum of 1 foat below theinvert elevation of the inlet pipe.

The lowest point o& separatingaffle shall be a minimum of f2et from the bottom of the vault

The two cells of a wet vault 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 usetthiwicells must be positioned so as to
lengthen, rather than divide, the flowpath.

The bottom of the first cell shall be sloped toward the access opening. Slope should be betweer
0.5percent (minimum) and gercent (maximum).

The second cell may be keMlongitudinally)or sloped toward the outlet, with a high point
between the first and second cells. The intent of sloping the bottom is to direct the sediment
accumulation to the closest access point for maintenance purposes.

The vault bottom shallgpe laterally a minimum of percent from each side towards the center,
forming a broad AVO to facilitate wewidement
vaultsto minimize vault depth.

Exception: The City may allow the vault bottom to be iflatmovable panels are provided over
the entire vault. Removable panels should be at grade, have stainless steel lifting eyes, and wei
no more than %ons per panel.

The highest point of a vault bottom must be at leastlées below the outlet eleva to provide
for sediment storage over the entire bottom.

Where pipes enter and leave the vault below the water quality design water surface, they shall b
sealed using a ngporous, norshrinking grout.

Inlet and Outlet

1.

The inlet to the wet vault shdle submerged with the inlet pipe invert a minimum & from
the vault bottom. The top of the inlet pipe shall be submerged at I&axt 1

Conveyance modeling for the stormwater system leading to the vault must be shown to include
consideration ofhe backwater effects of the submerged vault inlet. Additional information on
backwater analyses is provided in Volum€hapter.

A floatable material separati®SCCDrawing # ) shall be placed on the outlet pipe.
The City may require a bypass/$biti valve to enable the vault to molatedfor maintenance.

Volume Il T Flow Control and Treatment
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7.2.3 BMP 7.30 Stormwater Treatment Wetlands

Stormwater treatment wetlands are shallow imeale ponds that are designed to treat stormwater
through the biological processes associated with emeageaticvegetation Mitigation wetlandsmay
not also be used as stormwater treatment facilities.

Applications and Limitations

This stormwater wetland design occupies about the same surface area as wet ponds, but has the potential

to be better integrated aesthetically into a site because of the abundance of emergent aquatic vegetation.

The most critical factor for a successfukigm 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. Since water depths are shallower than in wet ponds, water lospdnagea is an

important concern. Stormwater wetlands are a goodff treatmenfacility choice in areas with high

winter groundwater levels.

Design Criteria

When used for stormwater treatment, stormwater wetlands employ some of the same desiga$eatures
wet ponds. However, instead of gravity settling being the dominant treatment process, pollutant removal
mediated by aquatic vegetation and the microbiological community associated with that vegetation
becomes the dominant treatment process. Thus ddsgning wetlands, water volume is not the

dominant design criteria. Rather, factors which affect plant vigor and biomass are the primary concerns.

Sizing Procedure

Stepl: Calculate theotal requiredsurface area of the stormwater wetldrydlividing the water quality
design voluméy a theoretical average depth3ofeet. (Note: this theoretical average depth bears no
relationship to the actual depths in the stormwater wetlandherely decreases the overall surface area
of the stormwater wetland be comparable to a basic wetpgnd

Step2: Determine thactualsurface area of the first cell of the stormwater wetland. Use the volume
determined from CriterioB under AWetl and Geometryo, and the

Step3: Determinelte surface area of the wetland dsllsubtracing the surface area of the first cell
(Step3d) from the total surface area (S@p

Step4: Determinghewater depth distribution in the second cell. Decide if the top of the dividing berm
will be at thesurface or submerged (designer's choice). Adjust the distribution of water depths in the
second cell according to Criteri®@ under AWetl|l and Geometryo bel ow.
that holds less volume théime water quality design voluméhis is acceptable.

Step5: Choose plants. Sdable4.8for a list of plants recommended for wet pond water depth zones, or
consult a wetland scientist.

Wetland Geometry
1. Stormwater wetlands shall consist of two cells, a presettling cell and a wetland

2. The presettling cell shall contain approximatelyp@Bcent of the wet pool volume calculated in
Stepl above.

The depth of the presettling cell shall be betwe&ettands feet excluding sediment storage.
Onefoot of sediment storage shall bewided in the presettling cell.

The top oftheberm shall be at the water quality design water surface or submefgetbelow
the water quality design water surface

Volume Il T Flow Control and Treatment
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6. A distribution of depths shall be provided in the wetland cell depending on whetlutvittieg
berm is at the water surface or submerged (see Tableelow). The maximum depth is Zéet
in either configurationand the average water depth shall be&deb (plus or minus Biches).
Other configurations within the wetland geometrpstoaints listed above may be approved by
the City.

Table 7.2 Distribution of Depths in Wetland Cell

Dividing Berm at Design Water Surface Dividing Berm Submerged 1 Foot
Percent of Percent of
wetland cell wetland cell
Depth Range (ft) surface area Depth Range (ft) surface area
0.1to1l 25 l1tol5 40
lto2 55 1.5t02 40
2t0 2.5 20 2to 2.5 20

A low permeability liner is required for both cells of the stormwater wetland.

A minimum of 18 inches of native soil amended with topsoil must be placediosew
permeabilityliner. For geomembrane liners, a soil depth t#e8 is recommended to prevent
damage to the liner during planting.

Inlet and Outlet
Inlets and outlets shall be configured per the requirements of wet ponds, seeIBMP
Planting Requirements

The wetland cell shall be planted with emergent wetland plants following the recommendations given in
Table4.8, or the recommendations of a wetland specialist.

Construction Criteria
1. Construction and maintenance considerations are the safoeveet ponds.

7.2.4 BMP 7.40 Combined Detention and Wet Pool Facilities

Combined detention and water quality wet pool facilities have the appearance of a detention facility but
contain a permanent pool of water as well. The following design procedurasements, and
recommendations cover differences in the design of the-atandrunoff treatmentacility when

combined with detention storage. The following combined facilities are addressed:

e Detention/wet pond (basic and large)
e Detention/wet vault
e Detention/stormwater wetland.

Applications and Limitations

Combined detention andnoff treatmentdcilities are very efficient for sites that also have detention
requirements. Theunoff treatmenfacility wetpoolmay often bep o v i lbreedtb fi tddieaton
facilityd s | i v withautigreatlydngreasing the facility surface area.

Volume Il T Flow Control and Treatment
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The detention portion of the combined facility is designed to meet flow control requirements per Chapter
5 of Volume I. The wet pool volume for a combined facility shall be equal to or greater thaatére
quality design volume

Unlike the wet pool volume, the live stmye component of the facility must pevided above the
seasonal high water table.

Thewet pool and any required sediment storage volumes shall not be included in the required detention
volume.

Unless specifically noted, the design criteria of the following combined facilities shall be equal to the
corresponding wet pool or detention BMR.sump must be provided in the outlet structure of combined
facilities.

Combined Detention and Wet Pond (Basic and Large)

The AWet Pool Geomet ryo @Xx0)shad applyawitH tleeffollowiegt ponds (s
modifications/clarifications:

e Criterion1l: The permanent pool may be made shallower to take up most of the pond bottom, or
deeper and positioned to take up only a limited portion of the beitdhe inlet location
However, vet pond criteria governing water depth mstiit be met.

e Criterion2: The minimum sediment storage depth in the first celfi®il The Gnches of
sediment storage required for detention pon@sdot need to be added to thispth but
6 inches of sediment storage must be added to the second cell to complyevdétehtion
sediment storage requirement.

Combined Detention and Wet Vault

Six inches okediment storage depshall be added to the second cédti.addition, he oil retaining baffle
shall extend a minimum of f2et below the water quality design waserface. The greater depth of the
baffle in relation to theunoff treatmentlesign water surface compensates for the greater water level
fluctuations experienced in the combined vault.

Combined Detention and Stormwater Wetland

Water Level Fluctuation Retctions: The difference between the water quality design water surface and
the maximum water surface associated with tye& recurrence interval runoff shall not be greater than
3feet. If this restriction cannot be met, the size of the stormwatéangemust be increased. The

additional area may be placed in the first cell, second cell, or both. If placed in the second cell, the
additional area need not be planted with wetland vegetation or counted in calculating the average depth.

The APRaqui mgmentso for stormwater wetlands are mi
better adapted to water level fluctuations:

e Scirpus acutughardstem bulrush) 2-6"depth
e Scirpus microcarpussmalkfruited bulrush)  1-2.5' depth
e Sparganiumemersunfburreed) 1-2'depth
e Sparganium eurycarpuiiburreed) 1-2'depth
e Veronicasp. (marsh speedwell) 0- 1'depth

In addition, the shruBpirea douglasi{Douglas spireamay be used in combined facilities.

Volume Il T Flow Control and Treatment
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overflow stage for 8" outlet pipe at the water quality flow rate
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Figure 7.1 8-inch Outlet Pipe Ove rflow Stage
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overflow stage for 18" outlet pipe at the water quality flow rate
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Chapter 8 - Oil Water Separators

8.1 Introduction

This chapter provides a discussion of oil and water separators, including their application and design
criteria. BMPs are described for baffle type and coalescing plate separators. These &aeilitiended
to remove oil (and other watérsoluble hylrocarbons) from stormwater runoff.

The following BMPs are described in this chapter:
e BMP 8.10Baffle type separators
e BMP 8.20 (malescing plate separators.

In addition to the oil and water separators outlined in this volume, The City will also perunictiod

control booms for oil control when designed in accordance with the requirements outlined in the 2006
WSDOT Highway Runoff Manual, Chaptgér BMP RT.22 (or subsequent updates as approved by
Ecology and the City).

Oil and water separators are typigahe APl (American Petroleum Institute, 1990), also called baffle

type, or the coalescing plate (CP) type. Both use a gravity mechanism for separation. Oil removal
separators typically consist of three bays; a forebay, a separator sectianafteday. The CP

separators need considerably less space for separation of the floating oil due to the shorter travel distan
between parallel plates.

Oil and water separators should be designed to remove oil and TPH dowm¢plL1&t any time and
10 mg/L on a 24hour average, and produce a discharge that does not cause an ongoing or recurring
visible sheen in the stormwater discharge or in the receiving water.

Without intense maintenance, oil/water separators may not be sufficiently effective in arbikaimd
TPH removal down to required levels. See Volupinimum Requirement #10, and Appendhixor
additional information on maintenance requirements.

8.2 General Design Criteria

The following are design criteria applicable to API and CP oil/wsgparators:

1. Theseparatoshould be locatedff-line andthe incrementabortion of flows that exceed the
separator design flow ehld be bypassed.

2. The separator design flow shall be geak rate of runoff from the 6 month,-Bd storm using
SBUH hydrogaph methodology (see Chapfeof Volume 1). Ifthe site is being modeled using
an approved continuous simulatidhe water quality flow ratean beconveredto the equivalent
6 month, 24nhr rate by multiplyinghe continuous simulation water qualitpw rate by2.75 (for
an oftline design) or 1.58 (for an dme design).

Use only impervious conveyances for oil contaminated stormwater.

Add pretreatment for total suspended solids that could cause clogging of the CP separator, or
otherwise impair theohgterm effectiveness of the separator.

5. Include roughing screens for the forebay or upstream of the separator to remove debris. Screen
openings should be about thifeeirths inch.

Volume Il T Flow Control and Treatment
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8.3

8.2.1 Criteria for Separator Bays

1. To collect floatables and settleable solidssige the surface area of the forebay 20 ft2 per
10,000 ft2 of area draining to the separ&ofl he length of the forebay should be dhied to
onehalf of the length of the entire separator.

2. Include a submerged inlet pipe with a talown elbow irthe first bay at least f2et from the
bottom. The outlet pipe should be a Tee, sized to pass the design peak flow and placed at least
12inches below the water surface.

3. Include a shutoff valve at the separator outlet pipe.

8.2.2 Ciiteria for Baffles

1. Oil retaining baffles (top baffles) should be located at least ataumth of the total separator
length from the outlet and should extend down at leapebfent of the water depth and at least
1 foot from the separator bottom.

2. Baffle height to water depttatios should be 0.85 for top baffles and 0.15 for bottom baffles.

Oil Water Separator BMPs
8.3.1 API (Baffle type) Separator

Note: API separators manly be designed in the City for use on large sites greater thareg.

Ecol ogybs 2005 mentManmhfartiVestern Washiagtpe (Ecology 2008sents a
design madification for using API separators in drainage areas smaller dcegsZe.g., fueling stations,
commercial parking lots, etc.). However, Ecology also requires each developeptonpiefailed
performance verification during at least one wet season when using the modified design. Given this
requirement, the City has elected not to allow the use of API separators on sites smallactban 2

Design Criteria

The API design critéa is based on the horizontal velocity of the bulk fluig)(\the oil rise rate (Y, the
residence time (), width, depth, and length considerations.

The following is the API sizing procedure:

1. Determine the oil rise rate, Mn centimeters perseconds i ng St okesé Law ( Wat e
Control Federation, 1985) or empirical determination.

The Stokes Law equation for rise ratg(f/min) is:
V= 1.97964-6,)D? /18n,,)

where:
1.97 = conversion factor (centimeters per secopeffiminute)
g = gravitational constant (981 centimeters per second squared)
D = diameter of the target oil particle (centimeter§0=-microns (0.008entimeters).

nw = dynamic viscosity of water = 0.017921 poise (gmA&ec). at water temperature of
32°F, (see API publication 421, February, 1990)

o = water density = 0.999 grams per cubic centimeter (gm/cc) at 32°F

Volume Il T Flow Control and Treatment
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G, = oil density,

Select a conservatively high oil density. For example, if diesel @il#®.85 gm/cc and motor
oil @ o, = 0.90gm/cc maybe present then usg=0.90 gm/cc

2. Determine Qn cubic feet per minutésee section 8.of this chapter for information on the
design flow rate).

3. Calculate horizontal velocity of the bulk fluidy, ¥in ft/min), and depth (d), ft.
Vh = 15\/1
d = (Q/2Vh)1/2, with

Separator water depths@S8 feet (to minimize turbulence). If the calculated depth is less than
3feet, an API separator is not appropriate for the site. If the calculated depth exfasds 8
consider using two separators (American Petrolgtitute, 1990; U.S. Army Corps of
Engineers, 1994).

4. Calculate the minimum residence timg)(in minutes, of the separator at depth d:
tn = d/V;
5. Calculate the minimum length of the separator section, I(s), using:
F=1.65
Depth/width (d/w) of 0.5 (Amecian Petroleum Institute, 1990),
I(s) = FQty/wd = F(VW/Vy)d

For other dimensions, including the length of the forebay, the length of the afterbay, and the
overall length, L; refer to Figurk0.1.

6. Calculate V = I(s)wd = FQt and A = wl(s)
V = minimum hydaulic design volume, in cubic feet.

Ah = minimum horizontal area of the separator, in square feet.

8.3.2 Coalescing Plate (CP) Separator

Design Criteria
1. Calculate the projected (horizontal) surface area of plates needed using the following equation:
A, = Q/V;= Q/0.003866y-co/Mw)
A, = A (cosine b)
where:
Q = the design flow rate, ft3/min
V. =rise rate of 0.038&/min, or empirical determination, or Stokes Law based
A, = projected surface area of the plate in ft?; .00386 is unit conversion constant
ow=dendty of water at 32°F
o= density of oil at 32°F
A, = actual plate area in ft2 (one side only)

b = angle of the plates with the horizontal in degrees (usually varies fr&® dégrees).

Volume Il T Flow Control and Treatment
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nw=Vviscosity of water at 32°F

Plate spacing should be a minimum of thfeerths of an inctof perpendicular distance between
plates (WEF and ASCE, 1998; U.S. Army Corps of Engineers, 1994; US Air Force, 1991;
Jaisinghani, R., 1979).

Select a plate angle between 45° to 60° from thizwatal.

Locate plate pack at leastriEhes from the bottom of the separator for sediment storage.

5. Add 12inches 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 sepairdtay 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 less than 500 (laminar
flow).

Include forebay for floi@mbles and afterbay for collection of effluent (WEF and ASCE, 1998).

The sedimentetaining baffle must be upstream of the plate pack at a minimum height of
18inches.

Design plates for ease of removal, and cleaning with-pighsure rinse or equivalent.
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Chapter 9 - Infiltration Facilities

9.1

9.2

Introduction

Infiltration facilities are used to convey stormwater runoff from new developoneatievelopment to the
ground and ground water after appropriate trea
infiltration facilities can be used for treatment purposes and/or for partial or complete flow control. In
either case,unoff in excess of the infiltration capacity of the facilities must be managed to comply with
the treatment and flow control requirement in Volume 1.

An infiltration BMP is typically an open basin (pond), trench, or buried perforated pipe used for
distributing thestormwater runoff into the underlying soil.

Infiltration basins and trenches with small contributing areas may be designed in accordance with the or
site stormwater management BMP criteria give@lmapter 12 of this voluméf the contributing area
hasthe following characteristicghe preengineered, simplified design @hapter 12nay be used

1. has a contributing impervious area, X, less than 2,000 square feet; and
2. has a contributing pervious area, Yy, less than 13,000 square feet; and

3. hasacombi nati on of i mpervious and pervious s
areao, as defined by the following equati on

equivalent impervious areax=t (y + 6.5)
where
X = the square feet of impervious aredhia contributing basin

y = the square feet of pervious area in the contributing basin

NOTE: The specific requirements and design criteria given in this chapteriaraddition to applicable
BMP requirements from Chapter 1. Chapter 1 addresses requiremiatisare common to more than
one BMP, such as access, maintenance, berms and embankments, etc.

Soil Requirements for Infiltration Treatment Facilities

Infiltration treatment(i.e., an infiltration basin or trench) meets the requirementsasic phosplorus
andenhancedreatment if thevater quality design volumie successfully infiltrated within a maximum
time period of 48ours. The drawdown time can be calculated using a horizontal projection of the
infiltration basin middepth dimensions and tlestimated longerm infiltration rate.

The following ®il suitability criteria #1 and #&ust be met for infiltration treatment facilities:
Soil suitability criteria #1

The shortterm soil infiltration rate (field measured, before safety factors) musubeches per hour, or

less, to a depth of 2tbnes the maximum design pond water depth, or a minimunfegtéelow the

base of the infiltration facility. Longerm (design) infiltration rates up to ariches/hour can be used

with approval by the Cityif in the judgment of the site professional, the treatment soil has characteristics
comparable to those specified in soil suitability criteria #2 to adequately control the target pollutants.

Soil suitability criteria #2

The soil shall have a cation excigg capacity (CEC) greater than or equal tailsequivalents per
100milligrams of dry soil and an organic content of at least 1 percent (using ASZ8FD) to a
minimum depth of 18 inches (measured from the bottom ditikty).
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9.3

Procedures
The following steps shall be followed when considering and designing an infiltration facility.
9.3.1 Step 1: Conduct a g eneral surface characterization

The first step in designing an infiltration facility is to select a location and assess the site suitability. The
information to be reviewed as part of this initial site characterization will vary from site to site, but may
include:

e Topography within 50@eet of the proposed facility

e Anticipated site use (street/highway, residential, commercial;usglsite)
e Location of steep slopes, landslide or erosion hazard areas

e Location of septic systems in the vicinity of the proposed facility

e Location of water supply wells within 5@8et of proposed facility

e A description of local site geology, including soil or raskits likely to be encountered, the
groundwater regime, and geologic history of the site.

This information, along with additional geotechnical information necessary to design the facility, shall be
summarized in the geotechnical report prepared undedStep

9.3.2 Step 2: Determine if m inimum requirements for infiltration facilities are
met.

Infiltration facilities arenot permissible unlesal of the following criteria are metNote: not all sites
that meet the following criteria will be suitable for infiltiram i these areminimum requirements only.
Additional setbacks listed in Chapt2rilalso apply.

The base of all infiltration basins or trench systems must be a minimufeeff 8oove the seasonal high
groundwater levels, bedrock (or hardpan), or oliverpermeability layer.

Ponds and infiltration basins may not be constructed within a floodplain area.

Stormwater infiltration facilities shall be set back at leadiegd fromthetop of slopes steeper than

20 percent and greater than fe@t high. Ageotechnical analysis and report must be prepared addressing
the potential impact of the facility on the slope. The geotechnical report may recommend a reduced
setback, but in no case shall the setback be less than the vertical height of the slope.

Infilt ration facilities are prohibited within 3G8et of a landslide or erosion hazard area (as defined by
Title 19.37.080 of the Everett Municipal Code) unless the slope stability impacts désilities have
been analyzed and mitigated by a geotechniadépsional, and appropriate analysis indicates that the
impacts are negligible.

The maximum depth of an infiltration facility shall be f2@t below the surrounding finished (developed)
ground elevation, in order to provide for leteym maintenance accdssthe facility.

If the depth of the infiltration facility being considered is greater than the largest surface dimension, it is
considered an injection well and is subject to the requirements of the UIC Program, Cha@te8 173
WAC. See als@hapter9.6.

Volume Il T Flow Control and Treatment
9-2



CITY OF EVERETT STORMWATER MANAGEMENT MANUAL

9.3.3 Step 3: Determine the method of analysis required

The City encourages consideration of infiltration facilities for sites where conditions are appropriate.
However, some sites may not be appropriate for infiltration due to soil characteristics, grentelveds,
steep slopes, or other constraints. All proposed infiltration projects are required, at a minimum, to
perform the simple analyses specifiecCinapter9.3.4. For those sites that present a greater risk of
infiltration system failure, a moreethiled method of analysis is required in addition to the simple
analysis.

The sectiondelow outline the criteria to be used when determining whether a project is subject to the
simplified or the detailed method of analysis. The chosen method of amalysti®e approved by the

City. Moreover, the City may require that the detailed method of analysis be conducted based on the
results of the simple method.

Where the Simple Analysis is appropriate

The simplified analysis is generally applicable to projegts the following characteristics:
e High infiltration capacity soils (NRCS [SCS] soil typ&sr B)
e Other infiltration facilities are performing successfully at nearby locations

o No septic systems, drinking water wells, or geologically hazardous ardasatesl within
500feet

e Low risk of flooding and property damage in the event of clogging or other failure of the
infiltration system.

Where the Detailed Analysis is required

Where there is not clear evidence that a site issugled to infiltration, anore detailed analysis will be
required. The detailed analysis, described below, includes more intensive field testing and soils
investigation than the simplified analysis. Site conditions that will likely require use of the detailed
analysis include:

e Low infiltration capacity soils (NRCS [SCS] soil typ€sor D)

e History of unsuccessful infiltration facility performance, or no history of successful infiltration
performance at nearby locations

e High groundwater levels
e High risk of flooding in the event olagging or other failure.

e Facilities serving a large drainage area.

9.3.4 Step 4: Conduct a simple a nalysis for all proposed i nfiltration facilities
The following process analyses are required for all proposed infiltration projects.
Conduct Soils Testing

o Test lole or test pit explorations shld be conducted during the middle to end of the wet season
(Decemben through April30) to provide accurate groundwater saturation and groundwater
information.

e Representative samples shall be collected from each so#tyfier unit to a depth offéet
below the proposed base of the infiltration pond. For infiltration ponds, there shall be one test pit
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or test hole per 5,008guare feet of pond infiltrating surface with a minimum of two per pond,
regardless of pond sizé&or infiltration trenches, there shall be one test pit or test hole deet0
of trench length with a minimum of two required per trench, regardless of length.

e Detailed logs for each test pit or test hole and a map showing the location of the testegits
holes shall be prepared. Logs must include the depth, soil descriptions, depth to water, evidence
of seasonal high groundwater elevation, existing ground surface elevation, proposed pond bottom
elevation, and presence of stratification that nmagact the infiltration design.

e Soil characterization for each soil unit (soils of the same texture, color, density, compaction,
consolidation and permeability) encounteredllshclude:

a. Grainsize distribution (ASTM D422 or equivalent AASHTO specificajio
b. Textural class (USDA) (See Figubel)
c. Percent clay content (include type of clay, if known)
d. Color/mottling
e. Variations and nature of stratification
Determine the Design Infiltration Rate

There are three acceptable methods for estimating design fidiitrates. Each is described in detail in
Chapter9.4 of this volume.

e USDA soil textural classification
e ASTM gradation testing.
e In-situ measurement

Prepare a Geotechnical Report

A report must be prepared that is stamped by a professional enginegeetitbhnical expertise, a
licensed geologist, an engineering geologist, or a hgdadogist that summarizes site characteristics and
demonstrates that sufficient permeable soil for infiltration exists at the proposed facility location. At a
minimum, thereport must contain the following:

1. A figure showing the following:
a. topography within 50@eet of the proposed facility
a. locations of test pits or test holes.
Results of soils tests, including detailed soil logs

Description of local site geology, includingilor rock units likely to be encountered at soll
sampling depths and the seasonal high groundwater elevation

4. A recommended design infiltration rate as well as detailed documentation of the design
infiltration rate determination, as specified above

5. A staement as to whether or not the proposed location is suitable for infiltration.
Design the Infiltration Facility

The primary mode of discharge from an infiltration facility is infiltration into the ground. However, when
the infiltration capacity of the fdty is reached, additional runoff to the facility will cause the facility to
overflow.
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e Overflows from an infiltration facility must comply with the Minimum Requirement #7 for flow
control (seeChapter 2.2.7 in Volumb.

Infiltration facilities for reatment can be located upstream or downstream of other flow control facilities
and can be offine or online.

e On-line treatment facilities placeapstream or downstrearaf a detention facility must be sized
to infiltrate the water quality design volume

e Off-line treatment facilities placeapstreamof a detention facility must have a flow splitter
designed to send all flows at or below the water qudésignflow rate to the treatment facility.
The treatment facility must be sized to infiltrate h# tunoff sent to it (no overflows from the
treatment facility are allowed).

o Off-line treatment facilities placedownstreanof a detention facility must have a flow splitter
designed to send all flows at or below thger flow frequency from the deteoii pond to the
treatment facility. The treatment facility must be sized to infiltrate all the runoff sent to it (no
overflows from the treatment facility are allowed).

SeeVolume |, Chapter6.5for flow splitter design details.

To prevent the onset of aarobic conditionsral the release of captured po#nts, an infiltration facility
designed for treatment purposes must be designed to draimtiequality designolume within 48

hours. Use thevater quality design voluméhe surface area of the fiity at mid-depth, and the

infiltration rate to determine the drawdown time. An infiltration facility designed strictly for flow control
purposes has no maximum drawdown time.

9.3.5 Step 5: Conduct a d etailed analysis when required.

In addition to the simplanalysis requirements outlined above, projects subject to the detailed analysis
shall include infiltration receptor characterization.

Infiltration Receptor Characterization

A minimum of three groundwater monitoring wells shall be installed per infiltréicility to establish a
threedimensional relationship for the groundwater table, unless the highest groundwater level is known
to be at least 5teet below the proposed base of the infiltration facility. Seasonal groundwater levels
must be monitored at the site thgy at least one wet season (Decemnibtirough April30).

The geotech report shall be expanded to include a characterization of the infiltration receptor, which sha
include the following information:

1. The depth to groundwater and to bedrock/impermdaktes.

2. The seasonal variation of groundwater table based on well water levels and observed mottling of
soils.

The existing groundwater flow direction and gradient.

The volumetric water holding capacity of the infiltration receptor soils. The volumedter w
holding capacity is the storage volume in the soil layer directly below the infiltration facility and
above the seasonal high groundwater mark, bedrock, hardpan, or other low permeability layer.

5. The horizontal hydraulic conductivity of the saturatedze t o assess the aq!
laterally transport the infiltrated water.

6. An approximation of the lateral extent of infiltration receptor.
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9.4

7. An evaluation of the impact of the infiltration rate and proposed added volume from the project
site on locagroundwater mounding, flow direction, and water table determined by-hydro
geologic methods.

Determination of Design Infiltration Rate s

Infiltration rates can be determined using either a correlation to grain size distribution from soil samples,
textural aalysis, or by irsitu field measurements. Shaoerm infiltration rates up to 2.4 éhesghr

represent soils that typically have sufficient treatment properties -teonginfiltration rates are used for
sizing the infiltratiorfacility based on maximurstoragelevel and drawdown time. LorAgrm infiltration

rates up to 2.0 inches per hour can also be considered for treataramt down times can be met and the
soil has adequate treatment

For designing the infiltration facilitythe site professional shaelect one of the three methods described
below that will best represent the lotegm infiltration rate at the site. The lotgrm infiltration rate shall
be used for routing and sizing the basin/trench for the maximum drawdown time of 48 howsildtth
infiltration test Table9.3) or hindcast approachdble9.2) is selected, corroboration with a textural
based infiltration ratelable9.1) is also required. Appropriate correction factors must be applied as
specified. Verification testing of thmompleted facility is strongly encouragé8ee Site Suitability
Criterion # #Verification Testing)

Method 1. USDA Soil Textural Classification

To use the USDA textural analysis approacpadicle size distribution analysisust be conducted in
accordance with the USDA test procedueil(Survey Laboratory Methods Manual, SSIR No. 42,
Version 4, 2004 This manuabnly considers soil passing the #10 sieve (2 mm) (U.S. Standard) to
determine percentages of sand, silt, and clay for use in Fdu(gSDA Textural Triangle).

Note: Many soil test laboratories use the ASTM soil size distribution test procedure (ASTM D422), which
considers the full range of soil particle sizes, to develop soil size distribution ciressalts fromie
ASTM soilgradation procedurenust nobe used witlirigure 9.1 to determindJSDA soil textues.

Table9.1 provides the correlation between USDA soil texture and infiltration rates for estimating
infiltration rates for homogeneous soils based on gradations from soil samples and textural artaysis.
correction factors consider the effects of site variakgiitg longterm clogging due to siltation and
biomass buildup in the infiltration facility.

These correction factors may be reduced, subject to the approval of the City, under the following
conditions:

1. For sites with little soil variability,

2. Where there Wiibe a high degree of loAgrm facility maintenance

In no case shall a correction factor less than 2.0 be used.

Correction factors higher than those providedale9.1 shall be considered for situations where long
term maintenance will be difficuto implemenbr where site conditions are highly variable or uncertain.
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Figure 9.1 USDA Soil Textural Triangle

Table 9.1 Recommended Infiltration Rates
based on USDA Soil Textural Classification.

*Short-Term Correction Estimated Long-Term

Soil Textural Classification Infiltration (Design) Infiltration Rate
. Factor, CF .

Rate (in./hr) (in./hr)
Clean sandy gravels and 20 2 10
gravelly sands (i.e., 90% of
the total soil sample is
retained in the #10 sieve)
Sand 8 4 2
Loamy Sand 2 4 0.5
Sandy Loam 1 4 0.25
Loam 0.5 4 0.13
*From WEF/ASCE, 1998.
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Method 2. ASTM Gradation Testing at Full Scale Infiltration Facilities

As an alternative tdable9.1, recent studies by Massmann and Butchart (2000) were used to develop the
correlation provided iTable9.2. These studies compare infiltration measurements frorsdale

infiltration facilities to soil gradation data developed using the ASTM procddi®€M D422). The

primary source of the data used by Massmann and Butchart was from Wiltsie (1998), who included
limited infiltration studies only on Thurston County sites. However, Massmann and Butchart also
included limited data from King and Clark Caysites in their analysis. This table provides

recommended lonterm infiltration rates that have been correlated to soil gradation parameters using the
ASTM soil gradation procedure.

Table9.2 can be used to estimate letggm design infiltration rates directly from soil gradation data,
subject to the approval of ti@Ety. As is true offable9.1, the longterm rates provided ihable9.2

represent average conditions regarding site variapilieydegree of lonterm maintenance and
pretreatment for TSS control. The letegm infiltration rates iMable9.2 may need to be decreased if

the site is highly variable, or if maintenance and influent characteristics are not well controlled. aThe dat
that forms the basis fdrable9.2 was from soils that would be classified as sands or sandy gravels. No
data was available for finer soils at the time the table was developed. Thefafdes.2 shall not be

used for soils with a;dsize (10% passinthe size listed) less than 0.05 mm (U.S. Standard Sieve).

However, additional data based on recent research (Massmann, et al. 2003) for these finer soils are now
available and are shown in Figl82. This figure provides a plot of the relationshipwexn the

infiltration rate and the R of the soil, showing the empirical data upon which it is based. The figure
provides an upper and lower bound range for this relationship based on the empirical data. These upper
and lower bound ranges can be useadjost the design infiltration rate to account for-specific issues

and conditions.

Table 9.2 Alternative Recommended Infiltration Rates based on
ASTM Gradation Testing

D, Size from ASTM D422 Soil Estimated Long-Term (Design)
Gradation Test (mm) Infiltration Rate (in./hr)
>0.4 9
0.3 6.5*
0.2 3.5%
0.1 2.0**
0.05 0.8

* Not recommended for treatment
* Refer to SSE&4 and SSEb for treatment acceptability criteria

The longterm rates provided imable9.2 represent average conditions regarding site variability, the

degree of londgerm maintenance, and pretreatment for TSS control, and represent a moderate depth to
ground water below the pond. The lelegm infiltration rates irmmable9.2 may need to be decased (i.e.,
toward the lower bound iRigure9.2) if the site is highly variable, the ground water table is shallow,

there is fine layering present that would not be captured by the soil gradation testing, or maintenance and
influent characteristics areot well controlled. However, if influent control is good (e.g., water entering

the pond is pretreated through a biofiltration swale;sg@imentation pond, etc.), a good ldegnm

maintenance plan will be implemented, and the water table is modedsgtim then an infiltration rate

toward the upper bound in the figure could be used.

The infiltration rates provided ihables 5.1, 5.2, and Figu8e represent rates for homogeneous soll
conditions. If more than one soil unit is encountered within 6 feet of the base of the facility or 2.5 times
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the proposed maximum water design depth, use the lowest infiltration rate determined from each of the
soil units as the representative site infiltration rate.

If soil mottling, fine silt or clay layers, which cannot be fully represented in the soil gradation tests, are
present below the bottom of the infiltration pond, the infiltration rates provided inttles t&ill be too

high and should be reduced. Based on limitedsitdile infiltration data (Massmann and Butchart, 2000;
Wiltsie, 1998), it appears that the presence of mottling indicates soil conditions that reduce the infiltratios
rate for homogeneou®iditions by a factor of 3 to 4.

—— Recommended

— Characteristic Rates
— Upperbound good influent control o fom Stormwater

| and longterm maintenance, moderate Management Manual |
depth to ground wateK Westem WA, 2001

100 "
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A
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Lowerbound poor influent control
and longterm maintenance, fine layering
shallow depth to ground water
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]

Measured long-term
infitration rates (fine
0.01 R | [ 1 []] layering, surface
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0.001 0.01 01 1 clogging)
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Figure 9.2 Infiltration Rate as a Function of the D 14 Size of the
Soil for Ponds in Western Washington

(the mean values represent low gradient conditions and relatively shallow ponds)

Method 3. In -situ Infiltration Measurements

Where feasible, Ecology encouragesitu infiltration measurements, using a procedure such as the Pilot
Infiltration Test (PIT) described in thigection. The Pilot Infiltration Test (PIT) consists of a relatively
largescale nfiltration test to better approximate infiltration rates for design of stormwater infiltration
facilities. The PIT reduces some of the scale errors associated with relativelgcaliiouble ring
infiltromet @reodorn nfi g tl dotastandarctest betsather a practical fiekl procedure
recommended by Ecologyés Technical Advisory Co

Smallscale infiltration tests such as the EPA Falling Head or double ring infiltrometer test (ASTM
D338588) are not recommended unless rfiediversions are determined to be acceptable by Ecology or
the local jurisdiction. These smaitale infiltration tests tend to seriously overestimate infiltration rates
and, based on recent TAC experience, are considered unreliable.

The infiltration raé obtained from the PIT test shall be considered to be atehortate. This sheterm
rate must be reduced through correction factors to account for site variability and number of tests
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conducted, degree of lotgrm maintenance and influent pretreanticontrol, and potential for long
term clogging due to siltation and Holildup.

The typical range of correction factors to account for these issues, based on TAC experience, is
summarized iMable9.3. The range of correction factors is for gengratlance only. The specific

correction factors used shall be determined based on the professional judgment of the licensed engineer or
other site professional considering all issues which may affect thedamgnfiltration rate, subject to

the approvabf the City.

Table 9.3 Correction Factors to be Used With In  -Situ Infiltration
Measurements to Estimate Long -Term Design Infiltration Rates.

Issue Partial Correction Factor
Site variability and number of locations tested CR=15t06
Degree ofong-term maintenance to prevent siltation CF,=2t06
and biebuildup
Degree of influent control to prevent siltation and-bio CF=2to6
buildup

Total Correction Factor (CF) = GF CF, + CK

The following discussions are to provide assistance in determining the partial correction factors to apply
in Table9.3.

Site variability and number of locations tested The number of locations tested must be capable of
producing a picture of theubsurface conditions that represents the conditions throughout the facility site.
The partial correction factor used for this issue depends on the level of uncertainty that adverse subsurface
conditions may occur. If the range of uncertainty is idar example, conditions are known to be

uniform through previous exploration and site geological factore pilot infiltration test may be

adequate to justify a partial correction factor at the low end of the range. If the level of uncertainty is

high, apartial correction factor near the high end of the range may be appropriate. This might be the case
where the site conditions are highly variable due to a deposit of ancient landslide debris, or buried stream
channels. In these cases, even with manjoexjions and several pilot infiltration tests, the level of
uncertainty may still be high. A partial correction factor near the high end of the range could be assigned
where conditions have a more typical variability, but few explorations and only lohafitration test

is conducted. That is, the number of explorations and tests conducted do not match the degree of site
variability anticipated.

Degree of longterm maintenance to prevent siltation and biebuildup . The standard of comparison is

the lbbongterm maintenance requirements providedppendix F. Full compliance with these

requirements would be justification to use a partial correction factor at the low end of the range. If there
is a high degree of uncertainty that lelegm maintenance iWbe carried out consistently, or if the
maintenance plan is poorly defined, a partial correction factor near the high end of the range may be
justified.

Degree of influent control to prevent siltation and bianassbuildup - A partial correction factor near
the high end of the range may be justified under the following circumstances:

1. If the infiltration facility is located in a shady area where moss buildup or litter buildup from the
surrounding vegetation is likely and canhbe easily controlled through lofigrm maintenance

2. If there is minimal prareatment, and the influent is likely to contain moderately high TSS levels.
If influent into the facility can be well controlled such that the plannedieng maintenance naeasily

control siltation and biomass buildup, then a partial correction factor near the low end of the range may be
justified.
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The determination of lonrterm design infiltration rates from-gitu infiltration test data involves a
considerable amount ehgineering judgment. Therefore, when reviewing or determining the final long
term design infiltration rate, th@ity will consider the results of both textural analyses aisitin

infiltration tests results when available.

Infiltration Test Procedure

1. Excavate the test pit to the depth of the bottom of the proposed infiltration facility. Lay back the
slopes sufficiently to avoid caving and erosion during the test.

2. The horizontal surface area of the bottom of the test pit should be approximately reé0fseua
For small drainages and where water availability is a problem smaller areas may be considered
determined by the site professional.

3. Accurately document the size and geometry of the test pit.

Install a vertical measuring rod (minimurdt5long) marked in haklinch increments in the
center of the pit bottom.

5. Use arigid énch diameter pipe with a splash plate on the bottom to convey water to the pit and
reduce sidavall erosion or excessive disturbance of the pond bottom. Excessive erosion and
bottom disturbance will result in clogging of the infiltration receptor and yield lower than actual
infiltration rates.

6. Add water to the pit at a rate that will maintain a water level between 3 and 4 feet above the
bottom of the pit. A rotameter can beedgo measure the flow rate into the pit. Note: A water
level of 3 to 4 feet provides for easier measurement and flow stabilization control. However, the
depth should not exceed the proposed maximum depth of water expected in the completed
facility.

7. Every 1530 min, record the cumulative volume and instantaneous flow rate in gallons per minute
necessary to maintain the water level at the same point (between 3 and 4 feet) on the measuring
rod.

8. Add water to the pit until one hour after the flow rate thi® pit has stabilized (constant flow
rate) while maintaining the same pond water level. (usually 17 hours)

9. After the flow rate has stabilized, turn off the water and record the rate of infiltration in inches per
hour from the measuring rod data, until gieis empty.
Data Analysis

1. Calculate and record the infiltration rate in inches per hour in 30 minute #rooméncrements
until one hour after the flow has stabilized. Use statistical/trend analysis to obtain the hourly flow
rate when the flow staliles. This would be the lowest hourly flow rate.

2. Apply appropriate correction factors for site heterogeneity, anticipated level of maintenance and
treatment to determine the sipecific design infiltration rate.
Example
The area of the bottom of the test is 8.5ft. by 11.5ft.

Water flow rate was measured and recorded at intervals ranging from 15 to 30 minutes throughout the
test. Between 400 minutes and 1,000 minutes the flow rate stabilized between 10 and 12.5 gallons per
minute= 600 to 75Qyallons per hour an average of (9.8 + 12.3) / 2 = 11.1 inches per hour.

Applying a correction factor of 5.5 for gravelly sandliable9.3 the design longerm infiltration rate
becomes 2 inches per hour, anticipating adequate maintenance -arehnat.
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9.5

9.6

Verification of Performance

The project engineer or designee shall inspect infiltration facilities before, during, and after construction
as necessary to ensure facilities are built to design specifications, that proper procedures are employed in
constuction, that the infiltration surface is not compacted, and that protection from sedimentation is in
place.

Infiltration Facilities and Underground Injection Control

The following information on UIC is eigdancefopt ed f
UIC Well s that Manage). Shiscdocomeat ts available(oirea@tt o gy 2006
<http://www.ecy.wa.gov/biblio/0510067.html

The UIC program in the State of Washington is adménést by Ecology. In 1984, Ecology adopted
Chapter 17218 WACT UIC to implement the program. A UIC well is a manmade subsurface fluid
distribution system designed to discharge fluids into the ground and consists of an assemblage of
perforated pipes, diratiles, or other similar mechanisms, or a dug hole that is deeper than the largest
surface dimension (WAC 17318-030).

UIC systems include drywells, pipe or french drains, drainfields, and other similar devices that are used to
discharge stormwater ditly into the ground. Infiltration trenches with perforated pipe used to disperse
and inject flows (as opposed to collect and route to surface drainage, as in an underdrain) are considered
to be UIC wells. This type of infiltration trench must be regesdevith Ecology.

The following are not UIC wells; therefore, this guidance does not apply:

e Buried pipe and/or tile networks that serve to collect water and discharge that water to a
conveyance system or to surface water.

e Surface infiltration basins andfl dispersion stormwater infiltration facilities, unless they
contain additional infiltration structures at the bottom of the basin/system such as perforated pipe,
or additional bored, drilled, or dug shafts meant to inject water further into the subsyndater
than 20feet deeper than the bottom of the pond (or deeper than the largest surface dimension per
above).

e Infiltration trenches designed without perforated pipe or a similar mechanism.

e A system receiving roof runoff from a single family home.

Thetwo basic requirements of the UIC Program are:

e Register UIC wells with Ecology unless the wells are located on tribal land. (Those wells should
be registered with the Environmental Protection Agency.)

e Make sure that current and future underground sowfegundwater are not endangered by
pollutants in the discharge (n@mdangerment standard).

UIC wells must either be rulauthorized or covered by a state waste discharge permit to operate. If a
UIC well is ruleauthorized, a permit is not requiredul® authorization can be rescinded if a UIC well

no longer meets the n@ndangerment standard. Ecology can also require corrective action or closure of
a UIC well that is not in compliance. Additional information on UIC systems can be dmlind at
<http://www.ecy.wa.gov/biblio/0510067.html
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9.7

Infiltration BMPs
9.7.1 BMP 9.10 Infiltration Basins

Infiltration basins are earthen impoundments used for the collection, temporary storage and infiltration o
incoming stormwater runbf

Design Criteria Specific for Infiltration Basins

1. Access must be provided for vehicles to easily maintain the forebay (presettling basin) area and
not disturb vegetation, or resuspend sediment any more than is absolutely gecessar

The slope of the basin bottom shall not excepdr8ent in any direction.

Lining materiali Basins can be open or covered with- &612inch layer of filter material such

as coarse sand, or a suitable filter fabric to help prevent the buildup of impervious deposits on th
soil surface. A nonwoven geotextile shall be selected for covers that will function sufficiently
without plugging (segeotextile specifications i@hapter 3.1 The filter layer can be replaced or
cleaned when and if it becomes clogged.

4. Erosion protection of inflow points to the basin must be provided (e.qg., riprap, flow spreaders,
energy dissipats - seeVolume |, Chapter6.6).

5. Vegetationi Open nfiltration basins must have sufficient vegetation established on the basin
floor and side slopes to prevent erosion and sloughing. The embankment, emergency spillways,
basin floor and sideslopes, spoil and borrow areako#rer disturbed areas shall be stabilized
and planted, preferably with grass (&&epter 2.6Table2.1).

6. Fertilizers shall be applied only as necessary and in limited amounts to avoid contributing to
groundwater pollution.

Construction Criteria for Bas ins

1. Initial basin excavation shall be conducted to an elevation at Iéast Higher than the final
elevation of the basin floor. Infiltration basins shall not be excavated to final grade until after all
disturbed areas in the upgradient project drarexga have been permanently stabilized. The
final phase of excavation must remove all accumulation of silt in the infiltration basin before
putting it in service.

Infiltration basins facilities should not be used as temporary sediment traps duritrgctans

Traffic Controli Relatively lighttracked equipment is recommendeddonstruction of
infiltration basingo avoid compaction of the basin floor. The use of draglines and trackhoes
should beconsidered

4. The infiltration facility area shabe clearly identified and protected prior to construction to
prevent compaction of underlying soils by vehicle traffic.

9.7.2 BMP 9.20 Infiltration Trenches

Infiltration trenches are generally at leasti2zhes wide, and are backfilled with a coarse stone

aggegate, 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 covere
with grating and/or consist of stone, gabisand, or a grassovered area with a surface inlet. Perforated
rigid pipe of at least-&hch diameter can also be used to distribute the stormwater in a stone trench.

Note: infiltration trenches for residential roof downspouts are covered in CHZuikthis volume
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SeeFigures4 - for examples of infiltration trench facilities in various configurations and site settings.
Included in the details are infiltration trenches with a grass buffer, as well as an example of a parking lot
perimeter infiltation trench design.

Design Criteria for Trenches

1.

Due to accessibility and maintenance limitations, infiltration trenches must be carefully designed
and constructed.

The aggregate material for the infiltration trench must consist of a clean aggregate with
maximum diameter of Biches and a minimum diameter of inBhes. Void space for these
aggregates must be in the range ofB80percent.

The aggregate fill material shall be completely encased in an engineering geotextile material.
Geotextile mustwwrround all of the aggregate fill material except for the tégmot, which is

placed over the geotextile. Geotextile fabric with acceptable properties must be carefully selected
to avoid plugging.

Overflow paths shall be identified in the case thattifitration trench becomes plugged. The
overflow path shalhotbe erosive, nor cause flooding of structures.

Infiltration trenches may be placedfilh material if the fill is placed and compacted under the
direct supervision of a geotechnical engmeaeprofessional civil engineer with geotechnical
expertise, and if the measured infiltration raftéhe fill is at least &81ches per hour. Infiltration
rates can be tested using the methods descrili@dapter9.4 of this volume.The design ofhe
trench shall be based on the characteristics of the underlying soil.

A structure with a sump shall be located upstream of the trench, which provides a minimum of
12 inches of depth below the outlet riser. The outlet riser pipe bottom shall be desigsdd so a
be submerged at all times, and a screening material shall be installed on the pipe outlet.

Trenches may be located under pavement if designed by a professional engineer. Trenches must
include an overflow at leastfiot below the pavement, and inacétion which can accommodate

the overflow without creating a significant adverse impact to downhill properties or drainage
systems. This is intended to prevent saturation of the pavement in the event of system failure.
The trench depth must be measuiredn the overflow elevation, not the ground surface

elevation.

An observation well shall be installed at the lower end of the infiltration trench to check water
levels, drawdown time, sediment accumulation, and conduct water quality monitoring. It should
consist of a perforated PVC pipe which io4inches in diameter and it should be constructed
flush with the ground elevation. For larger trenches-adl36inch diameter well can be

installed to facilitate maintenance operations such as pumpirigeosédiment. The top of the

well should be capped to discourage vandalism and tampering.

Construction Criteria for Trenches

1.

Excavated materials must be placed away from the trench sides to enhance trench wall stability.
Care must also be taken to keakjs material away from slopes, neighboring property, sidewalks
and streets. It is recommended that this material be covered with plastic (see Erosion and
Sediment Control Criteria in Volur@.

The stone aggregate should be placed in lifts and compasitegiplate compactors. As a rule of
thumb, a maximum loose lift thickness of ih2hes is recommended. The compaction process
ensures geotextile conformity to the excavation sides, thereby reducing potential piping,
geotextile clogging, and settlemgarbblems.
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