Chapter 5 Stormwater Best Management Practices

C0.02 — Combined Stormwater Treatment Wetland/Detention Pond

Introduction
General Description

The combined stormwater treatment wetland/detention pond is best described as a wetland
system that provides for the extended detention of runoff during and following storm events.
This BMP is useful in areas with limited right of way where separate runoff treatment and
flow control facilities are not feasible. It is recommended that all BMPs that use permanent
wet pools use facility liners (see Section 5-4.3.3).

Design Flow Elements
Flows to Be Treated

The sizing procedure for the combined stormwater treatment wetland and detention pond is
identical to that outlined for stormwater wetlands (see BMP RT.13) and for combined
wet/detention ponds (see BMP CO.01). Follow the procedures outlined in those sections to
determine the stormwater wetland size.

Structural Design Considerations
Geometry

The design criteria for detention ponds (see BMP FC.03) and constructed stormwater
treatment wetlands (see BMP RT.13) must both be met, except for the following
modifications or clarifications:

. The minimum sediment storage depth in the first cell is 1 foot. The 6 inches
of sediment storage required for detention ponds does not need to be added to
this, nor does the 6 inches of sediment storage in the second cell of detention
ponds need to be added.

Intent: Because emergent plants are limited to shallower water depths, the
deeper water created before sediments accumulate is considered detrimental
to robust emergent growth. Therefore, sediment storage is confined to the
first cell, which functions as a presettling cell.

u The inlet and outlet criteria for constructed stormwater treatment wetlands
(see BMP RT.13) apply, with the following modifications:

| A sump must be provided in the outlet structure of combined facilities.

i The detention flow restrictor and its outlet pipe must be designed
according to the requirements for detention ponds (see BMP FC.03).

Groundwater Issues

Live storage requirements are the same as for detention ponds (see BMP FC.03). This does
not apply to the constructed stormwater treatment wetlands’ dead storage component.
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5-4.1.5 Oil Control BMPs

RT.22 — Oil Containment Boom

Oil Containment Boom Along I-5 in Thurston County.

Introduction
General Description

The oil containment boom is a weather-resistant, hydrophobic, absorbent-filled boom for
removing hydrocarbon sheens from water.

Applications and Limitations

Oil containment booms can be used to remove oil from stormwater facilities to meet
performance goals at locations where oil control is required, as described in Table 3-1.

Oil containment boom technology offers the following advantages over other treatment
options:

. Fully functional at flow rates exceeding treatment flow criteria
. Easy and complete removal and disposal of absorbed oil
. Higher reliability because sediment clogging is avoided
= Effectiveness easily assessed due to aboveground installation
= Reduced exposure of maintenance workers to traffic and confined-space
hazards
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. Lower material and labor costs (6 to 17 times lower than oil/water separators,
sand filters, and catch basin inserts)

. No capital improvement costs

= No additional right of way requirements or conflicts with buried structures

Structural Design Considerations
Geometry

The boom must be cylindrical, with a minimum diameter of 2 inches. It should be installed
near the outlet end of the facility so that the oil has a maximum amount of time to rise to the
water surface. Maximizing boom distance from inlet currents also maximizes contact time
between the boom and the oil. The boom must span the entire width of ponds when they are
filled to capacity. The boom must be placed so that it is in direct contact with the water
across the entire water surface. In treatment ponds, the boom must be installed diagonally
across the water surface to maximize contact area and contact time between hydrocarbons
and the boom. When used in a vault, the boom must completely encircle the outlet structure
(see Figure RT.22.1).

Materials

The absorbent material must consist of high-molecular-weight polymers capable of absorbing
(1) C5-C18 hydrocarbons associated with fuels, and (2) longer chain hydrocarbons with
frequently attached cyclic hydrocarbon structures associated with lubricating oils.
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Figure RT.22.1. Oil containment boom.
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The absorbent material must exhibit the following characteristics:

= Absorb and solidify a minimum of three times its weight in liquid
hydrocarbons.

= Have sufficient buoyancy at the exhausted condition to continue to trap oil.

= Irreversibly absorb and permanently hold the hydrocarbons so that oil leachate

is not released from the sorbent. U.S. EPA guidelines for solidified hazardous
waste without chemical bonds being formed or broken must also be met.

= Contain a minimum of 99% active ingredient and no leachable toxicant to fish
and other aquatic life. The supplier must provide appropriate information
demonstrating that toxicity will not be a problem.

The absorbent boom cover fabric must meet the following criteria:

= Be fabricated of photo-resistant mesh that meets the ultraviolet (UV) stability
requirement for permanent erosion control blankets in Section 9-14.5 of the
Standard Specifications.

. Be sized to allow for the expansion of the absorbent material to hold the
specified absorption volume per foot.

Additional requirements for materials related to booms include the following:

= Booms must include a weather-resistant tag to enable labeling with
installation and inspection dates for tracking long-term effectiveness and
maintenance activities.

. Boom ends must be configured so that they can be secured to immobile
structures or metal stakes with weather-resistant rope.

5-4.2 Flow Control Methods

The primary function of the BMPs listed in this section is to meet Minimum Requirement 6
(Flow Control) in Section 3-3.6.

5-4.2.1 Infiltration BMPs

IN.O1 — Bioinfiltration Pond (eastern Washington only)
Introduction

General Description

Bioinfiltration ponds, also known as bioinfiltration swales or grass percolation areas,
combine grasses (or other vegetation) and soils to remove stormwater pollutants by
percolation into the ground. Their pollutant removal mechanisms include filtration, soil
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. The designer should request from the WSDOT Materials Lab a geotechnical
report for the project that evaluates any potential structural site instability due
to extended subgrade saturation or head loading of the permeable layer,
including the potential impacts to downgradient properties (especially on hills
with known side-hill seeps). The report should address the adequacy of the
proposed presettling basin locations and recommend the necessary setbacks
from any steep slopes and building foundations.

Safety, Signage, and Fencing

Basins that are readily accessible to populated areas should incorporate all possible safety
precautions. Dangerous outlet facilities should be protected by enclosure. Warning signs
should be used wherever appropriate. Signs should be placed so that at least one is clearly
visible and legible from all adjacent streets, sidewalks, or paths.

Maintenance

Failure of large impoundment structures can cause significant property damage and even loss
of life. Impoundment structures should be regularly inspected for signs of failure, such as
seepage or cracks in the walls or berm.

Presettling basins are less likely than wet ponds to build up excessive levels of heavy metals
from sediments washed off impervious areas. Routine maintenance should remove and
properly dispose of any significant sediment deposits. Sediment should be removed every
three to five years or when 6 to 12 inches have accumulated, whichever comes first. More
frequent removal of sediment from the presettling basin may be less costly over the same
time period than a one-time cleaning of the entire basin. (See Section 5-5 for further
criteria.)

5-4.3.2 Soil Amendments

Introduction

General Description

Soil amendments, including compost and other organic materials, help restore the health of
the soil and increase environmental functions such as rainwater infiltration and natural
detention, evapotranspiration, and plant health. Soil amendments can help prevent or
minimize adverse stormwater impacts during construction and are used along with vegetation
as a permanent runoff treatment BMP. Compost is a versatile material that can be used as a
component in many other permanent and temporary stormwater BMPs.

Compost-amended soils can be modeled as pasture on native soil. The final organic content
of these soils should be 10% for all areas, excluding turf areas, which are expected to receive
a high amount of foot traffic. Turf (lawn) areas with high foot traffic must have a 5% final
organic content.
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Qualitative tests and producer documentation should have the following specifications:

= Material must meet the definition for “composted materials” in WSDOT’s
Standard Specifications, Section 9-14, and WAC 173-350, Section 220, which
is available online: “& www.ecy.wa.gov/programs/swfa/facilities/350.html

u Compost used in enhanced runoff treatment applications must not contain
biosolids or any street or highway sweepings

For further information, see the Roadside Manual, Chapter 700.

Organic Matter Content of Soil Mixes

The minimum organic matter content may be achieved by amending soils using the
preapproved Presumptive Method (as outlined below) or by amending soils using the Custom
Method. where the designer would have to calculate a custom amendment rate for the

existing site soil conditions. The Presumptive Method simplifies planning and

implementation; however, the organic matter content of the disturbed on-site soils may be
relatively good and not require as extensive an application of amendment material. In many
cases, calculating a site-specific rate using the Custom Method may result in significant |
savings in amendment material and application costs.

Presumptive Method for Determining Soil Organic Content

Soil amendments can be used two ways: placed on top of the soil or incorporated into it. The
intent of incorporation is to increase the organic content of the soil, replicating a forested soil
condition. Figure 5.4.3.1 shows typical details for soil amendments used in woody planting
areas and grass or CAVFS areas.

To encourage native woody plant species, the following presumptive technique can be
employed:

= Incorporate 3 inches of coarse compost into the top 9 inches of soil

. Place 3 inches of bark or wood chip mulch on the surface

= Plant through the layers

To encourage grass or CAVFS. the following presumptive technique can be employed:

" Incorporate 3 inches of coarse compost into the top 9 inches of soil

" Establish vegetation on top of incorporated soil
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Figure A — Amendments to encourage native woody plants.
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Figure B — Amendments for grass or CAVFS areas.

Figure 5.4.3.1. Soil amendments for vegetation.
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Table 5.4.1.

Lining types recommended for runoff treatment facilities.

Runoff Treatment Facility

Area to Be Lined

Type of Liner Recommended

RT.24 — Presettling Basin

Bottom and sides

Low-permeability liner or treatment
liner; if the basin intercepts the seasonal
high groundwater table, a treatment liner
is recommended

RT.12 — Wet Pond, and CO.01 —
Combined Wet/Detention Pond

First cell: bottom and sides to
runoff treatment design water
surface

Second cell: bottom and sides to
runoff treatment design water
surface

Low-permeability liner or treatment
liner; if the facility intercepts the
seasonal high groundwater table, a
treatment liner is recommended

Treatment liner

RT.13 — Constructed Stormwater
Treatment Wetland, and CO.02 —
Combined Stormwater Treatment
Wetland/Detention Pond

Bottom and sides: both cells

Low-permeability liner or treatment
liner; if the facility intercepts the
seasonal high groundwater table, a
treatment liner is recommended

Treatment BMPs in underground
structures

Not applicable

No liner needed

For low-permeability liners, the following criteria apply:

= Where the seasonal high groundwater elevation is likely to contact a low-
permeability liner, liner buoyancy may be a concern. A low-permeability
liner must not be used in this situation unless evaluated and recommended by

a geotechnical engineer.

= Where grass must be planted over a low-permeability liner per the facility
design, a minimum of 6 inches of good topsoil or compost-amended native
soil (2 inches of compost tilled into 6 inches of native till soil) must be placed
over the liner in the area to be planted; 12 inches of cover is preferred.

If a treatment liner is below the seasonal high water level, the pollutant-removal performance
of the liner must be evaluated by a geotechnical or groundwater specialist and found to be as
protective as if the liner were above the groundwater level.

Design Criteria for Treatment Liners

The design criteria for treatment liners are as follows:

. A 2-foot-thick layer of soil with a minimum organic content of 5% and a
minimum cation exchange capacity (CEC) of 5 milliequivalents per 100
grams can be used as a treatment layer beneath a runoff treatment or detention

facility.

= To demonstrate that in-place soils meet the above criteria, one sample per
1000 square feet of facility area must be tested. Each sample must be a
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Table 5.5.12. Maintenance standards for dispersion areas (natural and engineered).

Maintenance Defect or Condition When Recommended Maintenance

Component Problem Maintenance is Needed to Correct Problem
General Sediment accumulation Sediment depth exceeds 2 inches. Remove sediment deposits while

on dispersion area

minimizing compaction of soils in
dispersion area Relevel so slope is even
and flows pass evenly over/through
dispersion area. Handwork is
recommended rather than use of heavy
machinery.

Vegetation Vegetation is sparse or dying; Control nuisance vegetation. Add
significant areas are without ground vegetation, preferably native ground
cover. cover, bushes, and trees (where

consistent with safety standards) to bare
areas or areas where the initial plantings
have died.

Trash and debris Trash and debris have accumulated on | Remove trash and debris from filter.
the dispersion area. Handwork is recommended rather than

use of heavy machinery.

Erosion/scouring Eroded or scoured areas due to flow For ruts or bare areas less than 12

channelization, or high flows are
observed.

inches wide, repair the damaged area by
filling with crushed gravel/compost mix
(see Section 5-4.3.2 for the compost
specifications). The grass will creep in
over the rock mix in time. If bare areas
are large (generally greater than 12
inches wide), the dispersion area should
be reseeded. For smaller bare areas,
overseed when bare spots are evident.
Look for opportunities to locate flow
spreaders, such as dispersion trenches
and rock pads.

Flow spreader

Flow spreader is uneven or clogged so
that flows are not uniformly distributed
over entire filter width.

Level the spreader and clean so that
flows are spread evenly over entire
filter width.
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Table 5.5.13. Maintenance standards for wet ponds.
Maintenance Defect or Condition When Recommended Maintenance
Component Problem Maintenance is Needed to Correct Problem

General Water level First cell is empty, doesn’t hold water | Line the first cell to maintain at least 4
feet of water. Although the second cell
may drain, the first cell must remain full
to control turbulence of the incoming
flow and reduce sediment resuspension.

Trash and debris Accumulations exceed 1 cubic foot Remove trash and debris from pond.
per 1000 square feet of pond area.

Inlet/outlet pipe Inlet/outlet pipe is clogged with Unclog and unblock inlet and outlet
sediment or debris material. piping.

Sediment accumulation in | Sediment accumulations in pond Remove sediment from pond bottom.

pond bottom bottom exceed the depth of sediment
zone plus 6 inches, usually in the first
cell.

Oil sheen on water Oil sheen is prevalent and visible. Remove oil from water using oil-
absorbent pads or Vactor truck. Locate
and correct source of oil. If chronic low
levels of oil persist, plant wetland
species such as Juncus effusus (soft
rush), which can uptake small
concentrations of oil.

Erosion Pond side slopes or bottom show Stabilize slopes using proper erosion
evidence of erosion or scouring in control measures and repair methods.
excess of 6 inches and the potential
for continued erosion is evident.

Settlement of pond Any part of the pond dike/berm has Repair dike/berm to specifications.

dike/berm settled 4 inches or lower than the
design elevation, or the inspector
determines dike/berm is unsound.

Internal berm Berm dividing cells are not level. Level berm surface so that water flows

evenly over entire length of berm.

Overflow/spillway Rock is missing and soil exposed at Replace rocks to specifications.
top of spillway or outside slope.
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5-5.2.1 Documenting and Preserving Intended Functions

Natural and landscaped areas designated as stormwater management facilities must be
identified in the field and documented for future reference. The locations of these areas are
documented in the WSDOT GIS Workbench, right of way plans, and as-built plans. During
the post-construction meeting, these treatment facilities are identified to maintenance
personnel. Note: Specially marked delineators are placed to notify maintenance personnel
that a sensitive feature is in the area. The type and placement of this marker must be worked
out between the maintenance and design offices.

5-5.2.2 Sensitive Area Mapping

State roadways have been surveyed to provide information to WSDOT maintenance crews so
that BMPs may be employed to eliminate or reduce the impacts of maintenance activities on
streams, wetlands, and water bodies. The primary objective of the survey was to identify all
locations where these sensitive areas are within 300 feet of a roadway. A secondary
objective was to note those areas that are particularly sensitive or insensitive in order to
support appropriate maintenance actions and application of BMPs. This effort does not
eliminate the need for detailed biological evaluation of resources during highway project
planning. This survey information is located on the GIS Workbench. When wetlands on
WSDOT-owned right of way are delineated and new wetlands created, this information must
be documented in the GIS Workbench. The GIS Workbench is used to update the
Maintenance Roadside Sensitive Area Atlases.

5-5.2.3 Stormwater Inventory

The stormwater database can be a valuable tool for design engineers. The stormwater
database contains all of the data used to prioritize stand-alone stormwater retrofit projects. In
addition to the data used to derive retrofit priorities for each outfall, several hundred
complete records contain BMP retrofit recommendations, conceptual design information,
BMP cost estimates, drainage basin characteristics, conveyance system information,
photographs, field sketches, and preliminary facility sizing calculations. To obtain
stormwater database information about specific outfalls, contact the Region Hydraulics and
Water Quality offices or the HQ ESO Stormwater & Watersheds Program. Further
information is available in Section 3-3.7.
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5-6 References

APL 1990. Design and operation of oil-water separators. American Petroleum Institute
Publication 421, February 1990.

Bureau of Reclamation. 1978. Hydraulic design of stilling basins and energy dissipaters,
Publication EM 25. U.S. Bureau of Reclamation.

Cahill, T.H., Adams, M., & Marm, C. (2003, September/October). Porous asphalt: The right
choice for porous pavements. Hot Mix Asphalt Technology, 26-40.

Cahill Associates. Section 02725 — General porous paving and groundwater infiltration beds.
In General Specifications only: Porous Paving 02725-1

Chang, G.C. 2000. Review of stormwater manual, sand filtration basins for Department of
Ecology, State of Washington. November 5, 2000.

Chollack, Tracy, et al., 2001. Porous Pavement Phase 1 Evaluation Report. Seattle Public
Utilities, Report, Seattle, Washington. February 7, 2001.

Chow, V.T. 1959. Open-channel flow. McGraw-Hill, Boston, MA.

City of Austin. 1988. Design guidelines for water quality control basins, environmental criteria
manual. June 1988. Austin, Texas.

Claytor and Schueler. 1996. “Design of Stormwater Filtering Systems. Center for Watershed
Protection. Chesapeake Research Consortium. Silver Spring, MD.

Daugherty, R.L. and J.B. Franzini. 1977. “Fluid Mechanics with Engineering Applications,”
McGraw-Hill, New York.

Ecology. 2004. Stormwater Management Manual for Eastern Washington. Washington State
Department of Ecology.

Ecology. 2004. “Washington State Wetland Rating System for Eastern Washington.” Revised
Ecology Publication # 04-06-15. Washington State Department of Ecology Publication.
“B www.ecy.wa.gov/programs/sea/wetlands/ratingsystems/index.html

Ecology. 2005. Stormwater Management Manual for Western Washington. Washington State
Department of Ecology.

Ecology. 2005. Washington State Wetland Rating System for Western Washington.
Washington State Department of Ecology Publication.
Y8 www.ecy.wa.gov/biblio/0406025.html

Page 5-232 Highway Runoff Manual M 31-16.01
June 2008


http://www.ecy.wa.gov/programs/sea/wetlands/ratingsystems/index.html

Chapter 5 Stormwater Best Management Practices

Federal Highway Administration. 2002. Construction of Pavement Subsurface Drainage
Systems. Publication FHWA IF-01-014. Washington, D.C.

FHWA. 1983. Hydraulic design of energy dissipaters for culverts and channels. Hydraulic
Engineering Circular No. 14 (HEC-14), FHWA-EPD-86-110. U.S. Department of
Transportation, Federal Highway Administration.

FHWA. 1995. Geosynthetic design and construction guidelines. Publication No. FHWA HI-
95-038. Federal Highway Administration. May 1995.

FHWA. 2002. Construction of pavement subsurface drainage systems. Publication No.
FHWA-IF-01-014, HIPA-20/1-02(500). January 3, 2002. U.S. Department of Transportation,
Federal Highway Administration.

Georgia Stormwater Management Manual, Section 3.3.5.

Harrison, R.B., M.A. Grey, C.L. Henry and D. Xue. 1997. Field test of compost amendment to
reduce nutrient runoff, final report.

Hitchcock, G.L and A. Cronquist. 1973. Flora of the Pacific Northwest. University of
Washington Press, Seattle.

Hortus Northwest. 1991. Wetland plants for western Oregon.

Jaisinghani, R.A., et al., 1979. A study of oil/water separation in corrugated plate separators.
Journal of Engineering for Industry, November, 1979.

Kadlec, R.H. and R.L. Knight. 1996. Treatment Wetlands. Lewis Publishers, Boca Raton, FL.
893p.

King County. 1998. King County, Washington Surface Water Design Manual. King County
Department of Natural Resources, Seattle, WA.

Lau, Marsalek, and Rochfort. 2000. Use of a biofilter for treatment of heavy metals in highway
runoff. Water Quality Research Journal of Canada 35(3):563—580.

Mollick, R.B. et al., 2000. Design, Construction and Performance of New-Generation Open-
Graded Friction Courses. National Center for Asphalt Technology. Auburn University,
Alabama.

Metro. 1990. Water pollution control aspects of aquatic plants. Municipality of Metropolitan
Seattle.

Miller, S. 2000. Criteria for assessing the trace element removal capacity of bio-filtration
systems. Spokane County.

Highway Runoff Manual M 31-16.01 Page 5-233
June 2008



Stormwater Best Management Practices Chapter 5

NCHRP. 1994. Long-term performance of geosynthetics in drainage applications. NCHRP
Report 367.

Puget Sound Action Team. 2005. Low Impact Development Technical Guidance Manual for
Puget Sound.

Prince George’s County. 2001. The Bioretention Manual. Prince George’s County Programs
and Planning Division.

Schueler, Thomas, Peter Kumble, and Heraty, Anacostia Restoration Team, Metropolitan
Washington Council of Governments. 1992. “A Current Assessment of Urban Best
Management Practices: Techniques for Reducing Non-Point Source Pollution in the Coastal
Zone.” Prepared for U.S. Environmental Protection Agency.

Thullen, J.S., J.J. Sartoris, and W.E. Walton. 2002. “Effects of Vegetation Management in
Constructed Wetlands Treatment Cells on Water Quality and Mosquito Production.”
Ecological Engineering 18 (2002) 441-457.

U.S. EPA. 1993. “Guidance Specifying Management Measures For Sources of Nonpoint
Pollution In Coastal Waters.” EPA-840-B-92-002. U.S. Environmental Protection Agency
(USEPA), Office of Water, Washington, D.C.

U.S.AF. Circa 1991. Gravity oil and water separator design criteria. U.S. Air Force.

U.S. COE. 1994. Selection and design of oil and water separators. U.S. Army Corps. of
Engineers. August 26, 1994.

U.S. EPA Technology Fact Sheets. “8 www.epa.gov/owm/mtb/mtbfact.htm

UW. 1994. Field test of compost amendment to reduce nutrient runoff. University of
Washington, College of Forest Resources, Seattle, WA.

WEF and ASCE. 1998. Urban runoff quality management. Water Environment Federation
and American Society of Civil Engineers.

WPCEF. 1985. Clarifier Design. Water Pollution Control Federation: Manual of Practice. No.
FD-8.

Young, G.K., S. Stein, P. Cole, T. Kammer, F. Graziano, and F. Bank. 1996. “Evaluation and
Management of Highway Runoff Water Quality.” FHWA-PD-96-032, Federal Highway
Administration.

Page 5-234 Highway Runoff Manual M 31-16.01
June 2008





