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'INTRODUCTION.

‘Storm water runoff is part of a natural hydrologic process.
However, human activities, particularly urbanlzatlon, can alter
drainage patterns and add pollution to the rain water and snow
melt that runs off the earth’s surface and enters our Nation’s

. rivers, streams, lakes, and coastal waters. A number of recent
studies have shown that storm water runoff is.a major source of .
water pollution as indicated by a decline in fish populatlon and
~diversity, beach closings or. restrictions on swimming and other
water sports, bans on consumption of fish and shellfish and other
publlc health concerns. These conditions limit our ability to
enjoy many of the benefits that our Natlon s waters provide.

-In response to thls problem, the States and many mun1c1pa11t1es
have been taking the initiative to manage storm water more
effectlvely.g In acknowledgement of these storm water management
concerns, the U.S. Environmental Protection Agency (EPA) has
undertaken a wide' variety of activities, including providing
technical assistance to States and municipalities to help them.
41mprove thelr storm water management programs. A

This document contalns fact sheets on storm water ‘best management
practices (BMPs). These fact sheets represent two types of BMPs:
. pollution prevention and treatment. Pollution prevention BMPs .

" ‘include both source controls and administrative practices. =
However, many are not stand -alone BMPs, but are most effective
. when combined with other BMPs. in a comprehensive storm water
management plan.. These BMPs are suitable for both municipal and.
industrial applications and can be used to supplement other EPA
guidance documents such as Storm Water Management for Industr1a1
Activities: Developing Pollution Prevention Plans and Best
Management Practices (EPA 832-R=92- 006) and Storm Water

Management for Comstruction Activities: Developing Pollution
‘Prevention Plans and Best Management Practices (EPA 832-R-9g =005

as well as other State or local guidance.

In order to better serve our customers and identify additional:
information-needs, a short questionnaire is included at the end
of this document. Please take a few minutes to. tell us if this
document was helpful dn meeting your needs and what other needs -
you have concerning storm water management. Responses can be
.mailed to the-Municipal Technology Branch (4204), US EPA, 401 M
Street, SW, Washington, DC, 20460 or faxed to (202) 260~ 0116.

-
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~PREEACE

. This document is part of a series of mun1c1pal wastewater
management fact sheets. These fact sheets are intended to serve
a wide audience including: the consulting engineer who is looking
for basic technical information on technologies; the municipal
- engineer who must understand these technologies well: enough to
- evaluate the assets ‘and limitations; the municipal official -who
must sell the technologies as part of a conprehensive pollutlon
prevention program:; the state regulator who must approve the -

technologies used to méet permit requirements; and ultimately the.v

citizen who must understand the importance of preventing
pollutlon of the Natlon 's waters. ‘

The material presented is guldance for general 1nformatlon only.
This information should not be used without first obtaining .
competent advice with respect to its sultablllty to any general

~or specific application. References made in this document to any -

specific method, product or process does not constitute or 1mp1y
an endorsement, recommendation or warranty by the U. S.
Env1ronmental Protectlon Agency. .

Mun1c1pal Wastewater Management . Fact Sheets are d1v1ded 1nto
several sets: Wet Weather  Flow Management Practices; Innovative
and Alternative Technologles' Biosolids Technologies and
Practices; Wet Weather Technologies; Water Conservation, etc.
Each set is publlshed separately startlng with Storm Water Best
Management Practices, September, 1993. Updates to this set of .
fact sheets and development of additional. sets is dependent upon
continued resources belng available. =~ ;
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STORM WATER BMP: C | gﬂ‘::Mc%wwgcuuomGW
CATCH BASIN CLEANING ekedrsRaNe

DESCRIPTION

- Catch basins are chambers or sumps, usually built at the curb line, which allow surface water
runoff to enter the storm water conveyarice system. Many catch basins have a low area below
the invert of the outlet pipe intended to retain sediment. By trapping coarse sediment, the catch
basin prevents solids from clogging the storm sewer and being washed into receiving waters.’
Catch basins must be cleaned out periodically to maintain ‘their sediment trapping ability. The
removal of sediment, decaying debris, and highly polluted water from catch basins has aesthetic -

and water quality benefits, including reducing foul odors, reducing suspended solids, and
reducing the load of oxygen-demandmg .,ubstances that reach surface water. '

CURRENT STATUS

‘Catch basin cleanlng is an easily u'nplemented but often overlooked Best Management Pracuce :
Frequently, the cleaning procedures deal thh removal of debns from grate openmgs but do not
' extend down into the catch basin itself. , :
~ APPLICATIONS

Catch basin cleaning is applicable to any facﬂlty that has an on-sxte storm sewer system which
includes catch basms and manholes :

LIMITATIONS - IR S
‘Limitations associated w’ith‘ cleaning catch basinsvinclude‘ |

-.  Catch basin debris usually contains appreciable amounts -of water and offensxve orgamc
material which must be properly dlsposed of.

- Catch basins may be difficult to clean in areas thh poor accessxbxhty and in areas with
trafﬁc congestion and parkxng problems.

: Cleamng is dxfﬁcult dunng the winter when snow and ice are present
PERFORMANCE

It is not’ posszble based on current data, to- quannfy the water quality benefits to rece1v1ng
-waters of catch basin cleaning. The rate at which catch basins fill with debris, as well as the
total amount of material which can.be removed by different frequencies of cleaning, are highly
variable and cannot be readily predicted. Past studies have estimated that typical catch basins
retain up to 57 percent of coarse solids and 17 percent of equlvalent biological oxygen demand

(BOD).
MAINTENANCE

A catch basin should be cleanéd if the depth of deposits are equal to or greater than one-third
the depth from the basin bottom to the invert of the lowest pipe or opening into’ or out of the
basin. Catch basins should' be, at a minimum, inspected annually.. If a catch basin is found
during the annual inspection to significantly exceed the one-third depth standard, it should be

_inspected and cleaned on a more frequent basis. If woody débris or trash is likely to accumulate
"in a catch basm it should, ar a m1n1mum be mspected and cleaned, if necessary,. on a monthly
'basxs




In addition, data collected as part of a Nationwide Urban Runoff ProgramA (NURP) pfoject in
Castro Valley Creek, California indicated that a typical catch basin, which were cleaned once per
year or once every other year contained approximately 60 pounds of material each.

Catch basins can be cleaned either manually or by specially designed equipment. These inciude_
bucket loaders and vacuurn pumps. Material removed from catch basins is usually disposed of in
landfills. ' o S

COSTS v
Catch basin cleaning costs Wﬂl vary depending upon the’ method used, required cleaning
frequency, amount of debris removed, and debris disposal costs. Cleaning costs for catch basins

were estimated in three NURP program studies (Midwest Research Institute, 1982). These
estimates are summarized in Table 1 below. ' . ' :

TABLE 1. CLEANING COST PER CATCH BASIN ! L

LOCATION __- METHOD COST _
" Castro Valley, CA.-ee-smeeees Vacuum attached to street SWeeper-cmeees-see-$7.70

Salt Lake County, UT,-mQ-Vacuum anlachéd lo sireet sweeper- $10.30

Wlnstovn-Salem, NC.- .--Vacuum aftached to street sweeper;---é---SG.SO

SOURCE: Referemer L. . .o A ! N :

LY

In communities equipped with vacuum: street sweepers, a cleaning cost of $8 per basin cleaned
is recommended for budgetary purposes (Southeastern Wisconsin . Regional Planning
Commission, 1991). Cleaning catch basins manually costs approximately twice as much .as
cleaning the basins with a vacuumn attached to a sweeper. Therefore, a cost estimate of $16 per
catch basin cleaned may be used for manual cleaning. It should be noted that costs vary

depending on local market conditions.-

ENVIRONMENTAL IMPACTS

Sediment and debris removed from catch basins must be disposed of in a proper manner to -

avoid negative environmental impacts. :
REFERENCES
1. Midwest Research Institute, -Collection of E.;:onomic Dafa from Nationwide Urban Runoff

Program Projects-Final Report. Report to U.S. Environmerital Protection Agency, March,
1982. ' : - ‘ ,

5

2. Minnesota Pollution Controi Agency, Protecting Water Quéligg in Urban' Areas, 1989.

3. Southeastern Wisconsin Regional Planning Commission, Cost of Urban Nonpoint Source
Water Pollution Control Measures, Technical Report No. 31, June, 1991. ' :

;1. u.s. EPA, Results of the Nationwide Urban Runoff Program, December, 1983.

5. U.S. EPA, Catch Basin Technology Overview and Assessment, 'May, 1977.

6. Washington State Department‘of Ecology, Stormn Water Management Manual for Puget
Sound, February, 1992.

This BMP foct shaes was prepared by the Municipal Tech logy Branch (4204), US EPA, 401 M Strees, SW, Washingon, DC, 20460.
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STORM WATER BMP: SRl miamairnnets
COVERINGS .

B DESCRIPTION

‘A simple yet effecnve Best Managernent Practice (BMP) is covenng Covenng is the parual or total
enclosure of raw materials, byproducts, finished products containers, equipment, process operations, and
material ‘stordge areas which, when exposed to rain and/or runoff, could contaminate stormwater.
Tarpaulins, plastxc sheeting, roofs, buddmgs, and - other enclosures are examples of temporary or

permanent covenng that are effective in prevenung stormwater contamination. The most prominent
advantage of covenng 1s that 1t is mexpensxve in companson to other BMPs. -

CURRENT SI‘ATUS
A review of numerous NPDLS group applications indicates that covering is a commonly unplemented

BMP. As more facilities identify potential sources of stormwater contamination, the use of covermgs will .
increase sxgmﬁcantly due to its effectiveness from a performance and cost perspective.

APPIJCA'I‘IONS
Covenng is appropnate for loadxng/unloadmg areas, raw ‘material, byproduct and ﬁnal product outdoor‘
storage areas, fueling and vehlcle mamtenance areas, and other high risk areas.
LIMITATIONS :
Lxrmtanons assoclated ‘with covermg as a BMP mclude

. Temporary methods such as plastic sheetmg can become tom or npped
’ ‘exposmg the contaminant to precxpltauon and/or stormwater runoff.

Costs may proh1b1t theebulldmg of complete enclo,sures.

May pose health or safety problems for enclosures buﬂt over certain .
matenals or actlvmes . ,

Requlres frequent mspecuon

A structure with only a roof may not keep out all preclpxtauon

PERFORMANCE

It is dlfﬁcult based on data currently avaﬂable to quannfy the mitigation of runoff contamination when
" covering is used. However, significant runoff water quality benefits are expected by srmply reducing the
contact between potential contaminants and precipitation or stormwater runoff. One source has
estimated that 80 percent of the enyironmental damage from de -icing chemlcals is caused by madequate

storage facilities.. : : A : :




DESIGN CRITERIA -

Evaluate the integrity and durability of the covering, as well as its comi:atibility with the .rnat:eriafl. or’
activity'being enclosed. - When designing an enclosure, one should consider materials access, handling
and transfer. Materials that pose environmental and/or safety dangers because they are radioactive,
pathogenic, flammable, explosive, or reactive require special ventilation and temperature considerations.

Covering alone may. not protect exposed materials from stormwater contact.  Placing material on an

elevated impermeable surface or building curbing around the outside of the materials may be required to
prevent contact with stormwater runoff from adjacent areas. S .

Practicing proper materials management within an enclosure or undermneath a covered area is essential.
For example, floor drainage within an enclosure should be properly designed and connected to a sanitary
sewer. The local publicly owned treatment works should be consulted to determine if there are any
pretreatmient requirements, réstrictions, or compatibility problems prior to discharge. '

7

MAINTENANCE
Maintenance involves frequent inspéction of the covering for rips, holes, and gene'ral wear. Insp‘ectiné
coverings should be part of an overall preventive maintenance program. : : ‘

' COSTS.

Covering costs vary in proportion to the degree of protection desired, and the required lifespan. The
most inexpensive covering is plastic sheeting, but it is not suitable where a high degree of protection is
desired for a long period. An enclosed building is the most expensive type of covering when materials
for the structure, lighting, and ventilation are considered, but it offers the highest degree of protection -
for the longest period. : ‘

-

ENVIRONMENTAL IMPACTS .

The impact from a covered area depends on the degree of complexity in the, covering design. A simple
plastic sheeting can possibly have a stormwater diversion, and allow for disposal of uncontaminated

water to a storm sewer. A structure with a permanent roof may be less effective, if the material inside is

not sufficiently protected from contact with runoff. An enclosed structure may need to have internal

drainage. If this is the case, it must not be connected to the storm sewer; and may not be suitable
connection to a sanitary sewer, if the stored material is considered hazardous.. The internal drains would
then need to be connected to some suitable contdinment area for later disposal. ,'

1. Minnesota Pollution Control Agency, Profecting the Water Quality in Urban Areas, 1989. .

2. U.S. EPA, Stormwater Management for Industrial Activities: Develeping Pollution Prevention
Plans and Best Management Practices, Pre-print, July 1992. '
, .

'

3. Washington State Department of Ecology, StomWater Management Manual for Puget Sound,
February 1992. : ‘ :

This BMP fact sheet was prepared by the Municipal Tech ology Branch (4204), US EPA, 401 M Swrect, SW, Washingon, DC, 20460.
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. STORM WATER BMP: =~ SHirmimsemnns
DUST CONTROL - BRANC
.DESCRIP’I'ION ‘ ' ' )

‘Dust controls are methods that prevent pollutants from entermg stormwater dlscharges by reducxng the -
surface and air transport of dust caused by industrial or construction activities. .Control measures can
prevent dust from spreading into areas of a facility where runoff may eventually transport the material to-
a storm sewer collection system or dlrectly to a receiving waterbody :

Dust control for xndustnal activities normally mvolves mechamcal systems desxgned to reduce dust
emissions from m-plant processing activities, and/or materials ‘handling. These may mclude hoods,y
cyclone- collectors, bag-type c'ollectors, filters, negauve pressure systems, or mechanical sweepers

Dust control measures for construcnon activities mclude wmdbreaks mmumzatxon of soil, spray-on
adhesxves nllage chemlca.l treatment, and water spraymg

COMMON MODIFICATIONS ~ ° S

‘There are a number of temporary alternatives for dust control However, -another consideration is to
eliminate the need for temporary ‘dust control completely by permanent modification of the site. Thrs
could mclude such measures as covenng exposed areas w1th vegetatlon stone, or concrete.

APPLICA’I'IONS

Dust control measures may l)e applied to any site where dust generanon can cause damage to the site or
adjacent properties. Howevet, application -of dust controls is especially critical in arid areas where
reduced rainfall levels expose soil particles for transport by air and runoff into water bodies. Dust
control measures should also be applied. to. any industrial activity where dust poses a threat of
contamination to water bodies. : : ‘

LIMITATIONS ST
' anary limita'tions of dust control include :
Some temporary dust contx'ols must be reapplied or replenished ona regular basis.

“Some controls are expenswe (e.g., chem1ca1 treatrnent) and may be meffecnve under
certain condmons

- . Some controls may cause an increase in the amount of mud being: tracked ‘off-site.

. Typ1cal windbreaks are not as effecnve as chemical treatment or mulching and
seeding, and may require land space that mlght not be. available at all locations.

“. - Industrial dust control is typlcally labor and equrpment intensive and may not be
effective for all sources-of pollution- (e.g street SWeepers) »

‘ More elaborate industrial dust control systems reqmre ‘trained personnel to operate
them, an require-the implementation of a preventwe mamtenance and repalr program
to ensure operational readiness. !

t . '




PERFORMANCE

The decision on which dust control measures to implement must take into consideration the
performance objectives required for a particular site. Some examples, of performance objectives include: .

. Prevent wind and water-based erosion of disturbed areas

. A reduction of emplc;yee respirafoﬁ prqblerns.:
."  Rapid implementation at low cost and effort .
. Little or no impact on the environment.
. Permanent control of the dust problem‘.

Based on the objectives simply sweeping the impervious areas for larger particles on a routine basis may
provide an efficient and reliable method of dust control that can be quickly implemented. Other controls .
might include vegetative windbreaks which would provide a much more permanent and environmentally
safe alternative to chemical use. : ' : ‘

DESIGN CRITERIA

The main goals of the dust.control project design is to limit dist generation and reduce the amount of
soil or dust particulate exposed. However this must also take into consideration -the performance
objectives established for the particular project. Additionally, some project sites may require solutions to
both industrial and dust control problems. Realistically it may not be practical or possible to develop a
design that meets all of the project goals and objectives at one time. Therefore it may be more
appropriate to develop a phased design approach that utilizes a combination of temporary, permanent, or
mechanical measures for dust control. - : T ‘ :

'TEMPORARY MEASURERS
. Vegetaﬁve Coverings: Temporary seéding and mulching may be applied to

cover bare soil and prevent wind erosion.

. Adhesives: Use spray-on adhesives according to Table 1 below. It is
recommended using these adhesives only if other methods cannot be used

as many of them are difficult to work with and form fairly impenetrable
surfaces. ' ; :

. Wetting: This is generally done as an emergency treatment. The site is
sprinkled with water until the surface is wet and repeated as necessary. 1f
this method is to be employed, it is recommended that a temporary gravel
rock entrance be created to prevent carry-out of mud onto local streets.

. Tillage: This practice roughens the soil and brings clods to the surface. Itis
an emergency measure that should be used before wind erosion starts.
Plowing should begin on the windward side of the site using chisel-type
plows spaced about 12 inches apart, spring-tooth harrows, or similar plows.

Barriers: Solid board fences, snow fences, burlap fences, crate walls,
bales of hay, and similar material can be used to control air currents and
- soil blowing. Barriers placed at right angles to prevailing currents at
intervals of about 15 timés the barrier height are effective in controlling
wind erosion. o : : o '



'Calcxum Chlonde This material. is apphed at a rate that wﬂl keep the surface,
moxst Pretreannent may be necessary due to varymg site and climatic condmons

TABLE 1: DESIGN OF ADHESIVE MEASURERS

- i . S : Application Rate
Type of Emulsion Water Dilution Nozzle Type (gallons per acre)
Anjonic Asphalt  ~ 7101. - Coare 1,200
Latex " o 125101 : Fine K 235
Resm and Water ) 4101 .- Fine o " 300
) SOURCE. szml o . 7 | | ’
'PERMANENT MEASURERS
s Permanent Vegetanon Seechng and sodding should. be done to

permanently stabilize exposed areas against wind erosion. It is -
recommended that existing trees and large shrubs remain in place
to the greatest extent possible during site gradxng processes

Stone: The purpose of this method is to place coarse gravel or crushed
stone over highly erodible soils. , -~

a Topsoxlmg This method is recommended when 'perrnanent vegetation'
cannot be established on a site. Topsoiling is a process in which less
-erosive soil material is placed on top of highly erodible soils.

: .Cyclone Collectors. Cyclone collectors separate dry dust and particulate
pollutants in the air by centnfugal force

Bag Collectors/Fabric Filters. Bag collectors or fabric ﬁlters remove dust
by filtration. Storage of collected dust should be carefully considered so
that it does not become a source’ of fugltlve dust .

: Negatlve Pressure Systems These systems mmumze the release of dust. .
. from ‘an operation by maintaining a small negatlve pressure or suctlon o
. confine the dust to a particular operanon o

Water Spraymg This temporary mechamcal method confines and settles ~
the dust from the air by dust and water particle adhesion. Water is
sprayed through nozzles over the problem area.

Street Sweepers. Two kinds of street sweepers are common in mechamca.l
dust collection systems. The brush system has proven to be.an efﬁcxent
method at an industrial facility generating dust on a daily basis. It has
proven to be extremely dependable and picks up the majority of the dust.
Vacuum sweepers are presumed to be more efficient because the
pollutants typically associated with contaminating stormwater are the
smaller particles which may be left behind by a brush street sweeper.
However, no performance data are as yet available to venfy that

vacuum sweepers are more efficient than brush sweepers.

3




MAINTENANCE

Typically, all dust control measures require periodic and diligent maintenance. For example, mechanical
equipment should be operated accerding to the manufacturers recommendations and inspected regularly
as part of an industrial site’s preventive maintenance program. Temporary dust control measures, such
as chemical spraying, watering, etc. require periodic renewal. Permanent solutions such as vegetation,
wind barriers, impervious sérvices also require upkeep-and maintenance in order to remain effective.

COSTs

The costs associated with dust control xheasui'es are generally lower for vegetative and barrier methods, .
and increases significantly for chemical and mechanical treatments. For example, an industrial facility
~ purchased a mechanical brush sweeper for approximately $35,000." - o

ENVIRONMENTAL IMPACTS

There are several negative environment impacts which are related to the dust control BMPs: These
include : ’ - : : o Co ‘

. If over-application of a chemical treatment to control dust occurs, excess
chemicals could be exposed to both wind and rain erosion with potential for
both surface and groundwater contamination. ,

. 0Oil should never be used to control dust because of the‘ high potential for "
polluting stormwater discharges. : ‘ -

. When using mechanical measures such as street sweepers, disposal is é'majof
problem and could involve parameter testing of dust particulate. RCRA
regulations may be applicable to this situation.

REFERENCES
1. City of Eagan, Minnesota, Erosion Control Manual, 1984 .

2. Hennepin County, Minnesota, Erosion and Sediment Contrbl Manual, 1989.

Minnesota LOnSUClI0 Bt L

3. Minnesota Board of Water and Soil Resources, Minnesota Construction Site Erosion and Sediment
. Control Planning Handbook, November 1987. ‘ s

4. U.S. EPA, NPDES Best Management Practices Guidance Document, December 1979.

5. U.S. EPA, Stormwater Management for-Industrial Activities: Developing Poliu'tion.Prevention Plans
and Best Management Practices, September 1992. c . :

This BMP fact sheet was prepared by the Municipal Technology Branch (4204), US EPA, 401 M Strees, SW, Washingon, DC, 20460,




' STORM WATER BMP:"

) ) - M-UNIC%AL TECHNOLOGW
~ EMPLOYEE TRAINING . R

' DESCRIPTION-

"In-house. training programs are designed and implemented to teach employees' about stormwater
management, potential sources of contaminants, and. Best Management Practices (BMPs).  Employee
training programs should instill all personnel with a thorough understanding of their Stormwater
~ Pollution Prevention Plan (SWPPP). This includes identification of BMP's, -processes. and materials they
. are working with, safety hazards, practices for preventing discharges, and procedures for responding

quickly and properly to toxic and hazardous material incidents. ' ‘ : ‘ S

CURRENT STATUS

Typically,‘ most’ indu"strial;faci'litiﬂes have an employee training program. .Usually these addres§ such -
areas as health and safety training, or fire protection. The effort required to modify these programs to
include discussion of stormwater management and BMP implementations should be reasonable. :
APPLICATIONS o A

Employee training program implementation can be ‘achieved through posters and’ bulletin boards

designed to raise awareness of stormwater management, potential contaminant sources, and prevention =

of surface water runoff contamination. Field training programs where employees are shown areas of :
- potential stormwater contamination and associated pollutants, followed by a. discussion of site-specific
BMPs by trained personnel, would also be beneficial for implementing the program. ~

LIMITATIONS.  *~ . - . .,

Limitations of .an'e‘mployee training program includé:':,‘ :

Lack of employee motivation
Lack of incentive to become involved in BMP implementation

- Lack of commitment from senior management

R

PERFORMANCE .
' Quantitative performance will vary between facilities because . performance is dependent on employee
participation and commitment from senior management to reduce point and nonpoint sources of
- pollution. Employee training programs that teach identification of . potential sources of contaminants, are’
highly recommended for implementation at all facilities. Support of these programs should given the
* highest priority, by senior management. s ' o « : ‘




DESIGN CRITERIA

Specific design criteria for implementing an employee trammg program include:

. Meeungs should be held at mtervals frequent enough to ensure adequate understandmg
of SWPPP goals and obJectxves '
. A strong commitment by, and penodxc input from, senior management.
" Transmission of knowledge from past spill causes and solumons to prevent future spxlls '

Making employees aware of internal repomng procedures relative to BMP monitoring and
spill reporting procedures.

. Operating manuals and standard procedures.
. Implementation of spill drills to minimize potential contamination of stormwater runoff
from toxic pollutants. ' . :
MAINTENANCE
An employee training program should be an on-going yeatly process, There should be, at a minimum,

annual meetings to discuss SWPPPs.. These meetings could be held in conjunction with other n-axnmg
programs. Figure 1 below Jllustrates a sample employee training u'ackmg worksheet ' o

Workshest
EMPLOYEE TRAINING : . Completed by:
. . Tita: .
Date:
instructions:  Deacribe the b ining prog (ofmhciinvbdow mmund\odd at & minkmum, sddrass spill prevention snd
good b and Provide a schedule for the props and list the -
anlnmmlm .
mtwurm .
Program/Materials (0.0, Ilm. Schedute for Ti '] . .
Trsinkwg Teoics . coursol * (Hat dates) Attendess
Soill Pravention and Response

Good Housskeeping

sdaterial Mansgement Practices ©

Other Topics

SOURCE: Reference 2.

. FIGURE 1: SAMPLE WORKSHE.ET FOR TRACKING EMPLOYEE- “TRAINING




cosrs )

: Costs for mplementmg an employee training program are hxghly vanable It is annexpat’ed that most '
stormwater training. program costs will. be directly related to labor and associated overhead costs.
however, the example shown in Table 1 below can be used to estimate what the annual costs might be

. for an in-house training program at your facility. Figure 2 can be used asa worksheet to calculate the
estimated cost for an employee trammg program. - :

TABLE 1: EXAMPLE OF ANNUAL EMPLOYEE TRAINING COSTS

.Esnmated
L o Yealy .
‘ - Avg. ' " Hours’ - Bst.
: : ‘Hourly Overhead* = onSW ' Annual
Title - ,  Quantity Rate ($) . Mnltiplier .Training - Cost ($) -
Stormwater Engineer 1 x 15 - x 2.0 x' 20 = 600
v Plant Management ' ' S x. 20 X 20 x 10 = 2,o,o"oA
- Plant Emiployees . © 100 x 10 x 20 | "x 5 = 10,000 -
o  TOTAL ESTIMATED ANNUAL COST - $12;600
Note: Deﬁned as a mulupher (typxcally rangmg between 1 and 3) that takes into account,
those costs dssociat ed with. payroll expenses, buﬂdmg expenses, etc.
: sounc& EPA
Estimated
- Yearly o
Avg. C * Hours Est
o ‘ Hourly @~ Overhead - onSW - Annual
- Title Quantity = 'Rate ($) . Multiplier Training Cost (N
Cox o x Cx = ®»
X o x o x = ®)
x x o x . =___.©
b x X = D)
“TOTAL ESTIMATED ANNUAL COST
(Sum of A+B+C+D) -
SOURCE: Mmz .

FIGURE 2: SAMPLE ANNUAL TRAINING COST WORKSHEET




REFERENCES

1. U.S. EPA, NPDES BMP Guldance Docurnent, December, 19769.

2. U.S. EPA, Stormwater Management for Industrial Acnvmes Develogmg Pollution Prevennon
Plans and Best Management Practices, September, 1992

This BMP fact sheet was prepared by the Municipal Technology Branch (4204), US EPA, 401 M Soeet, SW, Washingon, DC, 20460
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 STORM WATER BMP: IHirnimmirmans
FLOW DIVERSION = |

-DESCRIPTION ‘

Strucmres whxch collect and divert runoff (such as gutters, ‘drams sewers, dlkes, berms swales, and, '
graded pavement), are used in two ways to prevent the contamination of storm water and recexvmg'
, water bodies. First, flow diversion structures may be used to channel storm water.away from industrial
areas so that storm water does not mix with on site pollutants. Second they may also be used to carry '
contammated runoff dlrectly {0 a treatment facllxty .
Storm water conveyance systems can be constructed frorn many dxﬁ'erent materials,” mcludmg concrete,
clay tiles, asphalt, plastics, metals, rip-rap, and compacted soils covered with vegetation. The type of
‘matetial used depends upon the design criteria used for conveyance of storm water runoff These
conveyances can be temporary or pennanent

-

Some advantages of storm water conveyance systems used for ﬂow dxversmn purposes are:

’

D1rect storm water flows around industrial §1t§$.;
| . l;"revent temporary flooding of industrial site.
. ‘ Reqnire low maintenance. o
. Provide erosion-resistant ,conveyance or storm water runoff. - g

. Can typically be installed at any timé. -

. - Provide long-term control of storm ‘water flows.

COMMON MODIFICATIONS

Flow dlversxon structures can be modified by incorporating them with other pollunon control best' '
management practices. For example, diverted flow can be fed into an infiltration drain field system,
diverted to an infiltration basin, diverted to a constructed wetland treatment facility, or diverted to an -
onsite ‘treatment facility for discharge under the NPDES program. ‘ Another common modification is to
construct a temporary flow diversion to determine its effectiveness. If the diversion structure is proven
effecnve, it could then be converted to a permanent structure.

APPLICATIONS

Storm water d1versxons work well at most industrial sites. Storm water can be directed away from
industrial .areas by collecting it in a channel or drain-system., Diversions can be used to collect storm "
. water from the site and direct it down slope where it can be kept separate from runoff- that has not been
.in contact with those areas. _When potentially contammated stormn water is collected in a conveyance
system, it can be directed to a treatment facility. :

A good example of the utilization of a diversion structure is 'I'he Isle La Plume Wastewater Treaunent o

Plant in La Crosse, WI The area immediately surrounding the facility has been regraded so that storm
water runoff can be directed into the process tanks where it is treated right along -‘with other wastéwater..
‘ Flgure 1 below ﬂlustrates this storm water runoff control method ' :




PERFORMANCE

Properly designed storm water diversion systems are very effective in preventing storm water from béing o
~ contaminated or in routing contaminated flows to ‘a, proper treatment facility. For example, at the
Denver Stapleton International Airport, flow diversion techniques intercept 99 percert of the glycol used
and prevent its introduction to Sand - Creek, the local- receiving waterbody. At the La Crosse, WI
Wastewater Treatment Plant, it is estimated that approximately one-third of the storm water runoff from’
the facility is diverted into their treatment process. . ’ ‘

DESIGN CRITERIA

Planning for flow diversion structures should consider the typical volume and rate of storm water runoff
present. Also, the patterns of storm water drainage should be considered so that the channels may be
located to efficiently collect and divert the flow. When, deciding on the type of material for the
conveyance structure, consider the resistance of the material to erosion, its durability and compatibility )
with any pollutants it may carry. e : . -
Diversion systems are most easily installed during facility construction. Existing grades should be used
to limit costs. Positive grades should be provided to allow for continued movement of runoff through
the conveyance system. (Note: care must be exercised to limit velocities which could potentially
_increase erosion.) A typical diversion swale is shown in.Figure 2 Below. )

Dyke - Channel

. Dyke Top Width

e

- Existing Grade’

. FIGURE 2: TYPICAL DIVERSION SWALE DETAIIS

MAINTENANCE . -

A maintenance program should be established to ensure proper functioning of the system. Storm water
* diversion systems should be inspected to remove debris within 24 hours after a significant rainfall event

since heavy storms may clog or damage them. Flow diversion structures should also be inspected on an

annual basis to ensure that.they meet their hydraulic design requirements for proper performance.
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SOURCE: Refevonee 1.

"FIGURE 1: STORM WATER RUNOFF CONTROL MEASURERS

.At the Denver Stapleton: Intemanonal A.u-port the termxnal area, aprons and support facllxty areas (0.5
_ square miles), where activities resulting in storm water contamination are concentrated, are served by
four individual large diameter storm sewers which collect storm water; snow melt, fuel spills, de-icing
agents, and wash ‘down flows. These storm sewers have hydraulic diversion structures in place which .
convey storm water flows to a 9 mgd detention basin. The basin contents are pumped to a samtary '
sewer mterceptor where it is then transferred to a local treatment facility. - ‘ .

Another concept bemg adapted into the new regmnal a1rport in Denver is based on centralxzed de-xcmg
areas for use by all airlines. All de-icing area flows will be diverted to an on-slte glycol recovery system
or diverted to detention basins for dlscharge to the local treatment facility. .

" LIMITATIONS
Storm vyater flow diversion structure limitations include:

Once flows are concentrated, they must be routed through stabilized structures, or )
treattnent facilities in order to minimize erosion prior to discliarging to receiving waters."

‘May increase flow rates.
May be impractical if there are space limitations.
May not be economical especially for small facilities or after a site has been constructed.

. ; ) '

* May require maintenance after heavy rains.

f




COSTS

)

Costs vary depending on the type of flow diversion structure used. For example, if vegetated swales: are
to be used for flow diversions, the Southeastern Wisconsin Regional Fi.aning Commission (SEWRPC)
reported that, in 1991, costs may vary between $8.50 to $50 per lineal foct, depending upon swale depth
in feet and bottom width. Capital costs for the Stapleton International Airport flow diversion system, -
including basins, diversion ‘structures in.each of the four main storm sewers, .and additional flow
diversion modifications made by airport staff. were $6 million in 1988.. Clearly the cost will be
determined by the scope of the project and design requirements. o ’

s

ENVIRONMENTAL IMPACTS - R

Environmental impacts include:

. Erosion problems due to concentrated flows. -

Potential groundwater contamination if conveyance channels have high infiltration
capacities. : .

. Undersized water treatment facilities may result in discharges that have not been
adequately treated. : . S

REFERENCES 7
1. James M. Montgomery, 60nsu1ting Engineers, Inc., Site Visit D_ata,“September, 1992.
2. Minnesota Pollution Control Agency, P'rote'cting‘Water Qualig‘ in Urban Areas, 1989.
3. Southeastern ‘Wisconsin Regidnal Planning Commissiori, &:osts of Urban Nong‘ oint Source
Water Pollution Control Measures, Technical Report No. 31, June 1991. :

4, US.EPA, NPDiES BMP Guidance Document, June 1981. . ,
5. U.S. EPA, Storm water Management for In;iustrial Activities: De‘velvovinz .Pollution Pfé\}ention

Plans az}d Best Management Practices, September, 1?92. - » : " .
6. ‘

Washington State Department of Ecology, Storm water Management Manual for Puvge‘t Sound,
February 1992, e ' . o

This BMP fact shact was prepared by the Municipal Tech logy Branch (4204), US EPA. 401 M Sover, SW, Washingon, DC, 20450.
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STORM WATER BMP: I
INFILTRATION DRAINFIELDS =

DFSCRIPTION
Infiltration drainfield structures are constructed to a1d in stormwater runoff collection and are des1gned
to allow stormwater to infiltrate into the subsoils. Runoff is diverted into a storm sewer system which
passes through a pretréatment structure such as an oil and grit separator. - The oil and grit chamber '
« effectively removes coarse sediment, oils, and grease. Stormwater runoff continues through a- manifold
system into the infiltration drainfield. The’ manifold system consists of perforated .pipe which distributes
the runoff evenly throughout the infiltration drainfield. The runoff then percolates through the

aggregate sand filter, the ﬁlter fabric and into the subsoxls. A schematic of a typlcal system is ﬂlusu'ated
in Flgure 1 below. V ’

i

s . Perforated Ppe Manifokd S T
i P! . ) Obsewataneu ’

“Top Soil

Washed IStoné Resewvoir ©

6"~ 12" Sand Fiker |

SOURCE: Rz/azna: 1

‘ Ve FIGURE 1 TYPICAL INFILTRA'I'ION DRAINHELD SCHEMATIC




COMMON MODIFICATIONS : .o . -
Common design modifications include the installation of porous pavement surrounded by a grass filter -
strip over the. infiltration drainfield or insertion of an emergency overflow -pipe in the oil and grit
pretreatment chamber. .The overflow pipe allows. runoff - volumes exceeding design capacities to
discharge directly to a trunk storm sewer system. Infiltration drainfields are very similar to infiltration -

trenches and basins. :

CURRENT STATUS

Currently there is little information on infiltration drainfields. However. in general the same principals -
that apply to infiltration basins and infiltration trenches will apply to design of infiltration drainfields.
The Environmental Protection Agency is currently evaluating the following issues related to the design
and operation of infiltration drainfields: S N ; . ‘

. Is the oil and grit separator the most effective pretreatment system to protect infiltration
capacity? : o

. What is the pollutant removal capdcity of infiltration drainfields with various pretreatment
systems? ‘ . ’ :

. Is the performance of infiltration drainfields better than ‘infiltration basins and trenches

during subfreezing weather and snow melt runoff conditions?

What level of maintenance is required to ensure pfoper performance?

APPLICATIONS

JInfiltration drainfields are most applicable on sites with a relatively small drainage area (less than 15
acres). They can be used to control runoff from parking lots, rooftops, impervious storage areas, or
other land uses. Infiltration drainfields should not be used in locations that receive a large sediment
load that could clog a pretreatment system, which in turn,. would plug the infiltration drainfield and
reduce its effectiveness. ' : I '
Soils should have field-verified permeability rates of greater than 0.5 inches per hour and there should
be a 4-foot minimum clearance between the bottom of the system-and bedrock or the water table. '
LIMITATIONS

The use of infiltration drainfields may be restricted in regions with colder climates, arid regiohs,' regions’
with high wind erosion’ rates (increased windblown sediment loads), and areas where sole source
potable aquifers could be contaminated. Some specific limitations of infiltration drainfields include:

. High maintenance when sediment loads to the drainfield are heavy.

High costs of excavation, fill material, engineering design, and
pretreatment systems. ’

. Short life span if not well maintained. »
Not suitable for use in regions with clay or silty soils.

Not suitable for use in regions where groundwater is used locally for human consumption.

7



Systems require sufﬁcxent time between storm events to allow the so:l to dry out, or
anaerobic conditions may develop in underlyxng soils which could clog the soﬂ and
‘ reduce the capacity and performance of the system.

PERFORMANCE

" The effecnveness of infiltration drainfields depends upon. their design. ; When- runoff enters the
~ drainfield, many of the pollutants are prevented from entering surface water. However, any water that
* bypasses the pretreatment system and drainfield will not be treated. Pollutant removal mechanisms

include absorption,’ strammg, microbial decomposition in the sotl below the dramﬁeld and’ trappmg of
sediment, grit, and oil in the pretreatment charnber

Currently there ‘is little momtonng data on the performance of infiltration dramfields However, sorne '

monitoring data is available on porous pavements which incorporate many similar design criteria as .
infiltration drainfields. An'estimate of porous pavement pollutant removal efficiencies range between 82 i
and 95 percent for sedn'nent 65 percent for total phosphorus and 80 to 85 percent for total mtrogen, “

Some key factors that i mcrease performance and pollutant rernoval eiﬁcxencxes include:
- Good housekeepmg practices in the tributary dramage area.
‘Suffiment drylng time (24 hours) between storm events.
Highly p_ermea.ble soxlsv and subsoxls.
Pretreatment 'systern incorporated.
Sufﬁcient organ‘ic meuer in subsoils;
* Proper rnainten.ance. o

‘Use of a sand iajer on top of a filter fabric at the bottom of the drainﬁeld,

~ DESIGN CRITERIA

Infiltration drainfields, along with most other infiltration BMPs (infiltration basins, trenches, etc.) have
demonstrated relatively short life- spans in the .past. Failures have generally been attributed to poor
design, poor construc¢tion techniques, .subsoils with low perrneablhty and lack of adequate preventive
maintenance. Some design factors which can significantly increase the perfonnance and reduce the risk -
- of failure of mﬁltranon drainfields and other infiltration processes are shown in Table 1 below

MAINTENANCE

Routine maintenance of infiltration drainfields is extremely important. The pretreatment grit chamber
‘'should be checked at least four times per year and after major storm events. Sediment should be :
cleaned out when the sediment depletes more than 10 percent of the available capacity. This can be -

- done manually or by vactmm pump. Inlet and outlet plpes should also be mspected at this.time. =’

The infiltration drainfield should contain an observanon well The purpose of the momtonng well is to
'provide information on how well this system'is operating. It is recommended that the observation well
- be monitored daily after runoff-producing’ storm events. If the infiltration drainfield does not drain after
three days, it usually means that the drainfield is clogged Once the performarice characteristics of the
structure have been verified, the monitéring schedule can be reduced to'a monthly.or quarterly basis.’

L




TABLE 1: INFiLTRATION DRAINFIELD DESIGN CRITERIA

Design Criteria ..

 Guidelines

Site Evaluation

Design Storm Storage Volume

Drainage. Time for Design Storm

‘Construction

Pretreatment

. Dispersion Manifold

SOURCE: Reference 2.

' Take soil borings to a depth of at least 4 feet .

béiaw bottom of stone reservoir to check for
scii permeability, porosity, depth to seasonally
high'water table, and depth to bedrock. ’

Not recommended on slopes greater than 5 -
percent and best when slopes are as flat as
possible. o

Minimum infiltration rate 3 feet below bottom
of stone reservoir: 0.5 inches per hour. -

" Minimum depth to bedrock and seasonally high

water table: 4 feet. .

Minimum setback from water supply wells:

100 feet.

Minimum setback from building-foundations:
10 feet downgradient, 100 feet upgradient.

Drainage area should be less than 15 acres.

Literature values ~$uggést this parameter is

-highly variable and dependent upon regulatory
. requirements. One typically recommended
storage volume.is the stormwater runoff™ .|’
“volume produced in the tributary watershed by

the 6-month, 24-hour duration storm event.

Minimum: 12 hours.

. Maximum: 72 hours.

Recommended: 24 hours.

Excavate and grade with H,gr;t equipment with

tracks or oversized tires to prevent soil
compaction. -

- As needed, divert stormwater runoff away from

site before and during construction.

A typical inf {ltration cross-section consists of
the following: 1) a stone reservoir consisting of
coarse 1.5 to 3-inch diameter stone (washed);
2) 6 to 12-inch sand filter at the bottom of the
drainfield; and 3) filter fabric.

Pretreatment is recommended to treat runoff

-, from all contributing areas.

A dispersion manifold should be placed in the
upper portions of the infiltration drainfield.
The purpose of this manifold is to evenly
distribute stormwater runoff over the largest
possible area.r Two to four manifold extension
pipes are recommended for most typical
infiltration drainfield applications.




COSTS

There’is_ little inforrnéﬁon on the', cost of infiltrafion drainfields. However, the cohsn'ucﬁpn_cos;s for -
installing an infiltration drainfield that is 100 feét. long, 50 feet wide, 8 feet d‘egp and with 4 fegt of -
cover can be estimated using the general information in Table 2 below.’ , C

"“IABLE2: ESTIMATED COST FOR INSTALLING AN INFILTRATION DRAINFIELDS

ExcavationCosts: (2,220 ¢y) (85.00/cy) . +$11,700

Stone Fill . - © (1,296 cy) (§20.00/cy) 25,920

Sand Fill - o  (185'cy) (§10.007cy) . 1,850

Filter Fabric Top and Botto.rh = 10,000 sf 4,55(5' : h S
S . - Sides = 1,600 + 800 = 2,400 s . N v

" Total = 12,400 sf+ 10% = 13,640 sf
(13,640 s7) (1 $y/9 s1) (§3.00/5y)

" perforatedManifold - 75+ 4400 =235 - . . 2,750
and Inlet Pipe Lo 4 , e L
- o . (275)(§10.00711) o
- Observation Well ~ © 1at$s00ea © . 500
“Pretreatment Chamber .~ 1at$10,000. . - 10,000
~ Miscellaneous” L o 11,000
‘(Backfilling, overflow pipe, sodding, etc.) ~ _

'SUBTOTAL =~ 357,670

Contingencies (Engineering, radministratid_n, permits, etc.) = 25%;_1_5_.42Q‘
' ~TOTAL - $72,090

Note: Unit prices will vary greatly depending upon local market c‘:onditic’msf :

SOURCE: Reference 3

’ ENVIRONMENTAL IMPAm»

One ﬁotential negat{ii)e im'pac'f of infiltration drainfields is the risk of groundwater contamination.
Studies: to date ‘do not indicate that this is a major risk. However, migration of nitrates and chlorides
has been documented. : -




1. Metropolitan Washmgton Council of Governments Controllmg Urban Runoff: A Pracncal Manual
for Planning and Designing Urban BMPs, 1987.

‘2. Minnesota Pollution Control Agency, Protecting Water Quality in Urban Areas, 1989. '

3. Southeastern Wisconsin Regional Planning Commxssmn, Costs of Urban Nongomt Source ‘Water
Pollution Contro] Measures Techmcal Report No. 31 June 1991. .

4. U.S. EPA, Stormwater Management for Industrial Acnvmes Developin Pollutlon Prevention Plans
and Best Management Practices, Pre-pnnt, July 1992

5. Washington State Department of Ecology, Stormwater Management Manual for the Puget Sound
Basin, February 1992. : , : .

This BMP fact sheet was prepared by she Municipal Tech Loy Branch (4204), US EPA, 401 M Strees, SW, Washingon, DC, 20460.
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STORM WATER BMP: . ST
TERNAL REPORTING

' DESCRIPTON 7 .

Internal reporting provides a framework for "chain-of-command” reporting of stormwater management

issues. Typically, a facility develops'a Stormwater Pollution Prevention Team (SWPPT) concept for

implementing, maintaining, and revising the facility’s Stormwater Pollution Prevention Plan (SWPPP).

. The purpose of identifying a SWPPT s to clarify the chain of responsibility for stormwater pollution
prevention issues and provide a point of contact for personnel outside the facility who need to discuss

- the SWPPP. - o ' ’

CURRENT STATUS .
The U.S. EPA first identified ihtemgzl reporting as a Best Management Practice (BMP) in the late 1970s. ’
Currently, internal reporting has evolved into development of an SWPPT for facilities implementing an’

SWPPP. as part of their NPDES stormwater: discharge permit. This SWPPT concept ‘is a'new and
innovative part of the SWPPP. - - - . ) : L e, T

IMPLEMENTATION

"The key to implementing internal reporting as a BMP is to establish a qualified SWPPT.  Where setting

- up an SWPPP is appropriate, it is important to identify key people on-site who are most familiar with the

facility and its operations, and to provide ‘adequate structure and direction to the facility’s entire

stormwater management program. Limitations involved in developing an internal reporting system- are
' the potential lack of corporate commitment in designating appropriate funds, inadequate staff hours

. available for. proper implementation, and a potential lack of motivation from SWPPT members that could
_ inhibit the transfer of key stormwater pollution information. ' . o

PERFORMANCE

The performance and effectiveness of an internal reporting system is highly‘.variable and dependent upon .
several factors. Key factors include: ‘ ' S o C

/
¢

. Commitment of seni;)r r‘nan;agemer'itv."
Sﬁfficient time and f"manqial_ resources.

' quality of imp,lemen’tari'oh.
: ’Backgro‘und‘andv’ expe:rienc‘e of the SWPPT members.

3
- DESIGN CRITERIA

When establishing an internal reporting structure, it is important to select appropriate personnel to serve
on the team. Both team and individual responsibilities should be-designated with clear ‘goals defined for
proper stormwater management. Internal reporting should be tied to other baseline "BMPs such as
employee training, individual inspections, and record keeping to. ensure proper-implementation. Figure 1

" below illustrates an example SWPPT organization chart.
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SOURCE: Reference 2.
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'FIGURE 1: EXAMPLE SWPPT ORGANIZATION CHART
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MAINTENANCE

To ensure that an internal reporting system remains effective, the p-erson or team responsible for
maintaining the SWPPP must be aware of any changes in plant operations or key team members to
determine if modifications must be made in the overall execution of tHe SWPPP. -

i

COSTS

Costs associated with implementing an internal reporting system are those associated with additional
staff hours'and related overhead costs.” Annual costs can be estimated using the example shown in
Table 1 below. Figure 2 can be used as a worksheet to calculate the estimated costs for an internal
record keeping program. ' :

TABLE 1: EXAMPLE OF ANNUAL INTERNAL REPORTING COSTS

" Estimated
Yearly o
Avg. s Hours . Est. . .
. Hourly Overhead* on SW Annual
Tite Quantity Rate ($) Multiplier Training Cost ($)
Stormwater Engineer 1 x 15 x 2.0 X 20 = 600
Plant Management s x 20 -x 20 ‘x 10 = 2000 :
Plant Employees 100 x 10 x 2.0 X 5 = 10,000
souRce: £pa . TOTAL ESTIMATED ANNUAL COST $12,600 -
Note: Defined as a multiplier (typically ranging between 1 and 3) that takes into account
those costs associated with payroll expenses, building expenses, etc.




Estimated
o , : ) Yearly L
N - Avg. Hours =~ Est
] R : Hourly @ Overhead onSW  Annual .
Tite . Quantity  Rate ($) Multiplier . Training  Cost (§)
L - b'4 . x = A' A
s ! X x x = -(B)
x - .x X = ©
X X X = V(D)
. T TOTAL FSI'IMATED ANNUAL COST
N ‘ N ‘ , - (Sum of A+B+C+D)
SOURCE. szml ) ¢ :

FIGURE 2: SAMPLE ANNUAL IN'I'ERNAL REPORTING COST WORKSHEET

( REFERENCES
1. U S EPA, NPDES BMP Guldance Document, June 1981

2 U.S. EPA, Stormwater Management for Industrial Activities: Deve]op_ung Pollunon Preventmn Plans.
and Best Management Practices, September, 1992.

d by the Municipol Tecnalogy Branch (4204), US EPA, 401 M Strect, SW, Washingon, DC, 2060

. This BMP fact sheet was prp
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STORM WATER BMP:
'MATERIALS INVENTORY

| .DESCRIPTION

A matenals mventory system involves the 1dent1ﬁcatxon of all sources and quantmes of materials that
- "may be exposed to direct precipitation or storm water runoff at a particular site. Significant materials
are substances related to industrial activities such as process chemicals, raw materials, fuels, pesticides,
- and fertilizers. When these substances ‘are exposed to direct precipitation or storm water runoff, they
may be carried to a receiving waterbody. Therefore, identification of these substances and other
- materials- helps to determine sources of potential contamination and is the first step in pollution conu'cl

CURRENT STATUS
Most facilities already have in place a materials inventory system. However, the inventory of signiﬁcent '
. materials is not generally performed from a storm water contamination viewpoint. Modification of the
existing materials inventory program to_include storm water considerations should bé minimal. The -
“inventory should be incorporated into the Storm Water Pollution Prevention Plan (SWPPP).
APPLICATIONS..  ~ ~ - o

A materials inventory system is applicabie to most industrial facilities. Inventory of exposed materials
should be part of a baseline administrative program and is dn'ectly related to both record keeping and
visual mspectlon Best Management Practices (BMP) s .
. LIMITATIONS S

’ Lirnitetien of materials inventofy system"B.MP include:

It is an on-gomg process that connnually needs updanng

Qualified personnel are reqmred to perform the materials mventory from a storm
water perspective. ‘ .

Materials inventory records should be readily accessible.

PERFORMANCE

It is not possible to-quantify water quality benefits to receiving waters of a materials inventory program
since the program is intended to prevent pollution before it occurs. However, it is anticipated that an
' effecnve ‘materials inventory prograrn will result in mproved storm water discharge quahty

' DESIGN CRITERIA

Keeping an up-to-date mvemory of all materials (hazardous and non-hazardous) on the site will help to
-limit material costs caused by overstockmg, track how materials are stored and handled on site, and
identify which materials and activities pose the greatest risk to the environment. The. following basic
steps should be used in completing a materials inventory: : '




. Identify all chemical substances present in the work place. Walk through the facility and
review the purchase orders for the previous year. List all chemical substances used in' the
work place and then obtain the material safety data sheets (MSDS) for each.

. Label all containers to show the name and type of substance, stock number, expiration
date, health hazards, suggestions for handling, and first aid information. This v
information can usually be found ‘on the MSDS. Unlabeled chemicals and chemicals with
deteriorated labels are often disposed of improperly or unnecessarily.

. Ciearly mark on the inventory hazardous materials that require specific handling, storage,
use, and disposal considerations. T -

Improved material tracking and inventory practices, such as instituting a shelf life program, can reduce
the wastes resulting from overstocking and the disposal of -outdated materials. Careful tracking of all
materials ordered may also result in more efficient materials use. Figure 1 below illustrates a simple
material- inventory tracking system. . S

Based on your materials inventory, describe the significant materials that were exposed to storm water
during the past three years and/or are currently exposed. Other BMPs should then be evaluated and
implemented or constructed to eliminate exposure of theses materials to storm water or that provide
appropriate treatment befare discharge to receiving waters. Figure 2 below illustrates a sample
worksheet for evaluating exposed materials. ' :

. ' Wori@mt
MATERIAL INVENTORY Completed ‘b':

Tite: .
Dsate: _________.__—————-L—-—

;

. Asuess and evalugte thess materisis for their potential to contributs poliutants to -

" Usta isis vesd, stored, or produced onsice
storm water ronoff. :
Sovins) mtam | ¢ 4 of contest with s wowr. ¥ Soll or Liek
otried " Aoentien - Cmtmat | Gwems 3 Vears yoo, desuribe rossem. Yoo Ne

SOURCE: Refererce 2.

FIGURE 1: SAMPLE MATERIAL INVENTORY



- § Worksheet

) DESCRIPTION OF EXPOSED SIGNIFICANT MATERIAL Completed by:
Date: -
. R
netructions:  Based on your eial i .';* ibe the significant matarisls that d 10 storm wator during teesyears -
L and/or are currently expoded. ) m ) * 7 the past thre
Duewtpron of Erpesed |  Pusied ot Mothed of Srarege or Dispensl | Dasaripéen of Stossriat Managamant Proctios
Sigriionnt Mosariel Bpeewe | Ty | -l inteciden oot ot phe, dn tos et

SOURCE: Reference 2 _ a T . ‘
. - FIGURE 2: EXPOSED MATERIAL WORKSHEET

t

* The key to a proper materials inventory system is continual updating of records. Maintaining/an up-to-

date materials inventory is an efficient way to identify what materials are handled on-si:e that may -

. contribute to storm water contamination problems.
COsTs o ' : SRR

The major cost of implementing a materials inventory system is the time required. to implement ‘a
* program that places emphasis on storm water quality.” Typically, this is a small incremental increase ifa
-materials inventory program already exists-at the facility. Keeping an up-to-date inventory of ‘all

materials present on your site will help to keep material costs down by identifying waste and"

- overstocking.

. REFERENCE

"~ 1. U.S. EPA, NPDES Best Management Practices Guidance churhent, December. 1979..

2. U’.S.‘EPA, Storm water Management for Industrial Activities: Developing Pollution Prevention
Plans.and Best Management Practices, September, 1992. g -

This BMP foct sheet wat prepared by the Municipal Technology Branch (4204), US EPA, 401 M Street, SW, Washingon, DC, 20460.
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. EMTB_
. STORM WATER BMP:  (horminsirinss
NON-STORM WATER DISCHARGES e

: DESCRIPTION

+ Identifying and ehmmatmg non-storm water- dlscharges is an unpoxtant and very cost-effecnve Best
'Management Practice (BMP). Examples of non-storm water discharges include process water, leaks from
. portable water tanks or pipes, excess landscape watering, vehicle wash water, and sanitary wastes. Non-
. storm water discharges are typically the result of unauthorized connections of sanitary or process
' wastewater drains that- dlscharge to the storm sewer rather than to the sanitary sewer. Connections of
non-storm water discharges to a storm water collection system are. .common, yet often go undetected. -
‘Another form of non-storm water discharge is wash water discharge to a storm drain. Typxca]ly these
discharges are significant sources of pollutants, and unless regulated by an NPDES permit, are illegal.

"CURRENT S'I'ATUS
Identifying and ehmmatmg non-storm water dxscharges as a BMP have rarely been used at industrial -
facilities. Part of the problem is educational. Many facility operators are unaware of what constitutes a
" non-storm water discharge, and the potential impact. The new NPDES permit requirements for t.he
. presence of non-storm ‘water dxscharges w111 greatly improve the nnplementauon of thts BMP.
' APPLICATIONS
Identification of potentlal non-storm water dxscharges is apphcable to almost every mdusmal fac111ty that
has not been tested or evaluated for the presence of such non-storm water dxscharges Generally, a non-
storm dlscharge evaluatmn includes:- , A
Identification of potennal non-storm water dxscha.rges locanons
‘ Results of a physical site evaluanon for the presence of non-storm water dlscharges
The evaluation criteria or test method used.
- ’I'he date of testing and/or evaluation.
’ 'I'he on-site drainage pomts that were dxrectly observed dunng the test and/or evaluatxon.
'LIMITATIONS -

Possxble problems in idenfifying non-storm water dlscharges mclude

"The possibility that a non-storm water dlscharge may not occur on the date of
the test or evaluation. '

| The method used to test or evaluate the d1scharge may not be apphcable to the
situation. : : .

Idennfymg an illicit connecnon may prove difficult due to the lack of avaxlable data on
the location of storm drains and sanitary sewers, especially in older industrial facilities.

. !




PERFORMANCE ' . S .

The question of whether or not the elimination of non-storm water discharges is an effective BMP is
answered by evaluating the environmental impact of these discharges. If a significant loading of
.pollutants is common from these discharges, then their elimination will be an effective BMP.

Several studies exist on the contents of non-storm water discharges. Pitt and Shawley (1982) reported
that non-storm water discharges were found to contribute substantial quantities of many pollutants, even
though the concentrations were not high. The long duration of the base flows offset the lower
concentration leading to a substantial loading of pollutants. ‘Gartner, Lee and Associates, Ltd. (1983)
conducted an extensive survey of non-storm water discharges in the Humber River watershed (Toronto). '
Out of 625 outfalls, about 10 percent were considered significant ‘pollutant sources. Further
" investigations identified many industrial and sanitary non-storm water discharges into the storm
drainage system. For example, problems found in industrial areas included liquid dripping from.animal
hides stored in tannery yards and washdowns of storage yards at meat packing facilities. Therefore, it is .
anticipated that elimination of non-storm water discharges will be a highly effective BMP. ' .

 DESIGN CRITERIA

Key program criteria includes the identification and location of non-storm water entries into storm
drainage systems. It is important to note that for any effective investigation of pollution within a storm,
water system, all pollutant sources must be included. For many pollutants, storm water may contribute
the smaller portion of the total pollutant mass discharged from a storm drainage system. Significant
pollutant sources may include dry-weather entries occurring during both warm and cold months and
snowmelt runoff, in addition to conventional storm water associated with rainfall. consequently, much
less pollution reduction benefit will occur if only storm water is considered in a control plan for
controlling storm drainage discharges. The investigations may also identify illicit point source outfalls
that do not. carry storm water. Obviously, these outfalls also need to be controlled and permitted.
Figure 1 below can be used as a sample worksheet to report non-storm water discharges. ‘

o Worksh
NON-STORM WATER DISCHARGE c,.np;.,g“..: by:

R Tite:
Dats: .
T — —— R S
Outfall Directly : . . .
Date of Obasrved Dunng the Maothod Used to |  Describe Results from Test for Name of Porson 'Who
Teat of Te3t tdenaty on wwbsstad on Teet or Evaiuate the Presence of Non-Storm tdentify P igd Cond d Test or
Evaluspon e aste Manl Pischarge ‘Water Discharge ' Significant Sources © " Evalustion .

SOURCE. Reference 4.

FIGURE 1: SAMPLE WORKSHEET FOR RECORDING NON-STORM WATER DISCHARGES



There are four pnmary methods for mvestxganng non-storm water - dxscharges These methods mclude'

Sanitary and Storm Sewer Map Rev1ew A rev1ew of a plant chemanc‘ls a simple way to
. determine if there are any unauthorized connections to the storm water collection system.
A sanitary or storm sewer map, or plant schematic is a map of pipes and dramage
systems used £0 carTy process Wastewater, non-contact cooling water, and sanitary wastes."
These maps (especially as-built plans or record drawings of the facility) should be
reviewed to verify that there are no unauthorized connections. A common problem is -
' that sites often do not have accurate or current schematics or plans ‘

Vlsual Inspecnon The most sunple method for detectmg non-storm water connections in.
the storm water collection system is to observe all discharge points during periods of dry
weather. " Key parameters to look for are the presence of stains, smudges, odors and other
abnormal condmons

Samphng and Chemical Analysis. Sewer mapping and visual mspecnon are also helpful in
identifying locations for sampling. Chemical tests are¢ needed to supplement the visual or -
physical inspections.. Chemical tests can help quantify the approximate components of .

. the mixture at the outfall or discharge point. Samples should be collected, stored, and
analyzed in accordance with standard quality control and quality assurance (QA\QC)

. procedures. Statistical analysls of the chemical test results can be used to estimate the
relative magnitude of the various flow sources. In most’ cases, non-storm ‘water
discharges are made up of may separate sources of flow (such as leaking domestic water

- systems, sanitary. dxscharges, ground water infiltration, automobile washwater, etc.). Key
parameters that can be helpful in identifying the source of the no -storm water flows
include, biochemical oxygen demand (BOD), ehemxcal oxygen demand (COD), total -

organic carbon (TOC), specific conductivity, temperature, fluoride, hardness, ammonia

~‘ammonium, potassium, surfactant fluorescence, pH, total available chlorine, and toxicity
screemng It may be possible to identify the source of the non-storm water dlscharge by
exammmg the flow for specific chemxcals :

Just as hlgh levels of pathogemc bacteria are usually assaciated with a dlscharge from a
sanitary, waste water sources, the presence of certain chemicals are genérally associated
with specific industries. Table 1 below includes a listing of vanous chemicals that may
be associated with a vanety of different activities.

Dye Tesnng Another method for detectmg nnproper connecnons to the storm water -
" collection system is dye testing. A dye test can be performed by simply releasmg a dye
, (either pellet or powder) into either the sanitary or process wastewater system.
- . . Discharge points from the storm water collecnon system are them examined for color
' change. : ,

vMAIN'I'ENANCE

A maintenance program consists of annual inspections for non-storm water dxscharges ‘even if prevmus ‘
tests have been negative. New processes, building additions, and other plant changes, if they are not
carefully reviewed during design, may result in future unauthorized connecnons to the storm water
conveyance system. S :




.

TABLE 1: CHEMICALS COMMONELY FOUND INDUSTRIAL DISCHARGES -

Chemical:
Acetic acid
Alkalies

Ammonia -
Arsenic
Chlorine’
Chromium
Cadmium
Citric acid
Copper
Cyanldes
Fats, olls
Fluorides

Formalin
Hydrocarbons

Hydrogen peroxide -

Lead

Mercaptans
:Mlneral ac}ds

Nickel

Nitro compounds
Organic acids
Phenols

Silver
Starch
Sugars
Sulfides
Sulfites
Tannic acid
Tartaric acid
Zinc

SOURCE: Reference 7.

Industry: -
Acetate rayon, pickle and beetroot manufacture ' .
Cotton and .straw kiering, cofton manufacture, mercerizing, wool
scouring, laundries T i .o )
Gas and coke manufacture, chemical manufacture "

l Sheep-dipping, felt mongering .

Laundries, paper mills, textile bleaching
Plating, chrome tanning, aluminum anodizing
Plating o

Soft drinks and citrus fruit processing

-Plating, pickling, rayon manufacture N

Plating, metal cleaning, case-hardening, gas manufacture

Wool scouring, laundries, textiles, oil refineries

Gas and coke manufacture, chemical manufacture, fertilizer plants,
transistor manufacture, metal refining, ceramic plants, glass etching

. Manufacture of synthetic resins and penicillin )

Petrochemical and rubber factories
Textile bleaching, rocket motor testing - . : B )
Battery manufacture, lead mining, paint 'manufacture, gasoline -
manufacture ) . ' . '
Oil refining, pulp mills . . v ,
Chemical manufacture, mines, Fe and Cu pickling, brewing, textiles,
photoengraving, battery manufacture o
Plating T B
Explosives, and chemjcal works

‘ * Distilleries and fermentation plants

Gas and coke. manufacture, synthetic resin manufacture, textiles,
tanneries, tar, chemical, and dye manufacture, sheep-dipping
Plating, photography .

Food, textile, wallpaper manufacture .

Dairies, foods, sugar refining, preserves, wood process
Textiles, tanneries, gas manufacture, rayon manufacture

* Wood process, viscose manufacture, bleaching

Tanning, sawmills » . )
Dyeing, wine, leather, and chemical manufacture
Galvanizing, plating, viscose manufacture, rubber process




COSTS ’

V'I‘he above methods are rnostly txme-mtens:ve and then' cost are dependent on the amount of effort and
level of expertise employed. Visual inspections are the least expensive of the three. Dye testing may be -

. .more cost effective for buildings that do not have current schematics of their sanitary and storm sewer
'systemns. The cost of disconnecting illicit discharges from the storm water system will vary dependmg on
the type and locanon of the connectlon and the type of correctlve action needed

The Full use of all of the apphcable procedures is most likely necessary to successfully 1denufy pollutant

sources. Attempting to reduce costs, for example, by only examining a certain class of outfalls, or usmg
* inappropriate testing procedures, will slgmﬁcantly reduce the utlhty of the testing program and result in
' inaccurate conditions. :

' ENVIRONMENTAL IMPACTS'

: Elunmatmg non-storm water dxscharges can have sxgmﬁcant 1mpacts on n'nprovmg water: quahty in the
. receiving waters. ‘

 REFERENCES |
1. Pitt, Robert, and Field, Richard, Non- Storm water Dlscharges lnto Storm Dramage Systems, - " _ N \
NTIS Report No. PB92-158559 1992 S

2. Pitt, R. and Shawley, o A Demonst:ratlon of Non-Point Pollunon Management on Castro Valley
Creek, Alameda County Flood Control District (Hayward California) and U. S EPA, '
Washmgton, DC June 1982.

_3. Gartner, Lee and Associates, Ltd Toronto Area Watershed Management Strategg Studx,
Technical Report No. 1. Humber River and Tributary Dry Weatht_r Outfall Study, Ontano erustry
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- 4. U.S. EPA, Storm water Management For. Indusmal Activities: D velopmg Pollution Prevennon
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© with Industrial Activities, Draft, August 1992. . o , -
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" o a STORM WATER ]BI\'IP R MUNICIPAL recuuouooﬁgﬁ%
' POROUS) PAVEMENT L R
pﬁScRIPnQN_ - n - S

Porous. pavement is a specially designed and constructed pa\ie‘ment which allows stormwater to péss
through it. . The purpose ‘of porous pavement is to reduce the speed and amount of runoff from a site,

- and to .filter potential pollutants from the stormwater. There are two principal types of porous -
pavement: ' -porous asphalt pavement, and pervious concrete pavernent. Porous. asphalt pavement

- consists of an open graded coarse aggregate bound together by asphalt with sufficient interconnected -
voids to provide a high rate of water. percolation. Pervious concrete consists of specially formulated'
- mixtures of Portland cement, uniform open graded coarse aggregate, and water, When properly handled

~ and installed, pervious concrete has a hlgh percentage ‘of voxd space which allows rapid percolatwn of
hqulds through the pavement. ° : ,
The porous pavement surface is typlcally placed over a hlghly permeable layer of open graded gravel and

~ crushed stone. :The void spaces in the aggregate layers provxde a storage reservoir for runoff. A filter
fabric is placed beneath the gravel and stone layers to prevent the movement of fine soil particles into "
these layers.. Figure 1 below illustrates a common porous asphalt pavernent installation.

Site Posted to Prevent
Resurfacing and Use of
Abrasives, and 1o Restrict

Asphalt is Vacuum Swept,

Berm Keeps Off-site - Followed by Jet Hosing 10 Truck Parking
Runoff and Sediment Out.. . Keep Pores Free :
Provides Temporary : . R
. . Storage
" «'—'—‘-‘-‘-‘-‘ B T e s R k . o
Overflow Pipe %Reverse Perforated Pipe Only00000000<?00€ o
.|p&¢ - Discharges When 2 Year: %W .
N ' o DX Storage Volume Exceeded SOOI X Observation Well
) AP : . -
Filter Fabric Lines
Sides of Reservoir —>
to Prevent .
Sediment E,n“y ....................... _- e "Grave' coi"se or '
' ‘ h el 6 inch Sand.Layer
//$| I siiiianniiiiee SIS I Sresaly: ’

’@ Undisturbed Soils with an Ic > 0.27 inches/Haur - *
-Preferably 0.50 Inches/Hour or More

SOURCE: Refevence 3:

FIGURE 1: TYPICAL POROUS PAVEMENT INSTALLATION

Porous pavement offers a number of advantages including:

Provides water, tluality improvement by removing‘ pollutant.s". '




. Reduces the need for curbing and storm sewer installation.

. Irrlproves road safety by-increasing skid resistance. (Tests have shownl that there
is up to 15 percent less hydro-planing and skidding on porous pavement surfdces.)

. Provides recharge to local aquifers.

COMMON MODIFICATIONS e | Lo

A common modification for porous pavement design systems -¢onsists of varying the amount of storage to
be provided in the stone reservoir located directly beneath the pavement, and adding perforated pipes °

near the top of the reservoir to discharge stormwater runoff after the reservoir has been filled to design

capacity. Stone reservoirs may be designed to accept the first flush of stormwater runoff or.provide
enough storage to accommodate runoff from a .chosen design storm for infiltration through the:
underlying subsoil. Pretreatment of off-site runoff is highly recommended. Another variation of pervious
concrete is the use of a concrete block or brick system with individual blocks separated by a pervious’
material. ' ‘ T ' .

CURRENT STATUS

Currently there is little information on porous paverment. Hbvo)ever, in égne’ral information about
infiltration trenches and basins also applies to porous pavement: The following concerns are
currently being evaluated by the EPA. ‘ : B

. Can pavement porosity be maintained over the long term,
particularly with resurfacing needs and snow removal?

. * What is the pollutant removal capability of porous pavement
’ during subfreezing weather and snow removal conditions?

. What are the optimal relationships between porous pavement,
groundwater, sandy soils, and high water table conditions?

. What are the costs of maintenance and rehabilitation options
_for restoration of porosity? . S ‘

APPLICATIONS

Porous pavement is applicable as a substitute for conventional pavement on parking areas and low traffic
volime roads provided that the grades, subsoils, drainage characteristics, and groundwater table
conditions are suitable. Slopes should’ be very. gentle to flat. Soils should have field-verified
permeability rates of greater than 0.5 inches per hour, and there should be a 4-foot minimum clearance
from the bottom of the system to bedrock or the water table. Additional areas for use of porous.
pavement include fringe overflow parking areas and taxiway and runway shoulders at airports.

LIMITATIONS

The use of porous pavement may be restricted in regions with extremely cold climates, arid regions or
regions with high wind erosion rates (increased windblown sediment loads) and areas where sole source
potable aquifers could be contaminated. The .e of porous pavement is highly constrained, requiring
deep permeable soils, restricted traffic; and adjacent land uses. Some specific disadvantages of porous
pavement include:, : . ' '



The lack of experience with this technology with most pavement
engineers and contractors. ' o

Porous pavefnent has a tendency to become clogged if improperly
. installed or maintained. ) ' B i

) . The high failure rate of pérous pavement sharply limits the ’ v
 ability to meet watershed stormwater quality and quantity goals.

- Slight to moderate risk of groudeéter contamination dgpendixig :
* on soil conditions and aquifer susceptibility.
Possible"transport of hyd;charbons from vehicles and leaching :
of toxic chemicals from asphalt and/or binder surface.” :
e " Some building codes may not allow for the installation of fporous
o pavement. .~ '
' The possibility exists thai anaerobic conditions may develop in

underlying soils if the soils, are unable to dry out between storm’ '
events. : o : , o S

PERFORMANCE S - : RS

Traditionally, porpué pavement sites have had a vhi'gh failure rate (75 percent). Failure has been
- attributed to poor design, inadequate construction techniques, low permeability soils, heavy -
vehicular traffic, and resurfacing with nonporous pavement materials. o ,

Porous payement‘pol_lutant removal mechanisms inélh&e absorption, straining, and microbiological -
decomposition in the soil underlying the aggregate chamber and trapping of particulate matter -
within' the chamber. An estimate of porous pavement pollutant removal efficiency is provided by . .
' two long-term monitoring studies. These studies indicate long-term removal efficiencies of o
between 82 and 95 percent for sediment, 65 percent for total phosphorus, and 80-85 percent-of -
 total nitrogen. They also indicated high removal rates for zinc, lead, and chemical oxygen .
. demand. ‘Some key factors to increase pollutant removal and prevent failure include:
'Routine vacuum sweeping and high pféssure washing. -
~ Maximum recommended drainage time of 24 hours.
Highly permeable soils.’
Pretreatrnent of off-site runoff. -
Insi;ection and enforcement of speq{ﬁcatibns durihg construcﬁon-.‘
Organic matter in subsoils.
Clean-washed aggregate. )
. Use only in low-intensity parking areas.

_ Restrictions on use by heavy vehicles. -

Limiting use.of de-icing chemicals and sand.




DESIGN CRITERIA

Porous pavement, along with other ' infiltration BMPs (infiltration basins, trenches, etc.) have
demonstrated relatively short life spans in the past. Failures have general been ‘attributed to poor
design, poor construction techniques, subsoils with low permeability, and lack of adequate preventive
maintenance. Key design factors that can significantly increase the -performance and reduce the risk of
failure of porous pavements and other infiltration BMPs'is shown in Table 1 below. . : '

TABLE 1: DESIGN CRITERIA FOR POROUS PAVEMENT.

' Design Criteria, ' : ; " Guidelines

Site Evaluation . Take soil borings to depth of at least 4 feet
below bottom of stone reservoir to check for
“soil permeability, porosity, depth to seasonally
high water table, and depth to bedrock.

. Not recommended on slops greater than §
percent and best with slopes as flat as possible.

Minimum infiltration rate 3 feet below bottom of
stone reservoir: 0.5-inches per hour.

: Minimum depth to bedrock and seasonally high.
water table: 4 feet. : :

Minimum setback from water supply wells: 100
feet. : : : '

. Minimum setback from building foundations: -10
feet downgradient, 100 feet upgradient.

Not recommended in areas where wind erasion
supplies significant amounts ‘of windblown
sediment. Cot ’

Drainage area should be less than 15 acres.

Traffic Conditions . Use for low volume automobile parking areas
' and lightly used access roads. o

Avoid moderate to high traffic areas. and
significant truck traffic.

SOURCE: Reference 2.




TABLE 1: DESIGN CRITERIA FOR POROUS PAVEMENTS

-(CONTINUED)

"| - Design Criteria : T Guidelines

- “While the standard porous pavement design is
believed to withstand freeze/thaw conditions
normally encountered in most regions of the
country, the porous pavement system is sensitive to
clogging during snow removal opemuons. ‘Therefore,
the area should be posted with signs to restrict the
use of sand, sali, and other deicing chemicals -

. typxmlly assocxawd wnh Snow cleanmg actxvm&

“Design Storm Storage Volume . Lucratur,e values suggest tthxs parameter is lnghly
- S variable and dependent upon regulatory =
requirements. One typically recommended
storage volume is- the stormwater runoff volume
produced in the tributary watershed by the

‘produced in the tributary watershed by the
6-month, 24-hou| duration storm cvent.

- Drainage Time for Design Storm R Mxmrnum. 12 hours.’
o . - Maximum: 72 hours.
. Recommended: 24 hours.
Construction - . Excavate and grade with light equipment with
' o L : _tracks ‘or oversized tires t0 prevent soil
N : C . _compaction. :
. As needed, divert stormwater runoff aﬁéy from

planned pavement area to keep runoff and
sediment away from site before and

during construction.

A typical porous pavement cross-section consists
of the following layers: 1) porous asphalt course,
2-4 inches thick; 2) filter aggregate course; 3) .
reservoir coarse of 1.5-3-inch diameter stonc, and .
4) filter fabric.

‘Porous Pavement Placement L Pavemgm temperature: 240-260° F.
. Mihimum air'tcmperat‘urc': 50° F.
. - Compact. wuh one .Or tWOo passu of a-10-ton
~_roller.
i .. Prevent any vehu:ular traffic on pavemem for at

least two days

PretreatmentePretreatment is fecommended to
;- treat runoff from all off-site areas. An example
would be a 25-foot wide vegetative filter strip
placed around the perimeter of the porous
pavement where drainage flows onto the

OURCE: Reference 2 " pavement surface.
S : erence 2 . ' ‘




MAINTENANCE

Routine maintenance of porous pavements is extremely.important. ‘Maintenance should include vacuum
sweeping at least four times per year, followed by high-pressure hosing to limit sediment clogging in the
pores of the top layer. Potholes and cracks can be filled with typical patching mixes unless more than
10 percent of the surface area needs repair. Spot-clogging may’ be fixed by drilling. half-inch holes
through the porous pavement layer every few feet. ‘ o - ‘

The 'pavement should be inspected several times during the first few months following installation and
then annually thereafter. Inspections after large storms are necessary to check for. pools of water. These
pools may indicate clogging. The condition of adjacent pretreatment facilities should also be inspected.

COSTS

The costs of developing a porous pavement system 100 feet by 50 feet and with a 4 foot deep stor;ge
area can be estimated using the example in table 2 below. . '

Estimated costs for an average annual maintenance program of a i)orous pavement parking lot are .
approximately $200 per acre per year. This cost assumes four inspections, vacuum sweeping and jet
hosing treatments per year. ' : e ' :

- TABLE 2 ESTIMATED COSTS FOR A POROUS PAVEMENT SYSTEM :
1. Excavation Costs: 20 cy x $5.00/cy : | $ 3,706 :
2. Filter Aggregate/Stone Fill 740 oy x $20.00/cy 1480
3. Filter Fabric 760 sy x $3.00)sy , 2,280
4. Porous Pavemént : - 556sy x.SiS.OO/s;y ‘. | 7,228 _
5. Overflow Pipes o W0RxS12008 . 240
6. Observation Well " 1at$200ea . - 200
7. Grass Buffer L 833 syx $i’.56/sy _ | o ” - 1,250
8. Erosion Control - $1,000/lump sum | | _ 1,000
’ ' SUBTOTAL . . $32858
9. Contingencies (Engineering, JAd_ministra_tion, etc.)“ =25% ' _8215
SOURCE. Fefomee & ' TOTAL& ‘ 41,073
s  Costs for traditional pavement, iﬁcluding any storm sewers, curb and gutter should be
subtracted from this amount to reflect the difference in total cost for implementing a
porous pavement system. Unit costs will vary according to local market conditions.




ENVIRONMENTAL IMPAC['S ’

One potennal neganve impact of porous pavement is the nsk of groundwater contamination. Pollutants
(such' as nitrates and chlorides) not. easily trapped, absorbed, or reduced may continue to move through -
the soil profile and into groundwater. This is not a- desirable - condition, as it could lead to
contamination of drinking water supplies. = Therefore, until more scientific data is available, it is
advxsable not to site porous pavement near groundwater dnnkxng supplles
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STORM WATER BMP: wﬁ’% |
PREVENTIVE MAINTENANCE - -

DESCRIPTION

Preventlve rnamtenance mvolves the regular mspecnon and testmg of plant equ1pment and operanonal .
systems. These inspections should uncover conditions such as cracks or slowleaks which could cause
breakdowns. or. failures that result in discharges of chemicals to surface waters either by direct overland
flow or through storm drainage systems. The purpose of the preventive maintenance program should be
to prevent breakdowns and failures by ad_]ustment, repau', or replacement of eqmpment before a ma_]or
breakdown or failure can occur.

Preventive maintenanc’e has been practiced predominantly in those industries where excessive down time
is extremely costly. As a storm water best management practice BMP, prevennve mamtenance should be
used selectively to eliminate or minimize the spill of- -contaminants to receiving waters.  For many -
facilities this would simply be an extension of the current plant preventive mamtenance program to -
mclude items to prevent storm water runoff contamination.

.
. N

 For sites that have storm dramage facmnes, proper mamtenance is necessary to ensure that they serve
. their intended function. Without adequate ‘maintenance, sediment and other debris can. quickly clog
facilities and render them useless. Typically, a preventive maintenance program should include
inspections of catch basins, storm water detention areas, and water quality treatment systems. :

v

CURRENT STATUS

' Most plants already have preventive maintenance programs that p10v1de some degree ‘of enmronmental
protection. . This program could be expanded to include stormwater considerations, especially the upkeep
and maintenance of storage tanks, valves, pumps, pipes, and storm water management devices.

APPI.ICATIONS‘ ,

Preventive mamtenance prc»cedures -and activities are apphcable to. almost every industrial facxllty ‘
Preventive maintenance should be part of a general good housekeeping program designed to maintain a.
_clean and orderly work environment. Often the most ‘effective first step towards preventmg storm water
pollution from industrial sites simply involves good common sense to nnprove the facility preventive
‘maintenance and general good housekeepmg methods. : :

umAnoNs : R
Primary limitations of implementing a preventive maintenanee‘program include:
L Additional costs. - S 1 - ) o

Availability of trained preventive maintenance staff technicians.

Management direction ‘and staff motivation in expanding the preventxve
maintenance program to include storm water conmderatmns




PO
»

PERFORMANCE )

Quantitative data is not available on the effectiveness of preventive maintenance as a best management

practice. However, 1t is clear that an effective preventive maintenance program can result in improved
storm water discharge quality. : o o

DESIGN CRITERIA
Elements of a good preventive maintenance program should include:

. 1dentification of equipment or systems which may malfunction and cause spills, leaks, or
other simations that could lead to contamination of storm water runoff. Typical
equipment to inspect include pipes, pumps, storage tanks and bins, pressure vessels,
pressure release valves, process and material handling equipment, and storm water

v management devices.
‘ . Once equipment and areas to be inspected have been identified at the faéility, establish-

. schedules and procedures for routine inspections.

. Periodic testing of plant equipment for structural soundness is a key element in a
preventive maintenance. program. .o ‘ : |

. Promptly repair 6:: replace defective équiprhént found during inspection and testing.
. Iieep spare parts for equipment that need frequent repair.
. It is important to include a record keeping system for scheduling tests and docﬁrqenting

inspections in the preventive maintenance program.
’ . Record. test results and follow up with corrective action taken. Make sure records are
complete and detailed. These records should be kept with other visual inspection records.
MAINTENANCE RECORDS

The key to properly tracking a preventive maintenanée program is thrdugh the co'x;tinual‘ updaﬁng of -

maintenance records. Records should be updated immediately after preventive maintenance, or when - -

any repair has been performed on any item in the plant. An annual review of these records should be
conducted to evaluate the overall effectiveness of the preventive maintenance program. Refinements to .
the preventive maintenance procedures and tasking should be implemented as necessary. :

COSTS
The major cost of implementing a preventive maintenance program that places emphasis on storm water '

quality is the staff time required to implement the program. Typically, this is a small incremental
increase if a preventive for training and maintenance program already exists at the facility. ‘



N .REFEREN. 'c':Es
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Washmgton State Department of Ecology, Storm’ water Management Manual for Puget Sound,
February 1992 . :
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EMTB

'STORM WATER BMP: IR T TS
RECORD KEEPING

DESCRIPTION' .
.A record keeping system should be nnplernented for documentmg spxlls leaks, and other discharges such -
as hazardous substances. Keeping records and reporting events that occur on-site are effective ways of
tracking the progress of pollution prevention efforts and waste ‘minimization. Analyzing records of past
spills can provide useful information for developing nnproved Best Management Practices (BMPs) to
prevent future spills. Record keeping represents a good operatmg practice because it can increase the:
efficiency of a facility by reducing down_ time and increase the effectiveness of other prevention and
' treatment BMPs. Typical record keeping items include reported incidents and follow-up on results of -
mspectlons, and reported spllls, leaks, or other dxscharges ‘

MLEMENTA'I'ION - . !
Record keepmg as a BMP should be an mtegral part of a BMP unplementauon program and should be .
incorporated into Stormwater Pollution Prevention Plans (SWPPP).If a separate record keeping system for
tracking BMPs, monitoring results, etc., is not currently in place at a facility, existing record keepmg'
structures could be easily adapted to _incorporate this data. An ideal tool for implementation is the
record “keeping procedures laid out in an SWPPP. In many cases the record keeping system can be

maintained on a personal or desk top computer, using standard spreadsheet or data base management
software \ o

: LIMI'I'ATIONS
~Lumtat10ns assoc1ated thh a record keepmg system are
It is an on-going process that connnually needs updaung
’ Quahfied personnel requlred to, complete the record keepmg forms

Accessﬂ)le of records

e Security of COnf_ide_ntial information.‘

,PF.RFORMANCE
Record keeping performance as a BMP is hlghly vanable It. depends on the time and commnment
dedicated to implementing an effective system. The benefit of an effective record keeping system being
incorporated into an overall SWPPP is xrnproved stormwater discharge leaving facility grounds. The
" effectiveness of the record keepmg system is often dependent on the following:

The commitment of semor management to unplementmg and mamtammg an effecnve
record keeping system.

The quallty of the record keepmg program

The background and expenence of the a551gned record keepmg team.




DESIGN CRITERIA = " - . p

Record keeping ‘and reporting procedures for spﬂls, leaks, inspections, maintenance, and momtormg
activities should include the followmg a sample worksheet for keepmg records of spﬂls and leaks is
shown in Figures 1 below.

. The date, location, and time of materxal xnventones, site mspecnons, samplmg v
) observauons, etc.

. ’l'he individual(s) who perfonned s1te mspecuons, samplmg observanons, etc.

. The date(s) analyses were performed.and the-time(s) analyses were initiated, the

individual or individual(s) who performed the analyses, analytlcal techmques or mefhods
used and results of such analysis.

. Quahty assurance/quahty control results.
. . The date, time, exact location,and complete characterizatiori of significant spills or leaks.
. Visual observation a.nd sample collection exception records. - _ .
. . All calibration and maintenance records of mstn.u'nents used in stormwater momtonng
. All original strip-chart recordings for continuous monitoring equrprnent.
) Workshest

. LIST OF SIGNIFICANT SPILLG AND LEAKS: . | Completed by:

: Tide:

, | Date: —
IR n T S
Dirsctions: Mwowdwwmmﬁemmdtoﬂcu d . that have d at the facility i the three
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SOURCE: Refererce kS

FIGURE 1: SAMPLE WORKSHEET FOR TRACKING SPILLS AND LEAKS




MAINTENANCE

The key to a proper mamtenance program for record keepmg is contmual updatlng Records should be
updated with the correct name and address of the facility, name and location of recexvmg waters,
number and location of discharge points, principal product and significant changes in raw material
storage outside, and reports of monitoring results and spills at the site. It is recommended that all
' reports be maintained for a period. of at least five years from the date of sample . observation, .
measurement, or spill reporr Some simple techmques used to aa.urately document and report results
mclude

~

Field noteb'eoks ‘ _

Timed and: dated photographs '
v Videotapes

Drawmgs and maps .

Computer spreadsheet and dlatabase programs

COSTS .

. Costs assocxated with n'nplemennng a record keepmg system are. thbse assocxated thh additional staff
hours to initially develop the system and to keep records up to date, along with related overhead costs.
Annual costs can be estimated using the example shown in Table 1 below. Figure 4 can be used as a -
worksheet to calculate the estimated annual cost for a record keeping system. :

* TABLE 1: EXAMPLE OF ANNUAL RECORD KEEPING COSTS _

. Avg. S . Hours ' = Est
. : Hourly . ~ Overhead* *© onSW Annual
Tide - - Quanuty - Rate($)  Multiplier =~ Training  Cost ($)
S;ormWaterEngineei' 1 . x 15 x ’ 20 x‘ .20 = 600
Plant Management =~ 5 x 20 ‘x. _ 20 x 10 = 2000 -
Plant Employees .~ 100 . x- 10 = x 20 x 5 = _10000
TOTAL ESTIMATED ANNUAL COST. -~ $12,600
Note: * Defined as a mult1pher (rypxcally ranging between 1 and 3) that takes mto account‘
those costs assocxated with payroll expenses, building expenses etc.
SOURCE: P4 '




TOTAL ESTIMATED ANNUAL COST
o (Sum of A+B+C+D)

SOURCE: Reference 3.

A)-.
®,
©
o

Yearly
Avg. . - Hours Est.
) Hourly . . Overhead on SW Annual
Tide Quantity - Rate ($) Multiplier Training Cost ($)
X X X =
x Cx x =
X ' X X =
% X x =

FIGURE 2: SAMPLE ANNUAL RECORD KEEPING COST WORKSHEET

REFERENCES

- 1. California Environmental Protection Agency, Staff Proposal for Modification to Water Quality

Order No. 91-13 DWQ Waste Discharge Requirements for Dischargers of Stormwater

Associated with Industrial Activities, Draft Wording, Monitoring Program and Reporting
Requirements, August 17, 1992. . ’

2. U.S. EPA, NPDES BMP Guidance Document, June, 1981.

Pollution Prevention

3. U.S. EPA, Stormwater Management for Industrial Ac;'tivities: ' DéveloDinsz
Plans and Best Management Practices, September, 1992. :

This BMP fact shect was prepared by the Municipal Tech ’wgam(mo,usz-:mnx‘usmu.s&wmmbcm
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' STORM WATER BMP:  ShaTanimninmns
. SPILL PREVENTION PLANING R o

DESCRIPTION R a ‘)
A Spill Prevention Plan identifies areas where spills can oécur on site, specifies materials handling -
‘procedures, storage requirements, and identifies spill clean-up procedures. The purpose of this plan is to
"éstablish standard operating procedures, and the necessary employee training to minimize the likelihood
of accidental releases of pollutants that can contaminate stormwater runoff. Spill Prevention is prudent
from-both an economic-as well as environmental standpoint because spills increase operating costs and -
lower productive ' R - A | C

Storm ‘water contamination assessment, flow ‘division, ‘record keeping, internal reporting, employee

" training, and preventive maintenance are associated .BMPs: ‘that should be incorporate into a
comprehensive Spill Prevention Plan. .- C ' ' ‘ ) - :

CURRENT STATUS

_Typically, most businesses and public agencies that generate hazardous waste and/or produce, transport,,
or .store petroleum products are required by state. and federal law to prepare spill control and cleanup -
plans. Therefore, a Spill Prevention and Response Plan may have already been developed in response to
other environmental ‘regulatory requirements. Existing plans shotild ‘be re-evaluated and revised if
necessary to address stormwater management issues.. 7 ) T

" APPLICATIONS

. A Spill Prevention Plan is ajbplicable to facilities that tr'ansport_? transfer, and store hazardous materials,
petroleum products, ‘and fértilizers that can contaminate stormwater runoff. An important factor of an -
effective spill. prevention plan is quick notification of the appropriate emergency response teams. In

some plants each area or process may have a separate team leader and team of experts. Figure 1 below * |

illusp’ateé a sample spill prevention team roster -for quick identification of team ‘leaders and their
responsibilities. : - ' ‘ : ‘ :
'u;vﬁm‘nons"

o Spiil Prev)ention Plamng cari be limitéd by ﬁe fqllowiné‘é ,

| ‘ Lack of employee iﬁoﬁvaﬁo’n to imple_ﬁxenté plan.

' Lack of com:ii;rneﬁt from senior management. -

: Key individuals identified in the Spillr Pfeventioﬁ Plan may not bé properly

" trained in the areas of spill prevention, response, and cleanup.

PERFORMANCE

v

Past experience has shown that the single most important obStacle_ to aneffective Spill Prevention Plan is
“its implementation. Qualitatively, implementation of a well prepared Spill Prevention Plan should
} significantly decrease contamination of stormwater runoff. o




POLLUTION PREVENTION TEAM Worksheet
T Completed by:
- Title: -
MEMBER ROSTER Date: . -
Leader: = - .T‘nie:
' - Office Phone:
Responsibilities: :
Mlmbtf:: ) ‘
8} Title: :
‘ o ~ Office Phone:
Responsibilities: ‘
(2) Tide:
Otfice Phone:
Responsibilities: . i
3) - Tite:
' -Office Phone:
Responsibilitiss:
SOURCE: Reference L.

FIGURE 1: SAMPLE SPILL PREVENTION TEAM ROSTER -

DESIGN CRITERIA
‘General guidelines for the preparation of a Spill Prevention Plan include:

The first part of the plan should contain a description of the facility including the owner’s
‘name and address, the nature of the facility activity, and the general types of chemicals
used in the facility. ‘ ‘ .

The plan should contain a site plan showing the location of storage areas for chemicals,
location of the storm drains, tributary drainage areas with drainage arrows, and the
location and description of any devices to stop spills from leaving the site such as -
collection basins. - :

. The plan should describe notification procedures to be used ‘n the event of a spill such as
phone numbers of key personnel, and appropriate regulatory agencies such as local
Pollution Control Agencies and the local Sewer Authority. -

The plan should provide specific instructions regarding cleanup procedures.



. The owner, tluough an internal reportmg procedure, should have a desrgnated person o
_with overall tesponsibility for spill response. Through an employee. training program, key
personnel should be trained in the use of this plan. All employees should have basxc
knowledge of spill control procedures

) A summary of the plan should be written and posted at appropnate pomts in the buxldmg
(i.e., lunch rooms, cafeteria, and areas with a high spill potential), identifying the spill -
cleanup coordinators, location of cleanup kits, and phone numbers of regulatory

~ agencies to be contacted in the event of a spill.

Cleanup of spllls should begm nmmedlately. No -emulsifier or dispersant should be used.

In fuehng areas, absorbent should be packaged in small bags for easy use and small

drums should be available for storage of absorbent and/or used absorbent. Absorbent )

materials shall not be washed down the floor drain or into the 'storm sewer.’

Emergency spxll containment and cleanup kits should be located at the’ facility site. The
- contents of the kit should be appropnate to the type and quantmes of chemxcal or goods
- stored at the facility. , L

" Some structural methods to consider when developing a Spill Prevention Plan include:

Containment diking-- Containment dikes are temporary or permanent earth or concrete
berms or retaining walls that are designed to hold spills. Diking can be used at any
industrial facxhty, but is most common for controlling large spills or releases from liquid
storage and transfer areas. Diking can provide one of the best protective measures agamst
., .the contamination of stormwater because it surrounds the. area of concern and-holds the
spill, keeping spill materials separated from the stormwater outside of the diked area.

" Curbing-- Like containment diking, curbing is a barrier that surrounds an area of concen.
Because curbing is usually small-scale, it cannot contain Iarge spills like diking can.
However, curbing is common at many facilities and small areas where liquids are- -handled
and u'ansferred : :

Collectlon basins. Collection basins are permanent structures where large spills or

" contaminated stormwater are contained and stored before .cleanup or treatment.
Collection basins are designed to receive spills, leaks, etc., that may occur and prevent
these materials from being released to the environment. Unhke containment dikes,
collection basms can recelve and contain materials from many locations across a facility.

Once a hazardous material spill occurs-and is contamed the material has to be cleaned up and dxsposed
- of to protect plant personnel from potential health and fire hazards,-and to prevent the release of the
substance to surface waters. Methods of cleanup, recovery, treatmerit, or dxsposal xnclude

‘Phys1cal Physrcal niethods for cleanup of dry chemicals xnclude the use of brooms,
shovels, sweepers, or plows

Mechanical. Mechamca.l methods for cleanup mclude the use of vacuum cleamng systems
and pumps. :
Chemical. Chemical cleanup of material can be accomplished with the use of sorbents,

~ gels, and foams. Sorbents are compounds that immobilize materials by surface
absorption or adsorption in the sorbent bulk. Gelling agents interact with the spilled
chemical(s) by concentrating and congealing to form a rigid or viscous material more
conducive to mechanical cleanup. Foams are mixtures of air and aqueous solutions of
lprotems and surfactant-based foaming agents. "The primary purpose.of foams is to reduce
the vapor concentration above the spill surface thereby controlling the rate of -
evaporation.




MAINTENANCE

A facility Spill Prevention Plan should be reviewed at least annually and following any spills to evaluate
the Spill Prevention Plan’s level of success and how it can be improved. Other times for significant
review of the plan should be when a new material is introduced to the plant as a result of a processing
modification, or when a change has occurred in a materials handling procedure. o

A

COSTsS

If a facility already has a Spill Control and Cleanup Plan in:place, modifications, to address stormwater
contamination concerns, will require minimal cost. If a facility will be developing a Spill Prevention Plan
for the first time, initial cost will depend on the type of materials at the facility, facility size, and other
related parameters. Gosts for structural containment devices will also need to bé- identified. for each
facility. ' ’ T o :

ENVIRONMENTAL IMPACTS

Preventing or containing spilfs, especially toxic or hazardous materials, is impbrtant;invre‘ducing' storm
water contamination and in maintaining the water quality of the receiving water. ' S
REFERENCES

1. U.S. EPA, Stormwater Management for Industrial Activities: Developing Pollution Prevention Plans -
and Best Management Practices, September 1992. a o '
2. Washington State Department of Ecology, Stormwater Management Manual for Puget Sound, |

February 1992,

This BMP fact sheet was prepared by she Municipal Tech logy Branch (4204), US EPA, 401 M Strce, SW, Washingon, DC, 20460,



Create a map of the facility site to locate pollutant sources and determine
stormwater management opportunities. This site map should include all -
surface waterbodies on or next to the site, and should also identify, if any

that are in place. Tributary drainage areas with identification of flow direction
should also bed identified during this mapping phase. Table 1-contains a list of
features that should be indicated on the site map.

Conduct a material inventory’ throughout the facﬂxty;
Evaluate past spxlls and lealcs

Identify non-stormwater dlscharges and non-approved connectxons to
stormwater f.acxlmes. : o

Collect andevaluate stormwa'ter quality dat'_e. :
Summanze the findmgs of this assessment.

TABLE 1: CRITE'.RIA FOR DEVELOPING A SITE MAP

. co : - | Worksheet
DEVELOPING A SITE MAP : Complated by
B Title: _

Date: .

Instructions: Draw a map of your site mcludmg a footpnnt of all buildings, structures, paved areas, and

parkmg lots. The information below descnbes additional elemonu

_SOURCE:

All outfalls and storm. water discharges '
Drainage areas of each storm water outfail

Structural storm water pollution control measures, such as:

- Flow diversion structures ¥

.Retention/detention ponds e

- Vegetative swales . v . _ o St
- Sediment traps i ’ s

Namo of receiving waters {or lf through a Mumcxpal Separate Storm Sewér Systam)

Locatlons of exposed signifi cant matenals
Locations of pas‘t spulls and leaks
‘ Locatlons of high-risk, waste-generatlng areas and actlvmes comrnon on industrial snes such as

- Fuehng statlcns
- Vehicle/equipment washing and maintenance areas 7' ‘ v
.- . Area for unioading/loading materials '
- Above-ground tanks for liquid storage
.- Industrial waste management areas (landfills, waste plles, treatment plants, disposal areas)
- Outside storage areas for raw materials, by-products, and finished products - '
- Outside manufacturing areas ) , . .-
- Other areas of concern {specify:__ ) ’ : ' -

Re/m 1

&




. EMIB______.
STORM WATER BMF: R IFAT TECANOLORT RRANCH

CONTAMINATION ASSESSMENT

-

DESCRIPTION

A Stormwater Contamination Assessment (SWCA) provides a review of a facility and site to determine
what materials or practices may be a source of contaminants to the stormwater. The purpose of the
assessment is to help target the most important pollutant sources for corrective and/or preventive action.

.

A SWCA program is closely related to -other BMP's, such as materials inventory, non-stormwater
discharges, record keeping, and visual inspections. To be effectivé these, and other BMP’s should be
incorporated into a comprehensive pollution prevention program. - r L :

APPLICATIONS
A SWCA programis applicable to any industrial facility which contains areas, activities, or materials
which may contribute pollutants to stormwater runoff from the total site. An assessmernt for stormwater

purposes may also be applicable in situations where a formal site assessment for hazardous waste
purposes is being performed. o ' ' ‘

ITMITATIONS
Limitations associated with a contamination assessment program include:

. Assessments need to be performed by qualified personnel.

. A corporate commitment must exist to reduce the contamination
sources once discovered. : -

. Assessments need to be periodically updated.

PERFORMANCE

It is not possible, based on currently available data, to quantify the water quality benefits to’ receiving
_ waters of a stormwater contamination assessment program. Results are entirely based on the severity of
the contamination uncovered, and the ‘corrective actions taken. Qualitatively, implementation of a
program that identifies areas of high pollutant concentrations and eliminate or reduces their potential
pollutant capabilities will result in positive water quality benefits. . - ’ ‘ '

DESIGN CRITERIA
A SWCA program should include the following key activities:
. Assess potential pollixtant sources and associated high risk ‘aétivities suchv
as loading and unloading operations, outdoor storage activities, outdoor

. manufacturing or processing activities, significant dust or particulate-genefating
*" activities, and on-site waste disposal practices. - , R



R -

Once you have completed the above: steps. in your pollutant source assessment, you have - -enough
xnformauon to determine which areas, activities, or materials are a risk towards contributing pollutants
to stormwater runoff from your site. An important benefit is that- by using this mformanon you can
* effectively select other cost-effectwe BMPs to prevent or comrol pollutants. N

-

IMPLEMENTATION -

In addition to identifying problems within the storm sewer system, it is- even more important to prevent ‘
~ problems from developing at all, and to provide an’ environment in which future problems can be
avoided. Thus, an effective stormwater assessment program should include implementation activities to
“insure success and follow-up activities to measure results. Keys to a successﬁ.xl implementation program
should include: =

. Public education, on organized systematic program of disconnecting commercial and -
mdusmal stormwater entries mto the storm drainage system. :

. Tacklmg the problem of widespread septic system fajlure. . - o
. stconnectmg direct sanitary sewerage connections. .

. ,‘Rehablhtanng storm or samtary sewers to abate contammated
‘ ‘water mflltratllon '

. Developmg ZOmng and other ordmances. ' _' .- ' »
In extreme cases, it may be that while it’Was thought that a community had a separate sanitary sewer
system and a separate storm sewer system, in reality the storm sewer system is acting as-a combined

sewer system. In these cases, consideration should be given to the economic and practical advantages of

designating the storm sewer system a cornblned sewer and applymg end-of-pxpe treatment to the entire.
system. - ' .

A SWCA program needs to be penodxcally updated Updatmg is especxally xmportant upon the
’mtroducnon of new raw materxals or changes in processes at the site. '

It is also important to establish parameters for measuring the success of the correction: program 'lf-.
results do not meet expectatlon, then reassessrnent and appropnate changes to the correcnon program
should be made. , o : ‘ L :

cOsrs
Costs for the initial assessment may be hxgh However, by pinpointing high potermal areas or activities a-
" SWCA program may reduce overall costs associated with a complete BMP implementation program. The

costs associated with-an assessment program for stormwater .are small ‘when compared to or a part of a
larger overall hazardous waste site assessment. - :

ENVIRoNNmN'rAL IMPACT"

A comprehensxve SWCA program can eliminate pollutxon sources that can sxgmﬁcantly impair recexvmg
water quahty : : :




1. U.S. EPA, Stormwater Management for Industrial Activities: Develomnz Pollunon Prevennon Plans
.and Best Management Practices, September 1992

2. U.S. EPA, NPDES Best Management Pracnces Guxdance Document, June 1981:

3. Pitt, Robert, Barbe, Donald; Adrian, Donald, and erld R1chard nvesnganon of. Inaggrognate
Pollutant Entries into Storm Drainage System -- A User‘s Guxde, U.S. EPA, E.d1son, New Jersey, 1992.

This BMP fact shoct was prepared by the Municipal Tech logy Branch (4204), US EPA, 401 M Steet, SW, Washingion, DC, 20460.

v



STORM WATER BMP: . SR nIERRIRs

. DESCRIPTION

_This Best Manaéement Practice (BMP) involves pfeséi-ving existing vegétation or revegetating disturBed

soil as soon as possible after land disturbance activities in. order to control erosion and dust. Vegetative . .

covers include sod, temporary and permanent seeding "and other vegetative covers, as well ‘as
preservation of existing vegetation. Sod is a strip of permanent grass cover placed over disturbed .areas -
to provide an immediate and permanent turf that both stabilizes the soil surface and-eliminates sediment

due to erosion, mud, and dust. Temporary vegetative cover involves planting grass seed immediately

after rough grading to provide protection until establishment of final cover.. Permanent vegetative cover

is the establishment of perennial vegetation in disturbed ‘areas. Preservation of natural vegetation

- (existing ‘trees, vines, bushes, and grasses) provides a natural buffer zone during land disturbance
activities. . : o ‘ ' .

Vegetative covers provide dust control and a reduction in erosion potential by increasing infiltration,
trapping sediment, stabilizing the soil, and. dissipating the energy of hard rain. Application of mulch
may be required for seeded areas. Mulch is the application of plant residues or other suitable materials
to the soil surface to protect the soil surface from rain impact and the velocity of stormwater runoff.

APPLICATIONS * -

" Vegetative covers are applicable to all land uses. Seils, topography, and climate will be determinants in
- the selection of appropriate tree, shrub, and ground cover species. Local climatic conditions. determine
. the appropriate time of year for planting. Temporary seeding should be performed on areas disturbed by

construction left exposed for several weeks or more. ' Permanent seeding and planting is appropriate for
any graded or cleared area where long-lived plant cover is desired. Some areas where permanent
seeding .is especially important are filter strips, buffer areas, vegetated swales, steep slopes,.and stream
banks. Design criteria for vegetative covers is included in Table 1 below: S c .

- LIMITATIONS
I:.im_itatibns of vegetative covers as a BMP include: '

. The establishment of vegetative covering must be coordinated with climatic
‘conditions for proper establishment. For example, cold climate areas have
) “limited growing seasons and arid regions require careful selection of species.
. The key to proper performance is implementation of a maintenance program to
' ensure healthy vegetative covering. o s ‘ .

PERFORMANCE

Qualitatively, vegetative covers ~are clearly effective in controlling dust and erosion when properly
implemented. The amount of runoff generated from vegetated areas is considerably reduced and is of
better quality than from unvegetated areas. However, it is not possible, based on data. currently

 available, to quantify the water quality benefits of the vegetative coverings as a BMP. .







~

* TABLE 1; DESIGN CRITERIA FOR VEGETATIVE COVERS

‘Extent, and

Measure . Material Dimengsions Hydraulic Avoid Miscellaneous
Temporary Place topsoil as Place topsoil, Divert - .- Heavy clay or Use where
Seeding needed to where needed, channelized flow organic spils as vegetative cover

enhance  plant to a minimum away from topsoil. . Hand- is needed forless
growth. Aloamy compacted temporarily broadcasting of than 1 year. Use .
soil with an depth of 2 seeded areas to seeds ~ (not ‘chisel plow or |
organic content inches.on 3:1 prevent erosion uniform), except "tiller to loosen

of 1.5 percent or slopes or in very small compacted soils.

Permanent

Seceding

greater is
preferred. Use
rapid-growing

annual  grasses,
small grains, or
legumes. Apply
seeds using a
cyclone seeder,
drill, cultipacker
seeder, or

.hydroseeder.

Place topsoil as
needed to
enhance plant
growth. A loamy
soil. with  an
organic content
of 1.5 percent or
greater is
preferred. ‘
Where - possible,
use ow
maintenance
local plant
species. Apply
seeds using a
cyclone seeder,
drill, cultipacker
seeder, or’
hydroseeder..

SOifRC.E: Rc{ml

steeper; and of
4 inches on
flatter slopes.

Apply mulch to
slopes 4:1 or.
steeper, if soil is
sandy or clayey
or if weather is
excessively hot
or dry. Place
topsoil where
needed.

and scouring.

Divert

channelized flow
away
seeded areas to
prevent erosion

from.

.areas. Mowing
temporary
vegetation.
High-traffic
areas.

'Heavy clay or

topsoil. Hand-
broadcasting of
-seeds (not:

in very small
areas. High
traffic.areas.

organic soils.as

uniform), except.

As needed, apply
water, fertilizer,.
lime, and mulch.
Incorporate lime

. and fertilizer -

into top 4-6
inches of soil.
Plant small
grains.” 1 inch
deep.  Plant
grasses and
legumes 12.inch
deep. ’

'Use ‘chisel “plow

or tiller to loosen
compacted soils.
As needed, apply
water, fertilizer,
lie, and mulch.
Incorporate lime -
and fertilizer-

‘into top 4-6.
‘inches of soil.

Plant small

" grains 1 inch.

deep.. . Plant
grasses. and

- legames 1/2-inch

deep.




TABLE 1: DESIGN CRITERIA FOR VEGETATIVE COVERS

(Continued)
Extent and ‘ ' L
Measure Material Dimensions . Hydyauljc Avoid: Miscellaneous
Mulching Prefer Organic Appli.cation‘ - - - Mulch may be
mulches such as. rates (per acre): ' -, applied by

straw {(from
wheat or oats),
wood chips, and

shredded bark. .

Commercial
mats and fabrics
. may also be very
.. effective. .
‘ Chemical soil
stabilizers or
binders are less
effective, but
may be used to
tack wood fiber

. . mulches.

SOURCE. Reference 1.

straw, one to
two tons; wood
chips, five to six
tons; wood
fiber, 0.5 to one
ton; bark, 356
cubic yards;
asphalt (spray),
0.10 gallon per

square yard. .

After spreading

_much, less than

25 percent - of
the ground

surface should' - -

be visible. )

machine or by
hand. Chemical
mulches and
“wood . -fiber
mulches, when
used alone, often
do not provide
adequate soil .
protection. Use’
‘nets or mats in
areas subject to
water flow.
Anchor mulch by
- punching into
soil, or by
applying
chemical agents,
.pets, or mats.
?Secure nets and
mats with 6
inches or longer.
No. 8 gauge or
heavier,” wire
staples placed at
3-foot intervals




TABLE 1:

DESIGN

X

CRITERIA FOR VEGETATIVE COVERS
(Continued) '

-Mepsuré -

Extentand .
Material

Dimenvions .~ Hydraulic

" Avoid

: Miscella'neous

Sodding

Preservatibn ‘of -
Natural
Vegetation

to.

Sod should be
machine-cut at a

uniform .
thickness of 1/2
toZinchqi;.

Careful planning
is required prior
start of
construction.

SOURCE: Refcrence 1.

Wherever
possible,
maintain
existing

contours.,

RS

In wafe:wéys,
select plant

types able to

withstand design
flow velocity.

existing
hydraulic

characteristics.

Gravel or nonsoil
surfaces. .
Unusualiy wet or

-dry weather,

Frozen soils.
Mowing for at
least two to three
weeks., ’

" sod

‘and

Prior to laying !

sod, clear soil’,
surface of debris,
roots, branches,
stones
bigger than 2
inches in
diameter.: Sod
should be'
harvested, - .
delivered, and’
installed within |
36 hours. Lay

. with’
staggered joints
along the |
contour. Eightly
irrigate soils
before'. sod:
placement

during dry or hot
periods. = After

" placement, roll

sod and wet soil

"to a depth of 4.

inches. On:

. slopes steeper-

than 3:1, secure
sod with stakes.
In waterways,
lay .. sod
perpendicular to
water flow.

_ Secure sod with

~ *Activities within
- the drop line of

trees.
Concentrating
flows . at new
locations.

stakes, wire, or
netting. .

Preservation of
vegetation

should  be

- planned before

any site
disturbance
begins. Proper
maintenance is
vitally
important.
Clearly mark
areas to ~be
preserved.




MAINTENANCE |

Areas should be checked following each rain to ensure that seed, sod, and mulch have nof been
displaced. Staking the sod or netting for seeded areas may be required. : '

Newly sodded areas need to be inspected frequently for the first new md_nths to ensure the sod is
maturing. Failures may.be due to improper conditioning .of the subsoil, lack of irrigation, improper
- staking, or improper placement of sod pieces. ‘ : : -

Newly seeded areas need to be inspected frequently fof the ﬁrst few months to en_s;ure the grass is :
growing at a proper rate and density. If the seeded area is damaged, determine the cause of the damage
before repeating seed bed preparation and seeding' procedures. ' o

Once a vegetative cover has been established, it is important to water the sod frequently and uniformly.
If the grass is to be mowed, keep grass.to a height appropriate for the species selected and the intended’
use. Occasional soil tests should be collected and analyzed to determine if the soil is appropriately
fertilized. Weed control should only be done if absolutely required. Spot seeding should be ‘done to

small and damaged areas.

COSTS

Cost estimates for sodding-, _éeeding, and mulching are provided in Table 2 below. These costs were
developed by the Southeastern Wisconsin Régional Planning Commission (1991). Please note that costs
very depending on local conditiomns. T . -

i

TABLE 2: INSTALLATION COSTS

. . . " Equip- Indirect Total Year of y
Description Unit Material Labor ment ., Cost Cost - Cost. Comments,
Sedding - L
Level L ‘ .
5400 square yards  Square yard $0.98 $0.85 $0.17 $0.56 $2.56 ' January -
100 square yards Square yard ~1.36 1.07 0.22 0.70 3.35 1989 .
50 square yards Square yard 1.95 114 023 0.80 . 4.12
Slopes L. .
400 square yards Square yard 1.03 1.19 . 0.24 0.72 3.18
Seeding '
Mechanical Seeding . Acre $410.00 $435.00 $165.00 $290.00 $1,300.00 - January = -
_ : Square yard .08 009 ¢ 0.03 0.06 0.26 1989 ,
Fine Grade/Seed Syuare yard 0.15 0.85 0.17 0.48 - 165 ‘Includes
: fertilizer
and lime
Push Spreader )
Grass Seed 1,000 square ) i . . .
feet $8.60 $0.67 $0.26 $1.22 - $10.75 January -
- : i 1989
Limestone 1000 square ) .
feet 2.05 0.67 0.26 0.58 3.56
Fertuhzer 1.000 square :
feet 5.40 0.67 0.26. 092, - 7.25
Level Areas Acre 578.21 149.30 * 80.63 251.00 1,059.14 Mid-1988 -
Sloped Areas Aure 578.21 238.88 129.00 328.75 1,274 .84 '
Hay Acre $255.76 $74.65 $40.31 $118.50 $489.22 Mid-1988 -
Square yard - - - - 0.58  1983. Average
' 0.25-1.00 Typical
range
NOTE: Total cost includes operation and maintenance, taxes, insurance and other contingencies.
SOURCE: Modified from Reference 4.




ENVIRONMENTAL IMPACTS

- None for proper mstallatmn of vegetative covers. However care must be taken to avoid contammatmn

of run off and ground water from over use of fernlxzers weed control herbicides and other hazardous
.chemicals.

REFERENCES

1. ’Hennepm Conservation sttnct anesota, Erosion and Sedlment Control Manual 1989.‘ .

2; Metropohtan Washington Councxl of Governments Controlhng Urban Runoﬁ" A Pracncal R
' Manual for Planning anld Designing Urban BMPs, 1987.

3. anesota Pollutxon Control Agency, Protecnng Water Quahg in Urban Areas, 1989

4, Southeastem Wxsconsm Reglonal Planning Commission, Costs of Urban Nonpoint Source
Water Pollution Control Measures Technical Report No. 31, June 1991.

5. . U S. EPA, Stormwater Management for Industnal Acnvmes Developmg Pollution .
’ Prevennon Plans and Best Management Practices, September 1992. .
" 6. Washmgton State Depart:rnent of Ecology, tormwater Management Manual for the Puget
Sound Basin February 1992. ‘ R

This BMP foct sheét was prepared by the Municipal Tochnology Branch (4204), US EPA, 401 M Sovet, SW, Washingion, DC, 20460, ’ ' .




- EMIB_____
STORM WATER BMP: o R
VEGETATED SWALES = =~ -

DESCRIPTION )

Vegetated swales are natural or man made, broad, shallow chanﬁels with a ‘dense stand of vegetation
covering the side slopes and main channel. Vegetated swales trap particulate pollutants (total suspended
solids and trace metals), promote infiltration, and reduce the flow velocities of stormwater runoff.

Figure 1 below illustrates an example of a vegetated swale. ‘ . ..

Vegetated swales can serve as an integral part of an' area’s ‘minor stormwater drainage'system by
replacing curbs and gutters and storm sewer systems in low-density residential, industrial, and
commercial areas. The swale’s advantages over a storm ‘sewer system generally include reduced peak
flows, increased pollutant removal, and lower capital costs. However, Fveg'etated swales typically have a
limited capacity to accept runoff from large storm, since high velocity flows can cause erosion of the
swale or damage the vegetated cover. o . ‘ ' : '

Raliroad Tie
Check Dam to
increase infitration

SOURCE: Reference 1.

FIGURE 1: EXAMPLE OF A VEGETATED SWALE

-

COMMON MODIFICATIONS

The effectiveness of vegetated swales can be enthanced by adding check da'ms' approximately every 50
feet to increase storage, decrease flow velocities, and promote particulate settling. Structures to skim off
floating debris may also be added. Incorporating vegetated filter strips parallel to the top of the chanriel
banks can also help to treat sheet flows entering the swale.

CURRENT STATUS

Vegetated swales are relatively easy to design and incorporate into a site drainage plan. ‘While -swales
are not generally used as a stand alone Stormwater Best Management Practice (BMP), they are very
effective when used in conjunction with other BMP's such as wet ponds, infiltration strips, wetlands, etc.-




APPLICATIONS
Vegetated swales can be used in all regions of the country where chrnate and soxls permxt the
. establishment and maxntenance of a dense vegetanve cover. The suitability -of a vegetated swale at a

particular site depends on the area, slope, and u'npervmusness ‘of the contributing water shed, as well as S B
“the dunensmns, slope and vegetatlve covenng employed in the swale system '

' GENERAL LIMITATIONS
The limitations of vegetated swales include: - " o " . e .

e ‘Vegetated swales are generally 1mpract1cal in areas with very flat grades, steep
' topography, or wet or poorly drained soils. .

' Swales provide muumal water quantity and quality beneﬁts when flow volumes and/or
velocmes are lugh -

' Swales may pose a potennal drowmng hazards create mosqmto breedmg areas, and cause
. odor problems .

.- The use of vegetated swales miay be lixnlted by t_helavailability ofland.

Many local municipalities ‘prohxblt the use of vegetated swvales if pealt discharges exceed
five cublc feet per second (cfs) or flow velocmes ‘are greater than three feet per second

Cfps). | \
Vegetative swales are generally impractical in areas W1th erosive’soils or where a dense
vegetative cover is difficult to maintain. -

Certain quanntanve aSpects of vegetated swales are not known at this time. ’I'hese v :
include whether pollutant removal rates of swales decline with age, the effect ofslopeon )
the filtration capacity of vegetation, the. benefit of check dams, and the 'degree to which

design factors can enhance the effectiveness of pollutant removal.

PERFORMANCE

Conventional vegetated swale designs have achieved mixed results in removing particulate pollutants _
* . such as suspended solids and trace metals. For example, three grass swales in the Washington, DC, area
were monitored by the Nationwide Urban Runoff Program (NURP). .NURP found no significant
improvement in urban runoff quahty for the pollutants analyzed. However, the weak performance of .
these swales was attributed to the high flow velocities in the swales, soil compaction, steep slopes, and
short grass helght A Durham, NC, project monitored- the performance of a carefully designed artificial
swale that received runoff from a commercial parking lot. The project monitored 11 storm and
. concluded that particulate concentrations. of heavy metals (Cu,Pb,Zn, and Cd) were reduced’ by
‘approximately SO percent. However, the swale proved largely ineffective for removing soluble nutrients.
- A conservative estimate is that properly designed vegetated swales may dchieve a 25 to 50 percent
reduction in particulate pollutants including sediment and sediment-attached phosphorus, metals, and
bacteria. Lower removal rates (less than 10 percent) can be expected for dlssolved pollutants such as.
,soluble phosphorus nnrate and chlonde . =

The l1terature suggest that vegetated swales represent a pracncal and potennally effecnve techmque for
control of urban runoff quality. While limited quantitative performance data exists for vegetated swales,
some known positive factors for pollutant removal are check dams, flatter slopes, permeable soils, dense
grass. cover, longer contact time, and smaller storm events. Negative factors include compacted soils,
short runoff contact time, larger storm events, frozen ground short grass hexghts steep slopes, and hlgh
runoff velocities and discharge rates. .




The useful life of a vegetated swale system is directly proportional to the effectiveness-and frequency of
maintenance. If properly designed and regularly maintained, vegetated swales can last an indefinite
period of time. " . : _— ' o

DESIGN CRITERIA

~ Although specific ciuam:itan’ve performance data for vegetated swales is limited, design criteria héve been
established for implementation of the vegetated swales 'and is presented below. © ‘

. Location. Vegetated swales are typically located aiong property boundaries, although they -
can be used effectively wherever the site provides adequate space. Swales can be used in
place of curbs and gutters along parking lots. " o '

. Soil Requirements. Gravelly and coarse sandy soils that cannot easily support dense
vegetation should be avoided. If available, alkaline soils and subsoils should be used to '
promote the removal and retention of metals. Soil infiltration rates should be greater
than one-half inch per hour, therefore, care-must be taken to avoid compacting the soil

- during construction. ' ' ‘ :

Vegetation. Fine, close-growing, water-resistant grass should be selectéd for use in
vegetated swales. Dense vegetation maximizes water contact, improving the effectiveness
_of the swale system. The vegetation should be selected on the basis of pollution control -
objectives and the ability to thrive in the conditions present in the conditions present at
the site. Some examples of vegetation appropriate for swales include reed canary grass,

grass-legume mixtures, and red fescue.

General Channel Configuration. It is recommended that a parabolic or trapezoidal
cross-section with side slopes no steeper than 3:1 be used, maximizing the wetted,
channel perimeter. Recommendations for longitudinal channel slopes vary within the
existing literature. For example, Shuler (1987) recommends a vegetated swale slope as
close to zero as drainage permits. The Minnesota Pollution Control Agency (1989) .
recommends that the channel slope be less than 2 percent. The Stormwater Management
Manual for the Puget Sound Basis (1992) specifies channel slopes between 2 and 4 C
percent; slopes of less than 2 percent can be used if drain tile is incorporated into the
design, and slopes greater than 4 percent can be used if chieck dams are placed in the
channel to reduce flow velocity. R : -

. Drainage Area. The maximum flow rate’ (Q) to the swéie can be éalculated using the
Rational Formula, depending on the size of the drainage area (A), the percentage of the
drainage area that is impervious (C) and the rainfall intensity (I) for the design storm.

Q=CiA

A typical design storm used for sizing swales is a six-month frequency, 24- hour storm’
event. The exact intensity rhust be calculated for your location and is generally available
from the US Geological Survey (USGS). Swales are generally not used where the
maximum flow rate exceeds 5 cfs. o ‘

Sizing Procedures. The width of the swale can be calculated usihg various forms of the
Manning equation. However, this methodology can be simplified to the following rule of
thumb: the total surface area of the swale should be 500 square feet for each acre that
drains to the swale. ' .

Unless a bypass is provided, the swale must be sized as both a treatment device and to
pass the peak hydraulic flows. But to be most effective as a treatment device, the depth
of the stormwater should not exceed the height of the grass in the swale.



‘

De51gn Parameters Based on hrmted research, swales can generally be de51gned usxng the ,
followmg parameters: . :

1

2 .

Minimum grass hexght of 6 mches (Fxgure 2).

Mammum depth of stormwater dunng the des1gn storm of 4 mches
(Figure 2). - : .

Max1rnurn flow in the swale of 5 cfs. -
Maximum velocity in the swale of 3 fps
Channel slope between 2 and 5 pencent

- Slopes of less than 2 % can be used if the swale i xs dramed o
prevent pondmg (Figure z) ' R

- Slopes of more than 5 % can be used if check dams are placed L
in the swale to maintain channel veloczty below 3fps .
{Figure 2)." A

To prov1de maximum long term treatment effectiveness, the swale wzdth
should be calculated using a design flow of 0. 2 cfs per acre of area . -’
draining into the swale I-Iowever, the nummum w1dth is 18 mches

Ifa by-pass is not prov1ded the channel width and/or helght should be
increased, if needed to pass peak hydrauhc ﬂows

In order to provide. adequate treatment, the swale should have a
minimum length of 200 feet.. If a shorter length must be used, the -
width should be .increased proportmnally to maintain a treatinent
surface area of at least 500 square feet; as discussed above.
However, the minimum length is 25 feet.

SOURCE: Reference 3

FIGURE 2: DESIGN PARAMETERS




Construction. The subsurface of the swale should be carefully constructed to avoid
compaction of the soil. Compacted soil reduces the infiltration and inhibits growth of the
grass. Damaged 2::as should be restored immediately to ensure that the desired level of
treatment is maintained and to prevent further damage due to erosion of exposed soil.

. . Check Dams. Check dams can be installed in swales to promote additional infiltration,
increase storage, and reduce velocities. The check dam may be a railroad tie embedded
into the swale with riprap placed on the downstream side of the tie to prevent a scour
hole from forming. Earthen check dams are not recommended because of their potential
to erode. Check dams should be installed every 50 feet if longitudinal slope exceeds 4
percent. : : T

!

The primary swale maintenance objectives are to maintain the hydraulic efficiency of the channel and
maintain a dense, healthy grass cover. Maintenance activities should. include periodic mowing (with
grass never cut shorter than the design flow depth), Weed control, watering during drought conditions,
reseeding bare areas, and clearing of debris and blockages. Cuttings should be removed from the
channel and disposed in a local composting facility. Accumulated sediment should be removed
periodically. Application of fertilizers and pesticides should be minimal, if required. ' '

Research has not yet identified proper mowing strategies. However, mowings during the spring and
summer should keep the grass at the 6" design height. In some commercial applications where 6" may
cause an aesthetic problem the grass can be cut to 4 but the last mowing of the season should not be
below 6". Mowing encourages growth thereby improving the removal of soluble pollutants. The final
mowing should occur near the end of the growth season. Failure to remove the growth before the
dormant season will-cause a loss of pollutants back to the stormwater. - ‘ "

Any damage to the channel such as rutting must be. :epaii:ed with suitabie soil, properly tamped and
seeded. The grass cover should be thick; if it is not reseeding as-necessary. - ' -

Any standing water removed during the maintenance operation must be disposed to a sanitary sewer at
an approved discharge location.’ Residuals (ie, silt, grass cuttings, etc.) must be disposed of in
accordance with local or state requirements. ‘ . '

L%

COSsTs

Vegetated swales typically cost less to construct than curbs and gﬁfters or undergroﬁrid storm,'sewers,
Shuler (1987) reported that costs may yary from $4.90 to $9.00 per lineal foot for a 15-foot wide
channel (top width). v c o o .

The Southeastern Wisconsin Regional Planning "Commission (SEWRPC) reported that costs may vary
from $8.50 to $50.00 per lineal foot depending upon swale depth and bottomn width (1991). The.
SEWRPC cost estimates are higher than other published estimates because: they include the cost of
activities such as clearing, grubbing, leveling, filling, and sodding, which may not be included in many
of the reported costs. Construction costs depend on specific site considerations and local costs for labor
and materials. The Table 1 below shows estimates capital cost of a vegetated swale. - :
Annual costs associated with maintaining vegetated swales are approximately $0.58 per lineal.foot for a
1.5-foot deep channel, according to SEWRPC (1991). Estimated average annual operating and
maintenance costs of vegetated swales can be estimated using Table 2 below. ' : ‘ :



TABLE 1: ESTIMATED CAPITAL COSTS .
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ENVIRONMENTAL IMPACTS
Neganve envu'onmental n'npacts of vegetated swales may include:

Leachmg from culverts and femhzed iawns may increase the presence of trace
metals and nutrients in the mnoff ‘ :

Infiltration through the swale may affect local groundwater quahty

. Standing water in vegetated swales can result in potetmal safety, odor, and
mosquito problems. :

REFERENCES '

1. U.S. EPA, A Current Assessment of Best Management Pracnces, echnig'ues for Reducing Nonpoint
Source Pollution in the Coastal Zone, December 1991 ' ‘ ' .

2. Minnesota Pollution Control Agency, Protecting Water Ouahtv in Urban Areas, 1991.

3. Shuler, Thomas R., Controlling Urban Runoff. A Practical Manual for Plannmg and
" Designing Urban BMPs, July 1987

4. Southeastern Wisconsin Regional Planning Comm1551on, Cost of Urban Nonpoint Source
Water Pollution Control Measures, Techmcal Report No. 31, 1991. '

S. US. EPA, Stormwater Management for Industrial Activities: Develomng Pollunon Prevennon

Plans and Best Management Pracnces, Segtember 1992. -
6. US. EPA, Results of the Nanommde Urban Runoff Program, December 1983

7. Washington State Department of Ecology, Stormwater Management Manual for the Puget Sound
Basin, Februaru 1992. . ‘ .

This BMP foct shoct was prepared by the Municipal Technology Brarch (4204), US EPA, 401 M Suect, SW, Washingon, DG, 20460,



- EMTB
'STORM WATER BMP:  SROGITERRATanS
VISUAL INSPECTIONS - o

- DESCRIPTION
Visual inspection is the process by which-members of a Stormwater Pollunon Preventlon Team (SWPPT)

visually inspects stormwater discharge from material storage and outdoor processing areas to 1dent1fy
contammated stormwater and its. possxble sources.

An example of a v1sua1 inspection is exammauon within the first hour of a.storm event that produces
‘significant stormwater runoff for the presence of floating and suspended materials, oil and grease,

discolorations, turbidity, odor, or foam. Another example would be to examine a raw materials storage’
area where materials are stored in 55-gallon drums and look for leaks, dxscolorauons or other
‘abnormalities that may cause a pollutant to. contammate stormwater runoff

' CURRENT STATUS |
The U.S. EPA has recognized visual mspecnons as a basehne Best Management Pracuce (BMP) for over
10 years. Its implementation across the country, however, has been sporadic. - Stormwater Pollution
Prevention Plan (SWPPP) development will increase implementation of visual inspections in the future as - :

facility management recogmzes it to be an effective BMP from a water quality and cost savmgs
perspective. : :

'LIMITATIONS

Limitations associeted with{ visual inspections ‘ioclude:
Inspections are limited to those afeés'clearly visible to the human eye
:Visual inspecﬁoris need to be oerformed by queliﬁed personnel

Lack of a corporate commnment to acnvely unplement mspecuons on'a
routine basis - . - . :
Inspectors need to be properly mouvated to perform a thorough vxsual
inspection. . :

. PERFORMANCE

The performance of visual’ mspecnons *as an effecnve tool in reducmg stormwater runoff contamination
is highly variable and dependent upon site-specific parameters such as industrial activity occurring -at the .
facility, maintenance procedures, and employees. Currently there is no quarmtatwe data regardmg the
effectiveness of visual inspections as a BMP. .

DESIGN 'CRI'I'ERIA

Vistial mspecnons should be performed routmely for the presence of non- stormwater discharges. FIOWs N
‘during a dry period should be observed: to determine the presence of any dry weather flows, stains,
sludges odors, and other abnormal condmons . :




Visual inspections should be made of all stormwater discharge outlet locations during the first hour of a
storm event that produces a significant amount of stormwater runoff. In geographic locations with a
high frequency of storm events, inspections should be performed at least once per month. Inspection for
the presence of floating and suspended materials, oil and grease, discolorations, turbidity, foam, and
odor should be performed. ' S ‘ : o

The inspection frequency interval is a key design criterion in a visual inspection program. To determine
the inspection frequency, experienced personnel should evaluate the causes of previous incidents and
assess the probable risks for occurrence in the future. Conditions in the stormwater discharge permit

may also dictate inspection frequency. * ’ ‘

Another key design criterion is proper record keeping of an inspection. Record keeping should include
the date of the inspection, the names of the personnel who performed the inspection, and the
observations made during the inspection. Records should be forwarded to appropriate personnel
through an internal reporting system. Remedial modifications to a facility can then be implemented
based on documented inspections. I ‘ ’

Visual inspections of a facility should focus on the folloWing key areas:

. Storage facilities

. Transfer pipelines

. Loading and unloading areas

. P_ipes, pumps, valves, ahd fittings

Internal a;'ld external inspection for tank corrosioh
Wind blowing of dry chemicals
Tank support or foundation deterioration
Deterioration of pnmary or secondary cb;itaimrient facilities
Damage to shipping containers - |
~ Wind blowing of dry chemicals and dust particles
Integrity of stormwater collection system '

Leaks, seepage, and overflows from sludge and waste disposal sites

IMPLEMENTATION

A visual inspection BMP program should be incorporated within the facility’s record keeping and internal
reporting BMP structure. Estimates of outfall flow rates, and noting the: presence of oil sheens,
floatables, coarse solids, color, odors, etc. will probably be the most useful indicators of potential
problems. Specific parameters to look for in completing a visual inspection include: -

Odor--The odor of a discharge can vary widely and sometimes directly reflects the source
of contamination. Industrial discharges will often cause the flow to smell like a
particular spoiled product, oil, gasoline, specific chemical, or solvent. As an

example, for many industries, the decomposition of organic wastes in the discharge

will release sulfide compounds into the air above the flow in the sewer, creating an
intense smell of rotten eggs. In particular, industries involved in the production of
meats, dairy products, and the preservation of vegetables or fruits, are commonly

found to discharge organic materials into storm drains. As these organic materials




A spoﬂ and decay, the sulﬁde producuon creates this highly apparent and
unpleasant smell. Significant sanitary wastewater contnbutlons will also cause
.‘pronounced and dlsnncnve odors. .

" Color--Color i is another important. mdlcator of inappropriate discharges, especially from
industrial sources. Industrial discharges may be of any color. Dark colors, such as.
brown, gray, or black, are most common. For instance, the color contributed by
 meat processing industries is usually a deep reddish-brown. Paper mill wastes are -
.also brown. In contrast, textile wastes are varied. Other intense colors, such as
- plating-mill wastes, are often yellow. Washing of work areas in cement and stone
working plants can s\cause cloudy discharges. Potential sources causing various
“colored contaminated waters from industrial areas can include process waters (slug
or continuous discharges), equipment and work area cleanmg water discharged'to -
floor drains, spills during loading operauons (and subsequent washmg of the
matenal into the storm drams) ' ; : .

; Turbldlty--Turbxdlty of water is often affected by the degree of gross contamination.
Industrial flows with moderate turbidity can be _cloudy, while highly turbid flows can be
opaque. ngh turbidity is often a characteristic of undiluted industrial discharges, such as -
those cormng from some continual flow sources, or some intermittent spills. Sanitary -
wastewater is also often. cloudy in namre . o

" Floatable matter--A contammated flow may also contain ﬂoatables (floanng solids or
liquids). Evaluation of floatables often leads to the identity of the source of mdustnal or
sanitary wastewater pollution, since these substances are usually direct products or
byproducts of the manufacturing process, or distinctive of sanitary wastewater. Floatables’
. of industrial origin may include substances such as animal fats, spoiled food products,

. oils, plant parts solvents,; sawdust foarns, packing matenals, or fuel as-examples.

Depos1ts and Stams--Deposu:s and stains (residue) refer to-any type of coating wh1ch

’ remains after a non-stormwater discharge has .ceased. They will cover the area -
‘surrounding-the stormwater discharge and are usually of a dark color. ' Deposits and
stains often will contain fragments of floatable substances and; at times, take the form of
a crystalline or amorphous powder. These situations are illustrated by the grayish-black
deposits that contain fragments of animal flesh and hair which often are produced by
leather tanneries, or the white crystalhne powder which commonly coats sewer ourfalls

" due to nitrogenous fertilizer wastes. .

)

Vegetanon--Vegetanon surroundmg a stormwater dxscharge may show the effects of the

~ wastewater. Industrial pollutants will often cause a substantial alteration in thé chemical

composition and Ph of the dxscharge water. This alteration will affect plant growth even

when the source of contamination is intermittent. For example, decaying organxc

materials coming from various food product wastes would cause an increase in plant life.

" In contract, the discharge of chemical dyes and inorganic pigments from textile mills

" could noticeably decrease vegetation, as these discharges often have a very acidic Ph. In
either case, even when the cause of industrial pollution is gone, the vegetation

' surroundmg the discharge will continue to show the effects of the contamxnatlon

In order to accurately Judge if the vegetation surroundmg a d1scharge is normal the-

* observer must take into account the current weather conditions, as well as the time of -
year in the area. Thus, flourishing or inhibited plant growth, as well as dead and
decaying plant like, are all signs of pollution or scouring flows when the condition of the -
vegetation _]ust beyond the discharge disagrees with the plant conditions near the.
discharge. It'is important not to confuse the adverse effects of high stormwater flows on
vegetation with highly toxic flows. Poor plant.growth could be associated with scouring .
flows occurring during storms. : vl : - '




. Structural Damage--Structural damage is another readily visible indication of industrial
discharge contamination. Cracking, deterioration, and spalling of concrete or peeling of
surface paint, occurring at an outfall are usually caused by severely contaminated
discharges, usually of industrial origin. These contaminants are usually very dcidic or
basic in nature. For instance, primary metal industries have a strong potential for
causing structural damage because their batch dumps are highly acidic. Poor.
construction, hydraulic scour, and old age may also adversely affect the condition of
structures. : ‘ 7 -

Implementation of visual inspections should be assigned to qualified staff such as maintenance personnel
or environmental engineers. Figure 1 provides a‘sample visual evaluation worksheet which can be used
to record the results of the inspections. : ' ’ . o

Outfall # Photograph # Date:

Location:

Waather: airitemp.:_°C raint Y N sunny cloudy

Outfall flow rate estimate:

Llélec

Known industrial or commercial uses in drainage area?. ¥ N ) _
describe: : : . .

PHYSICAL OBSERVATIONS:

Odor: none sewage sulfide .oil gas. rancid-sour other:__

Color: none yellow .brown -green red gray " other:

Turbidity: none clo_ugy opaque

(collect sample)

Floatables: none petroleum éheen sewage other:
Deposits/stains: none sediment oily describe:

(collect sample)

Vegetation conditions: normal excessive growth‘ inhibited growth
' extent: - '

Damage to outfall structures: .

_identify structure: ' : o S .
damage: none / concrete cracking / concrete spalling / pteing'pajnt ! -
corrosion ' o
other damage: : . )
extent: : : .

SOURCE: Reference 4.

FIGURE 1: VISUAL INSPECTION WORKSHEET

-

MAINTENANCE

Maintenance involved with visual inspections as a BMP include developing a schedule for performing
visual inspections and follow-up to make sure the inspections are performed on schedule. Continual
record updates need to be performed with each inspection, and properly routed through the internal
reporting structure of a SWPPT, : ‘ ' -



COSTS

"Costs are'r.hoee assocxafed with direct labor and overhead costs for -s-taff hours. Annual costs can be
“estimated using the example in Table 1 below. Flg'ure 2 can be used as a worksheet to calculane the ' -
" estimated annual cost for xrnplementmg a vxsual mspecnon program. S :

TABLE 1: EXAMPLE OF ANNUAL VISUAL INSPECTION PROGRAM COSTS '

Esnmated
o Yearly
Avg. - - ** Hours - Est.
o : ‘ Hourly . Overhead* onSW °  Annual
Title - Quantity = Rate($) Multiplier Training  Cost ($)
: Stormwater Engineer. L 1 x 15 lx . 20 X | 20' =, '600‘
Plant Management 5 -x 20 x. 20 'x 10 = 2,000
Plant Employees ° - 100 x . 10 x 207 x 5 = :10,’006
7 TOTAL ESTIMATED ANNUAL COST '. - 7$12,L600
Note " Defined as a mulnpher (typxcally rangmg between 1. a.nd 3) that takes into account
those costs associated with payroll expenses buﬂdmg expenses etc.
SOURCE:*EPA
ci . . : v
» Estimated - B
: . Yearly .
: Avg. , . - Hours ~ Est
o v : " Hourly Ovethead ~ - onSW - Annual
- Tide Quantity Rate (§) = Multiplier ~ Training Cost ($)
x . ox % )
X X . X = ®)
X X .. ox = _ ©
X X " X = - D)
. ] o ‘TO'I‘AL ESTIMATED ANNUAL COSI'
. . S . (Sum of A+B+C+D)
SOURCE Reference 3.

FIGURE 2: SAMPLE ANNUAL VISUAL INSPECTION PROGRAM COST WORKSHEET




ENVIRONMENI’AL IMPACTS

Visual inspections is an effective way to 1dem1fy a vanety of problems Correcnng these problems can
have a significant impact on unprovmg water quality m the rece1vmg water.

QOrder No. 91
with Industrial Acnvmes Draft. Wording, Moni

Au ggst 17, 1992.

2. U.S.EPA, NPDES BMP Guidance Document.. June 1981

3. US. ‘EPA, Stormwater Managernent for Industrial Acnvmes Developing Pollution Ptevennon
Plans and Best Management Practices, September 1992,

4. Pitt, Robert; Barbe, Donald Adnan, Donald and Field, Richard, Investigation of Ina pgrognate
Pollutant Entries into Storm Drainage Systems ~- A users 1de U S. EPA, Edison, New Jersey,

1992,

This BMP fact shact was prepared by sthe Manicipal Tech 'mendl(ﬂN),USEPA.‘OIMSMSW.WM&DCZM
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ln order for the Mumcnpal T’echnology Branch to be effectlve in- meetrng your
needs; we-need to understand what your needs are and how effectively we are
meeting them. Please take a few-minutes to tell us if this document-was helpful in .
meeting your needs, and what other needs you have concermng wastewater ' .
treatment, water use efﬁcnency, or reuse ‘ '

Indicate how you are best descnoed ‘ oL e

1] concerned citizen © [ llocal off:cral - [ lresearcher .
[ ]consultant. - [ 1state official [ ]student .
. [ ] other ‘ - | o T

Name and Phone No (optlonal)

[ ] This document is what | 'was ﬂookmg for

[ 11 would like a workshop/seminar based on this clocument
[ 1 had trouble [ lfinding [ lordering [ }recervmg this document. -
[ ] The document was especral{ly he!pful |n the followmg ways

[ ] The document could be improved as follows:
[ 11 was unable to meet my need with this document. What | really need is:

[ 11 found the following things in this doou'rnent"whiohl believe arelwronoz

[ 1 What other types of 'te.chnical asSisténce do you need?

We thank you for helping us serve you better. To return this. questlonnanre '
tear it out, fold it, staple it, put a stamp on it and mail it.: Otherwnse, it may be
'faxed o 202 260- 011 6 ‘ : :

' o MUNICI]PAL WASTEWATER MANAGEMENT
§MTB S " FACT SHEETS: -
Office of W astewrater - B‘I‘m’em:t 3 Wﬁ@% - - STORM WATER BEST MANAGEMENT
MUNICIPAL TECHNOLOGY BRANCH S PRACTICES o




STAPLE HERE

Municipal Technology Branch (4204)
" United States Environmental Protection Agency”
" 401 M Street, SW
" Washington, DC, 20460
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MUNICIPAL WASTEWATER MANAGEMENT
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. - o EPA-832-F-93-013 o
: September, 1994

Prepared by the Municipal Technology Branch '
‘United States Environinental protection Agency
Ofﬁce of Water, Washington, D.C. -







- PREFACE

Thls document is part of a series of mun1c1pa1 wastewater
‘management fact sheets. These fact sheets are intended to serve
‘a wide audience including: the consulting engineer who is looking
for basic technical information on technologies; the municipal
engineer who must understand these technologies well enough to
_evaluate the assets and limitations; the mun1c1pal official who
must sell the technologies as part of a comprehen31ve pollution

. prevention program; the state regulator who must approve the .
technologies used to meet permit requirements; and ultlmately the
citizen who must understand the importance of preventlng ‘
pollutlon of the Natlon s waters. :

The material presented is .guidance for general 1nformatlon only

" This information should not be used without first obtaining
competent advice with respect to its sultablllty to any general

or :specific application. References made in this document to any«,
specific method, product or procéss does not constitute or 1mp1y
an .endorsement, recommendation or warranty by the U.s.
Env1ronmenta1 Protectlon Agency

Mun1c1pa1 Wastewater Management Fact Sheets are divided 1nto'
several sets: Wet Weather Flow Management Practlces, Innovative ‘
and Alternative Technologies; Biosolids Technologies and . ‘ .

; .Practlces, Wet Weather Technologies; Water: Conservation, etc.

Bach set is publlshed separately starting with Storm Water Best -
Management Practices, September, 1993 (EPA 832-F-93-013).. i
Updates to this set of fact sheets and development of additional -
sets 1s dependent upon contlnued .resources, belng avallable.;
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~ INTRODUCTION ' .

~ Storm water runoff is part of a natural hydrologlc process.
However, human activities, particularly urbanlzatlon, can alter
drainage patterns and add pollution to the rain water: ‘and snow
melt that runs off the earth's surface and enters our Nation’s
rivers, streams, lakes, and coastal waters. A number of recent
studies have shown that storm water runoff is.a major source of
water pollution as indicated by a decline in fish populatlon and
- diversity, beach closings or restrictions on swimming and other
'water sports, bans on consumption of fish and shellfish and- other
publlc health concerns. These conditions limit our ability to
~enjoy many of th@ benefits that our Natlon s waters prov1de.

" In response to this problem, the States and’many mun1c1pa11t1es
have been taking the initiative to manage storm water more o
effectively. In acknowledgement of these storm water management
concerns, the U.S. Environmental Protection Agency (EPA) has . -
undertaken a wide variety of activities, including providing
technical assistance to States and municipalities to help them
1mprove ‘their storm water management programs

Thls addendum contalns fact sheets on storm water best management
‘practices (BMPs)..’ ‘However, many are not stand alone BMPs, ‘but
are most effective when combined with other BMPs in a
comprehen51ve storm water management plan. These BMPs are.
suitable for both municipal and industrial applications and can
. be used to supplement other EPA guidance documents such. as Storm |
Water Management for Industrial Activities: Developing Pollution o
- Prevention Plans and Best Management Practiceées (EPA 832-R-92-006)
and Storm Water Management for Construction Activities:
Developing Pollution Prevention Plans and Best Management SN
Practices (EPA 32-R-92- 005) as well as other State or local

guidance.’

In order to better serve our customers and 1dent1fy additional
.1nformatlon needs, a short questionnaire is included at the end:
of this document. Pleasé take a-few minutes to tell us if the
information in this addendum was helpful in meeting your needs
and what other needs you ‘have concerning storm water management .
Responses can-be mailed to the Municipal Technology Branch .
(4204), US EPA, 401 M Street SW, Washlngton, DC,.20460 or: faxed
to (202) 260- 0116. . . ,







STORM WATER BMP; | : o c%rxeofw'astewate,rmnagenm 7 -*‘UQ%D ‘
AIRPLANE DEICING FLUID -~ MUNICIPAL TECHNOLOGY BRANCH ™™ -
° RECOVERY SYSTEMS . SE

DESCRIPTION

- Ethylene or propylene glycol récovery is accom'plisl;ed by a three-stage process typically consisting’
"of primary filtration, contaminant removal via ion exchange or nanofiltration, and distillation as shown in
Figure 1 below. The process technologies involved in glycol recovery have been proven in other industries.
and are now being applied to spent airplane deicing fluid (ADF). ‘ - ‘

’. ’ B ' S i ) ’ .7

(AEMOVAL OF DISBOLVED SOUIDS)

L tinid
[ il
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" CPTIONAL PROCESSES
mﬂwm R
_n-_m—“
PRIMARY FILTRATION . 7/
EMOVAL OF PARTICLES : . - . GNEMOVAL OF WATER)
THAN 10 MICRONS) ENIOVAL OF POLYMERS) : e

SOURCE: Refference 3

FIGURE 1: TYPICAL AIRPTLANE DEICING FLUID RECOVERY SYSTEM

) ~The purpose of the primary filtration step is to remove entrained suspended solids from contact with
- the aircraft and pavement from the used ADF. The suspended solids must be removed to avoid plugging of
downstream equipment and heat exchangers. Primary filtration is defined.as the removal of solids greater
- than 10 micron in size. Primary filters employed by ADF systems may be polypropylene cartridge or bag
filters. ' Jon exchange may be employed to remove. dissolved solids such as chlorides and sulfates. Ion
exchange removes ions from an aqueous solution by passing the wastewater through a solid material (called
ion exph’dnge resin) which accepts the unwanted ions, while giving back an equivalent number of desirable
jons from the resin. Nanofiltration may be employed to remove polymeric additives. Nanofiltration systems
are pressure-driven membrane operations that use porous membranes for the removal of colloidal material.

3
~




Colloidal material and polymeric molecules with molecular weights in excess of 500 are normally remq;;ed by -
panofilters. The requirement to remove polymer additives is dictated by the specifications of the end\us’er

of the recovered ADF product.

The key process step in the overall ADF recycling system is distillation. Distillation is defined as the
separation of more volatile materials (in this case, water) from less volatile materials (glycol) by a process of
vaporization and condensation. Distillation is capable of recovering volatiles with little degradation, which
is an important advantage in this application where the recovered product can be sold or recycled. ‘'Product
purity of any desired level can theoretically be obtained by distillation, however in some cases the processing
costs may be prohibitive. In most ADF applications, the separation of water from either.a water-ethylene
glycol or a water-propylene glycol mixture of ADF, employs a two stages of distillation process. . This will
typically, remove enough water to produce a recovered ADF with a minimum of a 50% glycol content. The
requirement glycol concentration is dictated by the specifications of the end user of the recovered ADF
* product. : _— .

COMMON MODIFICATIONS

The details of the distillation process that each vendor employs. are proprietary. Design variables
fnclude temperature; distillation column design (number of stages, type of packing, size) and reflux ratio.
Batch distillation systems are generally employed due to the variation in the composition of the influent and
the irregular supply of the feed. Secondary filtration and ion-exchange stages vary with the quality of the
_influent feed and the specifications of the end-user. The temperature of distillation also varies between

ethylene glycol and propylene glycol recovery applications. o o

CURRENT STATUS

. This fact sheet contains general information only, and should not be used as the basis for dmigning'
an airplane deicing fluid recovery system. While the basic technologies used to recycle ethylene and propylene
glycol are well established, actual operating experience in recycling airplane deicing fluids is limited. To
date, there is only one on-site application of ADF recovery operating in the United States. This is'a pilot-scale
operation conducted for Continental Airlines at the Denver Stapleton Airport. Another pilot-scale ADF. .
operation is currently being conducted in Canada at the L.B. Pearson Airport in Toronto. While, recovery
systems are proposed for the St. Louis, Missouri Airport and the Indianapolis, Indiana airport, these systems
are not in operation. There are also three ADF recovery systems in operation at airports in Europe: Lulea,
Sweden; Oslo, Norway; and Munich, Germany. ‘ - o

There are currently three vendors actively designing, testing or marketing ADF recovery systems for )
use on-site at airports in North America: Delcing Systems (DIS), Glycol Specialists, Inc. (GSI), and Canadian
Chemical Reclaiming (CCR). There are also a number of chemical waste service companies that will provide
off-site processing for spent glycol for other industries. The technology and process applications of ADF arre
evolving rapidly. The equipment manufacturers and the airport operators should be contacted for the current
state of the art information. __— ' .

APPLICATIONS

" Ethylene or propylene glycol recovery systems are generally applicable at any airport that collects
ADF with a minimum concentration of approximately 15% glycol. Spent ADF mixtures with lower glycol



Lo~

content are generally impractical to recover via distillation, without expensive preco'ncéntration steps such as .
reverse osmosis. Dilute streams are typically discharged to municipal wastewater treatment plants, if
* permitted, treated by oxidation to destroy the organics prior to direct discharge, or hauled away be a
chemical waste contractor. A number of other BMPs such as water quality inlets and oil\water separators -
are being tested to demonstrate their ability and reliability to concentrate dilute streams. ' . .

. LIMITATIONS

~In order for the ADF to be recovered or regenerated, it must first be collected at the airport. The

~ implementation of ADF collection must respond to the unique requirements of each airport. The feasibility
- of glycol recovery is dependent on the ability of the collection system to contain a relatively concentrated waste
stream without significant contamination by other:storm water components. Since distillation is an energy

intensive process, it is generally not cost effective to distill and recycle waste glycol solutions at low

concentrations (< 15%). However, individual airports may have to collect and recover lower concentrations.
of waste glycol solutions to satisfy requirements of their storm water NPDES permit.  Remote or centralized
deicing with the containment and collection of used glycol is one method for collecting a more concentrated
used glycol. However, centralized deicing systems may be impractical for all but the largest airport
operations due to their cost and physical size. For established airports, a switch to centralized deicing systems

* . would present a number of operational and logistical problems. In lieu of a centralized facility, used glycol

can be collected via vacuum trucks and fluid collections containers that siphon glycol from runway aprons. . -
Roller sponge devices have been employed at the Toronto Airport with mixed results due to uneven surfaces.

Mixtures of ethylene and propylene glycols cannot be recovered effectively in a single batch process .
_‘because the technology currently available cannot cost effectively separate the two glycols. While there isa
‘market for either recovered ethylene glycol or propylene glycol, there is little demand for a recovered blend
of both glycols by end users. ‘In order to recover either ethylene or propylene glycol from spent ADF, an
airport must use one or the other, or isolate application and runoff areas. - Treated separately, each tybe of -
water-glycol mixture can then be recovered effectively via the distillation process. :

DESIGN CRITERIA

There area number of important criteria that must be determined in order to properly design an ADF
system. Table 1 below list some of the key criteria. Storage and handling of process chemicals, energy
requirements, and disposal of spent chemicals and residuals generated in the recovery process must also be - -

“carefully considered. Other factors such as site drainage, weather patterns, water quality requirements, state
and local restrictions, marketability of the recovered product, etc., will also influence the final design of the

Sodium hydroxide (NaOH) and hydrochloric acid (HCL) are required for regeneration of the ion - -
exchange process unit. As i part of the recertification process, wetting agent and a corrosion inhibitor must
‘be added to the recovered product prior to reuse as airplane deicing fluid. While recertification and reuse
od recovered airplane deicing fluids is practiced in Europe, the Federal Aviation Administration (FAA)
currently has no recertification guideline for reuse of recovered ADF in the United States. Care should be
taken when handling these chemicals to avoid contact with skin. Eye protection should also be worn.

For the most part, energy requirements are dependent on the waste stream glycol concentration of
the fluid to be recycled and the purity required by the end user. Recovery by distillation is energy-intensive,
with nominal energy requirements being about 5.81x10° to 2.79x10® J/kg of feed (250 to 1200 BTU/Ib of feed).
As the technology is refined and as operating experience grows, these costs should decrease.Flush and spent




TABLE 1: KEY CRITERIA FOR DESIGNING AN AIRPLANE DEICING FLUID RECOVERY

® Deicing Fluid Data

- Type
_Concentration v
- Total consumption per season . , ‘ .
Total consumption per peak-day '
Average consumption per aircraft

L .Airport Operations Data;
- Flights per day
- Peak Traffic Periods

] Length of Vdeicing season
- Number of deicing days per season
- Future traffic extension plans °

L Spent Fluid Data
- Volume generated
- Glycol concentration
- Contaminants

° Reuse Specifications .
- Glycol concentration
- Acceptable impurities

SOURCE: References 10 and 11

wastewater are generated by recovery processes which employ ion-exchange systems. These fluids may be
disposed of, after neutralization by addition of acids or bases, to the sanitary sewer. Spent filter cartridges
may be generated in some systems and may be disposed of to landfills. Distillation condensate, with less than
1.5% glycol, is also generated and may be reused or disposed. Currently discharges to the sanitary sewer
system may require permitting under local pretreatment programs. S o

PERFORMANCE

Three ADF recovery systems were evaluated using data provided by three vendors. In each ADF
recovery system investigated, the quality of the fluid recovered was dictated by the specification objective.
The data provided for the ethylene glycol recovery system at the Toronto. Airport shows that the process
reliably produced an effluent with-a glycol content over 80%. The data from the ADF recovery system in
Denver showed that high purity (98.5% glycol) can be reliably produced. The process at the Munich Airport
reliably produced an effluent with a glycol content over S0%, which meets the lower end-user requirements
in Europe. ' C




COSTS |

_ Since there are no full-scale ADF systems currently operation in the U.S., it is difficult to determine
the actual construction costs. However, based on pilot study at the Denver Stapleton Airport, the total capital
“ cost for the complete project, including deicing and anti-icing application equipment, collection piping, storage .
facilities, and glycol recovery system has been estimated to be between $6 and $7 million dollars. The
construction costs for the ADF collection system, storage and handling facilities, piping, and recovery system
has been ‘estimated at approximately $600,000 (GSI, 1993). : o : .

: ' The total capital cost for the new Denver International Airport, including deicing and ‘anti-icing
application pads and equipment, drainage and collection piping, storage and handling facilities, and complete '
glycol recovery system is currently estimated at between $20 and $25 million dollars. These costs. dre based.
on a complete package including planning, engineering design, equipment, construction and installation, start-
up services and .other contingencies. The construction costs for the ADF collection system, storage and .
handling facilities, piping, controls and instrumentation, and complete recovery system is currently estimated
at approximately $5 million dollars. - : L ' : o o

The major operating expense for all ADF systems is cost of energy used in the distillation process.
Other maintenance costs include flushing of filters and ion-exchange units, disposal of spent filter cartridges,
_process and neutralization chemical, lubrication of pumping equipment, and inspection and repairs to the
' distillation equipment and heat exchanger. The collection system and storage facilities will also require
periodic ‘cleaning and maintenance. Based on vary limited operating data from the pilot study at the
Stapleton Airport, the cost for processing ADF with a 28 percent glycol concentration, is approximately 35
cents per gallon treated. However, this cost will vary depending on the volume treated and concentration of
glycol in the waste stream. As the technolbgy is refined and as operating experience grows, these costs’
should decrease. L o S ' o g '

ENVIRONMENTAL IMPACT
While the potential for volatile-organic emissions to the air is considered small, the discharges of air .
emissions from the distillation process through losses from condenser vents, accumulator tank vents, and
storage tank vents must be considered. Ton-exchange flush and spent wastewater are generated by recovery
processes may generally be discharged to the sanitary sewer. These spent byproducts may require
neutralization by adgition of acids or bases before discharge. Currently discharges to the sanitary sewer -
system may require permitting under local pretreatment programs. Spent filter cartridges may be generated
in some systems. In most cases these can be disposed of in the local landfill. R R

~_ Distillation condensate, with less than 1.5% glycol, is also genérated and' may be reused or disposed.
However, release of more than 1 pound of ethylene glycol to the environment must be reported under the
 Comprehensive Environmental Response, Compensation and Liability Act (CERCLA) requirements. The
EPA currently has under review a proposal to raise the disposal limit to 5000 pounds. This proposal is -
expected to be promulgated as a rule in calendar year 1995. A spill prevention control and countermeasure
(SPCC) plan should be developed for all ADF systems to address the handling, storage and accidental release .
of chemicals, regenerated products and wasté byproducts. o ' L
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STORM WATER BMP: ' . uumcnnu. TECANBLOGY u;tucueg :
lNFILTRATIONTRENCH . N
DESCRIPI'ION

; Infiltratlon trenches are used to remove suspended sohds partlculate pollutants, coliform bactena,
organics and some soluble forms of metals and nutrients from storm water runoff. ‘An infiltration trench,
" as shown in Figure 1 below, is an excavated trench, 3 to 12 feet deep, backfilled with stone aggregate. A
small portion of the runoff, usually ‘the first flush, is diverted to the infiltration trench, which is located either
- underground or at grade. The ‘captured runoff exits the trench by infiltrating into the surrounding soils. -
Filtration through the soil is the primary pollutant removal mechanism. Inﬁltratlon trenches also provnde
groundwater recharge and preserve base-flow in nearby streams '

FIGURE 1: TYPICAL INFILTRATION TRENCH

a

Infiltration trenches capture and treat small amounts of runoff, but do not control peak hydraulic
flows. Infiltration trenches may be used in conjunction with another best management practice (BMP), such
'as a detention pond, to provxde both water quality control and peak flow control (Schueler, 1992, Harrington,
1989). Runoff that contains high levels of sediments or hydrocarbons (oil and grease) that may clog the
trench are often pretreated with other BMPs. Examples of pretreatment BMPs include grit chambers, water
quahty inlets, sedlment trap:,, swales and vegetated filter stnps (SEWRPC, 1991, Hamngton, 1989)




t

' COMMON MODIFICATIONS

The infiltration trench can be modified by substituting pea gravel for stone aggregate in the top 1 foot
of the trench. The pea gravel improves sediment filtering and maximizes the pollutant removal in the top
of the trench. When the modified trenches become clogged, they can generally be restored to full
performance by removing and replacing only of the pea gravel layer with out replacing the lower stone
agpregate layers. Infiltration trenches can also be modified by adding a layer of organic material (peat) or
Joam to the trench subsoil. This modification appears to enhance the removal of metals and nutrient through
adsorption. . . ‘

Infiltration trenches are often’ used in place of other BMPs where limited land is available. '
Infiltration trenches are most widely used in warmer, less -arid regions of the U.S. However, recent stadies
conducted in Maryland and New Jersey on trench performance and operation and maintenance, have
demonstrated the applicability of infiltration trenches in colder climates (Lindsey, et al, 1991).

LIMITATIONS

The use of infiltration trenches may be limited by a number of factors, including type of soils,
climate, and location of groundwater tables. Site characteristics, such as the slope of the drainage area, soil
type, and location of the water table and bedrock, may preclude the use of infiltration trenches. The
surrounding area slope should be such that the runoff is evenly distributed in sheet flow as it enters the
trench. Generally, infiltration trenches are not suitable for areas with relatively impermeable soils such as
clayey and silty soils or in areas with fill. The trench should be located above the water table so that the
runoff can filter through the trench and irito the surrounding soils and eventually into the groundwater. In
addition, the drainage area should not convey heavy levels of sediments or hydrocarbons to the trench. ‘For
this reason, trenches serving parking lots should be preceded by appropriate pretreatment. Generally,
trenches that are constructed under parking lots. are also difficult to access for maintenance.

As with any infiltration BMP, the potential of groundwater contamination must be carefully
considered, especially if the groundwater is used for human consumption or agricultural purposes. . Insome
cases the infiltration trench may not be suitable for sites that use or store chemicals or hazardous materials.
In these areas other BMPs that do not interact with the groundwater should be considered. If infiltration
trenches are selected, hazardous and toxic materials must be prevented from entering the trench.- The "
potential for spills can be minimized by aggressive pollution prevention measures. . Many municipalities and
industries have developed comprehensive spill prevention control and countermeasure (SPCC) plans. These
plans should be modified to include the infiltration trench and the contributing drainage area. For example,
diversion structures can be used to prevent spills from entering the infiltration trench. '

An additional limitation is the climate. In cold climates, trench surface may freeze, thereby
preventing the runoff from entering the trench and allowing the untreated runoff to enter surface water.
The surrounding soils may also freeze reducing infiltration into the soils and groundwater. However, recent
studies indicate if properly designed and maintained infiltration trenches can operate effectively in colder
climates. By keeping the trench surface free of compacted snow and ice and by ensuring the part of the
trench is constructed below the frost line, will greatly improve the performance of the infiltration trench
during cold weather. : : ' ‘ '



l’ERFORMANCE

Infiltratlon trenches function sunilarly to rapld mfiltmtlom systems that are used in wastewater a2

treatment. Estimated pollutant removal efficiencies from wastewater treatment’ performance and modeling

" studies are shown in Table 1 below. Based on this data, infiltration trenches can be expected to remove up .

to 90 percent of sediments, mietals, coliform bacteria and organic matter, and up to 60 percent of phosphorus -

and nitrogen in the runoff (Schueler, 1987, 1992) Biochemical oxygen demand (BOD) removal is estimated

to be between 70 to 80 percent. Lower removal rates for nitrate, chlorides and “soluble metals should be .
expected ospecnally in sandy soils (Schueler, 1992) .

oo

TABLE1: TYl?_ICA]L mutrrm REMOVAL EFFICIENCY

- Pollutant - -+ Typical Percent Removal_i{ates
‘Sediment - . . - %%
Total Phosphorus o S : S 60%
~ Total Nitrogen : o . : , 60%
Metals . - - : : . ‘ - 90%
Bacteria } o o : 9% -
Organics - - o - . 9%
Blochemical Oxygen Demand o ) ‘ 70 80% -
SOURCE: References 4 and 5

 Pollutant removal efficiencies may be improved by usmg washed aggregate and addmg organic matter

and loam to the subsoil. - The stone aggregate should be washed to remove dirt and fines before p]acement S

“in the trench. The addition of organic material and loam to the trench -subsoil will enhance metals and
nutrient removal through adsorption. , , :

IDNGEVITY

. There have been a number of concerns raised about the long term effectlveness of mfiltration trench :
systems In the past, infiltration trenches have demonstrated a relatively short life span with over 50 percent

of the systems .checked, having partially or completely failed after § years. A recent study of infiltration -

_ trenches in Maryland (Lindsey et al., 1991) found that 53 percent were not operating as designed, 36 percent
were partially or totally clogged, and another 22 percent exhibited slow filtration. Longevity can be increased
by careful geotechmcal evaluation prior to constructlon Soil lnfiltratlon rates and the water table depth




should be evaluated to ensure that conditions are satisfactory for proper operation of an infiltration trench.
Pretreatment structures, such as a vegetated buffer strip or water quality inlet, can increase longevity by
removing sediments, hydrocarbons and other materials that may clog the trench. Regular maintenance -
including the replacement of clogged aggregate, will also increase the effectiveness and life of the trench.

DESIGN CRITERIA

Prior to trench construction, a review of the design plans may be required by state and local
governments. The design plans should include a geotechnical evaluation that determines the feasibility of
using an infiltration trench at the site. Soils should have a low silt and clay content and have infiltration rates
greater than 0.5 inches per hour. Acceptable soil texture classes include sand, loamy sand, sandy loam and
loam. These soils are within the A or B hydrologic group. Soils in the C or D hydrologic groups should be -
avolded. Soil survey reports published by the Soil Conservation Service can be used to identify soil types and
infiltration rates. However, sufficient soil borings should always be taken to verify site-conditions. Feasible
sites should have a minimum of 4 feet to bedrock in order reduce excavation costs. There should alsobe a-
least 4 feet below the trench to the water table to prevent potential ground water problems. Trenches should .
also be located at least 100 feet up gradient from water supply wells and 100 feet from building foundations.
Land availability, the depth to bedrock and the depth to the water table will determine whether the
infiltration trench is located underground or at grade. Underground trenches receive runoff though pipes
or channels, whereas surface trenches collect sheet flow from the drainage area. '

In general infiltration trenches are suitable for drainage areas up to 10 acres (SEWRPC, 1991,
: Harrington, 1989). However, when the drainage area exceed S acres, other BMPs should be carefully
considered (Schueler, 1989 and 1992). The drainage area must be fully developed and stabilized with
vegetation before constructing an infiltration trench. High sediment loads from unstabilized areas will quickly
clog the infiltration trench. Runoff from unstabilized areas should be diverted away from the trench until
vegetation is established. ' : ~ ' S

The drainage area slope determines the velocity of the runoff and also influences the amount of
pollutants entrained in the runoff. Infiltration trenches work best when the up gradient drainage area slope
is less than 5 percent (SEWRPC, 1991). The down gradient slope should be no greater than 20 percent to
minimize slope failure and seepage. . , : S B

The trench surface may consist of stone or vegetati:on with inlets to evenly distribute the ﬁgndff
entering the trench (SEWRPC, 1991, Harrington, 1989). Runoff can be captured by depressing the trench

surface or by placing a berm at the down gradient side of the trench. Underground trenches are covered with -
an impermeable geotextile membrane overlain with topsoil and grass.

A vegetated buffer strip (20 to 25 foot wide) should be established adjacent to the infiltration trench
to capture large sediment particles in the runoff. The buffer strip should be installed immediately after
trench construction using sod instead of hydroseeding (Schueler, 1987). The buffer strip should be graded
with a slope between 0.5 and 15 percent so that runoff enters the trench as sheet flow. If runoff is piped or
channeled to the trench, a level spreader can be installed to create sheet flow (Harrington, 1989).

During excavation and trench construction, only light equipment such as backhoes or wheel and
ladder type trenchers should be used to minimize compaction of the surrounding soils. Filter fabric should
be placed around the walls and bottom of the trench and 1 foot below the trench surface. The filter fabric
should overlap each side of the trench in order to cover the top of the stone aggregate layer (see Figure 1).
The filter fabric prevents sediment in the runoff and soil particles. from the sides of the trench from clogging
the aggregate. Filter fabric that is placed 1 foot below the trench surface will maximize pollutant removal
within the top layer of the trench and decrease the pollutant loading to the trench bottom. :




<.

" The required trench volume can be defermined by several methods. ' One method calculates the -
volume based on capture of the first. flush, which is defined as the first 0.5 inches of runoff from the
- contributing drainage area (SEWRPC, 1991). The State of Maryland (MD., 1986) also recommends sizing

the trench based on the first flush, but defines first flush as the first 0.5 inches from the contributing

impervious area. The Metropolitan Washington Council of Governments (MWCOG) suggests that the trench '

volume be based on the first 0.5 inches per impervious acre or the runoff produced from a 1 inch storm. In
- . Washington D.C., the capture of 0.5 inches per impervious acre accounts for 40 to 50 percent of the annual
storm runoff volume. The runoff not captured by the infiltration trench should be bypassed to another BMP

(Harrington, 1989) _if‘treatment of the entire runcff from the site is desired.

} Trench depths are usually between 3 and 12 feet (SEWRPC, 1991, Harrington, 1989). However, a
depth of 8 feet is most commonly used (Schueler, 1987). A site specific trench depth can be calculated based
" on the soil infiltration rate, aggregate void space, and the trench storage time (Harrington, 1989). The stone
aggregate used in the trench is normally 1 to 3 inches in diameter, which provides a void space of 40 percent
(SEWRPC, 1991, Harrington, 1989, Schueler, 1987). ' : : R L

A minimum drainage time of 6 hours should be provided, to ensure satisfactory pollutant removal -
in the infiltration trench (Schueler, 1987, SEWRPC, 1991). Although trenches may be designed to provide .
temporary storage of storm water, the trench should drain prior to the next storm event.. The drainage time
- will vary by precipitation zone. In the Washington, D.C. area, infiltration trenches are designed to drain
. within 72 hours. . o : : . . :

" An observation well is recommended -to monitor water levels in the trench. The well can be a 4 to
" 6 inch diameter PVC pipe, which is anchored vertically to a foot plate at the bottom of the trench as shown |

in Figure 1 above. Inadequate drainage may indicate the need for maintenance.

o Maintenance should be performed as needed. The principal maintenance objectivé«is to prevent -
clogging, which may lead to trench failure. Infiltration trenches and any pretreatment BMPs should be
- inspected after large storm events and any accumulated debris or material removed.. A more through
inspection of the trench should be conducted at least annually. Annual inspéction should include monitoring
of the observation well to confirm that the trench is draining within the specified time. Trenches with filter
" fabric should be inspected for sediment deposits by removing a small section of the top layer. If inspection )
indicates that the trench is partially or completely clogged, it should be restored to its design condition. . °
'When vegetated buffer strips are used, they should be inspected for erosion or other damage after
each major storm event. The vegetated buffer strip should have healthy grass that is routinely mowed.
Trash, grass clippings and other debris should be removed from the trench perimeter. Trees and other large
vegetation adjacent to the trench should also be removed to prevent damage to the trench. _—

COSTS |

" Construction costs include clearing, excavation, placement of the filter fabric and stone, installation

of the monitoring well, and establishment of a vegetated buffer strip. Additional costs include planning,

-geotechnical evaluation, engineering and permitting. © The Southeastern Wisconsin Regional Planning

" Commission (SEWRPC, 1991) has developed cost curves and tables for infiltration trenches based on 1989 .

. dollars. The 1993 construction cost for a relatively large infiltration trench (i.e., 6 feet deep and 4 feet wide

" with a 2,400 cubic foot volume) ranges from $8,000 to $19,000. A smaller infiltration trench (i.e., 3 feet deep
and 4 feet. widé with a 1,200 cubic oot volume) is estimated to cost from $3,000 to $8,500 (1993).




Maintenance costs include buffer strip maintenance and trench inspection and rehabilitation.
SEWRPC (1991) has also developed maintenance costs for infiltration trenches. Based on the above examples,
annual operation and maintenance costs would average $700 for the large trench and $325 for the small
trench. Typically, annual maintenance costs are approximately 5 to 10 percent of the capital cost (Schueler, .
1987), Trench rchabilitation, may be required every S to 15 years. Cost for rehabilitation will vary
depending on site conditions and the degree of clogging. Estimated rehabilitation cost run from 15 to 20
percent of the original capital cost (SEWRPC, 1991). : o .

ENVIRONMENTAL IMPACTS

" Infiltration trenches provide efficient removal of suspended solids, particulate pollutants, coliform
bacteria, organics and some soluble forms of metals and nutrients from storm water runoff. Infiltration
trenches also reduce the volume of runoff by providing a storage reservoir. The captured runoff infiltrates
the surrounding soils and increases groundwater recharge and base-flow in nearby streams. ‘ '

Negative impacts include the potential for groundwater contamination. Fortunately, most pollutants
have a low potential to contaminate groundwater (Schueler, 1987). However, an EPA study (USEPA, 1991)
found that chloride and nitrate, which are very soluble pollutants, can migrate from infiltration trenches into
groundwater. In the future, federal or state agencies may require a groundwater injection permit for . ..
{nfiltration trench sites (Schueler, 1992). ' ) Lo . ‘ e
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STORM WATER Bm 7'( . “UN'CIPAL TECHNOLOGY DR;’N%.
'SAND l‘lLTERS o ’ o S

, DFSCR[PI'ION

" Sand filters are mort often desngned for storm water quallty controll and generally provide llmited -
" storm water quantity management. A typical sand filter system consists of at least two chambers or basins
with one designed for sedimentation and one for filtration. The first chamber, the sedimentation chamber,
. removes floatables and heavy sediments. The second chamber, the filtration chamber, removes additional
pollutants by filtering the runoff through a sand bed. The treated filtrate normally is discharged through

an underdrain system to a storm drainage system or directly to surface waters. Sand filters can achieve high . -

_ removal efficiencies for sediment, biochemical oxygen demand (BOD) and fecal coliform bactena. However, .
total metals removal is moderate and nutnent removal is often low. L ,

There are three main sand filter designs currently i in common use: the Austin sand filtration system
‘(Flgure 1a), the Washington, D.C. sand filter (Figure 1b) and the Delaware sand filter (Figure 1c). The
primary differences in these designs are location (i.e., underground or surface and on-line or off-line),
dramage area served, filter surface areas, land requirements, and qtuantlty of runoff treated. : '

" Channel Slopedto

-Facinate Sedimenl ‘ A :
. . Pariorated Riser .
Transpoﬂ nto . n . .ﬁm Trash Haek | ; ==

SOUR.CE:,;JM2 ELEMAI!.QN.A_A uuammsm

I"IG'URE 1a: TYPICAL 'AUSTINVSAAﬁD FILTER DESIGN

COMIVION MODII“ICATI(DNS

Modlficatlons that may lmprove sand filter . desxgn and performance are belng tested.. One
modification is the-addition of a peat layer in the filtration chamber. The properties and charactenstlcs of -
. the peat may increase the microbial growth within the sand filter and improve pollutant (e.g., metals and
nutrients) removal rates. Another design variation, which is included in the Washington, D.C. sand filter
design, includes an underdrain that i is extended above the sand filter layer. This allows for backwashmg of
the filter when it becomes clogged : : ,
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FIGURE ic: TYPICAL DELAWARE SAND FILTER DESIGN |
CURRENT STATUS

Sand filters are currently in use in the State of Delaware; and the Cities of Austin, Texas; Alexandria,

Virginia; and Washington,
for the Washington, D.C. and the Austin sand filters. However,

in other locations and on alternative designs and media.

D.C. Studies on the pollutant removal efficiencies are currently being performed
additional evaluations need to be conducted




" APPLICATIONS

- In general, sand filters are prefem'ed over infiltration practices; such as infiltration trenches, when
groundwater contamination is of concern due to high ground water tables or in areas where underlying soils
- are unsuitable. In most cases, sand filters can be constructed with impermeable basin or chamber bottoms '
to collect, treat, and discharge runoff to a storm drainage system or directly to surface water without the

contammated runoff coming into contact with the groundwater. ,

The selectmn of the type of sand filter depends largely on ‘the dramage area charactenstus. For
example, the Washington, D.C. and Delaware sand filter systems are well suited for highly impervious areas
where land availability for structural controls is limited. Both the Washington, D.C. and Delaware sand filter
designs are intended for underground installation. These. sand filters are often used to treat runoff from .. -
parking lots, driveways, loading docks, service stations, garages, airport runways/taxiways, and storage yards.
The Austin sand filtration system is more suited for larger drainage areas with both impervious and pervious :
_surfaces. This system is located at grade and is often used at transportatlon facillties, large parkmg areas Lt
- and commercial developments. ' '

All three types of sand filters can generally be used as alternatives for water quallty inlets, whlch are
more frequently used to treat oil and grease contaminated runoff from drainage areas with heavy vehicle
usage. In climatic zones where evaporation exceeds rainfall, the Austin sand filtration systems can also be
. used as an alternative to wet ponds for treatment of contaminated storm water runoff. In high evaporation

zones, wet ponds will not likely be able to maintain the requlred permanent pool unless there is adequate‘
baseﬂow from the groundwater. : .

LMTATIONS

The size and characteristus of the drainage area as well as the pollutant loading will greatly influence
the effectiveness of the sand filter system. In some cases other best ‘management practices (BMPs), such as
‘wet ponds may: be less costly for sites with large drainage areas and should also be considered if removal of
. nutrients and metals is required. Drainage areas with heavy sediment loads may result in frequent clogging
of the filter. The lack of maintenance to the clogged filters will limit the performance. Certain climatic
-conditions may also limit the performance of the filters. For example, it is mot known how well sand fi lters
will operate in colder climates where sustained freezmg conditions are encountered :

PERFORMANCE

Partnculatos are removed by both sedxmentatlon in the sedlmentatlon chamber and by filtratlon in
the filtration chamber. The City of Austin has estimated pollutant removal efficiericies (Austin, 1988) based
on prellmmary findings of the City’s storm water monitoring program. The estimates shown in Table 1
‘below, are average values for various sand filters serving several different size drainage areas :

As shown in Table 1, no removal of nitrate was observed in the preliminary ﬁndmgs The removal
of other dissolved poliutants was not momltored -Additional monitoring is currently bemg performed by the
.City of Austin to supplement the preliminary estlmates. ,

A

LONGEVITY . ' : o . B ‘ , .
There have been a number of concerns raised about the long term effectlveness of sand filter systems.
Proper design and maintenance are critical factors in mamtalmng the useful life of any filter system. The
life of the filter media may be increased by 2 number of methods including: stabilizing the drainage area so
that sediments loadings in the runoff are minimized; piacing a sedimentation chamber that removes sediments
prior to the filtration chamber; providing adequate detention times for sedimentation and filtratlon to occur;
“and frequently inspecting and maintaining the sand filter to ensure proper operation.’ In some. cases,
' replacement of the filter media may be required every 3 to 5 years. The useful life of the medla will depend
on the pollutant loading to the filter and the dwlgn and mamtenam‘e of the system

/ > T




TABLE 1: TYPICAL POLLUTANT REMOVAL EFFICIENCY

" Pollutant - . Typical Percent Removal

Fecal Coliform , ‘ .76
‘Biochemical Oxygen Demand (BOD) 70
Total Suspended Solids (TSS) - ' 70
Total Organic Carbon (TOC) . S 48

. Total Nitrogen (TN) ' .- : ‘ ‘ . © 21
Total Kjeldahl Nitrogen (TKN) : ) 46
Nitrate as Nitrogen (NO;-N) - . ' . 0
Total Phosphorus (TP) R o .. 33
Iron (Fe) ‘ : o . 45
Lead (Pb) o - ‘ ' - 45
Zinc (Zn) o B 45

SOURCE: Referenced4 ‘

DESIGN CRITERIA

Typically the Austin sand filter system is designed to handle runoff from drainage areas up to 50
acres. The collected runoff is first diverted to the sedimentation basin, where heavy sediments and floatables
are removed. There are two designs for the sedimentation basin: the full sedimentation system, as shown in
Figure 1a, and a partial sedimentation system, ‘where only the initial flow is diverted, Both systems are
located off-line and are designed to collect and treat the first 0.5 inch of runoff. The partial system has the .
capacity to hold only a portion (at least 20%) of the first flush volume in the sedimentation basin, whereas
the full system captures and holds the entire flow volume. Equations that ‘are used to determine the
sedimentation basin surface areas (A,) in acres are shown in Table 2 below. o

TABLE 2: SURFACE AREA EQUATION FOR
THE AUSTIN SAND FILTER SYSTEM

d

Partial Sedimentation Full Sedimentation
A, = (Ap@)/(L/D, - 1/10) A, = (AD@E/10
A = (A)E)/10 v © A= (ApE/18

Note: ‘
D, (feet) = depth of the sedimentation basin; :

. H (feet) = depth of rainfall, 0.042 ft (0.5 inches); and
Ap (acres) = impervious and pervious areas that provide
contributing drainage. ’ B

SOURCE: Reference 4




Flow is conveyed from the sedunentatlon basin either through a perforated nser, gabion wall, or

berm to the filtration basin, The filtration basin consists of an 18-inch layer of sand 0.02 to 0.04 inch in. to

. - diameter that may be underlain with a gravel layer. Equations that are used to determine the filtration basin’
surface areas (A) in acres are also shown in Table 2. The filtrate is discharged from the filtration basin
.through underdrain piping 4 to 6 inches in diameter with 3/8-inch perforations. . Filter fabric is placed around '
the underdrain plpmg to prevent sand and other particulates from bemg discharged. , :

: Typxcally the ‘Washington, D.C sand filter system is dwgned to handle runofl‘ from completely
, nmpervious drainage areas of 1 acre or less. _The system, as shown in Figure 1b, consists of three chambers:
a sedimentation chamber, a filtration chamber, and a discharge chamber. The réinforced concrete chambers
are located underground. The sand filter system is designed to accept the first 0.5 inch of runoff. Coarse
sediments and floatables are removed from the runoff within the sedimentation chamber.. Runoff is =

discharged from the sedimentation chamber through a submerged weir, where it. then enters the filtration

. _chamber. The filtration chamber’ consists of a combination of sand and grave layers totaling 3 feet in depth ‘

with an underdrain system wrapped in filter fabric. The underdrain system collects the filtered water and
discharges- it to the third chamber; where the water is collected and discharged to a storm water channel or
sewer system. An overflow weir is located between the second and third chambers to bypass excess. flow.
The Washington, D.C. sand filter is often constructed on-line, but can be constructed off-line. When the
system is off-line the overflow between the second and third chambers is not included. :

‘ The Delaware sand ﬂlter, as shown in Figure lc, is similar to the Washlngton, D C. sand filter; both

utllmng underground concrete vaults, However, the Delaware sand filter has two chambers: a sedimentation
chamber and a filtration chamber.’ A 1-inch design storm was selected for the sizing of the sedimentation
basin because it is representatlve of most frequent storm events. In Delaware, 92% of all storms are less than
1 inch in depth. Runoff enters the sedimentation chamber through a grated.cover and then overflows into
the filtration chamber, which contains a sand layer 18 inches in depth. Gravel is not normally used in the
filtration chamber, although the filter can be modified to include gravel. Typical systems are designed to
handle runoff from drainage areas of 5 acres or less. A major advantage of the Delaware sand filter is its
shallow structure depth of only 30 inches, thereby reducing excavatnon reguirements. '

' MAINTENANCE

. All filter system designs must prov1de adequate access to the filter to perform tbe required inspectlon
and maintenance. The sand filters should be inspected after all storm events to verify that they are working
as designed. Since the D.C. and Austin sand filter systems can be relatively’ deep, they may be deslgnated ,
as confined spaces, therefore, requlre complllance with confined space entry safety procedures -

Typncally, sand filters begin to experience clogging prohlems wnthm '3-to 5 years (NVPDC, 1992) o

Accumulated trash, paper ‘and debris shiould be removed from the sand filters every 6 months or as necessary L

‘to keep the filter clean. A record should be kept of thie dewatering times for all sand filters to determine if -
maintenance is mecessary. = Corrective maintenance of the filtration chamber includes 'removal and
_-replacement of the top layers of sand, gravel and/or filter fabric that have become clogged. The removed
media may usually be disposed of in a landfill. The City of Austm has tests their waste media before disposal.

Results thus far indicate that the waste media is not toxic and can be safely landfilled (Schueler, 1992) Sand
filter systems may also reqmre the penodnc removal of vegetatlve growth

 COSTS

“The construction cost for an Austin sand filtration system is approximately $17,750 (1993 dollars)
for a 1-acre drainage area. The cost per acre decreases with increasing drainage area. For example the cost
for a 15-acre site is approximately $3,300 (1993 dollars) per acre for a total of $49,500 (Austin, 1990b). The
cost for precast Washington, D.C. sand filters with drainage areas of less than 1 acre ranges between $6,300

- and $10,500. This is considerably less than the cost for the same size cast-in-place system of approxxmately

$26,400 (D.C., 1992). Costs for the Delaware sand filter are similar to that of the D. C. system, except the
excavation costs are generally lower, because of the filters shallower depth




Annual costs for maintaining sand filter systenis averags about 5 percent of the initial construction’

cost (Schueler, 1992). Media replacement is performed as needed. Currently the sand is being replaced in
the D.C. filter systems about every 2 years. The cost to replace the gravel layer, filter fabric and top portion -
of the sand for D.C. sand filtérs is approximately $1,600 (D.C. 1992). The City hopes that improved
maintenance procedures will extend the life of the filter media and reduce the overall maintenance costs.

ENVIRONMENTAL IMPACTS

The three types of sand filtérs achieve high removal efficiencies for sediment, BOD and fecal coliform . “

bacteria and generslly require less land than other BMPs,.such as ponds or wetlands. Sand filters
constructed with impermeable basin liners limit the potential for groundwater contamination. Sand filters
generally do not provide storm water quantity control and, therefore, do not prevent downstream stream
bank and channel erosion. Sand filters may also be of limited value in some applications because of their
traditionally low nutrient removal and metals removal capabilities. Waste. media from the filters does not
appear to be toxic and is environmentally safe for landfill disposal. o e

REFERENCES

1.
2.

3.

4‘
5.

6.
7‘
8»'

9.

Shaver, Earl, 1991. Sand Filter Design for Water Quality Treatment. Delaware Department of Natural
Resources and Environmental.Co_ntrol. ‘ - C S

Schueler, T.R. 1992. A Current Assessment of Urban Best Management Practices. Metropolitan
Washington Council of Governments. : ' o :

'I\'&ung, H. 1989. The Sand Filter Water Quality Structure. District of Columbia.

City of Austin, Texas, 1988. Design Guidelines for Water Quality Control Bas;ins. Environmehtz’gl Criteria
Mallllal.: . -. ) ! . '

City of Austin, Texas, 1990. Removal Efficiencies of Storm Water Control Structures.” Environmental *

Removal B ICIen IS O S >

Resource Division, Environmental and Conservation Services Department. ‘ _

City of Austin, Texas, 1996b. Memo from Ls!ie m, Water Quality mhagment Section (Jﬁng 20,1990). -
Northern Virginia Planning District Commission (NVPDC), 1992. Northern Virginia BMP Handbook,
Washington, D.C. (DC),A 1992. Personal Communication. | ” |

Galli, John, 1990. Peat Sand F‘iltel:s: A Prom_sed -Storm_Water Mandgeﬂ:ent Practice for Urbanized -
Areas, Metropolitan Washington Council of Governments. ' : A

This BMP fact sheet was prepared by the Mumicipal Teclinology B } (4209, US EPA, 401 M Street, SW, Washington, DC, 20460




" STORM WATERBW: T - " 'MUN'?lPA.L 'tECHNoLOG.v nnﬁ%
- VORTEX SOLIDS SEPARATOR o S

‘DESCRIPI'ION i

A vortex solids separator is a wastewater treatment technology with no moving parts which uses
velocities imparted from vortex swirling to assist the séttling and removal of concentrated solids. During a
storm event, flow enters the cylindrical unit tangentially and induces, a swirling vortex which concentrates -
solids in the underflow and reduces their concentration in the clarified llqlnd A gerieral view of the vortex f
solid separator and liquid flow paths is shown in Figure 1 below. :

[ Floatable Solids o o
=z - - ’/— Outer Vessel Wali

v

Untreated CSO

_ Settieoble Solids —

SOURCE: Reference 19 _
FIGURE 1: GENERAL VIEW OF ’l'HE VORTEX SOLID SEPARATOR

; Vortex units are most often applied to combined sewer overflow (CSOs), but can also be used to treat
. storm water runoff. In CSO treatment applncatnons, the concentrated solids are removed from the bottom
of the unit and conveyed via the sanitary sewer to a wastewater treatment plant (WWTP). In: separate storm
. water applications, the concentrated underflow would likely go to a holdmg tank or pond. Effluent exits the
- top of the unit and is discharged to the receiving water. Vortex units may be used on-line or off-llne, and -
in combination with other Best Management Practices (BMPs) such as storage tanks or detentlon ponds

1




CURRENT STATUS

This fact sheet contains general info-mation only, and should not be used as the basis for designing
a vortex solid. :eparators for storm water applications . While the basic vortex separator technologies used
for CSO applications are well established, actual operating experience for storm water applications is limited.
The three types of vortex solids separators currently being actively marketed in the United States are listed
below. While all three types use the same basic principal, this fact sheet will discuss some of the differences
in design and performance of the different units. The technology for storm water applications is evolving
rapidly. The equipment manufacturers and the municipal operators should be contacted for the current state
of the art information. o " . : s

e The EPA Swirl Concentrator.
® The Fluidsep.
® The Storm King.

The design specifications for the EPA Swirl Concentrator were developed by the U.S. Environmental
Protection Agency (EPA) in the early 1970s. Currently, there are 20 full-scale EPA Swirl Concentrator units . -
in the U.S. and four in Japan (EPA, 1977). All of these units were designed for CSO treatment. However,
the EPA Swirl Concentrator design was extensively tested during a study for separated storm water treatment
in West Roxbury, Massachusetts in the early 1980s (EPA, 1982, 1984). ‘ :

Fluidsep is a patented design that is licensed by a German firm, but is available in the U.S. There
are 13 full-scale Fluidsep units operating in the U.S. and Europe, with additional units planned for
construction. Fluidsep has been consistently used for CSO applications and has not been tested on separated
storm-sewer syst’gms. ' : : o

Storm King, a patented unit, is available in the U.S. from H.L.L. Technology, Inc. There are no full-
scale Storm King units in operation in the U.S. at this time. However, there are more than 100 Storm King
treatment units in operation in Europe and Canada, almost exclusively on CSOs. Full-scale Storm King units
have been selected. by the City of Columbus to treat CSOs. Storm water treatment by the Storm King has'
been limited to a pilot study in Bradenton, Florida and 3 full-scale unit in Surrey Heath, England.

APPLICABILITY

Vortex separators are most effective where the separation of gritty materials, heavy particulates or
floatables from wet-weather runoff is required. The technology is particularly well suited to locations where
there is limited land availability which may preclude the use of other BMPs such as settling "basins or
detention ponds. Vortex separators can also be applied as satellite units to treat smaller subareas of the
collection system, minimizing the high cost of conveyance systems needed for centralized treatment facilities.
Units can be designed to remove solids and capture floatables. However, solids with poor settleability are not
effectively removed in vortex solids separators. . ' :

LIMITATIONS

The use of vortex solids separators as a wet-weather treatment option may be limited by the poor net
solids removal (10-34 percent). In some cases this level of solids removal may not meet the treatment
objectives for a potential location. There is even less information on the ability of vortex solids separators
to remove pollutants other than solids. Pollutants such as nutrients and metals that adhere to fine particulates
or are dissolved will not be significantly removed by the vortex separator. : . -



Site cohsfraiﬁts, i'ncludiﬁg the availability of suitable land, appropriate soil dépth and stability to

. structurally support the unit, may also limit the applicability of the vortex separator. 'The slope of the site . .~

"or collection system miay dictate the use of an underground unit, which can result in extensive excavation.
For above-ground units, pumping may be required. Maintaining and operating these pumping facilities will
increase the capital costs as well as the energy, operations and maintenance cost of the vortex solids separator.

DESIGN |
kegardlms of the type of vortex separator selected, the type and quantity of b’dllutants to be removed -
must first be determined. The settleability characteristics and the quantity of flow to be treated will then

established for proper design to achieve the desired treatment level. The settling characteristics of particulates
anticipated in the influent are the basis of the design of all unit types. . L - .

‘ The performance of each unit is based on the vortex separation mechanism. Each unit type has its .
own design criteria to achieve solids/liquids separation. The design of the EPA Swirl Concentrator is based
on settleability studies developed in the 1970s. This information is available in the public domain from EPA
design manuals (USEPA, 1977). Design of the Storm King units is based on pilot-scale treatability studies.
Pilot-scale testing is conducted at each installation to select the appropriate full-scale unit design that best suits
the intended application. The Fluidsep design is based on modeling of particulate settleability determined
during site-specific studies, including flow gauging and rainfall measurements. ’ ‘ : :

Vortex separators designed ‘primarily for removing grittier material, may have difficulty removing’
the less settleable solids often found in storm water runoff. For CSO applications, average total mass solids
removals varied between 38%, at the EPA Swirl Concentrator facility in Washington, D.C., to 61%, at the
* Storm King pilot-study facility in Columbus, Georgia. For storm water runoff applications, average total
mass solids removal was observed to be approximately 26%, at the pilot-scale Swirl Concentrator
demonstration test in West Roxbury, Massachusétts. Average performance characteristics for the three
different types of separators in shown in Table 1 below. This data is for CSO applications only.

* Solids are removed in the underflow by flow splitting even if ther€ is no concentration of particulates
in the underflow from the vortex unit. The removal of solids in the underflow may account for a large
" portion of the total mass solids removed.-in the unit. To discount the solids removed by the underflow without"
' concentration by the unit, net solids removals were determined. Net solids removals exclude from the total
" solids removal, the solids removed by the underflow by flow-splitting. Net solids removals for CSO
applications, as shown in Table 1, were observed to a low of 7% for Tengen, Germany and a high of 34%,
for Columbus, Georgia. The average net mass solids removal for separate storm water applications was
observed to be a high of 17% for the EPA Swirl Concentrator tested at West Roxbury, Massachusetts-and
a low of 12% for the Storm King unit tested at Bradenton, Florida. However, the data for storm water
runoff applications is not considered sufficient to allow for the evaluation of performance between ‘uni‘t designs
and is not included in Table 1. . R : - ' IR

 MAINTENANCE

Vortex sepafators do ‘not have any moving parﬁs; —a_nd"are therefore not maintenance intensive.
'However, wash downs are required following every CSO event to prevent odors. To accomplish this, some




TABLE 1: AVERAGE VORTEX PERFORMANCE CHARACTERISI‘ICS .

FOR CSO APPLICATIONS

: . ) Total Net
Unit Type Location Effluent Hydraulic ~ Solids  Solids = Treatment

Flow (MGD) _____ Reduction Removal Removal Factor’
Swirl Washington, DC 10 24 38 12 1.7
Fluidsep Tengen, Germany . 47 54 ST 12
Storm King James Bridge, UK 7.5 39 53 14 1.7
Storm King ~ Columbus, GA 43 23 61 34 26
SOURCE: References 10, 11, 20, and 21

units have been designed to be self-cleansing. This may not be necessary for storm water treatment
appheations. Pretreetment ‘ :

BMPs such as bar screens or street sweeping can be used to decrease the quantity of wastes reachmg tlue
vortex separators, but it is not required. Maintenance would be reqmred for pretreatment and pumpmg
equipment. :

COSTS

The capital cost for vortex solids separator treatment facilities are dependant on . site-specific
characteristics. Commonly, vortex solids separators are used with other treatment technologles such as
automatic bar screens, and disinfection. The capital cost for vortex solids separator treatment facilities in
the U.S. varies between $3,000 and $5,250 per acre of drainage basin (1993 dollars). Typically the capital
cost for installed vortex solids separator units without pretreatment is approxnmately $4,900 per mllllon
gallons of flow treated (1993 dollars).

Total costs of vortex units often include predesign costs, capital costs and operation and maintenance
(O&M) costs. Foe example, predesign study costs for the Storm King are typically $20,000 (1993 dollars).
‘Predesign costs for the Fluidsep, range between $25,000 and $100,000 (1993 dollars). There are no predesign
study costs associated with the EPA Swirl Concentrator, because published settleablhty curves are used for
the basis of design.



" Vortex- sohds separator units do not generally requu'e s1gmficant~energy expendlturos unless pumpmg
is required. Operating expenses primarily includé labor for wash down or energy costs for automatic wash- '
down or bar screens. . However some installations such as the Storm King unit in Surry Heath, England, do
not have a sanitary or foul sewer line for disposing of collected solids. These facilities must collect its

- residuals in a collection zone or holding tank. The frequency for pumping out the collected residuals will be
dependent on the amount of material collected per storm, the number of storm events and the size of the .
" holding zone or tank. The Surry Heath facility is estimating the holding zone will require pump out every
* 2-3 years. The cost for periodic emptying and dlsposal of the collected residuals is estimated to be between '
- $300-450 per cleaning (1993 dollars) : _ , :

ENVIRONMENTAL IMPACTS

Improvements can often be observer in water quality or in the hwltb of the ecosystem. For example,
the Washington, D.C. CSO Abatement Program, which includes EPA Swirl Concentrators and upstream
‘storage, has resulted in decreased oxygen demands in the receiving water. Fish have returned to the once
oxygen-depleted water. Much of the improved receiving water quality is attributable due to a combination
of the upstream storage, and the bar screens, disinfection, and operation of the vortex units. ‘

"For CSO applications the vortex solld separators must be washed down after each storm events to

prevent objectionable odors. Odor control for some storm water applications and for residual storage -

facilities may. also be required. ~Collected reslduals from storm water applications have not evaluated.
However, collected roslduals should be evaluated for toxicity and metals content before dlsposal
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STORM WATER BMP: f “’e%’ '
WATER QUALITY INLETS - o 2
- DESCRII’I'ION

;o

. Water quality inlets (WQIs) comsnst of a serias of chambers that allow sedlmentatlon of ooarse
- materials, screening of larger or floating debris; and separation of free oil (as opposed to emulsified or

- dissolved oil) from storm water. They capture only the first portion of runoff for treatment and are generally .
used for pretreatment before discharging to other best management practices (BMPs). A typical WQI, as

shown in Figure 1 below, consists of a sediment chamber, an oil separation chamber and a discharge

chamber. WQIs are also commonly called oil/grit separators or onl/water separators WQIs can be purchased '

asa pre-manufactured unit or can be constructed on site.
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“FIGURE 1: PROFILE OF A TYFICAL WATERQUAIII'Y INLET

COMMON MODIFICATIGNS

‘ The design of WQL can be modlfied to nmprove their performance Possnble modnficatlons mclude
(1) an additional orifice and chamber that replace the inverted pipe elbow, (2) the extension of the second

chamber wall up to the top of the structure, or (3) the addition of a diffusion device at the inlet. The

diffusion device is intended to dissipate the velocity head and turbulence and distribute the flow more evenly

“over the entire cross-sectional area (API, 1990) Supphers of pre-manufactured units (i.e., nghland ‘Tank

& Mfg., Jay R. Smith Mfg., etc.) can also prowdg, modifications of the typical design for speclal conditions.

- CURRENT STATUS

WQISl are widely used in the U.S.; however, recent 'studis indicate that the lack of regular -

maintenance adversely affect their performance. There is also some concern that, because ‘the collected
. o

<




residuals contain hydrocarbon by-products, the residuals may be considered too toxic for conventional landfill
disposal. Maintenance requirements and residual disposal, should be carefully evaluated in selecting a WQI.
Possible alternatives to the WQI include sand filters, oil absorbent materials, and other innovative BMPs (i.e.,
Stormceptor System). . : ‘ o o '

APPLICATIONS

WQIs are often used where land requirements and cost prohibit the use of larger BMP devices, such
as ponds or wetlands. WQIs are also used to treat runoff prior to discharge to other BMPs. WQIs can be
adapted to all regions of the country (Schueler, 1992), and are typically located in small, highly impervious
areas, such as gas stations, loading areas or parking areas. Sites with high automotive related uses can be
expected to have higher hydrocarbon concentrations than other land uses (MWCOG, 1993). Increased
maintenance-and residual disposal, due to these higher hydrocarbon concentrations from these areas, must
be carefully evaluated before selecting a WQI for these applications. ' ‘ .

3

LIMITATIONS

Two major constraints limit the effectiveness of WQIs. Theses constraints are (1) the size of the .
drainage area and (2) the activity within the drainage area. WQISs are generally recommended for drainage
areas of 1 acre or less (Berg, 1991, NVPDC, 1992). Construction costs often become prohibitive for larger
drainage areas. High sediment loads interfere with the ability of the WOQI to effectively separate oil and
grease from the runoff. Therefore, WQIs should not accept runoff from disturbed areas unless the runoff
has been pretreated to reduce the sediment loads to acceptable levels. - ‘ , ‘

WQIs are also limited by maintenance requirements and pollutant removal capabilities. Maintenance
of underground WQIs can be easily neglected because the WQI is often "out of sight and out of mind.""
Regular maintenance is essential to ensuring effective pollutant removal. Lack of maintenance will often -
result in resuspension of settled pollutants. WQIs are most effective in removing heavy sediments and floating
oil and grease. WQIs have deinonstrated limited ability to separate dissolved or emulsified oil from runoff,
WQISs are also not very effective at removing pollutants such as nutrients or metals, except where the metals
. are directly related to sediment removal. .~ o ' o

PERFORMANCE 1 = . SRR ' o

More than 95 percent of all WQIs operate as designed during their first 5 years. Very few
structural or clogging problems or problems with the separation of the pollutants and water are experienced
during that period. However, WQISs have a very poor record of pollutant removal due to a lack of regular
clean-outs and the resuspension of the sediments (Schueler, 1992). The efficiency of oil and water separation
in a WQI is inversely proportional to the ratio of the discharge rate to the unit’s surface area (AP, 1990).
Due to the small capacity of the WQI, the discharge rate is typically very high and the detention time is very
short, which can result in minimal pollutant settling. The average detention time in a WQI is less than 0.5
hour (MWCOG, 1993). ) ’ . R - T

The WQI achiéves slight, if any, removal of nutrients, metals and organic pollutants other than free
petroleum products (Schueler, 1992). Grit and sediments are partially removed by gravity settling within the
first two chambers. A WQI with a detention time of 1 hour may expect to have 20 to 40 percent removal of
sediments. ‘ : S ' ‘

The Metropolitan Washington Council of Governments (MWCOG) performed a long-term study to
determine WQI performance and effectiveness. Monitoring of more than 100 WQIs indicated that less than
2 inches of sediments (mostly coarse-grained grit and organic matter) were trapped in the WQIs. .
Hydrocarbon and total organic carbon (TOC) concentrations of the sediments averaged 8,150 and 53,900
mg/kg, respectively. The mean hydrocarbon concentration in the WOQI water column was 10 mg/L. The
study also indicated that sediment accumulation did not increase over time, suggesting that the sediments
become re-suspended during storm events (MWCOG, 1993). Although the design of the WQI effectively
separates oil and grease from water, re-suspension of the settled matter appears to limit removal efficiencies.’
Actual removal occurs when the residuals are removed from the WQI (Schueler 1992). ‘




DESIGN CRITERIA

Prior to WQI desngm, the site should be evaluated to determme if another BMP would be more cost-
effectlve in removing the pollutants of concern. WQIs should be used where no other BMP is feasible. The .
. site should be near a storm drain network so that flow can be easuly diverted to the WQI for treatment 7
(NVPDC, 1992). Construction activities within the drainage area should be completed and the drainage area
. should be revegetated so that the sediment loading to the WQI is lmmmized Upstream’ sedxment control

‘measures should be installedi to decrease the sedxment loading. ~ '

v WQIs are most effective for small drainage areas Dramage areas of 1 acre or less are often
‘recommended. WQIs are typically used in an off-line configuration (i.e., portions of runoff are diverted to '
'WQI), but they can be used as an on-line unit (i.e., receive all runoff). Generally off-line units are desxgned
" to handle the first 0.5 inches of runoff from the drainage ares. Upstream isolation/diversion structures can
_be used to dlvert the water to the off-line structure (Schueler, 1992) ‘On-line units receive higher flows that

will likely cause mcreased turbulence andl rosuspensnon of settled. matenal thereby reducmg WQI :
’ performance. . : . . o .

v g Structural loadmgs should be consxdered in the WQIdleslgn (Berg, 1991) WQIs are. avallable _

in pre-manufactured units or can be cast-in-place. Remforced concrete should be used to construct below- -
grade WQIs. The WQIs should be water tight to prevent possible ground water contamination. The first
and second chambers are generally connected by an opening covered by a trash rack or by a PVC or other
suitable matenal pipe (Berg, 1991). If a pipe is used it should also be covered by a trash rack or screen. The

opening or pipe between the first and second chambers should be designed to pass the design storm with out
surcharging the first chamber (Berg, 1991)." The design storm will vary dependlng on geographical location
and is generally definite by local regulations. | v ,

When the combmed length of the first two chambers exceeds 12 feet, the chambers are typlcally .
designed with the length of the first and second chamber being 2/3 -and 1/3 of the combined length .
respectively. Each of the chambers should have a separate manhole to ‘provide access for cleaning and
‘inspectlon ' N ) ‘

The State of Maryland desngn standards indicate that the combmed volume ol‘ the first and second .
chambers should be determined based on 40 cubic feet per 0.10 acre draining to-the WQI. In Maryland, this
is equivalent to capturing the first 0,133 inch of runoff from the contributing drainage area. The combined

volume includes the volume of the first and second chamber upto the top of the lnterior walls and the volume ‘

of the permanent pool (Berg, 1991)

Permanent pools within the chamlbers help prevent the possnbxhty of sediment resuspension. The first
and second chambers should have permanent pools with 4-foot depths If possible, the third chamber should )
- also contain a permanent pool (NVPDC, 1992) '

In the standard WQI, an inverted elbow is mstalled between the second and third chamber. The
elbow should extend a minimum of 3 feet into the second chamber’s permanent pool in order to retain oil
(NVPDC, 1992). The elbow should be capable of passing the design storm to prevent frequent discharge of
accumulated oil. The size of the elbow or number of elbows can be adljusted to accommodate the design flow

(Berg, 1991). » ' } ‘ . IR . R

,MAINTENANCE

. WQIs should be mspected after every storm event to determme if mamtenance is reqmred At a
minimum each WQI should be cleaned at the beginning of each change in season (Berg, 1991). The required
maintenance will be site-specific due to variations in sediment and hydrocarbon loading. Maintenance should’
include clean-out and disposal of the sediments and removal of trash and debris. The clean-out and dlsposal
techniques should be environmentally acceptable and in accordance with local regulations.  Since WQI
residuals contain hydrocarbon by-products they may require disposal as a hazardous waste. Many WQI




owners contract with waste haulers to collect.and dispose of these r&iduals. Since WQIs can be relatively
deep, they may be designated as confined spaces.. Caution should be exercised to comply with confined space
entry safety regulations in the event that entry into the WQI is required. .

COSTS
The construction costs for WQIs will vary greatly depending on the size and depth required. The |
construction costs (in 1993 dollars) for cast-in-place WQIs range from $5,000 to $16,000, with the average

WQI costing around $8,500 (Schueler, 1992). For the basic design and construction of WQIs, the pre-
manul’actured units are generally less expensive than those cast-in-place (Berg, 1991).

Maintenance costs will also vary greatly dependirig on the size of the drainage, the amount of the
residuals collected, and the clean-out and disposal methods available (Schueler, 1992). The cost of residuals -
removal, analysis and disposal can be major maintenance expense, particularly if the residuals are toxic and
are not suitable for disposal in a conventional landfill. ; . o c

ENVIRONMENTAL IMPACTS

: WQIS can effectively trap trash, debris, oil and grease, and other floatables that would otherwise be -
discharged to surface waters (Schueler, 1992). The 1993 MWCOG study found that pollutants in the WQI -
sediments were similar to those pollutants found in downstream receiving water sediments (the tidal Anacostia
River). This information suggests that downstream sediment contamination is linked to contaminated runoff
MWCOG, 1993). A properly designed and maintained WQIs can be -an effectively BMP for reducing -
bydrocarbon contamination in receiving water sediments. , o

WQIs generally provide limited hydraulic and residuals storage. Due to the limited storage, WQIs
. do not provide adequate storm water quantity control. The WQI residuals require frequent removal and may -
require disposal as a hazardous waste. The 1993 MWCOG study found that the residuals from WQIs ‘
typically contain many priority pollutants, including polyaromatic hydrocarbons, trace metals, pthalates,
phenol, toluene, and possibly methylene chloride (MWCOG, 1993). During periods of high flow, the residuals
may be resuspended and released from the WQI to surface waters. ' a .
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, STORMWATER BMIP: - o uumcwu recuuomev nl\ncngg
‘WET DETENTION PONDS ‘ o .

Wet detentlon ponds. provnde both retention and treatment of contammated storm water runoff. A
typical wet detention pond is shown in Figure 1 below. A wet detention pond maintains a permanent pool .
of water where pollutant removal is achieved through physical, biological and chemical processes. Storm
. water ‘runoff is detained in the pond until runoff from the next storm event mixes with and dlsplaces some -
" of the treated water before discharge to receivmg waters. Dlscharge from the pond is controlled by a riser
and an inverted release pipe.

' Principal Relgase Ppe

Set o Negaiive Slope " DespWatarZonetor
% Frevent Clogging - ‘ * Gravity Settling
Riser \fulm TrashRack . Riprap for snommo

Emergent AQuatic

 Sediment Forabay

* Cutoff Trench Base - Low Fiow Drain for Pond Maintenance
. {Should be designed % provide sasy accoss A D
' avoid clogging by ¥apped sediments.) .

SQURCE: Reference 2 - ‘ RV

~

‘ E[GURE 1: TYPICAL LAYOUI‘ OF A'WEI‘ lD_E!'ENTION POND . .‘

Wet detentlon ponds remove sedlment, 'organic matter amd metals by sedlmentatlon and remove
. dissolved metals and nutrients through blologwal uptake. Effective pollutant removal can be aclueved if the .
, pond is properly designed and maintained (SEWPRC 1991) S :

COMMON MODIFICATI‘DNS ' ' | ‘ . | ‘

A typlcal wet pond may be enhanced w1th the addition of a sedlment forebay, as shown in Flgure 1,
.or by constructing shallow ledges along the edge of the permanent pool Runoff passes through the sediment’
forebay where the heavier sediments drop out of suspension, whlle additional removal of lighter sediments.
.occurs in the permanent pool.” The shallow, peripheral ledges contain aquatic plants that trap pollutants as
they enter the pond. Biological activity also increases due to the aquatic plants, and results in increased
nutrient removal, Perimeter wetland areas can also be created that will aid in pollutant removal, The ledges
also act as a safety precaution from accldental drowmng and provide easy access for malntenance to the
permanent pool




Treatment within a pond can be enhanced through extending the detention time in the permanent
pool. This allows for a more gradual release of collected runcif from a design storm over a specified time -
(Hartigan, 1988). This results in increased pollution removal ::s well as control of peak flows.

CURRENT STATUS

Wet detention ponds have been widely used throughout the U.S. for many years to treat of storm
water runoff. Many of these ponds have been monitored to determine their performance. EPA Region V
is currently performing a study on the effectiveness of 50 to 60 wet detention ponds. Other organizations,
such as the Washington, D.C., Council of Governments (Wash COG) have also conducted extensive
evaluations of wet detention pond performance (Schueler, 1992).  Wet detention ponds provide the benefit
of both storm water quantity and quality control. In general, a higher level of nutrient removal and better
storm water quantity control can be achieved in wet detention ponds than can be achieved with other best -
management practices (BMPs), such as infiltration trenches or sand filters. However, proper maintenance
is essential to maintaining these higher levels of treatment. o : ' :

LIMITATIONS

Wet detention ponds must be able to maintain a permanent pool. Therefore, ponds should not be
constructed in areas where there is insufficient precipitation or on soils that are highly permeable. In wetter
regions, a small minimum drainage area may be adequate, where as, in more arid regions, a larger drainage
areas may be required in order to ensure sufficient water to maintain the permanent pool. In some cases,
soils that are highly permeable may be compacted or overlaid with clay blankets to make the bottom less
permeable. Land constraints, such as small sites or highly ‘developed areas, may also preclude the use of a
pond. In addition, the local climate (i.e., temperature) may affect the biological uptake in the pond. With
out proper maintenance, the performance of the pond will drop off sharply. Regular cléaning of the forebays
is particularly important. Maintaining the permanent pool is also important in preventing the resuspension
of trapped sediments. In most cases no specific limitations have been places on disposal of sediments removed
from wet detention ponds. Studies to date indicate that pond sediments are likely to meet toxicity limits and
can be safely landfilled (Schueler, 1992). Some states have allowed sediment disposal on-site, as long as the
sediments are deposited away from the shoreline, preventing their reentry into the pond.

PERFORMANCE

The primary- pollutant removal mechanism in a wet detention pond is sedimentation. Suspended
pollutants, such as metals, nutrients, sediments, and organics, are partly removed by sedimentation. Other
pollutant removal mechanisms include algal uptake, wetland plant uptake and bacterial decomposition
(Schueler, 1992). Dissolved pollutant removal occurs as a result of biological and chemical processes
(NVPDC, 1992). . ) : ‘ ' o '

The removal rates of conventional wet detention ponds (i.e., without the sediment forebay or
peripheral ledges) are well documented and are shown in Table 1 below. The wide range in the removal rates
is a result of varying hydraulic residence times (HRTs), which is further discussed in the Design Criteria
section. Increased pollutant removal by biological uptake and sedimentation is correlated with increased
HRTs. Proper design and maintenance also affect pond performance. :

Studies have shown that more than 90 percent of the pollutant removal occurs during the quiescent
conditions (i.e., the period between the rainfall events) (MD, 1986). However, some removal occurs during
the dynamic period (i.e., when the runoff enters the pond). ' .




TABLE 1: REMOVAL EFFICIENCIES FROM WET DETENTION PONDS -

Parameter ‘ ‘ " Pereent Removal

o ‘Schueler, 1992! Hartigan, 1988°
Total Suspended Solid o . 50-90 o 80 - 90 '
Total Phosphorus - - - . .. 30-9%0. R
Soluble Nutrients . . 40-80 “50-70 '
Lead o L . 70-80
Zinc ‘ 40 - 50
Biochemical Oxygen Demand or - ER o
Chemical Oxygen Demand L S 20-40 ’

! hydraulic residence time varies
. 2hydraulic residence time of 2 weeks

. SOURCE: Reference 1
SOURCE: Reference 2

' DESIGN CRITERIA

. Well designed and properly’ maintained ponds can functlon as deslgned for 20 years or more.
Concrete risers and barrels have a longer life than corrugated metal pipe risers. and barrels and are
" recommended for most. permanent ponds (Schueler, 1992). The accumulation of sediments in the pond will
reduce the storage capacity and cause a decline in performance. Therefore, the bottom sediments in the
permanent pool should be removed every 2 to 5 years or as necessary. The deslgn of the pond should allow
. easy access to the forebays for frequent sediment removal S

- All local, state and federal permut requlrements should be ‘established prlor to startmg the pond :
design. Dependlng on the location of the pond, required permits and certifications may include wetland
_ permits, water quality centlflcatlons, dam safety permits, sediment and erosion control plans, waterway
permits, local grading permits, land use approvals, etc.(Schueler, 1992). Since many states and municipalities
~are still in the process of developing or modifying storm water permit requirements, the appllcable'
requlrements should be confirmed with the appropnate regulatory authontles ' a

‘ Prior to designing the pond, a site should be selected that is able to support the pond environment. .
The cost effectiveness of locating a pond at that site should also be carefully evaluated. The site must have
adequate base-flow from the groundwater or from the drainage area to maintain the' permanent pool.
Typically, underlying soils with permeability between 10* and 10° cm/sec will be adequate so that a
permanent pool can be maintained. In addition, the pond should be located where the topography of the site

- allows for maximum storage at minimum construction costs (NVPDC, 1992). Land constraints to- avoid’
‘include existing utilities (e.g., electric or gas) that would be costly to relocate.and excavatnon of bedrock that

would. requlre expensnve bk astmg operations.

The design of wet detention. ponds should serve two functions: storm .water quantity control and

| storm water quality control. Storm water quantity requirements are typically met by designing the pondto '

_ control post-development peak discharge rates to pre-development levels. Various routing models (i.e., Soil
Conservation Service TR-20 or EPA SWMM) can be used to calculate the required storm water storage.
Usually the pond is designed to control multiple design storms (e. g., 2- and/or 10-ywr storms) and safely pass
- the 100-year storm event. However, the,. dsngn storm . may vary dependmg on local condxtlons and
requirements : :




Storm water quality control is achieved in the permanent pool, which is designed by either the

eutrophication method or the solids settling method (Hartigan, 1988). Several models are available for both -

methods. The solids settling method accounts for pollutant removal through sedimentation, whereas the
eutrophication method accounts for dissolved nutrient removal that occurs as a resiilt of biological processes.
Equations for the Walker eutrophication model are shown in Table 2 below. The solids settling method .
Indicate that two-thirds of the sediment, nutrients and trace metal loads are removed by sedimentation within
24 hours. Theses projections are supported by the results of the EPA’s 1993 National Urban Runoff Program -
(NURP) studies. However, other studies indicate that a hydraulic residence time (HRT) of 2 weeks is required
to achieve significant phosphorus removal (MD, 1986). This longer HRT is similar to'the HRT determined
by the eutrophication method. In some cases, the HRTs calculated by the eutrophication method are up to -
three times greater than HRTs calculated by the solids settling method. These longer HRT's appear to be due
to the slower reaction rates associated with the biological removal of dissolved nutrients. This results in &
permanent pool that is approximately three times larger than the permanent pool calculated by solids settling
models (Hartigan, 1988). Other design methods, such as sizing the permanent pool to collect a specific
volume of runoff from the drainage area, have been tried with varying degrees of success, and are not
described in this fact sheet. c L . : '

TABLE 2: WALKER EUTROPHICATION MO'DEL

K2 = (0.056)(QS)(F)/(QS + 13.3) (1)
R = 14+ (1-(1+4N)*)/(2N) @
where:
K2 ‘= Second order decay rate (m¥/mg-yr) |
Qs = Mean overflow rate (m/yr) = Z/T
F = Inflow ortho P/total P ratio
VA = Mean depth (m) : :
T = Average HRT (yr) _ : . o
R = Total P retention coefficient = BMP efficiency
N = K2)P)YT) -
P = Inflow total P (ug/L)
SOURCE: Reference 3

Other key factors to be considered in the pond design are the volume and area ratios. The volume
ratio, VB/VR, is the ratio of the permanent pool storage (VB) to the mean storm runoff (VR). The area
ratio, A/As, is the ratio of the contributing drainage area (A) to the permanent pool surface area (As). Both -
ratios are considered important in the design of the pond and are correlated with treatment efficiencies.
Larger VBs and smaller VRs provide for increased retention and treatment between storm events. Low
VB/VR ratios result in poor pollutant removal efficiencies. The eutrophication medel indicates that the
VB/VR ratio should equal 4.0 for maximum efficiency (Hartigan, 1988). However, design standards for the -
State of Maryland set VB/VR equal to 2.5 (Hartigan, 1988). The area ratio is also an indicator of pollutant
removal efficiency. Data from previous studies, indicates that area ratios less than 100 typically have better ‘
pollutant removal efficiencies (MD, 1986). A VB/VR of 4.0 is equivalent to a 2 week HRT assuming an
average of 100 storm events per year (Hartigan, 1988). This can be determined using the formula
VB/[(VR)(N)] = HRT, where N is the average number of storm events per year and HRT is expressed in
years. A different VB/VR ratio will change the HRT. For example, in Maryland a VB/VR ratio equal to
2.5 is equivalent to a 9 day HRT (Hartigan, 1988). : : :




One way to increase the HRT is to,i.ncrease'"the depth of the permalient pool. However, the
permanent pool depth should not exceed 20 feet. The optimal depth ranges between 3 and 9 feet for most
. regions, given a 2 week HRT (Hartigan, 1988).- Ponds with shallower depths will have shorted HRTs. It is

important to maintain a sufficient. permanent pool depth in order to prevent the resuspension of trapped
sediments (NVPDC, 1992). Conversely, thermal stratification and anoxic conditions in the bottom layer might -
-develop if permanent pool depths are too great. Stratification and anoxic conditions may decrease biological
activity. Anoxic conditions may also increase the potential for the release ‘of phosphorus and heavy metals
‘from the pond sediments (NVPDC, 1992). o L . ,

. . In general, pond designs are unigue for each site and application. Ponds should always be designed
to complement the natural topography (NVPDC, 1992). The pond should be constructed with adequate slopes
and lengths. While, a length-to-width ratio is usually not used in the design of wet detention ponds for storm
water quantity management, a 2:1 length-tc-width ratio is commonly used when water quality is. of concern. -

. In general, high length-to-width ratios (greater than 2:1) will decrease the possibility of short-circuiting and

enhance sedimentation within the permanent pool. Baffles or islands can also be added within the permanent

" pool to increase the flow path (Hartigan, 1988). Shoreline slopes between 5:1 and 10:1 are common and allow .
easy access for maintenance, such as mowing and sediment removal (Hartigan, 1988). In addition, wetland

_vegetation is difficult to establish and maintain on slopes steeper than 10:1. Ponds should be wedge-shaped
so that flow enters the pond and gradually spreads out. This minimizes the potential for zones with little or -
no flow (Urbonas, 1993). ' oo o L ' o o

The design of the wet pond embankment is another key factor to be considered. Proper design and
construction of the embankments will prolong the integrity of the pond structure. Subsidence and settling.
will likely occur after an embankment is constructed. Therefore, during construction the embankment should
be overfilled by at least 5% (SEWPRC, 1991). Seepage through the embankment can also affect the stability - ’
of the structure. Seepage can generally be minimized by adding drains, anti-seepage collars and core
trenches. The embankment side slopes can be protected from-erosion by using minimum side slopes of 2:1
and by covering the embankment with vegetation or rip-rap. The embankment should also have a minimum -
‘top width of 6 feet to ease maintenance. : ) ‘ ‘

Normal flows will be discharged through the. wet pond outlet, which consists of a concrete or
corrugated metal riser and barrel. The riser is a vertical pipe or inlet structure that is attached to the base
with a watertight connection. Risers are typically placed in or adjacent to the embankment rather thanin
the middle of the pond. This provides easy access for maintenance and prevents the use of the riser as a' -
recreation spot (e.g., diving platform for kids) (Schueler, 1988). The barrel is a horizontal pipe attached to

 the riser that conveys flow under the embankment.
Typically, flow passes through an inverted pipe attached to the riser, as shown in Figure 1, with
higher flows will pass through a trash rack installed on the riser. The inverted pipe should discharge water
from below the pond water surface to prevent floatables from clogging the pipe and to avoid discharging the
. warmer surface water. Clogging of the pipe could result in overtopping of the embankment and damage to ..
' the embankmerit (NVPDC, 1992). Flow is conveyed through the near horizontal barrel and discharged-to the
receiving stream. Rip-rap, plunge pools, or other energy dissipators should be placed at the outlet to prevent .
scouring and minimize evosion. Rip-rap also provides a secondary benefit of reaeration of the pond .

The design and construction of the riser and barrel should consider the design storm and the material
of construction. Generally, the riser and barrel are sized to meet the storm water management design criteria
(e.g., to pass a 2-year or & 10-year storm event). In'many installations the riser and barrel are designed to.
_-convey multiple design storms (Urbonas, 1993). The riser and barrel should be constructed of reinforced
concrete rather than corrugated metal pipe to increase the life of the outlet. The riser; barrel and base should
also have sufficient weight to prevent flotation (NVPDC, 1992). ' s

v In most cases, emergency spil]lwéys should be included in the pond design. Emergency spillways
_ should be sized to safely pass flows that exceed the'dqsign storm flows. The spillway prevents pond water
“levels from overtopping the embankment, which could cause structural damage the embankmeént, The'




emergency spillway should be located so that downstream buildings ahd structures will not be neg;;tivel]y
impacted by a spillway discharges. The pond design should include a low flow drain, as shown in Figure 1.

valve,

MAINTENANCE

Wet detention ponds function more effectively when they are regularly inspected and maintained.
Routine maintenance of the pond includes mowing of the embankment and buffer areas and inspection for
erosion and nuisance (e.g., borrowing animals, weeds, odors) problems (SEWPRC, 1991). Trash and debris
should be routinely removed to maintain an attractive appearance and also to prevent the outlet from
becoming clogged. In general, wet detention ponds should be inspegtéd after every storm event. The .
embankment and emergency spillway should also be routinely inspected for structural integrity, especially .
after major storm events. Embankment failure could result in severe downstream flooding. o

When any problems are observed during routine inspections, necessary repairs should be made
immediately. Failure to correct minor problems may lead to larger more expensive repairs or even pond
failure, Typically, maintenance includes repairs to the embankment, emergency spillway, inlet and outlet,
removal of sediment and control of algal growth, insects and odors (SEWPRC, 1991). Large vegetation or
trees that may weaken the embankment should be removed. Periodic maintenance may also include the
stabilization of the outfall area (e.g., add rip-rap) to prevent erosive damage to the embankment and the
stream bank. In most cases sediments removed from wet detention ponds are suitable for landfill disposal.
However, where available, on-site disposal od.removed sediments will reduce maintenance costs. .

The total cost for a pond includes permitting, design and construction and maintenance costs.
Permitting costs may vary depending on state and local regulations. Typically, wet detention ponds are less
costly to construct in undeveloped areas than retrofitting into developed areas. This is due to the cost of land -
and the difficulty in finding suitable sites in developed areas. The cost of relocating of pre-existing utilities

* or structures is also a major concern in developed areas. The construction costs for wet detention ponds in
1989 for undeveloped areas are shown in Figure 2 below. These costs include mobilization and demobilization
of heavy equipment, site preparation (e.g., clearing and excavation), site development (e.g., seeding and inlet
construction) and contingencies (e.g., engineering and legal fees) (SEWPRC, 1991). Several studies have
shown the construction cost of retrofitting a wet detention pond into a deyelbped area may be 5 to 10 times

the cost of constructing the same size pond in an undeveloped area. .

Operation and maintenance costs in 1989 are presented in Figure 3 below (SEWPRC, 1991). Annual
maintenance costs can generally be estimated at 3 to 5 percent of the construction costs (Schueler, 1992).
Maintenance costs include the costs for regular inspections of the pond embankments, grass mowing, nuisance -
control, debris and liter removal, inlet and outlet maintenance and inspection, and sediment removal and
disposal, Sediment removal costs can be decreased by as much as 50 percent-if an on-site disposal areas are
available (SEWPRC, 1991). . . :

¢

ENVIRONMENTAL IMPACTS - . :

Wet detention ponds provide both storm water quantity and quality benefits. Benefits obtained from
the use of wet detention ponds include decreased potential for downstream flooding and stream bank erosion.. '
Water quality is also improved due to the removal of suspended solids, metals, and dissolved nutrients. In
general, the positive impacts from a wet detention ponds will exceed any negative impacts from a pond,
assuming the pond is properly designed and maintained. _ .

The drain pipe should be designed for gravity discharge and should be equipped with an adjustable gate _



TABLE 3: CONSTRUCTION COSTS (1989) ,
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However, wet detention ponds tlhmt are improperly deslgned sited or maintained may have potential
adverse affects on water quahty, groundwater, cold water fisheries, or wetlands. Improperly desngned or
maintained ponds may result in stratification and anoxic conditions that can promote the resuspension of
solids and the release of nutrients and metals from the trapped sediments. During construction, precautions

~ should be taken to prevent damage to wetland areas. Ponds should also not be sited in areas where warm

water dxscharg(s from the pond will adversely impact cold water fishery.  The potential groundwater
contamination should be carefully evaluated. However, studies to date indicate that wet detentlon ponds do

.not sngmficantly contribute to groundwater contamination (Schueler, 1992)
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' ln order for the Municipal Technology Branch to be effectwe in meetlng your
needs, we need to understand what your needs are and how effectively we are
meeting them. Please take a few minutes to tell us if this document was helpful in -

" meeting your needs, and what other needs you have concernmg wastewater )
. treatment, water use efﬂcuency, or reuse.
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Name and Phone No (optronal)
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i
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