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" PREFACE -

" This document is part of a series ‘of municipal 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; the municipal engineer who must"
understand these technologles well enough to evaluate the assets
and limitations; the municipal official who must sell the.
'technologles as part of a comprehensive pollution prevention -
program; the state regulator who must -approve the technologies .
used to meet permit requirements; and ultimately the citizern who
- must understand the 1mportance of preventlng pollutlon of the
Natlon s waters. ‘ : ‘

. The materlal presented is guldance for general 1nformatlon only
* The document does -mot provide sufficient information to design
BMPs, but does provided sufficient information to compair
alternatives. 'In some cases, the information represents new
technology or new application of existing technology and is base
on very limited data. 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 spec1f1c method, product or process
does not constitute or imply an endorsement, recommendation or
warranty by the U.S. Env1ronmental Protectlon Agency ) =

" Municipal Wastewater Management Fact Sheets are lelded into .«
several sets: Wet Weather Flow Management Practices; Innovative
and Alternatlve Technologies; Biosolids Technologies . .and

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

Each set is. publlshed separately starting with Storm Water Best

Management Practices,: September, 1993.  This document

incorporates and superseeds previous storm water best management

practice fact sheets (EPA 832-F-93-013, September 1993 and

- Addendum to EPA 832-F-93-013, September 1994) Updates to this
set of fact sheets and development of addltlonal sets 1s,

,dependent upon contlnued resources belng avallable..

[




INTRODUCTION

Storm water runoff is part of a natural hydrologic process.
However, human activities, particularly urbanization, 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 watere. A number of recent
studies have shown that storm water runoff is a major sSource 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 Nation's waters prov1de

In response to this problem, . the States and many munlclpalltles
have been taking the initiative to manage storm water more
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 a551stance to States and municipalities to help them
improve their storm water management programs. .

This document contains fact sheets on storm water'best managéement

practices (BMPs). These fact sheets represent two types of BMPs:
pollution prevention and treatment. Pollution prevention BMPs
include both source controls and administrative practices.
Treatment BMPs include both in-line ans off-line applicatioms.
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

guldance documents such as Storm Water: Management for Industr1a1
! 1 , , 1 d ,

as well as other State or localrguldance

In order to better serve our customers and 1dent1fy addltronal
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 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 oxr faxed to (202) 260- 0116
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. STORMWATERBMP . Offis of Wasiowaser ﬂ,w%:
AIRPLANE DEICING FLU]D -+ MUNICIPAL 'rscr-mou.osv BRANCH
| RECOVERY SYSTEMS o o

~ DESCRIPTION

Ethylene or propylene glycol recovery is accomphshed by a three-stage process typlmlly consnstmg

- of primary filtration, contaminant removal via ion .exchange or panofiltration, and distillation as shown in

Figure 1 below. The process technologies involved in glycol recovery have been proven in other mdustnes
’ and are now. bemg apphed to spent airplane delcmg ﬂmd (ADF)

| MEMOVALOF PARTICLES —— © (REMOVAL OF WATER)
mmnm, mtml.orromm : 7

' SOURCE: Reference 3

FIGURE 1: TYPICAL AIRPLANE DEICING FLUID RECOVERY SYSTEM

> The purpose of the primary filtratlon step is to remove entramed suspended sohds from contact with
the aircraft and pavement from the used ADF. The suspended solids must be removed to aveid plugging of

" downstream equipment and heat exchangers. - Primary filtration is defined as the removal of solids grmter

- than 10 micron in size. - Primary filters employed by ADF systems may be polypro]pylene wrtndge or bag
filters. Ion exchange may be employed to remove dlssolved solids such as chlorides and sulfates. Ion
exchange rémoves ions from an agueous solution by passing the wastewater through a solid material (called
jon exchange resin) which accepts the unwanted ions, while glvmg ‘back an eqmvalent number of desirable
jons from the resin. Nanofiltration may be employed to remove polymeric addmves Nanofiltration systems

- are pressure-dnven membrane operatlons that use porous membranes for the removal of collo;dal matenal

yoo




Colloidal material and polymeric molecules with moleéular weiglits in excess of 500 are nbmially removed by
nanofilters. The requirement to remove polymer additives is dictated by the specifications of the end user
of the recovered ADF product. : Co ’ I .

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. : : N ' C ' - S o

COMMON MODIFICATIONS

The details of the distillation process that each vendor ‘employs, are proprietary. Design variables
include 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 . _ T

s/

CURRENT STATUS

This fact sheet contains general information only, and should not be uSed as the basis for designing
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 hirplane deicing fluids is limited.- To
date, there is only one on-site application of ADF recovery operating in the United States. Thisis 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 B ‘ .

There are currenly 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. (GSD), 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 are
evolving rapidly. ‘The equipment manufacturers and the airport operators should be contacted for the current -
state of the art information. : ' ' s : g

APPLICATIONS

Ethylene or propylene glycol recovery systems are generally applicﬁBle at any airport that collects '
ADF with a minimum concentration of approximately 15% glycol. Spent ADF mixtures with lower glycol
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content are generally impractical to recover via distillation, without expensive preconcentration 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 2 more concéntrated '
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 is a
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 type of
- water-glycol mixture can then be recovered effectively via the distillation process. S

' 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 jon |

exchange process umt As a 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, enétgy requirementé are dependent on the waste strm 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
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TABLE 1: KEY CRITERIA FOR DESIGNING AN AIRPLANE DEICING FLUID RECOVERY

14

Deicing Fluid Data

- Type

- Concentration o

- Total consumption per season

- Total consumption per peak-day
- Average consumption per aircraft

‘Airport Operations Data.
- Flights per day
- Peak Traffic Periods

Length of ,;ieicing seaﬁon l _
- Number of deicing days per season
~ - Future traffic extension plans

Spent Fluid Data

- Volume generated

- Glycol concentration
- Contaminants

Reuse Specifications
- Glycol concentration
- Acceptable impurities

SQURCE: 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 pro'granis.

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 50%, which meets the lower end-user requirements
in Europe. 1 : S




'COSTS

" Since there are o full-scale ADF systemis currently operation in the U.S., it is difficult o 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 appm:dmately $600,000 (GSI, 1993).

: " \"The total capital cost for the new Denver International Airport, including deicing and Tanti-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 are 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.” -~ o A ’ ‘

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 puniping 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 technology is refined and as operating experience grows, these costs
" should decrease. = . e L I

ENVIRONMENTAL IMPACT

" While the jpotential for volatiléofgzinic"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. Ion-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 addition of acids or bases before discharge. Currently discharges to the sanitary sewer
system may require permitting under local pretreatment programs. Spent filter cartridgos .may be generated

in some systems. In most cases these can be disposed of in the local landfill.

" Distillation condensate, with less than 1.5% glycol, is also generated and may be reused or disposed.
However, release of more than 1 pound of ethylene-glycol to the environiment 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 waste byproducts.




REFERENCES

1.

2.

American Assocxatlon of Axrport Executives. Conference on Anrcraft Delcmg, August, 1993.
Washmgton, D.C. ;

Comstock, C., 1990, as cxted in Sills, R. D and Blakoslee, P.A., 1992. "The Env1ronmental Impact of
Deicers in Airport Storm Water Runot‘f" inC hemnml Deicers in the Envnronment, ed. Frank. M. D’ Itn }
Lewis Publishers, Inc., Chelsea, MI.

ENSR Consu]tmg and Engineering, 1993. Evaluatnon of the Biotic Commumtles and Chemgtg of the
Water and Sediments in Sand Creek near Stapleton International Airport. Prepared for Stapleton '

International Airport. Document Number. 6321-002.

E'eeman, H.M., 1989. tandard Handbook of I-Iamrdous Waste Treatment and Dlsm! McGraw-Hlll
‘New York, N. Y

Federal Aviation Admnmstratlon, 1991. Advnsory Cnrcular (150/5320-15) Management of Alrport

. Industrial Waste. -U.S. Department of Transportation, Washlngton, D.C. .

Federal Register Notice, Vol. 55, No. 222 page 48062 November 16, 1990 EPA Admnmstered Permnt
Programs; the: National Pollutant stcharge Elimination System. ,

Federal Register Notice, Vol 58 No. 222, page 491587 November 19 1993. Fact Sheet for the Multl-

Sector Storm Water General Permit (Proposed).

Hartwell, S I., D.M. Jordahl, E.B., May. 1993 Tomclg of Alrcraft Deicer and Antl-lcer Soluhom
to Aquatic Organisms. Chcsapeake Bay Rwearch ‘and Momtormg Division, Annapohs, Maryland ’
Document Number CBRM-TX-93-1. :

Health Advisory, 1987. Ethylene Glycol. Office of Drmkmg ‘Water, U S Envnronmental Protectlon
Agency. Document Number PB87-235578. : . .

Kaldeway, J. Dxrector of Airport Operatlons, 993 L. B Pearson Internatlonal Alrport, Toronto,
Canada. Personal commummtlons with Lauren Fillmore, Engmeermg—Sclence, Inc :

Legarreta, G.,Civil Engineer, 1993. Design and Operations -Criteria Division, Federal Avxatlon
Administration. Personal communication with Lauren Fillmore, Engmeenng-Sclence, Inc.

Lubbers L., 1993. Laboratory and Field Studlos of the Toxicity of Alrcraft Deicigg Fluids. Presentatlon

to the SAE Aircraft Ground Deicing Conference, Salt Lake Clty, Utah, June 15-17, 1993.

McGreevey, T., 1990, as clted in lels, R.D. and Blakeslee, P.A., 1992 "The Envnronmental Impact of
Deicers in Airport Storm Water Runoff”, in Chemical Delcers in the Envrronment, ed. Frank M. D’Itn
Lewis Publishers, Inc., Chelsea, MI.




14 Morse, C., 1990, as elted in Sllls, R.D. and Blakeslee, P.A 1992. "The Envnronmental Impact of Delcers '

5.

" 16.

in Airport Storm Water Runoff", in Chemlcal Delcers in the Envxronment, ed. Frank M. D’Rtri. Lew1s o
Publlshers, Inc., Chelsea, MI

SN

NIOSHTIC‘ul Search Results Ethylene Glycol, Propylene Glycol

Roberts, D., 1990, as clted in Sdls, R.D. and Blakeslee, P.A., 1992. "The Env:ronmental Impact of

" Deicers in Airport Storm Water Runoff", in Chemlcal Dencers in the Envxronment, ed. Frank M. D’Itri.

Lewns Pubhshers, Inc., Chelsea, MI.

A2 SAE Internatlonal, May 17, 1993. Unconﬁrmed Mmutes of Meetmg No 37 of AMS Commnttee, Rome, '

- Italy..

18.

lels, R.D. and Blakoslee, P.A., 1992 “The Envxronmental Impact of Delcers in Axrport Storm-: Water

- Runoff", m Chemlcal Delcers in the Envnronment, ed. Frank M. D’Itrl. Lewxs Puibhshers, Inc., Chels&,

“19.

" 20.

“Transport Canada. 1985 tate-of-the-Art Rep_ort of Axrcraft DexclgglAntl-lcmg Profmlonal and

Technical Services, Airports and Construction, Airport Facilities Branch, Facllntus and Envxronment

. ‘Management Document Number AK-75-09-129. ('-I‘ype I Flmd Only)

‘ Verschueren, K., 1983. Handbook of Envrronmental Data on O[gamc Chemlcals 2nd Edltlon, Van B
-Nostrand Remhold Co. o ' New. York, N. Y - : .

ukainactsheftvvspﬁwdby&eMmiﬁpdTe&nobfyBrmh(m,.USEPA, 401 M Street, SW, Washington, DC, 20460




A . )
~

MTB

MUNICIPAL TECHNOLOGY BRANCH :

STORMWATER BMP:
BIORETENTION

DESCRIPTION

i

Bioretention is a recently develbped best management practice (BMP) developed by the Prince
George’s County, Maryland Department of Environmental Resources (PGDER). The BMP utilizes soils
and plants to remove pollutants from stormwater runoff. As shown in Figure 1, runoff is conveyed as

FIGURE 1 BIORETENTION AREA
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sheet flow to the BMP which consrsts of a grass buffer strip, sand bed pondmg area, orgamc layer o
* or'mulch layer, planting soil, and plants. Runoff first passes over a'sand bed, which slows the velocity
and evenly distributes the runoff over the ponding area. Runoff also infiltrates the sand bed, which adds

" tothe infiltration capacity of the bioretention area. After runoff passes over or infiltrates the sand bed-
it enters the ponding area. The pondmg area is formed by depressing the surface organic layer and/or

ground cover and the underlying planting soil. Water is ponded to a depth of 6 inches and gradually
infiltrates the bioretention area or is evapotransplred The gradmg of the bioretention area is done so
that excess runoff is diverted away from the BMP. Stored water in the broretentlon area planting soil
exﬁltrates over a- penod of days mto the underlymg soils of the BMP :

: COMMON MODIFICATIONS
" The C1ty of Alexandna Virginia has’ modrﬁed the desrgn to mclude an underdram w1th1n the )

sand bed to collect the infiltrated water and drscharge it to a downstream sewer system. Underdrains -
- were required due to impervious subsorls and - marine clays.. This miodified design makes the
bioretention area act more as a filter that discharges treated water than an infiltration device. The BMP
_ can also be modified to include or not include a sand bed. The benefit of using a sand bed- is the
reduction in velocity and infiltration achieved with the bed. Design modifications are also being
reviewed to potentially utilize both aerobic and anaeroblc zones in the BMP ‘The anaerobrc zone will
promote demtnﬁcatlon ‘ :

CURRENT STATUS
: Bioretention has been -used successfully at urban and suburban areas in Prmee George s County,
Maryland (MD), Montgomery County, MD, Baltimore County, MD, 'and Prince William County,
. Virginia. The first system was installed nearly four years ago (1992). The BMP is planned for
- installation in Alexandria, Vrrgrma and locatrons in North Carolma ,

‘APPLICATIONS

onretentron typically. provrdes stormwater treatment for 1mpervrous surfaces at commercial,
- residential, and industrial areas. Three prime locations where the BMP could be used 'are at median
“strips, parking lot islands; and in swales. They are usually best used at locations that are upland from
inlets that receive sheet flow from graded areas and at areas that will be excavated. Sheet flow should -
be’ conveyed to the BMP to minimize erosive conditions and to maximize treatment effectiveness.  Low
- environmental impacts to a site are desired. Therefore, construction ‘of bioretention areas best suited
. to sites where grading or excavation will occur so that the bioretention area can be readily incorporated
in the site plan. Bioretention areas should be used in stabilized dramage areas to minimize the-sediment
loadrng to the BMP. :

:LIMITATIONS

. Broretentron is notan appropnate BMP at locatlons where the water table'is within 6 feet of the

ground surface and when the surrounding soil stratum is unstable. In cold climates there is the potential o

.- for the soil to freeze and prevent runoff from infiltrating into the planting soil. The BMP is also not

- recommended for areas with slopes greater than 20 percent or where mature tree removal will be

- required. - Clogging may-be a potentral problem partlcularly 1f the BMP receives runoff with hrgh o
- sediment loads : . . o

: ‘PERFORMANCE i

. Stormwater pollutant removal in broretentron is attnbuted to physrcal and biological processes B
- _that occur in the plants and soils. of the BMP. 'These processes include adsorptlon ﬁltratron plant
" uptake mlcrobral activity, decomposrtlon sedrmentatron and volatrlrzatron :




Adsorption is the process where pollutants attach to soil (e.g., clay) or vegetation surfaces.
Adequate contact time between the surface and pollutant must be provided for in the design of the'
system for this removal process to occur. Therefore, the infiltration rate of the soils must not exceed
those specified or pollutant removal may decrease. Pollutants removed by adsorption mclude metals,
phosphorus, and some hydrocarbons. :

Filtration occurs as runoff passes through the bloretentlon area media, such as the sand bed,
ground cover and planting soil. - The media trap particulate matter and allows water to pass through.
The filtering effectiveness of the bioretention area may potentlally decrease over time. ‘Common
particulates removed from stormwater include particulate orgamc matter and suspended sohds

Blologlcal processes that occur in wetlands ‘result in pollutant uptake by plants and
microorganisms in the soil. Plant growth is sustained by the uptake of nutrients from the soils.
Microbial activity within the soil also contributes to the removal of nitrogen and organic matter.
Nitrogen is removed by mmfymg and denitrifying bacteria and aerobic bacteria are responsible for the
decomposition of the organic matter (e.g., petroleum). Microbial processes require. oxygen and can
result in depleted oxygen levels if the bioretention area is not adequately aerated.

Sedimentation occurs in the swale or pondmg area as the velocity slows and suspended solids
fall out of suspension. Volatilization also plays a role in pollutant removal. Pollutants such as oils,
hydrocarbons, and mercury can be removed from the wetland via evaporatlon or by aerosol formatlon
under windy conditions. - -

Data is not available on the removal effectiveness of bioretention; however, results from
performance studies for infiltration BMPs can be used due to the sumlantles in the BMPs, The
microbial activity and plant uptake occurring in the bioretention area will l1kely result in higher removal
rates than those determined for infiltration BMPs, as shown in Table 1. As'shown, the BMP could
potentially have greater than 90 percent removal rates for total suspended solids, organics, metals, and
bacteria. Excessive pollutant loadings (e.g., suspended sohds) may exceed the removal capablhtles of
the bioretention area. . :

TABLE 1 ESTII\/IATED PERFORMANCE OF BIORETENTION @

[ Pollutant ‘ _ Removal Rate
Total Suspended Solids NE 90 % .
Total Phosphorus o ’ . 60 %

| Total Nitrogen | : 60 %
Organics R ' & S
Metals | | 90 %
Bacteria ' o , O 90%

(1) Source: Schueler, 1987, 1992.

DESIGN CRITERIA

Design details have been speclﬁed by the Prince George’s County DER in a document entltled
Design Manual for Use of Bioretention in Stormwater Management (PGDER 1993). The specifications
were developed after extensive research on soil adsorption capacities ‘and rates, water balance, plant
pollutant removal potentlal plant adsorption capacities and rates, and maintenance requlrements ‘A case
study was performed using the specifications at three commercial s1tes and one res1dent1a1 site in Prince
George’s County, Maryland. =




* Each of the components of the btoretentlon area is de51gned to perform a specific function. The
o functron of the grass buffer strip is.to reduce incoming runoff velocity and filter particulates from the
" runoff. The sand bed also reduces the velocity and- provides some particulate filtration, as' well as
evenly spreadmg the flow over the bioretention area. Aeration and drainage of the planting soil is
provided by the 1 foot deep sand bed. The ponding area provides a temporary storage location for
- runoff prior to its evaporation or- infiltration. Particulates that had not been previously filtered out by
. the grass filter strip or the sand bed settle within the ponding area. The organic or mulch layer also
filters pollutants' and provrdes an environment conducive to the growth of microorganisms. which

3 ) degrade petroleum based products and other organic material. This layer acts as the leaf litter ina

forest-and prevents the erosion and drying of underlying soils: Planted ground cover and mulch reduce
the potentlal for erosion, with mulch being slightly less effective than planted ground. cover. - The
-maximum sheet flow velocity prior to erosive conditions is 1 ft/sec and 3 ft/sec for planted ground
cover and mulch, respectively. The clay in the planting soil provrdes adsorption sites for hydrocarbons,
- heavy metals, nutrients and other pollutants. Storage of stormwater is also provided by the voids in the
planting sorl The stored water and nutrients in the water and soil are then available to the plants for
uptake : :

" The layout of the bioretention area is determined after site constraints such as location of utilities,
underlying soils, existing vegetation, and drainage are considered. The existence of utilities (e.g.,
electric or gas) which would be costly to relocate may limit the feasibility of a site. Sites with loamy.
sand soils are especially appropriate for bioretention because the excavated soil can be backfilled and -
used as the planting soil, thus eliminating the cost of importing planting soil. An unstable surrounding

- soil stratum (e.g., Marlboro Clay) and soils with a clay content of greater than 25 percent may . preclude
_the use of bioretentiorn, as would a site with slopes greater than 20 percent or a site with mature trees
that would be removed during construction of the BMP. Bioretention can be designed to be off-line or
on-line of the existing drainage system. The “first flush” of runoff is diverted to the off-line system.
On-line systems capture the first flush but that volume of water w1ll likely be washed out by subsequent

. ‘runoff,

The size of the drainage area for one bloretentlon area should be between 0.25 and 1 acre. Multlple
bioretention areas may be required for larger drainage areas. The maximum dralnage area for one area
- is determined by the amount of sheet flow generated from the 10-year-storm. " Flows greater than 5 cfs
“may potentially erode stabilized areas. In Maryland, a flow of 5 cfs generally occurs with a 10-year
- storm at one-acre commerc1a1 or residential sites. The des1gner should determine the potentlal for

erosive conditions at the site. : , -

The s1ze of the bioreténtion area isa functton of the dramage area and the runoff generated from
the area. The size should be 5 to 7 percent of the drainage area multlphed by the rational method
runoff coefficient, “c”, deterrmned for the site. ‘The 5 percent specification applies to a bioretention
area that includes a sand bed and 7 percent applies to an area ‘designed without the sand bed. An
~example of sizing a facility is shown in Figure 2. Sizing. specifications are based on 0.5 inches to 0.7
inches of precipitation over a 6-hour period, which is the mean storm event for the Baltimore-
Washmgton area, infiltrating into the bioretention area. Other areas wrth a dlfferent mean storm event

will need to account for that in the design of the BMP ’ ’

Recommended minimum dimensions of the bloretentlon area are. 15 feet w1de by 40 feet in length.
The minimum width allows enough space for a dense randomly distributed area of trees and shrubs to
become established that replicates a natural forest and creates a microclimate. This enables the
‘bioretention area to tolerate the éffects of heat stress, acid rain, runoff pollutants, and insect and disease
- infestations which landscaped areas in urban settings typically are unable to tolerate: The preferred .
width is 25 feet, with a length of twice the width. Any facilities with widths greater than 20 feet should
. have a length of twice the width. This length requlrement promotes the dxstrlbutlon of flow and

decreases the chances of concentrated ﬂow , S




FIGURE 2 BIORETENTION AREA SIZING

PLAN VIEW

BIORETENTION AREA
SIZING: COMPUTATION -

: AREA ; Rl .
DEVELOPMENT (SO F1) . . . EACTOR C_x AREA

SAVEMENT 23,800 0.90 21,400
GRASS - 10.100 0.25 2,500

5

TOTALS ' 33,800 . 23,800

BIORETENTION AREA SIZE

1. WITH SAND BED (5% SUM OF C x AREA) -
= .05 x 23,900 = 1,155 OR SAY 1200 SQFT.

2. WITHOUT SAND BED (7% SUM OF C x AREA) _
"= .07 x 23,900 + 1,673 OR SAY 1700 SO. FT.

=SZE CHAPTER IV, PRINCE (:;‘EORGES COUNTY STORMWA.TER MANAGEMENT MANUAL -

Source: PGDER, 1993




The maximum ponding depth of the bioretention area has been determined to be 6 inches. This
depth provides for adequate storage and prevents excessive periods of time for standing water. Water
- left to stand. for longer than four days restricts the type of plants that can be used due the water
_tolerance of most plants. Mosqmtoes and other msects may also start to breed if water is standmg for

longer than four days. : :

A -The appropnate plantmg soil should be baclcﬁlled into the excavation bioretention area. Planting

soils should be sandy loam, loamy sand, or loam texture and have a clay cortent ranging from 10 to
25 percent. The soil should have infiltration rates greater than 0.5 inches per hour (in/hr), which is
typical of sandy loams, loamy sands, or loams. Silt loams and clay loams generally have rates of less
. than 0.27 in/hr. The pH of the soil should be between 5.5 and 6.5. Pollutants (e.g., organic nitrogen
and phosphorus) can be adsorbed by the soil and mlcroblal activity can flourish within this pH range.
Other requirements for the planting soil are a 1.5 to'3 percent organic content and a maximum 500 ppm
concentration of soluble salts. In addition, criteria for magnesium, phosphorus, and potassium are 35
~ Ibs/acre, 100 lbs/acre, and 85 Ibs/acre, respectively. -Soil tests should be performed for.every 500 cubic °
. yards of planting soil with the exception of tests run for pH and orgamc content whlch is only requlred :
once per bloretentlon area. :

" A mhinimum plantmg soil depth of 4 feet should be used in a b1oretent10n facility. This depth w1ll

2 provide adequate soil for the plants root system to become established in and prevent plant damage due =

to severe wind. Four feet of soil also provides adequate moisture capacity. To obtain the 4 foot depth,
most sites will require excavation.. Depths of greater than 4 feet may require additional construction
* practices (e.g., shoring measures). Planting soil should be placed in 18 mches or greater lifts and‘
hghtly compacted until the desired depth is reached

The bioretention area should be vegetated to resemble a terrestrial forest community ecosystem, that -
s dommated by trees and has discrete soil zones. A terrestrial forest community also has a mature
" canopy and a distinct sub-canopy of understory trees, a shrub layer and herbaceous ground covers.’
Three species of both trees and shrubs are recomniended at a rate of 1,000 trees and shrubs per acre.
For example, a 15° by 40° bioretention area (600 ft* or 1. 4 percent of an acre) would require 14 trees
~ and shrubs. The tree to shrub planting ratio should be 2:1 to 3:1. On average, the trees should be
. spaced 12 feet apart and the shrubs should be spaced 8 feet apart. In the metropolitan Washington,
. D.C. area-trees and shrubs should be planted from mid- March through the end of June or from mid-
’September through mid-November. Planting penods in other areas of the US will vary. Vegetatlon;
-should be watered at the end of each day for fourteen days followmg its plantmg

. Native specres ‘that are tolerant to pollutant loads and varymg ‘wet and dry condttlons should beused

i in the bioretention area. These species can be determined from several published sources, including
Native Trees, Shrubs, and Vines for Urban and Rural America (Hightshoe, 1988). The designer should

. assess aesthetics, site layout and maintenance requirements when selecting plant spec1es -Adjacent non-
native invasive species should be identified and the designer should take measures (e.g., provide a soil
breach) to eliminate the threat of these species invading the bioretention area. Regional landscaping
manuals should be consulted to ensure that the planting of the bioretention area meets, the landscapmg
requrrements estabhshed by the local authontres :

The optimal placement of vegetatron w1th1n ‘the bloretentlon area should be evaluated by the
designer. Plants should be placed randomly to réplicate a natural forest. Shade and shelter from the

- wind will be provided to the bioretention area if the designer places the trees on the perimeter of the
‘area. Damaging flows to trees and shrubs can be minimized if they are placed away from the ‘path of
the incoming runoff. Certain species that are more tolerant to cold winds (e.g., evergreens) should be.
' placed in areas of the. s1te where these-winds typlca.lly enter the site. - : '




After placing the trees and shrubs the ground cover and/or mulch should be established. Ground
cover such as grasses or legumes can be planted during the spring of the year. There are no restraints
to the timing of muich placement, except that it should immediately follow tree and shrub’ planting.
Two to three inches of commercially available fine shredded hardwood mulch or shredded hardwood
chips should be applied to the bioretention area to provide protection from erosion. Depths greater than
3 inches should not be applied because it would negatively impact the cycling of carbon dioxide and
oxygen between the soil and the atmosphere. The mulch should be aged for at least six months, (one
year is optunal), and applied umformly over the site. .

MAINTENANCE

Recommended maintenance for a bioretention area includes mspectlon and repair or replacement )
of the BMP components. Trees and shrubs should be inspected twice per year to determine their health
and remove and replace ‘any dead or severely diseased vegetation. Diseased vegetation that can be -
treated should be done on an as needed basis. Pruning and weeding may also be necessary to mamtaln
the appearance of the BMP. ' . ‘

Mulch replacement is recommended when erosive conditions are evident or when the aesthetics
of the bioretention area are declining. .Spot mulching may be adequate when there are random void
areas; however, once every two to three years the entire area may require mulch replacement. This -
activity should be performed during the spring. The previous layer of mulch should be removed pnor
to application of the replacement mulch. ) ,

The appllcatlon of an alkaline product, such as hmestone is recommended one to two times per
year due to increasing acidity of the soil that results from slightly acidic preclpltauon and runoff. Prior
to applying the limestone, the soils and organic layer should be tested to determine the pH . and
determine the quantity of limestone required. Testing should also be performed to determine
concentrations of heavy metals and other toxic substances in the soil. Forest buffers and grass swales,
which accept similar sources of runoff as the bioretention area, tend to accumulate toxins and heavy
metals within five years of installation. This suggests the possibility of a similar accumulation at 2
bioretention area. Soil replacement may be required when toxic levels of heavy metals or other -
pollutants are reached which impairs plant growth and the effectiveness of the BMP (PGDER 1993).

COSTS

Construction: cost estimates for a bioretention area are slightly greater than the required
Jandscaping for a new development. Recently constructed 400 ft? bioretention areas in Prince George’s
County cost approximately $500. These units are rather small and are on the low side for cost
estimation purposes, particularly if a larger unit is required. The cost estimate includes the cost for
excavating 2 to 3 feet and vegetating the site with 1 to 2 trees and 3 to 5 shrubs. The estimate does -
not include the cost for the planting soil. Purchasing soils will increase the cost for a bioretention area.
Retrofitting a site typically has higher costs with an average cost of $6,500 per bioretention area. The.
higher costs are attributed to the demolition.of existing concrete, asphalt, and/or existing structures and
the replacement of fill material with planting soil. Plans for retrofitting a commercial site in Maryland
(Kettering Development) was estimated at $111,600, which included 15 bioretention areas. The final
costs for the retrofit were much lower dtie to only six bioretention areas being constructed

The use of bioretention can decrease the cost for stormwater conveyance systems at a 51te A
medical office building in Maryland was able to reduce the requlred amount of storm drain pipe from
800 to 230 feet with the use of bioretention. The drainage pipe costs were reduced by $24,000 or 50
percent of the total drainage cost for the site (PGDER, 1993). Landscaping costs that would be required
at a development regardless of the installation of the bloretentlon area should also be consrdered when
determining the net cost of the BMP.




N

A " The operation and mamtenance costs for a-bioretention facility will be comparable to typical
landscapmg requlred for a site. Costs beyond the normal landscapmg fees will include the cost for

. testmg the soils.
‘ENVIRONMENTAL IMPACTS

‘Bioretention provxdes stormwater treatment that enhances the quality of downstream water
* bodies. Runoff is temporarlly stored in the BMP and released over a period of four days to the:
" receiving water, The BMP is also able to provide shade and wind breaks, absorb noise, and i improve
an-area’s Iandscape
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STORM WATER BMP: SRiimvimseionands
CATCH BASIN CLEANING - | |

DESCRIPTION

Catch basins are chambers or sumps, usually built at the curb line, which allow surface water
runoff to enter the storm water' conveyance 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 recéiving 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 sohds and ‘
reducing the load. of oxygen-demandmg substances that reach surface water.

CURRENT STATUS

Catch ‘basin cleamng is an easxly 1mp1emented but often overlooked Best Management Practice.
Frequently, the cleaning procedures deal with.removal of debris from g'rate openings but do niot
_extend down into the catch basin‘itself. -

_ APPLICATIONS

Catch basin cleaning is apphcable to any facﬂxty that has an on-site storm sewer system—whxch
includes catch basins and manholes

LIMITATIONS
Limitations associated with cleaning 'catch'basins include' §

Catch basin debris usually contains appreciable amounts of water and oEenslve orgamc
material which must be properly disposed of. '

Catch basins may be difficult to clean in areas w1th poor access1b1hty and in areas with .-
traﬁic congestion and parking problems. -

. Cleamng is difficult during the winter when snow and ice are present
PERFORMANCE

It is not possible, based on current data, to- quantfy the water quahty benefits to recemng
-waters of catch basin cleaning. 'I’he 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 blologxcal oxygen demand -

(BOD).
MANfENANCE

A catch basin should be cleaned 1f the dept.h 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
mspected and cleaned on a more frequent basis. If woody debris or trash is likely.to accumulate
in a catch basin,’it should, at a-minimum, be mspected and cleaned 1f necessary, on a monthly .
basis. S




In addmon, data collected as part of a Nanonwu'le Urban Runoff Program (NUR.P) pro_;ect in
Castro Valley Creek, California indicated that a typical catch basin, which were cleaned once per
..year or once every other" year contamed apprommately 60 pounds of material each

. Catch basms can be cleaned elther manually or by speclally desxgned eqmpment. These include

‘bucket loaders and.vacuum pumps Matenal removed from catch basins is usually dxsposed of in
landfills. : .

n

' cosrs .

.Catch basin cleamng costs w111 vary dependmg upon the method used, reqmred cleamng ,
frequency, amount of debris removed, and debris disposal costs. Cleaning costs for catch basins
~ were estimated in three NURP program studies (Mldwest Research Insutute, 1982). These
est:mates are summanzed in Tabie 1 below. o

TABLE 1. CLEANING COST PER CATCH BASIN ,

LOCA‘!'ION . METHOD : _ cosT

Vacuum auached to street sweeper-—-—--u--S’I.’IO

" Castro Valley,CA., '

_Sait Lake County, UT,-- Vacuum nthched ;o su'eet‘weeperg-——-.-Slﬁ.so

Winston-saiem. NC. , Vacuuni'eihched to street Weeperw

SOURCE: Rekm L

. L PN . .
[ ‘ ~

In ‘communities equxpped with vacuum street sweepers, a cleamng cost ot' $8 per basm 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 vacuum attached to a sweeper. Therefore, a cost estimate of $16 per. o

catch basin cleaned may be used for manual cleamng It should be noted that [costs vary
dependmg on local market condmons.

ENVIRONMENTAL IMPACTS

Sedunent and debns removed from catch basms must be dxsposed of 1n a proper manner to"
avo1d negative envrronmental 1mpacts :

REFERENCES
1. Midwest Research Insntute, Collecmon of Econormc Data from Nanommde Urban Runo&'

Program Pro]ects-Fmal Report: Report to U. S Envxronmental Protecuon Agency, March, -
1982.

2. anesota Pollutlon Control Agency, Protectmg Water Quah_tx in Urban Areas, 1989

3. Southeastern Wisconsin Regional Planmng Commxssmn, Cost of Urban Nonpoxnt Source
Water Polhmon Control Measures Techmcal Report No. 31 June, 1991

4. Us. EPA, Results of the Nanonvnde Urban Runoff Progr_a s December, 1983. .
5 U S. E.PA, Catch Basm Technolggz Ovemew and Assessment, May, 1977

6 Washmgton State Department of Ecology, torm Water Management Manual for. Puget '
Sound February, 1992.

msm/mduwmb,kwrmammw, US EPA, 401 N Strecs, SW, Washingson, DC, 20462
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STORM WATER BMP: . SHelrnimesrinns
COVERINGS = T

' DESCRIPTION

A simple yet effective Best Management Practice BMP). is covérii'lgi ‘Covering is thé partial 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, plastic sheeting, roofs, buildings, and other enclosures are examples of temporary or
permanent covering that are effective in preventing stormwater contamination. The most prominent
advantage of covering is. that it is inexpensive in comparison to other BMPs. e

CURRENT STATUS e
A review of numerous NPDES group applications indicfd&s that covering is q': commonly implemented
BMP. As more-facilities identify potential sources of stormwater contamination, the use of coverings will
‘increase significantly due to its effectiveness from a performance and cost perspective. g

7

APPLICATIONS

Covering is appropriate for lqad;:ng/urﬂoa&ing areés,‘raw material,. b}"produ'ct‘ and final product 6ut;.ioor ‘,

storage areas, fueling an_d vehicle maigtenance areas, and ,otl;‘er‘ hfgh tisk~area§.' )

¢

LIMITATIONS

Limitations associated with co"verir.zg‘ asa BMP include: i

Temporary methods such as plastic ‘she'eting can become torn dr'rip'péd, S
exposing the contaminant to precipitation and/or stormwater runoff. ,

Costs may pr_btu‘bif the building of cbmplete enclosures.

May pose health or safety problems for enclosu:és built over cgrtain.
materials or activities. : S S

Requires frequent inspection.

A structure with only a roof may not kgep. out all precipitation.

- v

>,

PERFORMANCE

It is difficult, based on data currently available, to quantify the mitigation of runoff 'contamination’ when

covering is used. However, significant runoff water quality benefits are expected by simply reducing the.

_‘contact between potential contaminants and precipitation or stormwater runoff. One source has
estimated that 80 percefit of the environmental damage from de-icing-chemicals is caused by inadequate
storage facilities. : . g : ‘ ‘




' _DESIGN CRITERIA

- ‘Evaluate the mtegnty and durabxhty of the covenng, well as its compan’bthty vnth the matenal or
" activity’ being enclosed. - When designing an enclosure, one should consider materials access, handling -
and transfer.” Materidls that pose environmental and/or safety dangers because theéy are radioactive,

o pathogemc, flammable, exploslve, or reactive requn'e specxal venn.latxon and temperature consxderanons

Covering alone may. not protect exposed matenals frorn stormwater contact. -Placing matenal on an
elevated 1mpermeable surface or building curbing around the outside of the materxals may be reqmred to
prevent contact with stormwater runoff from' adJacent areas. -

Pracucmg proper matenals management thhm an enclosure or underneath a covered area is essexmal
For example, floor dra.xnage ‘within an enclosure should be properly designed and connected to a samtary .
‘sewer. The local publxcly owned treatment works should be consulted to deterrnine if there are any L
preu'eatment reqmrements restncnons, or compatibilxty problems pnor 1o dzscharge. _ A

LA

a 'Mamtenance involves ﬁ'equent inspection of the covermg for rips, holes, and general wear Inspecnng‘
B covenngs should be part of an overall prevenuve maintenance program. . :

‘cOsrs

- Covering .costs vary in propomon to- the degree of protecnon deslred and the reqmred hfespan The
: most inexpensive covering is plastic sheéting, 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 matenals -

- for the structure, hghung, and ventxlanon are con51dered but it offers the hxghest degree of protecnon,- ‘
,forthelongestpenod S LT . S

'ENVIRONMENTAL IMPACI'S

" The xmpact from a covered area depends on the degree of complemty in the _covering des1gn A su'nple o
. plastic sheeung 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 i is -
"+ not sufficiently protected from contact with runoff. An enclosed structure may need to have internal
drainage. If this is the case, it must ot be connected to the storm sewer, and may not be suitable
connéction to a sanitary sewer, if the stored material is considered hazardous. The internal drams would
. then'need to be connected to some suxtable contamment area for later disposal. -

.. 1. anesota Polluuon Control Agency, Protectmg the Water Qualxgz in Urban Areas, 1989

B 2. U S EPA, tormwater Management for lndustnal Activities: - Developmg Pollunon Preventlon )
: L Plans and Best Management Pracuces, Pre-pnnt, July 19920

o 3. Waslungton State Depamnent of Ecology, tormwater Managernent Manual for Puget Sound,
) l’-‘ebruary 1992. . S - N ,

This BMP foct sheet was prepared by the M icipal Tachnology Branch (1206}, US EPA, 401 M Stvee; SW, Washingom, DC, 20460.
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STORM WATER BMP: = (REFEORRATGNS
DUST CONTROL | T e

-

.DESCRIPTION

Dust controls are methods that prevent pollutants from entenng stormwater dxscharges by reducing the
surface and air transport of ‘dust caused by industrial or construction activities. Control measures can
prevent dust from spreading into areas of a facxlxty where runoff may eventually transport the material to
. @ storm sewer collecuon system or directly to a recemng waterbody ‘ ,

Dust control for industrial activities normally. mvolves mechamcal systems designed to reduce dust
emissions from_ in-plant, processing activities, and/or materials handling. These may include hoods,
cyclone collectors, bag-type collectors, ﬁlters, negative pressure systems, or mechamcal sweepers

4
Dust control measures for construction acttvmes mclude wxndbreaks muumxzauon of 'soil, spray-on ‘
adhesives, tillage, chemlcal treatment, and water spraymg. ,

COMMON MODIFICATIONS

There are a number of temporary altemauves for dust control However, another consideration is to
eliminate the need for temporary dust control completely by permanent modification of the sxte This
could include such measures as covenng exposed areas with vegetauon stone, or concrete .

.

APPLICATIONS L - E’

Dust control measures may be apphed to any site where dust generauon can cause damage to the site or
adjacent properties.. However, 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 apphed to any industrial activity where dust poses a threat of
contamination to water bodies.

LIMITATIONS

anary 11m1tatlons of dust control mclude

'

Some temporary dust controls must be reapphed or replemshed on a regular basxs .

' Some controls are expensrve Ce. 8- chermcal treatment) and may be meffectxve under _
certain conditions.’ ,

Some controls may cause an mcrease in the amount of mud bemg tracked oﬁ-sue

Typical windbreaks are not as effective as chemxcal treatment or mulching and
seedmg, and may require land space that might not be available at all locauons

ndusmal dust control is typxcally labor and equxpment mtenswe and may not be
eﬁ'ecnve for all sources of pollution (e.g. street sweepers) '

More elaborate mdustnal dust control systems require trained personnel to operate
them, an require the 1mplementanon of a preventive mamtenance and repaxr program '
to ensure operational readmess : S .




. PERFORMANCE |

'l'he decxsxon on which dust control measures’ to 1mp1ement must take 1nto conszderatton the "
perforrnance objectlves .tequtred for a partmuiar sxte Some examples of performance objectlves include: *

P.ret/ent-wind‘ and waterﬁb.ased‘ erosion' of‘ distutbed‘ areas :
A reducuon of employee resplratory probletns ,

. Rapld mplementanon at low cost and eﬂ’ort ‘ ;, e .
.v : thtle or no ttnpact on the envzronment. . |

L Pennanent control of the dust problem

'Based on the ob;ectwes s1mply sweepzng the lmpervxous areas for larger pameles on a rouune bas:s may -

- provide an efficient and reliable method of dust control that can be quickly mplemented Other controls ..
. might include vegetative- ‘windbreaks whxch would prov1de a much more permanent and env:ronmentally ‘

safe, alternanve to chemical use: ¥ : i , , :

o DESIGNCRITERIA

“The main goals of the dust control pro_]ect destgn is to lunxt dust genseranon and reduce the amount .of

.. soil -or “dust parnculate exposed. However this must also. take into ' consideration the perfoxmance'.
-objectives established for the partxcular 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 utﬂzzes -a combmanon of temporary permianent, or
mechamcal measures for dust conn'ol '

| 'I'EMPORARYMEASURERS

'Vegetatlve Covenngs Temporary seedmg and mulchmg may be apphed to |
cover bare soil and prevent wind erosxon

Adheswes Use spray-on ‘adhesives accordmg to Table 1 below Itis
recommended using these adhesives only if other methods cannot be-used
as many of them are d:fﬁcult to wark with and form fatrly unpenetrable -

: surfaces , : : . C

Wetung ‘I'hzs is- generally done as an emergency treat_rnent. The site is’

sprinkied with water until the surface is wet and repeated as nécessary. If

this method is to be employed, it is recommended that a temporary gravel
A rock entrance be created to prevent carry-out of mud onto local streets

. Tﬂlage Tlns pracnce roughens the soﬂ and brings clods to the surface It is
_ an emergency measure that ‘should’ be used before wind erosion starts. -
~ Plowing should begin- on the windward side of the site using chxsel-type ,
. plows spaced about 12 inches apart, spnng-tooth harrows, or snmlar plows

Barriers: Sohd 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
mtervals of about 15 timés the bamer hetght are effecnve in controlhng
wmd erosion.’ y




Calcium Chloride: This matenal is apphed at a rate that w1ll keep the surface -
mmst. Pretreatment may be necessary dae to varymg 51te and clunanc condmons.

TABLE 1: DESIGN OF ADHESIVE MEASURBRS

N\

- o Applicat:on Rate

Type of Emulsion Water Dilution 'Nozzle Type ﬁgallons per acre)

Anjonic Asphalt, 7Tto1 Comse . 1200
Latex 12501 - . Fine - - . 235

" Resin and Water - 4wl Fine : . 300

SOURCE: Reference L.

PERMANENTMEASUR.ERS

w

Permanent Vegetatxon. Seedmg ‘and soddmg should be done to
permanently stabilize exposed areas against wind erosion. Itis o
recommended that existing trees and large shrubs remain in place’.
to the greatest extent possxble dunng site gradmg processes ’

Stone The purpose of thls method 1s to place coarse gravel or crushed
stone over highly erodxble soils. ‘ .o

Topsoiling: This method is recommended when permanent Vegetatxon Y
cannot be established on a site. Topsoiling is a process in which less
erosive soil material is placed on top of hlghly erod1ble soils.’

Cyclone Collectors -Cyclone collectors separate dry dust and pameulate
" pollutants 1n the air by centnfugal force :

Bag Collectors/Fabnc Filters.- -Bag collectors or: fabnc filters remove dust.’
by filtration. Storage of ‘collected dust should be carefully consrdered so
that 1t does not become a source, of fugmve dust.

Negauve Pressure Systems. These systems mmumze the release of dust _
from an operation by maintaining a small negative pressure or suction to -
confine the dust to a particular operauon

Water Spraying. This ternporary mechamcal method conﬁnes and settles '
the dust from the air by dust and water pa.rtlcle adhesion. Water is
sprayed through nozzles over the problem area. .

Street Sweepers. Two kmds of street sweepers are ‘common in mechamcal
dust collection systems. The brush system has proven to be an efficient
‘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 beleft behind by a brush street sweeper. .
However, no performance data are as yet available to verify that
vacuum sweepers are more efﬁctent than brush sweepers I

»




MAINTENANCE

Typxcally, all dust conu'ol measures requxre penodxc and dxhgent mamtenance For. example, mechamcal« o
equipment should be ogerated according to the manufacturers recommendations and mspected regularly
.as part of an "industrial site’s preventive maintenance program. Temporary dust control measures, such
as chemical spraymg, watering, etc. reqmre periodic renewal. Permanent solutions such as vegetation,
wmd barners, 1mpervmus sérvices also requxre upkeep and maintenance in order to remain effecnve.

. - COSTS

- The costs assoclated wn'.h dust control measures are generally lower for vegetauve and barrier methods
and increases significantly for chemical and mechanical treatments. For example, an mdusmal facilxty '
, purchased a mechamcal brush sweeper for approxunately $35, 000 : : s

z

: ENVRONMENTAL IMPACI‘S

-There are several negatwe env:ronment unpacts whlch are related to the dust control BMPs. These&
.,xndude : . . . t . o o

If over-apphcauon ofa chenucal treannent to control dust occurs, excess
chemicals could be exposed to both wind and rain erosion with potentlal for-
both surface and groundwater contanunanon _

. . oil should never be used to control dust because of the hlgh potenual for
s pollunng stonnwater dlscharges .

When usmg mechanxcal measures such as-street sweepers, dxsposal isa maJor

- problem and could involve parameter testing of dust partlculate RCRA
regulanons may be apphcable to thls s:tuanon . - . .

1. C1ty of Eagan anesota, Erosmn Control Manual, 1984

2. Hennepm County, anesota, Erosxon and Sedxrnent Control Manua], 1989

3 anesota Board of Water and Soxl Resources, anesota Consu'ucnon Site Erosmn and Sediment ‘

. onn'ol Planrnng Handboog, November 1987
4, U S. EPA, NPDES Best Managernent Pracnces Gu:dance Docurnen; December 1979.

‘ 5 U.s. EPA, tormwater Managernent for Industnal AcnvmeS' Develogmg Pollunon Prevennon Plans
and Best Management Practxces, September 1992.. ’ .

“This BMP factshees wis pepared by the Municipdl Tachnology Branch (4204), US EPA. W01 M Soves, SW, Washingom, DC. 20060, -

Py
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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. . SR : N

CURRENT STATUS

'lypically,' most industriai facilities ha've an employee u-aining.pro;gra,mi :Usua‘ll‘y"t,'.hése -address such
areas as health and safetytraining, or fire protection. The effort required to modify. these programs to
include discussion of stormwater management and BMP implementations .sho;ﬂd be r'ea_sonab'le, o

APPLICATIONS . T, R

Employee training program implementation_can' be achieved through posters .qn_d’ ‘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. - I

LIMITATIONS,

Limitations of an employee trammg progrﬁm include:

..

. Lack of employee motivation
. Lack of incentive to become involved in BMP ifnplementa;ipn )
. . Lack of commitment from senior management
PERFORMANCE S S S

_ 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. o o . _ , -




DESIGN CRI'IERIA
Speclﬁc deslgn cntena for mplemenung an employee u'ammg program mclude'

Meenngs should be held at mtervals frequent enough to ensu.re adequate undersmndmg
of SWPPP goals and objecnves ' . .

A su-ong commxtment by, and penodxc mput from, senior management. o
.o Transmxssxon of knowledge from past spm causes and solunons to prevent future spﬂls

Makmg employees aware of internal reporting procedures relatwe to BMP momtonng and
' spﬂl repomng procedures ‘ o : o

L Operatmg manua.ls and standard procedures

hY

Implementanon of. spill dnlls to rmmxmze potennal contammanon of stormwater runoﬁ
from toxic pollutants. :

MAINTENANCB.

, An employee trammg program should be an on-gomg yearly process ‘There . should be, at a rmmmum,

annual meetings to’ disctiss SWPPPs. These meetings could be held in conjuncuon with other traxmng . a

7

' programs Flgure 1 below ﬂlustrates a sample employee u'ammg trackmg worksheer.

EMPLOYEE TRAINING' S Cowhudbv
o ) Dlto

o lnoa\l:uonl mhmvﬂmmfammm mmma.m sddress spill pravention end -
and umm mwmmmmuu .

mmwhootw\dwm
o Sriet Descrigtion of Training

’,/

r /Materieis (9.0., T, newsletter Schedu hr]’nhh"

) 'rnm.r..m I ke course} . Ot daest’ _Atandoss

" Other Topics

SOURCE: Maml .

FIGURE 1' SAMPLE WORKSHEET FOR. TRACK[NG EMPLOYEE TR.AINING :




COSTS

Costs for unplemennng an employée training program are highly vanable It is anuexpated 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 training program. .

TABLE.1: EXAMPLE OF ANNUAL EMPLOYEE TRAINING COS'IS

‘ Yedrly
" Avg. : - Hours - Est.
, ‘ Hourly Ovcrhead* on SW Annual
- Title _ Quanmy Rate ($) Multiplier Training Cost ($) .

>Stor.mw.aterEngi1_j1eer A . x- 15 ':x' 20 % 20 = 600
PlantManagement o x 20 .x. 20 10 = 2000
PlantEmployees .~ 10 10 x 20 x s _1_o,go_q

Note: Defined as a muluplxer (typ1cally tangxng between 1 and 3) that takes into account
those costs associated with. payroll expenses, bmldmg expenses, etc. .

SOURCE: EPA

Avg. .
- Hourly * Overhead
Rate (S) "Multiplier

TOTAL ESTIMATED ANNUAL COST _____
* {Sum of A+B+C+D) ‘

: - SAMPLE ANNUAL TRAINING COST WORKSHEET " ~




! . : 73 N . . . -
o 1. U S. EPA, NPDES BMP Guxdance Document, December, 1979 -
2. U S. EPA, Stormwater Management for Industrial Acnvmes' Develogmg Pollunon Preventmn
Plans and Best Management Practxces, September 1992.
. .I . J - - - L -
mm\a'fadwww, e ’byh" icipal Technology Branch (4209, US EPA, wzus&._sw, wm.ncm
N
- "
. ‘ L.
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FLOW DIVERSION . - SR
ESCRIPTIZON

Structures which collect .and d1vert runoﬁ:' (such as gutters, dra1ns sewers, ‘dikes, berms, swales, and
graded pavement), are used in two ways to prevent the contamination of storm water and receiving -
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
contaminated runoff directly to a treatment facﬂn:y D ‘

Storm water conveyance systems can be consrructed from many dJﬁ'erent matenals, mcludmg concrete,

clay tiles, asphalt, plastics, metals, ‘rip-rap, and compacted soils covered with vegetanon. The type ‘of
material used depends upon the design criteria- used for conveyance of storm water mnoﬂ" These :
conveyances can be temporary or permanent.

~ Some advantages of storm water conveyance systems used,for flow diversion purposes are:

. ' Direct storm water ﬂows around mdustpal sites.
. Prevent temporary ﬂoodmg of mdustnal sité.
] S
. Reqm_re low maintenance. ‘
. . Provide erosion-resistant conveyance of storm water runoff.

. . Can typically be mstalled at any: time_,

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

COMMON MODIFICATIONS

Flow diversion structures can be modified by mcorporanng them with other pollution 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 eﬁ'ectlveness If. the “diversion structure is proven -
effective, it could then be converted to a permanent structure. :

-

- APPLICATIONS

Storm water diversions work  well at most mdusmal s1tes 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 ‘contaminated storm water is’ collected in a conveyance
system, it can be directed to a treatment facﬂxty : :

* A good example of the utilization of a d1vers10n structure is The Isle La Plume Wastewater Treatment
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 w1th other wastewater.
Figure 1 below fllustrates this storm water runoff control method.




- PERFORMANCE ‘
Properly designed storm water diversion systems are very effective in preventing storm water from being
* contaminated .or in routing contaminated flows to a proper treatment facility. For example, at the
'Denver Stapleton International Airport, flow diversion techniques intercept 99 percent of the glycol used
and prevent its introduction. to SandCreek; 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. S e '

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 matérial to erosion, its durability and compatibility
with any pollutants it may carry. ST o T S

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. ' SRR

. llDYke» ' o Channel

' - o . _ Dyke Top'Width.’
. h . . N | ‘s 2"{(

. SOURCK: Refarence 3. S o

“FIGURE 2: TYPICAL DIVERSION SWALE DETALLS

- A fﬁainteﬂance’progfam. should be éSta{biished 16 ensure pi'oper ﬁmcnoamg of 'ihe‘ system ‘Storm watér_

" diversion systems should be inspected to rémove debris within 24 hours after a significant rainfall event
sirice 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. -




Secondaty Clarifier Wall

Core Drilied Hole

. -
Core Drilled Hole

kS

- STORM WATER RUNOFF CONTROL MEASURERS

At the Denver Stapleton International Airport, the terminal area, aprons, and. support facility 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 hydrauli¢ diversion structures in place which '
convey storm water flows to a 9 mgd detention basin. The basin contents are pumped to a samtary‘
sewer interceptor where it is then transferred to a local treatment facﬂzty :

Another concept being adapted into the new reglonal airport in Denver is based on centrahzed de-lcmg |

“areas for use by all airlines. ‘All de-icing area flows will be diverted to an on-sxte glycol recovery system
or diverted to- determon basins for dxscharge to the local treatment facility. .

LIMITATIONS
Storm water flow diversion structure lumtanons mclude' ‘

Once flows are concemrated they must be routed through stabxhzed structures, or
treatment facﬂmes in order to mmnmze erosion pnor to dlschargmg to recemng waters.

- May increase ﬂow rates.
May be 1mpract1ca1 if there are space ln‘mtanons.
May not be economxcal especxally for sma.ll facxlmes or afrer a site has been constmcted .

. May require maintenance 'afrer heavy rains.




cosrs S T
Costs vary dependmg oi'i the type of ﬂow d1verslon structure used. For example, if vegetated swales are

“to be used for flow diversions, the Southeastern Wisconsin’ Regional Planning Commission (SEWRPC)
‘reported that, in 1991, costs may vary between $8.50 to $50 per lineal foot, depending upon swale depth
" in feet and bottom width. Capltal 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 wi]] be
determmed by the scope of the pro;ect and desxgn requtrements

‘MONI\AENTALIMPACI’S S
7 Envuonmental unpacts mclude
. Erosxon problems due to. concentrated ﬂows. -

Potenual groundwater contammanon 1f conveyance channels have hlgh mﬁln'atxon .

: . capacmes :
. ' ' ‘ .
. Undersxzed water treatment facxhnes may result m dxscharges that have not been
) adequately treated

;;. James M. Montgomery, Consulung Englneers, Inc s Slte ViSIt Data, September 1992
‘2. anesota Pollunon Control Agency, rotectmg Water Quahty in Urban Areas, 1989

3. Southeastern Wlsconsm Regmnal Plannmg Cornrmssxon, Costs of Urban Nongmnt Source
: Water Pollunon Control Measures, Techmcal Report No 31, June 1991

: ‘4. . U S. EPA, NPDES BMP Guldance Document, June 1981. '

5. U S. EPA, Storm water Management for Indusmal Acnvmes Developmg Pollunon Prevennon
- Plans and Best Management Pracnces, September, 1992

‘6. Washmgton State Department of Ecology, Storm’ water Management Manual for Puget Sound,
o February 1992 . ; N

Thiz BMP fact shewe was prepared by she Municipal Tockn

ipal Tuchnology Branch (4204), US EPA. 401 M Soest, SW, Washingsom, DC, 20460
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HIGHWAY ICE AND SNOW - . MUNICIPAL TECHNOLOGY BRA?&W% v

REMOVAL AND MINIMIZATION
OF ASSOCIATED ENVIRONMENTAL
EFFECTS FROM THESE PROCEDURES

INTRODUCTION

The United States is critically dependent on the nation’s road system to support the rapid, reliable
movement of people, goods, and services. The widespread expectation holds that even in the face of
winter storms, roads and hlghways will be maintained to provide safe travel conditions. In many states,
this requires substantial planning, training, manpower, equlpment and matenal resources to clear roads
and streets throughout the winter.

The dependency on deicing chemicals has increased since the 1940s and 1950s to provide “bare
pavement” for safe and efficient winter transportation. Sodium chloride (salt) is one of the most
commonly used deicing chemicals. Concern about the effects of sodium chloride on the nation’s
environment and water quality has increased with this chemical usage. Automobile and highway bndge
deck corrosion has also become a concern. However in most cases sodium chloride is thé most cost

effective deicing chemical. Such concerns have led to major research efforts by the Strategic Highway f ,

Research Program (SHRP), the highway community, industry, government, and academia. This ongoing
research is exploring many different areas in an effort to maintain the safest roads poss1ble in the most -
economical way while protecting the envn'onment '

This fact sheet summarizes research addressing water pollution and associated effects from: deicing ‘
chemicals, and describes the methods used to control snow and ice on roadways while minimizing impacts
on the environment. Due to the broad nature of this topic, sources for research and alternative methods’
are listed and can be referenced for more detail. This fact sheet emphasizes methods and practices for
snow removal which are feasible and cost effectlve for local governments to 1mplement consmtent with -
sound environmental quality goals. :

BACKGROUND

Salt was first used on roads in the United States for snow and ice control in the 1930s (Salt
Institute, 1994). Beginning in the late 1940s and 1950s, the “bare pavement” policy was gradually
adopted by highway agencies as the standard for pavement condition during inclement weather providing
safer travel conditions on roadways. The “bare pavement” policy became a useful concept for roadway

maintenance because it was a simple and self-evident guideline for highway crews. . However, this policy
should be implemented with the application of the minimum amount of salt needed ‘rather than the
maximum (Lord, 1988). A common perception that “more is better” led to-practices of high application
rates of salt. Dispersion of city populations into suburbs, higher travel speeds, and growing dependence
upon automobiles for commuting and commerce increased the need for snow and ice removal for safer
roadways (Lord, 1988). In the 1960s, the use of salt as a deicing chemical became widespread in the .
United States because it is readily availdble, 1t is effective. on ice and snow, and 1t is the lowest cost
alternative (Salt Institute, 1994). ‘ ~




In the late 1950’s, damage fo roadside sugar maples (a salt-intolerant species) in New England
gave rise to concern about the widespread use of salt. - Shortly thereafter, contamination to drinking water - |
from wells located near unprotected salt storage areas heightened this.concern (Lord, 1988): Rumoff of ' -

~ road salts also became recognized as causing additional environmental damage in many areas. Other
_ adverse effects of the increased use of salt included the pitting and “rust out” of automobrles and
‘corrosmn of highway structures, especrally brrdge decks (Lord, 1988) ' : ‘

These env1ronmental concerns have spawned a number of research programs ‘The goal of this
research has been to minimize the environmental effects of deicing while still providing a cost effective
means of clearing roadways for safe travel conditions. Early in the 1960s, research began on alternative
deicing chemicals, reduced chemical use, improved operational practices, pavement heating, pavement
‘modification, and mechanical approaches (Lord, 1988). More recently, a “Snow and Ice Control” study

~was conducted by the Strategic Highway Research Program (SHRP). SHRP is a unit of thé National

- Research Council that was authorized by Section 128 of the Surface Transportation and Uniform

" Relocation Assistance Act of 1987 (SHRP-H-381, 1994).  The snow and ice control research included

- five major initiatives: snowplows, snow fences, road Weather mformatron systems pretreatment a.nd
: dercmg chemrcals (SHRP, 1991) :

’

INITIATIVES TO CONTROL SNOW AND ICE ON ROADWAYS WHILE MINIMIZING
ASSOCIATED ENVIRONNIENTAL EFFECTS = .= - oy

Improved Op_gratronal Practices -

Clearmg roadways after winter storms accounts for-a large portion of the hlghway mamtenance
" budget for many northern states. Accordmg to the Salt Institute’s 1991 Snowfighters Handbook, snow
. removal in 33 snow belt states accounted for 16.2 percent of total maintenance costs and 3.6 percent of
all hrghway expendrtures (Salt Institute, 1991). To ensure public safety, minimize environmental effects :
and mmrmrze costs, a well planned .and operated Snow. and ice removal program is essentral -

To ard hrghway management personnel in rmprovmg operatlonal practlces, the Salt Institute
~ initiated a “sensible salting” program _in 1967 (Lord, 1988). These guidelines have evolved with
, technology to incliude the following: planning; personnel training; equipment maintenance; spreader
* calibration; proper storage; proper maintenance around chemical storage areas; and.environmental
awareness (Salt Institute, 1994). Further information on the' “sensible saltmg program can be obtained
from the Salt Institute located in Alexandria, Virginia. ‘While all of these guidelines reflect key concerns,
proper storage is consrdered one of the most effectlve in source control of deicing chemicals (EPA, -
: 1974). - S . -
: . In a 1988 paper by Lord the estrmated annual loss of uncovered stockplled salt in the Umted,
States due to rainfall was 400,000 tons, which is- approximately 5 percent of the 8 million tons of salt
. used annually in the United States. An estimate of $30 per ton of salt equates to a monetary loss of $12
" million dollars each winter (Lord, 1988)." Rock salt may be purchased in bulk for approximately $15 to"
$20 per ton. . Inchuding transportation, these costs increase to $35 to'$70 per ton (Lord, 1988). Monetary
loss calculations by Lord used a unit cost estimate for salt of $30 per ton which' is between estimates
including and excluding transportation. Guidelines for siting and desrgn of deicing chemical storage
facilities are provided in the Manual for Detcmg Chemzcals Storage and. Handlmg (EPA-670/2-74—033
1974). ,
Another source, the Regronal Groundwater Center (1995), estimated that 10 million tons of salt
are used each winter in the United States to melt snow and ice on roads and surface streets (Reglonal-
Groundwater Center, 1995, Salt Institute, 1994). The cost for salt is currently estimated at $17 to $20
per ton excluding transportation costs (J esperson, 1995). - To minimize envirormental impacts associated
" with briny runoff due to rain and an uncovered stockpile of salt proper storage facrhtles must be
- implemented. : Lo : o . :




One of the most effective measures for reducing chemical application has been the use of a
calibrated spreader using the optimal application rate. Salt application rates range from 300 to 800
pounds per two-lane mile, depending on road, storm, and temperature conditions (Salt Institute; 1994).
Automatic controls on spreaders are recommended to ensure a consistent and correct application rate.
The spreader should be calibrated prior to and periodically during ‘the snow season, regardless of whether
automatic or manual controls are used. Uncalibrated controls and poor maintenance are often responsible
for excessive salt use (Salt Institute, 1994). Guidelines for the calibration of spreaders and determination
of application rates are given in the Salt Institute’s Snowfighters Handbook (1991) and in the EPA .
document entitled Manual for Deicing Chemicals: Applzcatzon Practices (EPA—670/2—74—045 1974). /

Road Weather Information Systems

The United States and Canada spend over $2 billion dollars each year on Snow and ice control .
(SHRP 1993). In an effort to reduce these costs and maximize efforts, the SHRP sponsored research.
using road weather information systems (RWIS) for highway snow and ice control. Components of the
RWIS include meteorological sensors, pavement sensors, site-specific forecasts, temperature profiles of
roadway, other available weather information (including.a weather advisor), commumcatlons and
planning (SHRP, 1993).

The RWIS .can be used to maximize icing and plowing efforts by pinpointing and prioritizing
roadways which need attention. . It is also designed to eliminate unnecessary call-outs and provide better
scheduling of crews based on knowledge of the probable extent and severity of the winter storms.
Research indicated that the use of the RWIS technologies can improve efficiency and effectiveness as well
as reduce the costs of highway winter maintenance practices (SHRP, 1993). It was concluded in this
report that road weather information system technology has the potential for nnprovmg service. This
conclusion led to the recommendation that every agency that regularly engages in snow and ice control
should consider acquiring some form of road weather information systems; at a minimum, forecast
services should be used. The SHRP also pointed out that addifional research beyond the scope of the
original RWIS project would be helpful (SHRP, 1993). Additional information about RWIS and
intelligent and localized weather prediction are provided in the following SHRP manuals: Road Weather
Information Systems, Volumes 1 and 2 (SHRP-H-350 and SHRP-H-351); and Im‘ellzgent and Localzzed \
Weather Prediction (SHRP-H-333). .

Alternative Deicing Chemicals

The most commonly used salts for delcmg are sodium chloride (NaCl) and calcmm chlonde
(CaCl) (Salt Institute, 1994). Approximately 10 million tons of salt are used each year at a cost of
approximately $17 to $20 a ton (Jesperson, 1995). The eastern and north-central sectors of the country
use more than 90 percent of this salt each year (Lord, 1988). Salt has proven to be a very effective and
feasible deicing chemical. However, the importance of snow and ice removal programs, public safety,
economic concerns, and environmental factors have led to research utilizing alternative deicing chemicals.

An acceptable alternative to salt as a deicer must have an effective melting range similar to salt,
lack detrimental effects, and be cost-comparable. Some alternative deicers evaluated include formamide,
urea, urea-formamide mixture, tetrapotassism phosphate (TKPP), ethylene glycol, ammornium acetate,
and calcium magnesium acetate (Lord, 1988). The only alternative that warranted further consideration-
was calcium magnesium acetate (CMA). CMA is made from delometric limestone treated with acetic
acid. While CMA. does not overcome all the undesirable characteristics of salt, it is an effective deicing
chemical (although more material does need to be applied to result in the same deicing achieyed with
salt). Since CMA has less potential to effect the environment and is not as.corrosive as salt itisa -
frequently used deicing chemical. However, the cost of CMA was estimated to exceed salt by a factor
of 10 to 20 (Lord, 1988). Efforts have been made to find a more effective production technology to
lower the cost of CMA, but these efforts have had 11m1ted success (Lord, 1988). Alternative delcers can




cost anywhere from $200 to, $700 a ton (J esperson, 1995). Therefore salt is still the most cost. effectlve ‘
deicing agent, Another study performed by the Michigan Department of Transportation also found salt
to be the most cost effective deicing agent of those evaluated. Those evaluated included sodium chloride - -
- (road salt), CMA, CMS-B (also. known as Motech), CG-90:Surface Saver (a patented corros1on—1nh1b1t1ng

salt), Verglimit (patented concrete surface contammg calcrum chloride pellets), and calcmm chlonde ,

(MDOT 1993)

In'1992, the SHRP pubhshed a handbook to standardlze testing procedures for evaluatmg delcmg’
chemicals (SHRP, 1992). Parameters. evaluated include . fundamental properties (e.g., ice melting
potentlal fundamental thermodynamic factors), phys1cochermcal characteristics, deicing performance
(e.g., ice'melting, ice penetration, ice undercuttmg), materials compatibility, and additional engineering
parameters. This handbook is a valuable tool for the on-going research and technology of evaluating '
deicing chemicals. Additional information on these testing procedures is prov1ded in the Handbook of

Test Methods' for Evaluatmg Chemzcal Deicers (SHRP—H—332 1992) I B
o ,

Pretreatment

n Limited expenence (mamly in Scandmav1an and other European countnes) has shown that
applying a chemical freezing-point depressant on a highway pavement prior to, or very shortly after, the .
" start of accumulauon of frozen precipitation minimizes the formation of an lce—pavement bond (SHRP,
1994). Liquid salt solution has been practiced in Scandinavia and has proven successful for pretreatment
(SHRP, 1994). The anti-icing or pretreatment practice reduces the task of clearing the highway and
requires smaller chemical amounts than are generally required under conventional deicing practices (e.g., N

applymg after snow or ice have begun to accumulate). When properly implemented, pretreatment -

- practices may reduce costs and be more effective than conventional practices. . However, most state
- ‘highway agencies generally have not adopted pretreatment due to uncertainty regarding how to implement
this practice and which conditions most favor it. Other concerns with pretreatment practices include the
‘imprecision with which i icing events can be predicted, the uncertainty about the condition of the pavement
surface, and the public’s ‘perception of wasted chemicals. Some early attempts to utilize: pretreatment
‘practices m the Umted States have falled because of these uncertamtles (SHRP 1994)

‘ The technologlcal lmprovements in weather forecastmg and in assessment of pavement surface
' cond1tlons as previously mentioned, offer the potential for successful implementation of pretreatment.
Research during the winters of 1991-92 and 1992—93 by the- SHRP indicated that a 40 percent and ‘62
percent reduction, respectively, in chemical usage was possible using pretreatment (SHRP, 1994). The
-success of pretreatment depends on- accurate RWIS, a-technology which is still evolving. Developrnent .
‘of spreaders specifically designed or retrofitted to distribute prewetted solid material or liquid chemicals, -

* calibration and evaluation of spreaders, training of maintenance personnel, and effective communication -
are also itéms that need further attention to ensure the success of a pretreatment program (SHRP, 1994).
Addmonal information on pretreament is available in the SHRP manual entitled, Development of Anti-
Iczng Technology (SHRP—H—385 1994)

Mechamcal and Doslgg Agproaches

Many mechamcal and des1gn approaches have been and are bemg evaluated in an effort to ‘
improve snow and ice control practices. Some of these attempts have been very successful, while others
have had limited success or need additional research. Pavement heating, pavement coatmgs mobile
thermal deicing equipment, snow fences, and snowplows are examined in this section." This is not an
inclusive list of mechamcal and desrgn approaches to nnprove SnoOw and ice control procedures ’

, Pavement heatmg and pavement coatlngs are two approaches to Snow and ice removal that have
. had limited success -due to cost or feasibility. - Pavement heating. systems are ‘costly to- install, ‘and
. operatlonal costs exceed salt on the order of 15 to 30 times (Lord 1988) ‘Mobile thermal- delcmg »




equipment has also been evaluated and determined to be unpractlcal Pavement coatings involve using
hydrophobic or icephobic coatings to reduce the adhesion of ice and snow to the roadway. Pavement
coatings are required to weaken or prevent bonding, while not decreasing traction in no snow conditions.

They are also required to persist in extremely harsh conditions. Pavement coatings were generally -
unsuccessful because they were unable to meet these goals (Lord, 1988 and EPA, 1976). A 1976 EPA

Manual, Development of a Hydrophobic Substance to Mitigate Pavement Ice Adheszon (EPA-600/2-76-
242) describes this research. '

Snow fences minimize costs associated with snow clearing, reduce the formation of compacted
snow, and reduce the need for chemicals. Mechanical snow removal costs approximately 100 times more
than trapping snow with fences (SHRP, 1991). However, the snow fence must be properly positioned
and designed. A 4 foot picket fence in contact with the ground and improperly positioned was common .
20 years ago (SHRP, 1991). Properly designed and posmoned taller fences are more effective than the
traditional low picket fence. Lightweight plastics allow the construction of portable fences up to 8 feet -
tall (SHRP 1991). A 15 foot tall snow fence used at Prudhoe Bay, Alaska is shown in Figure 1. To
minimize improper positioning and design of snow fences, the SHRP provided pubhcatlons such as
Design Guidelines for the Control of Blowing and Drifting Snow (SHRP-H-381, 1994), Snow Fence Guide
(SHRP-W/FR-91-106, 1991), and a 21 minute video entitled “Effective Snow Fences”.

Snowplow designs in the United States have evolved empirically, with scant regard to physical
properties of the material being handled and with little consideration to aerodynamic and hydrodynamic
pnncxples involved in the flow of fluidizing snow. Consequently, the energy expended in displacing snow .
is disproportionate to the work performed, and the low cast distance requ1res unnecessary rehandling of
the snow (Lord, 1988). The SHRP funded research at two universities to improve development of plow
blade design and cutting edges for the plow blades (SHRP 199 1).

FIGURE 1. SNOW FENCE (15 FT TALL) LOCATED AT PRUDHOE BAY ALASKA
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. Design Guidelines for the Control of Blowing and Drifting Snow,i SHRP-H-381, 1994 |
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The first research pro;ect conducted by the Umvers1ty of Wyormng Department of Mechamcal

. Engineering, focused on developing an improved snowplow | blade. The objective of this design was to

~ produce a plow that minimizes energy needed to throw snow clear’ of the roadway. The plow design,

. based on analytical methods and laboratory scale experiments, showed a 20 percent improvement in
efficiency over conventional plows. The plow underwent testing in West Yellowstone, Montana during
the winter of 1990-1991 (SHRP 1991) Research for add1t10na1 technologlcal advances in plow design -

S ongomg : , . o -

'

Another research project, conducted by the University of Towa Institute of Hydraulic Research,

-evolved to iroprove snowplow efficiency by improving cutting edges of plow blades based on mechanics
of ice. cutting (SHRP, 1993). ' Laboratory tests were performed with a hydraulic ice cutting ram to
determine the effects of the geometry on the cutting edge of a snow plow blade on the force required to
- remove ice from a highway pavement surface. Results of this research indicate that changes in the cutting
~ edge geometry result in substantially improved ice cutting, although the cutting edge performance may
. benefit from further studies (SHRP, 1993). An Jowa Department of Transportation “plowing truck” is

shown in Figure 2. Figure 3 shows a plowing truck which is cutting ice. Additional information can -
be obtamed in the SI-IRP manual entitled, Improved Cuttzng Edges Jor Ice Removal (SHRP-H-346 1993)

' FIGURE ‘2. . PLOWING TRUCK USED BY THE IOWA DEPARTMENT OF TRANSPORTATION

-

: Source: Improved Cuttmg Edges ‘for Ice Rerho_yal, SHEP~H-346, )1993



' FIGURE 3. A PLOWING TRUCK CUTTING ICE

Source: Improved Cutting Edges for Ice Removal, SHRP-H-346, 1993
SUMMARY OF FINDINGS

The importance of snow and ice control in terms of public safety, environmental effects, and costs
bave prompted significant breakthroughs in technology. Technological breakthroughs and on-going
research have increased and will continue to increase the effectivengss of snow and ice removal programs
across the United States. However, these advances should be supplemented by addltlona.l research and
testing in the future. ‘

To date, one of the most important advances to these programs has been i nnprovmg operatlonal ‘
practices. These operational practices include guidelines on the followmg planning, personnel training,
equipment maintenance, spreader calibration, proper storage of deicing chemicals, proper maintenance
around chemical storage areas, and an increased environmental awareness. Using proper storage facilities
for deicing chemicals and proper application rates has significantly reduced improper and overuse of these
chemicals. Best management practices for snow and ice removal should implement improved operational
procedures supplemented by technological advances if they are feas1ble and cost effective.
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HANDLING AND DISPOSAL - '~ MUNICIPAL TECHNOLOGY ami"fﬁw%
OF COLLECTED STORMWATER R o :

- AND SEDIMENT CONTROL

‘SOLIDSIRESIDUALS

INTRODUCTION

The total watershed has become mcreasmgly nnportant in defmmg modern urban stormwater
‘management. Not long ago, stormwater management programs often provided little more than local
© storm dramage with scant regard for downstream effects. ‘Today, abroad range of “best management
practices” (BMPs) have evolved because of increasing concern about comprehensive watershed
‘protection. These practices are intended to protect aquatic and terrestrial habitat, wetlands and cultural
resources by preventmg or’ controllmg eros1on sedlmentatron and pollutlon runoff.

- As technology has evolved to afford better env1ronmental protectlon‘, operatlons and maintenance |

- requirements have increased. Many modern stormwater BMPs are designed to capture and retain solids.
" The continued effectiveness of such BMPs depends on penodlc mspectron and removal of these

“resrduals : o :

: This fact sheet summarizes the nature of the residuals problem drscusses the regulatory
. framework and presents the management options available, along with typical unit costs and practical
':cons1derat10ns In addition to the available literature, the followmg draws on the experxence of a

number of practltloners at both the state and local levels - '

' lPOLLUTION FROM URBAN RUNOFF
Urban runoff carries a w1de variety of pollutants from many sources and activities. - Oil and salt

. on roads automobiles, atmospheric deposition, chemicals used in homes and offices, erosion from
construction sites, industrial plants, pet wastes, wastes from processing and salvage facilitiés, and

chemical spills are all typical sources of pollutant runoff. The quality of runoff water tends to worsen -
~as urbanization increases. This is caused by an increase in the density of sources and a decrease in - .
natural systems for capturing pollutants. - Urbanization reduces the coverage of trees ‘and other -

- vegetation which once intercepted rainfall. Natural paths, such as stream banks, become channels. The -
erosive condmons increase the amount of sediment carried by runoff. ' Natural dips or depressions that "
~had formed temporary ponds for rainwater storage may be lost by grading and filling for development. -
As asphalt and concrete replace vegetation, the quantity of runoff increases and it reaches 'surface water
faster. When the land loses its ability to absorb and store rainwater, the groundwater table drops and
stream ﬂows decrease durmg dry weather.’ : : -

Urban runoff can affect water quahty in various ways dependmg on the type of pollutant in the
runoff the quantity and concentration of the pollutant and the nature of the receiving waters. Some = -
of the major pollutants include sediment (organic and inorganic), nutrients, bacteria, oil and grease, and
. heavy metals. - Other activities, parameters, and pollutants which may affect water quality include the
disturbance of stream habitats due to construction and erosion; impervious surfaces, temperature, toxic ‘
substances, chlondes and trash/debris. Urban runoff can also cause loss of - property and vegetatmn :
through erosron : :




URBAN BEST MANAGEMENT PRACTICES

BMPs are an integral part of an urban stormwater management program. For new development
BMPs intended for an erosion and sediment control plan during the site development stage can be
designed with long-term runoff management as part of the objective. Some BMPs are designed for
long-term control; others are retrofit projects intended to correct problems resulting from the lack of
stormwater management. Goals of a BMP are to reduce the erosive effects of runoff and minimize the
pollutants in urban runoff, including toxic pollutants which may effect downstream waters. Selection
of the proper BMPs or combination of BMPs is critical to achieve this goal. BMP selection criteria
include: the site’s physical condition and development; runoff control benefits prov1ded by each BMP
option; the pollutant removal capability of each BMP option under several design scenarios; ‘the
environmental and human health advantages of each BMP option; the ultimate use of the rece1v1ng water
body; and the long-term mamtenance cost of the BMP. ‘

Urban BMPs can generally be grouped in the followmg categories:  detention * basins,
retention/infiltration devices, vegetative controls, and pollution prevention. Detention basins are widely
used and are very effective in reducing suspended solid particles by temporarily holding the stormwater
runoff and allowing the sediments to settle. Dry ponds wet ponds, and extended detention dry ponds. -
are examples of detention basins. Detention basins can reduce suspended solids concentrations.by 50
to 95 percent. In addition, since detention basins delay the amount of runoff released into receiving
waters, downstream flooding and streambank erosion from*hlgh flows are reduced and stress on the
physical habitat is lessened. '

Infiltration devices allow runoff to percolate into the ground, thereby reducing the amount of
pollutants released into the receiving water. Infiltration basins, infiltration trenches and dry wells, and
porous pavement are some examples of infiltration devices. The filtration and adsorption mechanism
traps many pollutants (e.g., suspended solids, bacteria, heavy metals, and phosphorus) in the upper soil
layers and prevents them from reaching groundwater. Infiltration devices can remove up to 99 percent
of some runoff pollutants, depending on the percolation rate and area, soil type, pollutants present, and -
available storage volume. Retention devices are also used as pretreatment ‘devices to treat runoff before
it enters the stormwater collection system or infiltrates into the ground. Sand filters and oil/grit
separators are examples of these devices. There has been limited success with some of these devices.
Negative aspects of oil/grit separators are their limited ability to remove pollutants caused by low
average detention times, and the resuspension and release of settled material during later storms.

Vegetative BMPs are used to decrease the velocity of stormwater runoff. This promotes -
infiltration and settling of suspended solids and also prevents erosion. Basin landscaping, filter,strips,
grassed swales, and riparian reforestation are examples of vegetative BMPs. Vegetative BMPs also
remove organic material, nutrients, and trace metals. For maximum effectiveness, vegetative.controls
should be used as a first line of defense in removing pollutants in combination with other BMPs..

Pollution prevention is a source reduction program usually classified as a non-structural BMP.
Local governments and industries establish pollution prevention programs to reduce the generation and
exposure of pollutants that accumulate on streets, parking lots, and other surfaces, and eventually wash
into streams and lakes. Examples of pollution prevention controls include land use planning, zoning
strategies, street sweeping, good housekeeping practices, public education/awareness, and community
involvement. A combination of a pollution prevention program and a structural urban BMP within the
framework of a watershed management plan is usually required. '

OPERATION AND MAINTENANCE OF URBAN BMPS

Proper operation and maintenance (O&M) procedures for all structural BMPs are essential to
ensure their continued effectiveness. These O&M procedures may include the following: periodic




.inspections; pipe, pump, and ‘stru‘cture maintenance; erosion control; nuisance - control; general "
housekeeping; and debris and sediment removal. Periodic inspections are important to ensure that the
structure operates in the manner orlgmally intended. - Inspectlons of municipal BMPs are usually

""performed by the local jurisdiction under state inspection criteria. Ideally, these mspectlons occur
annually dunng wet weather to assess the BMP’s effectiveness. ‘

Erosion control may be necessary for some types of BMPs ' Corrective measures such as

- regrading and revegetation may be necessary. - Nuisance control is probably the most frequent

. maintenance item demanded by the local residents. Control of insects, weeds, odors, and algae may

" 'be needed with some BMPs. Some general housekeepmg mamtenance practlces include grass. cuttmg,
vegetatlon control, and htter/debns removal. :

For the BMP to achleve maxunum pollutant removal it is necessary to penodxcally remove the
stormwater residuals and sediment solids from the system, The removal of collected stormwater and
sediment control solids/residuals is very site specific. However, it is poss1ble to provide a general
discussion for each structural BMP category (i.e., detention basins; retention/infiltration devices, and.

- vegetative controls). O&M procedures for removing and handlmg stormwater sohds/resxduals from
BMPs should be planned in the des1gn stages of the BMP :

"DetentronBasms SRR PR ' A

. Wet ponds will eventually accumulate enough sedlment to s1gmﬁcantly reduce storage capacity -
of the permanent pool. This loss of capacity can reduce both the appearance and the pollutant removal
efficiency of the pond. The best available estimate is that approximately one percent of the storage
volume capaclty associated with the two year design storm can be lost annually (MWCOG, 1987).
Even more storage capacity can be lost if the pond receives large sediment input durmg the construction
phase. A sediment clean-out cycle of 10 to 20 years is frequently recommended in the Washington,

"D.C. metropohtan area (APWA, 1981; MWCOG, 1983b). ‘According to the Center for Watershed
Protection, stormwater ponds should require sediment clean-out on a 15 to 25 year cycle (Schueler and -
Yousef, 1994). Most ponds are now designed with a forebay to capture the majority of sediments
decreasmg the solids load. to the wet pond. - A common forebay sizing criterion is that it should
constitute at least 10 percent of the total pool volume (Schueler and Yousef, 1994). This forebay could
lose 25 percent of its capacity within 5 to 7 years based on a 0.5 inch/year muck deposition rate and
the assumption that a forebay traps 50 percent of all muck deposited in the pond (Schueler and Yousef,

- 1994). However, using a forebay, the sediment removal frequency for the main pond may be extended '
to 50 years (Schueler and Yousef 1994). . "_ : . s -

To clean out a larger wet pond dragline or hydrauhc dredge methods may be necessary.
- Dipper, clamshell, or bucket dredges are mechanical dredge methods, which are sometimes used on
- ponds which are not large enough to ‘warrant a hydrauhc dredge method.. Wlth smaller wet ponds, the - S
pond.level may be drawn down to a point where the residuals can begm to dry in place. After the- ‘
- material i is dned a front end loader can be used to remove xt from the pond bottom

’ Dry ponds and extended detentlon dry ponds also accumulate s1gmﬁca.nt quantltles of sedlments
over time. - This sediment gradually reduces available stormwater management storage capacity within -
the pond and also reduces pollutant removal efficiency. ‘Sediment accumulation can make dry ponds -
unsightly. In addition, sediment may tend to accumulate around the control device of the dry extended
detention ponds. This sediment deposition increases the risk that either the orifice or the filter medium
will become .clogged, and also gradually reduces storage capacxty reserved for pollutant removal in the
lower stage. Therefore, in an extended detention dry pond it is recommended that sediment be removed

. from the lower stage every 5 to 10 years (MWCOG, 1987) Sediment removal from these systems is

. relatlvely s1mple if access is available for the equipment. .Therefore, it is essential that access be
included in the pond de81gn Front-end loaders or backhoes can be used to remove the accumulated
sediment. . .




Retenﬁon/Inﬁltration Devices

Infiltration basins are usually loEated in smaller residential watersheds that do not generate large
sediment loads or are equipped with some kind of sediment trap. Even when the sediment loads are
low, they still have a negative impact on the basin’s performance. The sediment deposits reduce the
storage capacity reserved for exfiltration and may also clog the surface soils. Methods to remove
sediment are different from those utilized for detention basins. Removal should not begin until the basin
has thoroughly dried out, preferably to the point where the top layer begins to crack. The top layer
should then be removed using lightweight equipment, being careful not to unduly compact the basin
surface. The remaining soil can then be deeply tilled with a rotary tiller or disc harrow to restore
infiltration capacity. Vegetated areas dlsturbed during sediment removal should be revegetated
mmedxately to prevent erosion.

Infiltration trenches require that the pretreatment inlets of underground trenches be checked
periodically and cleaned out when sediment depletes more than 10 percent of the available trench-
capacity. ThlS can be done using a vacuum pump or manually. Inlet and outlet pipes should also be
checked for cloggmg and vandalism. Dry wells should also be checked periodically for clogging.
Performance of sand filter systems may be sustained through frequent inspections and replacement of
the filter media every 3 to 5 years depending on the pollutant load. Accumulated trash and debris
should be removed from the sand filters every 6 months or as necessary. Sand filter systems are usually
cleaned manually (Parsons ES, 1995). Sediment is removed from porous pavement using vacuum
sweeping. It has been recommended that the porous pavement be vacuum swept four times per year,
followed by high-pressure jet hosing, to keep the pores open in the asphalt (MW COG 1987) '

Ideally, oil/grit separators should be cleaned out after every storm event to prevent re-entry of
any residuals or pollutants into the storm sewer system during the next storm event. However, due to
the O&M costs and manpower requirements associated with this cleaning schedule, less frequent
cleaning usually occurs at a point when an oil/grit separator is no longer operating effectively. The
Metropolitan Washington Council of Governments recommends that oil/grit separators be cleaned out
at least twice a year (MWCOG, 1987). As with all BMPs, the cleaning frequency depends.upon the
pollutant load which is site specific. Oil/grit separators can be cleaned out using several methods.” One
method to clean an oil/grit separator is to pump out the contents of each chamber. The turbulence of
the vacuum pump in the chamber produces a slurry of water and sediment that can then be transferred
to a tanker truck.. The other method involves carefully siphoning or pumping out the liquid from each
chamber (without creating a slurry). If needed, chemicals can then be added to help solidify the
residuals. The solidified solids/residuals can then be removed manually from the separator.

Vegetative Controls

Vegetative controls (basin landscaping, filter strips, grassed swales, and riparian reforestation)
rely on various forms of vegetation to enhance pollutant removal, habitat value, or appearance of a '
development site. These controls should be used in combination with other BMPs. Some natural
systems require periodic sediment removal. For example, accumulated sediments depos1ted near the
top of a filter strip will penodlcally need to be removed manually to keep the ongmal grade

PROPERTIES OF STORMWATER SOLIDS/RESIDUALS

Stormwater solids/residuals have properties that are very site specific. It is difficult to precxsély
estimate “typical” stormwater or sediment residual properties by the BMP employed or even by site
classification such as residential, commerc1al or industrial. A recent study by Schueler and Yousef
reviewed bottom sediment chemistry data from 37 wet ponds, 11 detention basins, and two wetland
systems, as reported from 14 different researchers. This research covered a broad range of geography,
although nearly 50 percent of the sites were located in Florida or the Mld-Atlantlc states. These




stormwater ponds had been in use from 3 to 25 years. Samphng and analys1s was restncted to mean
. dry. Welght concentrations of the surface sediments that comprise the muck layer, which is usually the
top 5 centimeters (Schueler and Yousef, 1994). Properties of stormwater sohds/resrduals presented in
“this 1994 study and in three other technical papers, discussed in the next paragraph are presented in
 the followrng sections. - A summary of this data is presented in Table 1 ‘ ‘

A 1982 study performed at Marquette Umvers1ty, Mllwaukee Wxsconsm obtamed urban runoff
“residuals from a field-assembled sedimentation basin in Racine, Wlsconsm swirl and helical bend solids
separators in Boston, Massachusetts, and an in-line upsized storm conduit in Lansing, Michigan. The
residual samples from Racine and Boston were obtained from individual storm events, while the Lansing -
samples represent a six month accumulation of residuals. All of the sample locations were primarily
residential (EPA - Marquette University, 1982). Results from the sampling are shown in Table 1. Also
- shown in Table 1 are the findings documented i in two other techmcal papers (EPA Rexnord Inc
1982, and Fleld and O’Shea, 1992) .

: o In a 1994 paper on iPond’Muek (pond sediment), Schueler and Yousef indicate that the

properties of the solids/residuals from all BMPs are similar except for oil/grit separators. - Analyzed
properties mentioned in the paper include the followmg nutrients, trace metals (cadmium, copper,
lead, zinc, nickel, chromium), hydrocarbons, and priority pollutants. A noted exception, was that
grassed swale soils tend to have about twice as much phosphorus and lead as detention ponds. Only
- one sand filter had been sampled, but these characteristics appeared similar to other BMPs (Schueler
and Yousef, 1994). Characteristics of solids/residuals from BMPs are discussed in .the following
sections, with the exception of oil/grit separators which warrant a separate*subseotibn.

Sollds=-" [

Sohds from stormwater and sedlment BMPs can consist of orga.mc and morgamc material.
Accordmg to Schueler and Yousef (1994), the muck layer of a pond has a high organic matter content.
An average of nearly 6 percent volatile suspended solids was reported. Pond muck solids have a very.
soupy texture with an average total solids content of 43 percent, although this parameter was reported
from only 15 out of the 50 site locations. It was also described as having a distinctive grey to black -
color.- These residuals have a low density averaging approxunately 1.3 g/cm3. These solids/residuals
: also consist of poorly—sorted sands and s11ts dormnatlng the muck layer (Schueler and Yousef 1994).

Accordmg to a 1982 EPA study at Marquette University, total solids concentratlon of remduals
samples from a sedimentation basin in Racine, Wisconsin ranged from 233 to 793 mg/1, with 104 to
155 mg/1 being volatile. Urban runoff residual samples from swirl and helical bend solids separators -
in Boston, Massachusetts ranged from a total solids concentration of 344 to 1,140 mg/l, with 107 to 310
- mg/l being volatile. The six month accumulated samples from the in-line upsized storm conduit in .
~ Lansing, Michigan had a total solids concertration of 161,000 mg/l with 25,800 mg/l being. volatile
" (EPA - Marquette Umversrty, 1982) A 1992 paper by Field and O’Shea reported estimated annual
resrdual/sludge volumes for urban storm runoff in the United States ranging from 27 to 547 million
cubic meters (35 to 715 million cubic yards) at an average total sohds content rangmg from 0.5to 12,
' percent (Freld and O’ Shea 1992)
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Nutnents TR ST

- The ‘muck layer is ennched with nutrients. In the 1994 paper by Schueler and Yousef A
phosphorus concentrations were reported for 23 studies. The phosphorus concentrations ranged from
110 to 1,936 mg/kg, with an average concentration of 583 mg/kg. Nearly all of the nitrogen found in
pond muck is organic in nature.. Total kjeldahl mtrogen (TKN) concentrations were reported-for 20

studies: and ranged from 219 to 11,200 mg/kg, with an average concentration of 2, 931 mg/kg. Nitrate |

was found to be present in very simall quantities. This either indicates that some denitrification is
occurring. in the sediments or perhaps that less nitrate is initially trapped in the muck layer. The
nitrogen to phosphorus ratio in this pond study averages 5 to 1. In comparison, the nitrogen to
'phosphorus ratio for incoming stormwater usually averages about 7 to 1. Ponds appear to be more
effective in trappmg phosphorus than nitrogen. ‘Another explanation for the lower ratio is that the decay
_ rate for nitrogen in the muck layer is thought to be more rapid than for phosphorus (Schueler and
Yousef 1994).. : : s

A 1982. EPA report and a 1992 paper by Field and O’Shea reported urban sludge nutrient

' concentrations ranging from 502 to 1,270 mg/kg total phosphorus as P and 1,140 to 3,370 mg/kg TKN.. -

These nutrient concentrations were reported as being lower than nutrients found in combined sewer-
overflows (CSOs) and raw primary sludges (EPA - Rexnord, Inc., 1982 and Field and O’Shea, 1992).

| Another 1982 EPA report presented the concentration of 1nd1v1dual nutrients [total phosphorus, TKN,

‘ammonia-nitrogen (NH, ), nitrite-nitrogen (NOZ) and nitrate-nitrogen (NO5)] in stormwater sediment

B samples from Boston, Massachusetts and Racine, Wisconsin as never exceeding 5 mg/l. Urban

stormwater sediment samples taken from Lansing, Michigan were between 0.3 and 2,250 mg/l for
individual nutrients (total phosphorus TKN, NH3, NO,, and N03) (EPA Marquette University, 1982).

Accordmg to the Northem Vlrgniua Plannmg District Comrmssron (NVPDC), sediment tox1c1ty
has been measured and analyzed in the Northern Virginia area (Guliea, 1995).. One of these studies by
Dewberry and Davis, 1990, is entitiled “Investigation of Potential Sediment Tox1¢1ty From BMP
Ponds”. This report analyzed sediments from 21 ponds in Northern Virginia under various land use
-conditions. . Many of these ponds are owned and mamtamed by a property owner or a homeowners”

7 - association. Testmg was performed for the presence of metals and to determine if the metals
* concentration is classified as toxic, The Extraction Procedure (EP) toxicity test was used by Dewberry

-and Davis in the analysis. Conclusmns of this report indicate that the stormwater sediments tested were

* not hazardous and could be safely dlsposed of on-site or in a landfill. Sediments should be tested

further for there use as backfill material ¢ or topsorl mamtenance (Dewberry and Davis, 1990).

NVPDC had noted that wh1le the 1990 study by Dewberry and Davis deterrmned the material
to be non-hazardous, characteristics of stormwater sediments are very site specific. In every jurisdiction
in Northern Virginia, it is the responsmlhty of the owner/operator of the BMP to maintain and operate
 the system, However, this may vary from state to state. -In addition, it is also recommended to plan .
and designa BMP for on-sxte disposal of the matenal (Gu1lea 1995) ) o :

Trace metal levels are typlcally 5to 30 times hlgher in the muck layer of a pond than in the
- parent soil below the muck layer (Schueler and Yousef, 1994). Trace metal levels were also reported )
 to follow a relatively consistent pattern and distribution. The zinc concentration in the muck layer was .
_ the highest followed by lead. Zinc and lead concentrations were much greater than chromium, nickel,
“ and copper concentrations which were approximately equal. .Cadmium had the lowest concentration in
the muck layer. In the 1994 Schueler and Yousef study, 50 ponds and wetlands were examined and
found to have zinc concentrations ranging from 6 to 3,171 mg/kg (dry weight). Lead and chromium

- concentrations ranged from 11 to 748 mg/kg, and from 4.8 to 120 mg/kg, respectively. Nickel and -

copper concentrations ranged from 3 to 52 mg/kg, and from 2 to 173 mg/kg, respectively. Cadmium
concentrations ranged from being non-detectable to 15 mg/kg (Schueler and Yousef, 1994).




Field and O’Shea indicate that median concentrations of zinc, lead, copper, nickel, and
chromium in urban runoff sludges and residuals were reported as 316, 268, 263, 131, and 189 mg/kg,
respectively (Field and O’Shea, 1992). In the 1982 study at Marquette University, iron was found as
the highest concentration of metals in all of the samples ranging in concentration from 6.1 to 2,970
mg/l. Lead and zinc concentrations ranked second and third, respectlvely (EPA - Marquette Umvers1ty,
1982). .

As with all pond parameters, trace metal concentrations are site SPeciﬁc Ponds that primarily
service roadways and highways are enriched with trace metals which are presumably associated with -
automotive loading sources (e.g., cadmium, copper, lead, nickel, and chromium). On the other hand,
stormwater ponds that service primarily residential areas have the lowest trace metal concentrations
(Schueler and Yousef, 1994). In general, the muck layer is highly enriched with metals; however, in
most cases it should not be considered an especially toxic or hazardous material.. For example, none
of over 400 muck layer samples from any of the 50 pond sites examined in the referenced 1994 study
exceeded EPA’s current land application cntena for metals (Schueler and Yousef 1994) ‘

Hydrocarbons

There is limited data on hydrocarbon and poly-aromatic hydrocarbon (PAH) concentration in
the muck layer of ponds. It was reported that the concentration of total PAH and aliphatic
hydrocarbons in the muck layer of a 120 year old London basin were 3 to 10 times greater, .
respectively, than the base “parent” sediments. Minor degradation of the hydrocarbons trapped in the
muck layer appeared to have occurred in the basin in recent years. On the other hand, hydrocarbons
were rarely detected in the muck of Florida ponds. Hydrocarbon concentrations were reported for 2
out of the 50 sites in the 1994 report by Schueler and Yousef. These concentrations were reported for
a industrial and residential site as 12,892 and 2,087 mg/kg, respectively (Schueler and Yousef, 1994).

5

Bacteria

Urban stormwater solids may contain high levels of bacteria and viral strains, including fecal
streptococcus and fecal coliform from animal and human wastes. These bacteria have the potential to
be spread from land application of stormwater residuals or landfill sites unless the proper precautlons
are taken. Measures which reduce their concentratxon in the sludge and minimize any sludge-vector
contact include the following: stabilization of the solids; immediate covering of landfill trenches after |
disposal of these solids; the treatment of thege bacteria in the solids by pasteurization, heat treatment,
irradiation, etc; and public and animal access control away from the site (Field and O’Shea, 1992).

Other Pollutants

Other pollutants which may be toxic include pestlcldes and polychlormated biphenyls (PCBs)
Toxic wastes may also be present in fertilizers, herbicides, and household substances such as paints and
cleaning materials. All of these pollutants may find their way into stormwater solids/residuals. In the
1982 report from Marquette University, PCBs were. observed in measurable concentrations in the
Racine, Wisconsin and the Lansing, Michigan samples. These concentrations ranged from 0.19 to 24.6
pg/l. Of eight pesticides surveyed only three (DDT, DDD, and Dieldrin) were observed in measurable
concentrations (EPA - Marquette Umversxty, 1982). : ‘

Oil/Grit Separators -

As previously mentioned, the stormwater and sediment solids collected by an oil/grit separator
, contain umque characteristics compared to other stormwater BMPs. The metal content of trapped
sediments in an oil/grit separator may be 5 to 20 times higher than in other BMPs, especially if this
separator services a gas station. Priority pollutant and hydrocarbon levels are also much higher. These




hlgher levels reﬂect the fact that most oxl/gnt separators ‘service areas that may d1scharge hlgher '
. pollutant levels such as at gas stations or industrial sites, and are designed to trap lighter fractions of -
- oil which may not be trapped by other BMPs. Other BMPs, such as detention basins, usually drain

larger watersheds that dilute the influence of higher hydrocarbon or metal concentrations like those seen

.-from gas stations or industries. Therefore, it is doubtful if solids from other BMPs would approach:

* ‘metal and hydrocarbon concentratlons as hlgh as those recorded with oﬂ/gnt separators (Schueler and
* Yousef, 1994) . v ‘

STORMWATER SOLIDS/SLUDGE HANDLING ALTERNATIVES
Centrahzed Treatment (Bleed/Pump Back To The Dry Weather Treatment Plant)

Centralized treatment mvolves temporary storage of stormwater sohds followed by its regulated

release into a sanitary sewer ‘during dry weather flow conditions. Advantages of this residuals handling -

alternative include the possible achievement of flow equalization through the timed addition of urban

" storm runoff to the dry weather- influent; and the use of a central, pre-existing treatment facility and ‘
transportatlon system. Disadvantages of this system include: the deposition of large amounts of grit o
in the sewer system; the potential for exceeding the capacity of the dry weather treatment facrhty, any -

impacts to the treatment plant operation and efficiency which may arise .due to differences in the

characteristics of sanitary wastewater and urban storm runoff residuals; and additional cost for treatment
.(Field and O’Shea, 1992). The problems associated with bleed/pump back sohds stormwater/sedlment_

sohds are sumlar to those evaluated w1th regard to CSO sludges

Hulbregste determined that “Centralized Treatment” was genei'ally not: practical (Huibregtse et -

*al, 1977). In addition to the disadvantages already listed, some problems which may be associated with
this type of system include: difficulties in effectively equalizing flow to the dry weather treatment plant
due to the high solids/low volume characteristic of sludges; and difficulties maintaining sludge quality.

Significant increases in heavy solids and toxic substance loadings will have an impact on treatment plant -

~ operation and effluent quality. The addition of large amounts of gritty solids can grossly overload solids,
~ bandling facilities at treatment plants, and have a negative impact on overall sludge quality. Moreover,
the addition of these stormwater and sediment residuals to the treatment system will increase the
quantity of sludge which must be handled (Field and O’Shea, 1992) In a 1982 EPA report, research
indicated that the number of days required for bleed/pump back of the residuals without overloading

 the dry weather treatment facility ranged from 2.8 to 3.9. This was considered an unacceptable

bleed/pump back penod conmdermg the hkehhood of overlappmg rainfall events (Hulbregste et al,
1977). : v

StOrmwater Solids Handlmg atSatellite: Treatment Facilities

Another handlmg alternative for urban stormwater and sediment solids is treatment at a satellite
facility. -Average characteristics of urban storm runoff differ substantlally from those of sanitary

wastewater. For the treatment of stormwater runoff, biological processes are generally: not employed
due to its low organic and nutrient content as well as the intermittent and varying quantity and quality -

of the storm flow. The major differences affecting treatment process design include urban runoff’s high
grit content, low organic content intermittent nature, and short ﬂow duratlon (Fleld and O’Shea, 1992).

Evaluatlon of several CSO sludge handlmg processes by Huibregste found the most effectlve -

unit processes to be: condltlomng through chemical treatment; gravity thickening; stabilization through
lime addition; dewatering through vacuum or pressure filtration; and disposal through land application
or landfill (Huibregste et al, 1977). In a 1982 report by Hulbregste a cost analysis was performed
‘ spec1ﬁcally for the handling and disposal of urban storm runoff residuals. This cost analysis compared
the following six alternative sludge handling scenarios for either swirl or sedimeritation concentrated
solids:” (1) grav1ty thickening, vacuum filtration and landfill; (2) gravity thickening, vacuum filtration

and landspreading; (3) gravity thlckemng, pressure filtration and landﬁll (4) gravity thickening,

e -




pressure filtration and landspreading; (5) gravity thickening and landspreadmg, or, (6) landspreading.

These cost estimates by, Huibregste et al, 1982, are presented in terms of dollars per acre for residuals
handling in an urban storm runoff area of 15,000 acres. These estimates were updated to July 1995
dollars and are presented in Table 2. As shown on Table 2, the most cost effective solids handling
scenario based on annual costs is lime stabilization, gravity thickening, pressure filtratlon and

landfilling.

A 1982 EPA report from Marquette University concluded that of those options evaluated the
most cost-effective means for handling and disposal of urban stormwater runoff residuals is, gravity
thickening followed by lime stabilization and landspreading or Iandfillmg (EPA - Marquette University,
1982). This conclusion was based on urban stormwater studies from Boston, Massachusetts, Racine,
Wisconsin, and Lansing, Michigan involving solids sampling, characterization, analysis, and treatability.
The characterization study included analyses for nine metals, eight pesticides and PCBs, solids,
nutrients, and organics. The treatability study included bench scale sedimentation tests, centrifugation

tests, lime stabilization tests and capillary suction time tests (EPA - Marquette University, 1982). Other ~ -

bench scale studies were performed by Carr in 1982 that evaluated the effectiveness of three dewatering
alternatives for stormwater runoff residuals from sedimentation basins and swirl coricentrators. These
dewatering alternatives were gravity thickening, centrifugation, and capillary suction. Data from these
studies indicated that the most effective method for concentrating urban stormwater runoff residuals was
gravity thickening (Carr et al, 1982). ,

These bench scale studies identified some effective treatment methods for urban stormwater
runoff residuals. However, characteristics of urban stormwater residuals are very site specific. Testing
and analysis may be necessary to determme what level of treatment is necessary to dispose of these
residuals. ,

On-Site Handling of Stormwater Solids/Sludge

The third alternative for handling/disposal of stormwater runoff residuals is on-site handling.
This option may be used after the residuals have been analyzed and determined to be a non-hazardous
material. During the design stage of a BMP, a dedicated area on the site should be set aside for land
application or land disposal of the residuals. The area for this material should be carefully selected to
prevent residuals from flowing back into the BMP during rainfall. On-site handling of this matenal is
usually very cost effective as it avoids transportatlon costs and landfill tlppmg fees. -

The stormwater runoff residuals must first be removed from the BMP. Alternatives for
removing solids from various BMPs were discussed previously. After the solids are removed from the
BMP, they will usually require dewatering. Dewatering is accomplished by spreading the material out
on the ground and occasionally turning it. A front-end loader can be used for this. This material is
then either land applied or land disposed. Land application involves spreading the miaterial to the land
at approved application rates. This material cannot be applied to a direct food cham crop and would .
probably be applied to a meadow or vegetated area. There is very little nutrient value associated with_
stormwater residuals. Land disposal consists of pllmg the matenal on an approved location at the site.

In some cases it may not be feasible to Iand apply or land dispose of the material on-site. This
may be due to limited space on-site initially or limited space due to the accumulation of material. In
any case, after the material is removed from the BMP it should be dewatered on-site if this is feasible.
This will cut down on the volume of material to be transported. The. material can then be loaded using’
a front-end loader and transported to either a landfill or another site for land apphcaxldn or land

disposal.




S . TABLE2 - :
'COST ESTIMATE (§/acre) FOR RESIDUALS HANDLING IN AN
URBAN STORMWATER RUNOFF AREA OF 15,000 ACRES (1)
Sludge Handling k = .~Sedimentaﬁon B " Swirl Concentration ,
Method - Capital O&M . Anmual Capital O&M.’ - Annual
" Lime Stabilization 475 71 14 507 64 130
Gravity Thickening - o ; ‘ : S :
Vacuum Filtration
. Landfill ’ ‘ ‘ S .
© Lime Stabilization . 507 . 76 171 . - 531 6 - 155
* Gravity Thickening ' T - - o
" . Vacuum Filtration
Landspreading - - . , L G
Lime Stabilization .~ 492 . = 60 = 124 550 a9 117
Gravity Thickening o h . ' '
Pressure Filtration C . : A , ' .
Lime Stabilization 52 64 . 156 569 - so. 139 -
Gravity Thickening s R B :
Pressure Filtration
Landspreading v _ » ‘ ,
‘Lime Stabilization = . . - -394 . 87 166
Gravity Thickening y ’ - o
Landspreading - . : ,
- Lime Swbilization - 308~ 104 18 . 1025 , 856 1194
Landspreading S o U ‘ L

. Note: (D) Huibrégste‘ et al, 1982. Costs have been updated to July 1995 dollars uéing the ENR.
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REGULATIONS (CURRENT AND PENDING) AND LIABILITIES

Traditional point sources of water pollutlon are regulated by the EPA and individual states under
the National Pollutant Discharge Elimination System (NPDES) permit program. This program was
established by section 402 of the Clean Water Act, and establishes permit requirements for certain
municipal and industrial stormwater discharges. However, the regulations governing the handling and
disposal of stormwater runoff residuals is not as well defined. .

Most states have regulations for runoff quality control. To adhere to these regulations, many
local governments have implemented drainage and flood control regulations. Some local governments
have also adopted localized stormwater quality and erosion/sediment control regulations which require
BMPs. To help local governments implement and properly operate these BMPs, states issue guidance
documents for local jurisdictions which are responsible for inspecting, maintaining, and ensuring proper
operation of stormwater BMPs. Some states will also periodically inspect a local jurisdiction’s
stormwater management program. ' . . .

In reality, many local jurisdictions do not have the manpower to inspect all BMPs regularly.
BMPs which are not maintained do not perform efficiently. If not maintained, pollutants removed by
the BMPs can be released back into the stormwater. An oil/grit separator is a good example of this.
Some BMPs, such as detention basins, were installed by local jurisdictions in the 1980s and are now
requiring or have not yet required cleaning/drédging for the first time. This is a learning experience
for many jurisdictions that have not yet had to (or are domg it for the first tlme) dredge this material
or handle/dispose of it. .

Stormwater and sediment solids/residuals should initially be tested prior to disposal. If they are
not hazardous, they will usually require dewatering prior to disposal. Some disposal methods for this
material can be landfillmg, land application, land disposal, and even incineration (e.g, non-hazardous
solids from oil/grit separators). Hls%oncally, and in most cases, the disposal of sediments removed from -
BMPs has posed no special regulatory or legal difficulty. Many municipalities and industries have
disposed of such sediments in the same way that they would have any uncontaminated soil (Jones et al,
1994). In fact, after drying, stormwater sediment has been mixed with other soil and reused as backfill
on construction projects (Jones et al, 1994) as well as cover for landﬂlls (Cox, 1995).. '

If the residuals/solids from a BMP are detemuned to be hazardous, they must be managed'
according to the Resource Conservation and Recovery Act of 1976 (RCRA) requirements. Wastes can
be defined by RCRA as hazardous because they either have certain characteristics or contain constituents
specifically listed in the RCRA regulations. Certain characteristics include ignitability, corrositivity,
explositivity, or toxicity. In nearly all cases involving stormwater BMP solids, sediments could be
classified as a hazardous waste because they contained listed chemicals rather than because the sediments
are hazardous by characteristic (Jones et al, 1994). Simply because a chemical regulated by RCRA is
detected in BMP sediments, does not render the sediment a hazardous waste. If no sample containing
greater than ten percent of the listed chemical (by volume), or if contact with precipitation/runoff is
unlikely, the sediment would not be classified as hazardous (Jones et al, 1994). Hazardous waste
material must be disposed or handled according to RCRA regulations which would either require
treatment to lessen the concentration of the hazardous constituent or dlsposal in a hazardous waste
landfill. '

LW




EXAMPLES/CASE STUDIES

The followmg BMP res1dual management programs have been nnplemented by several
municipalities, states, “and a company which' cleans oil/grit separators for various clients. This section
~is not inclusive, but is presented to illustrate how some states, mumclpahtles and mdustrles manage the
sohds/sedlments from BMPs. - - -

Waste Reductmn, Dlsposal and Recyclmg Semces

) A Baltimore, Maryland firm cleans Oll/gl‘lt separators for many commerclal areas and industries.
They use a three man crew and two trucks to clean these BMPs. A liquid tanker truck is used to pump
-the oil and water out of the separator. This mixture is transported to their faclhty in Baltimore for.
'treatment (Schorr 1995) .

- - The solids in the orl/grlt separator are further solidified using chemical addition. Once the
‘material is sohdlﬁed it is shoveled out of the separator. into 55 gallon drums. A composrte sample is
taken from each dram. This material is analyzed for toxicity, ignitibility (flash test), and PCBs. If thé ~

. material is determined to be non-hazardous, the drums are taken back to their Baltlmore facility. The.

material is then loaded into roll-off dumpsters and transported to an mcmerator where they recerve a
certlﬁcate of destruction for the matenal (Schorr, 1995) :

. As each cleamng and maintenance job is site spec1ﬁc this firm charges by the hour. The cost
‘for cleaning is $202/hr for the three employees and two trucks. In addition, disposal of the liquid waste
is $0.35/gallon, charge for the chemical that aids in solidification is $9.95/bag, drum purchase cost is
$25/drum, drum disposal cost is $100, analytical charge is $145, and transportation charge is $250.
 It'was empha51zed that these oil/grit separators should be cleaned periodically. Cleaning schedules of

' oil/grit separators are site specific. For example, a typical commercial building may be cleaned one
time per year, whereas, an mdustry may have 1ts oil/, gnt separators cleaned approximately every three
months (Schorr, 1995) L :

D If the material .is determmed to be hazardous it is dealt with in an appropriate method» ‘

- depending on the hazardous constituent of the waste. A copy of the analytical results are faxed to the
generator. Additional testing is usually required to determme what constltuent(s) is present in"the

‘ sedunent to classrfy itas a hazardous material (Schorr 1995)

, A hazardous materlal is handled ona case-by—case basis. Additional analyucal testing- and
handling of the hazardous material will increase costs. In most cases, treatment to lower the hazardous
.chemical concentration to a non-hazarfous level is preferred over landfilling in a hazardous ~waste
landfill. For example, a sediment that contained a high hydrocarbon content, which may occur at a .
service station, would be spread out on an approved site for a period of time sufficient to allow the
; concentratlon to decrease in the sedrment (Schorr 1995). -

,PrmceGeorgtisCountv.Mmland : - oo | o

In Prince George S County, Maryland BMPs sich as wet ponds have been in service long

. enough that they are just beginning to require dredging. In some cases, on-site disposal of the sediment

was planned for in the design of the BMP. However, if on-site: disposal is not an-alternative then

locating a site for disposal of the material is a major operatlon Residual sand and gravel material from
the BMP is tra.nsported to construct1on—s1tes for use or is disposed of on—s1te (Coffman, 1995)

Oll/gnt separators are being phased out in Prmce George s County for the followmg reasons :
all of which pertain to residuals management: - sometimes the landfill will not accept the material; they -
requlre frequent mamtenance and clearung, -the matenal is dlfﬁcult to dewater and the matenal is




expensive to dewater, haul, and landﬁll (when the landfill accepts the material). In addition, the county
does not have the personnel to routinely inspect and enforce the cleaning of oil/grit separators As an
alternative to this BMP, the county is focusing on pollutlon prevention and is also evaluatmg

bioretention (Coffinan, 1995). , ‘

Fairfax County. Virginia

Fairfax County has very few wet ponds. The wet ponds in the county are large lakes which
can properly function up to 100 years without dredging (Henry, 1995). The county has not dredged
a wet pond since 1991. A small mini-dredge is used for dredging wet ponds. For the smaller ponds,
the lake level is lowered and attempts are made to dry the sediment material. After this, a.clamshell
or bucket dredge is used to remove the material. Material is either disposed of on-site or in a landfill.
Sediments from dry ponds are dried on-site and removed using a front-end loader. This materlal is
either landfilled or disposed of on-site (Henry, 1995).

Montgomery County, Maryland

Montgomery Couﬁty has vtlet ponds and dry ponds, the fmajonty of which have not required |
dredging. The State of Maryland has determined that the sediment from these ponds are a non-
hazardous material. Thus, the material can be disposed of either on-site or in a landfill. The state law

)

requires that BMPs be inspected annually. In practice, this typically does not occur because of resoutce . -

limitations. The county has recently hired two more people to help with these inspections, but there
are many BMPs in the county and. the county does not anticipate achieving the annual inspection goal
(Brush, 1995). : :

Typical oil/grit separators require much mamtenance attentlon and Montgomery County is
trying to phase them out. The county has many sand filters proposed to replace the oil/grit separators,
but information on their maintenance is not available due to the lumted expenence with cleaning and"
maintaining these filters (Brush, 1995).

State of Florida

The State of Florida does not have a spemﬁc regulatlon statmg that each jurisdiction must
dredge or remove material from BMPs periodically. They have issued a “Guidance Manual” as a_
supplement to the regulations which are considered inadequate for handlmg stormwater sediments for
BMPs. Most BMPs were implemented in 1982 and are just to the pomt where they require dredgmg
(Cox, 1995). '

The guidance manual recommends testing of all BMP sediments, using the Toxicity
Characteristics Leaching Procedure (TCLP), before disposal. The state has performed numerous
analytical studies on this material, and in no cases was BMP sediment from any location determined to
be hazardous. However, oil/grit separators were not tested as part of this study. -Materials considered
to be non-hazardous must have the appropriate laboratory TCLP paperwork before most landfills in
Florida will accept it. Some cities and counties avoid this testmg by .sending BMP residuals to
construction/debris landfills which are not as stnngent This’ practlce is not supported by the state (Cox
1995).

Even if a material is considered not hazardous usmg the TCLP test, the State of Florida also
has a clean soil criterion. This is to protect community exposure from a material with elevated
concentrations of a material which might not be classified hazardous. If a material does not pass the
clean soil criterion, (e.g., if metal concentrations are high, but not hazardous) then it can only be used
in an area where public access is controlled. Material such as this can be used as a landfill cover
because public access is limited to most landfills. If the material does pass the TCLP and clean soil

-t




criterion then it can be used or drsposed of in any manner A beneficral use of the materlal is to blend
,1t with soil as a conditioner (Cox 1995)

: Sedunents from dry ponds in Flonda are removed using a front-end loader and a dump truck '
- It is then recommended that a TCLP test be conducted on this material before either disposing on-site,
landfilling, or disposing of in another manner. Wet ponds are dredged, however, these ponds are
sometimes directly connected to a waterway so caution is taken to ensure solids are not resuspended in

~ this operation. This material is usually spread out on the site to allow drying and disposed of on-site.

If on-site disposal i is not an alternatlve then the sednnents are usually transported to a landfill (Cox,
1995) : .

State of Delaware

The State of Delaware has followed Florida’s lead as far as'handling and disposal of stormwater
~ BMP resrduals “The State of Delaware has not conducted testing of stormwater BMP sediments, but
considers the material as non-hazardous based on Florida’s research and other research/reports. The
state also has a stormwater management program in- whlch local Jurlsdlctlons are requu'ed to mspect
BMPs on an armual basrs (Shaver 1995). :

, The state’s stormwater management plan mcludes BMP constructlon guldelmes for ease of . -
maintenance for the BMP and on-site disposal of the stormwater residuals. "oil/ grit separators are not
a BMP alternative in the State of Delaware. In addition to detentlon basins, sand filters are commonly

“used. The cleaning schedule for a sand filter i is site specific, but three to four times a year is a general -

* estimate. Three people are used to clean a “typical” Delaware Filter manually and shovel out the

material which takes approximately 4 hours. -Labor cost to clean the filter is approximately $120. The

- material is then transported to the landfill for dlsposal as thlS sedJment was tested and not consrdered‘
. a hazardous matérial (Shaver, 1995). : ‘

State of ngland S
“The State of Maryland conducted a four year study on-oil/grit separators with the Metropolitan
Washington  Council of Governments. - This study- evaluated material from oil/grit separators in
Maryland to determme if it was hazardous The study also evaluated maintenance of oil/grit separators,
“as well as d1sposa1 of ‘the residuals/solids from an oil/grit separator. Results from the study indicated .
that the solids from oil/grit separators were not hazardous therefore, this material could be disposed

-of at a landfill after dewatering. However, as this matenal is site specrﬁc it was recommended that it
be tested prlor to sendmg to a landfill’ (Pencrl 1995). :

Inspectlons of BMPs are requrred of all local _]unsdlctlons Every three years the state reviews
~ stormwater programs and procedures utilized by the local _]urlsdrctlon The state has noted that many
BMPs are not being properly maintained. This is due to cost and manpower requirements associated
.~ with regularly inspecting all BMPs by the local _]ul’lSdlCthI‘l -Many homeowners’ associations have .
BMPs on their property. ‘Maintenance of these BMPs is anothier area of concern for the stdte because
many homeowner’s associations do not unplement proper o&M procedures to mamtam the BMP on
thelr property (Pencrl 1995) - : «

-Sediments from wet ponds and dry. ponds as long as they are not hazardous are usually -
dewatered and then disposed of on-site or landfilled. It is a common practrce to spread this matenal
out on a site for use as.a s011 amendment (Pencrl 1995) .




SUMMARY OF FINDIN GS

Data is available for solids content, nutrients, heavy metals, and other pollutants such as PCBs ,
for many urban stormwater BMP solids/residuals. However, the data on.stormwater residual’s PAH
and hydrocarbon concentrations is limited. Addltlonal samphng and analys1s would be beneficial to
further examine these parameters.

3

Inspectlon and maintenance programs are the key to success for all. BMPs Guidelines for
inspection and frequency of inspection are provided by most states for local Junsdlctlons However,
manpower requirements associated with enforcing the guidelines on the state level and inspection of
these BMPs on the local level do not seem to be adequate. BMPs located on private property are not
usually properly maintained or inspected. A possible solution to'this lack of maintenance is to put a
maintenance requirement in the deed for the land. This would require all owners of that property to
properly maintain the BMP. : (

leﬁculues in maintaining oil/grit separators and d1sposmg of the residuals have resulted in
some Jl.ll‘lSdlCthIlS phasing their use out. Oil/grit separators requlre frequent maintenance and cleaning,
the material is difficult to dewater, and the material is expensive to dewater, haul, and dispose of in a
landfill (when the landfill accepts the material). Also, if oil/grit separators are not properly mamtamed
then pollutants removed by the BMP can be released back into the stormwater.

Since many wet ponds and dry ponds were implemented in the 1980’s, they have not required

dredging or handlmg of the dredge material.” Some local jurisdictions planned for on-site disposal of

the material in the BMP design which is very cost effective because it avoids transportation charges.
Local jurisdictions which did not plan for on-site disposal in the design of these BMPs are searching
for disposal optlons for this material. Testing of stormwater sediment in many studies have indicated
that this material is non-hazardous. Therefore, in most situations it can.be disposed of on-site (land
application or land disposal), in a landfill, or in an’incinerator. .
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, UUNICIFPAL TECHNOLOGY BRANCH

STORM WATER BMP:
INFILTRATION DRAINFIELDS

DESCRIPTION S S RS ,

Infiltration drainfield structures are constructed to aid in stormwater runoff collection and are designed

to allow stormwater to infiltrate into the subsoils. Runoff is diver;ed into a storm sewer system which

passes through a pretreatment 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 subsoils. A schematic of a typical systém is illustrated

in Figure 1 below. - i o : ‘ - S (

~

Perforated Pipe Marifokd

ObservatonWel -

Washed Stone Resenvoir *

6" 12" Sand Fiter

SOURCE: Reference l.

FIGURE 1: TYPICAL INFILTRATION DRAINFIELD SCHEMATIC




COMMON MODIFICATIONS : :

~ Comrimon design modifieations include the mstallanon of porous pavement surrounded by a grass ﬁlter

" strip over the mﬁltrauon drainfield .or insertion of an emergency overflow pipe in the ¢il and grit
pretreatment chamber. : "The overfiow pipe allows runoff volumes exceedmg desxgn capacmes to -
_ discharge’ directly to a trunk storm sewer system. . Inﬁltranon dramﬁelds are very similar to mﬁltranon
trenches and basms i

CURRENT S'l‘A'l'US -
4 . - . - . . \ L. . . H ; o
Currently there is- httle mformauon on mﬁlu-anon dramﬁelds However. in general the same pnncxpals :
that apply to infiltration- basins and mﬁlt:ranon trenches will apply to desxgn of infiltration drainfields.
" “The Environmental Protection Agency is- currently evaluanng the followmg issues. related to the deszgn ‘
and operanon of infiltration dramﬁelds : . . :

. Is the oil and grit separator the most effecnve pretreatrnent system to protect mﬁltranon
capacity? - , .

. " What is t.he pollutant removal capacxty of mﬁltranon dramﬁelds w1th various prerreatment
systems9 ' S . L
" Is the performance of mfiltratxon dramﬁelds berter than mfiltratlon basms and u'enches
durmg subfreeztng weather and snow melt runoff condinons’ v

L .‘What level of rnamtenance is requrred to ensure proper performance?

APPLICATIONS

- Infiltration dramﬁelds are most apphcable on-sites mth a relanvely small dramage -area (less than 15
acres). They can be used to control runoff from parking lots, rooftops, unpervmus 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 mﬁltranon dramﬁeld and

) reduce its effecuveness .

Soﬂs should have field-venﬁed permealnhty rates of greater than 0.5 xnches per hour and there should
""be a 4-foot minimum clearance between the bottom of the system and- bedrock or the water table. '

IMI‘ATIONS
’I'he use of mﬁltratxon dramﬁelds may be restncted in regmns with colder clunates, and regrons, regxons

with high wind erosion rates (increased windblown sediment loads), and aréas where sole’ source
- potable aqutfers could be contammated Some specxfic limitations of mfiltranon drainfields include: =

~

. [ ngh mamtenance when sedunent loads to the dramﬁeld are heavy

~ ngh costs of excavation, fill matenal engmeenng des1gn, and
pretreatment systems : :

Shorr life span if not well mamtamed
Not suxtable for use in regrons wrth clay or sxlty soils.

" Not sultable for use in reglons where groundwater is used locally for human consumpnon .
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Systems require sufﬁéiént ‘time between storm events to allow the ;oii to 'df}"'out, 6r
anaerobic conditions may develop in underlying soils which could ¢clog the soil an
‘reduce the capacity and performance of the system. - . :

PERFORMANCE

The effectiveness: of infiltration drainfields depends upon their design. =~ When- runoff enters the
drainfield, many of the pollutants are prevented from entering sutface water. - However, any water that
bypasses the pretreatment system and <drainfield will not be treated. Pollutant removal mechanisms -
include absorption, straining, microbial decomposition in the soil below the drainfield, and trapping of
sediment, grit, and oil in the pretreatment chamber. T S : Lo
Currently there is little monitoring data on the performance of infiltration drainfields. " However, some
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
and 95 percent for sediment, 65 percent for total phosphorus, and 80 to 85 percent for total nitrogen.

Some key factors that increase per‘fo;manée and pollutant ;einoval éfﬁcienci;as include:
| . Good housekeeping practices in the tributary drainage area.
' Spﬁciént d.rymg time .{24‘ hours) i:etween storm év,eﬁts.' .  . -
Highly permeable l'soilsl and sub.soils;. . - . o
Pretreat;;xent :systém iﬁt.:or;‘)oréte'd. o
Suﬁcie;‘lt ~organi<; matter in subsoiis. .

Proper maintenance.

Use of a sand layer on top of a filter fabric at, the bottom of the drainfiel'd.‘. . :

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 construction techniques, subsoils with low permeability and lack of adequate preventive
maintenance. Some design factors which can significantly increase the performance and reduce the risk
of failure of infiltration drainfields and other infiltration processes are shown in Table 1 below.

MAINTENANCE -

Routine maintenance of infiltration drainfields is extremely important. The pretreatment grit‘chamber L

‘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 vacuum pump. Inlet and outlet pipes should also be inspected at this time.
The infiltration drainfield should contairi an observation well. The purpose of the monitoring 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 performance characteristics of the
structure have been verified, the monitoring schedule can be reduced to a monthly or quarterly basis.
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TABLE 1 INFILTRATION DRAINFIELD DESIGN CRITERIA-

Design Crfteria

: Guidelines

Site Evaluation ~

~ Design Storm StorageVolurne",' '

”,

~ Dratnage Time for Design Storm

Construction’

Pretreatment

. Djspersion Nanffotd

 SOURCE: Reference2.

' Take sof1 borings to a depth of at Teast 4 feet
below bottom of stone reservoir to check for .

soil permeability; porosity, depth to seasonauy .
high water table, and depth to bedrock.. o

. Not reeommended on slopes greater than S
_percent and best when slopes are as ﬂat as
: possible : ) 3

‘ r'}inirnum inft]tratton rate 3 feet below. bottom

of stone reservoir: 0.5 inches per hour.

Minimum depth to bedrock and seasonany hfgh - F

water table: 4 feet

‘Minimum setback from water suop1y wens
- 100 feet. ' :

Minimum setback from buﬂding -f oundations

1 o feet downgradient 100 feet upgradient

Drainage area should be. less than 1S acres..

Literature values- suggest this parameter is'
highly variable and dependent upon regulatory

requirements. One typically recommended -

storage volume is the stormwater runoff™

i _volume produced in the tributary watershed by

the 6-month 24"hOUl" duratfon storm event

mnfmum 12 hours

Haximum' 72 hours

'Recommended 24 hours - Lo

' Excavate and grade with light equipment with

.tracks or OVQI"S‘ZEU tires to prevent SO"
compaction : .

As needed divert stormwater runoff away from

site before and during construction.

"A typical 1nfiltratfon 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

~drainf1e1d and 3) filter fabrzc

Pretreatment is recommehded to treat runoff :
frorn all contributing’ areas.

A dispersion manifold should be placed in the o
. upper DOl‘t‘IOﬂS of the infﬂtratfon drafnfie\d :

The purpose of this manifold is to evenly .
distribute stormwater runoff over the largest
possible area. Two to four manifold extension .
pipes are recommended for most typical

- infiltration drainfieid applications.

;o




COSTs

There is little informagion on the cost of infiltration dramﬁelds However, the construcuon ‘costs for -

installing an infiltration drainfield that is 100 feet long, 50 feet wide, 8 feet deep and with. 4 feet of

cover can be estimated using the general mformauon in Table 2 below

TABLE 2: ESTIMATED COST FOR INSTALLING AN INFILTRATION DRAINFIELDS

Excavation Costs: . (2,220 cy).(85.00/cy)  $11,100
Stone Fill .- (1,296 cy) ($20.00/cy) . 25,920
Sand Fill (185 cy) (§10.00/cy) . - . 1,850
Filter Fabric | Top and Bottom = 10,000 sf 4,550 -
- . Sides = 1,600 = BOO = 2,400 sf. . |
Total = 12,400 sf + 10% = 13,640 sf
(13,640 1) (1 5y/9 51) (83.00/5).
" perforated Manifold 75 +4400=235 - . .. 2,750
and Inlet Pipe o 40° . C
e 00/ft)
Observa’tion/Wen I 1 at $500 ea j D ' . -500, o
Pretreatment Chamber =~ l‘,a't !SVIO',OOOv 10,000

Miscellaneous o T | 1,000
(Backfilling, overflow pipe, sodding, etc) - : ’ '

SUBTOTAL I 557 670
Contingencies (Engineering, admimstration permits etc.). =25?_J£__42_Q
ToTAL - 0 s72 090

Note: Unit prices will vary greatiy depending upon local market conditions

. ENVIRONMENTAL IMPACTS
One potential negative 1mpact of mﬁltranon dramﬁelds is the risk of ;'groﬁndwater contamination.
Studies to date do not indicate t.hat this is a major risk. However, mgranon of nitrates and chlondes

has been documented .




m "”.'. """ L . : . i ‘ ’ , 7' '{ ’

1. Metropohtan Washmgton Council of Governments, Controllmg Urban Runoff A Pracncal Manual
or Planning-and. Demggmg Urban BMPs, 1987 -

. -2 anesota Pollunon Control Agency, Protecnng Water %ahg in Urban Areas, 1989.

- 3. Soumeastem Wlsconsm Regmnal Planmng Cormmssxon, Costs’ of Urban Nongomt Source Water
Pollunon Control Measures, Technical Report No 31, June 1991.

4 uU.s. EPA, Stormwater Mana ement for Industnal Actxvmes Develo
and Best Management Practxces, Pre-pnnt, July 1992.-

in Poilution Pre‘ventionPlansl :

5. Washmgton State Department of Ecology, tormwater Managernent Manual for the Puget Sound ’
Basm February 1992.

" Thi BMP fact shos was prepared by the Municipal Teck ’iaq@(m.vssmbmmmwwncm}




§MTB

'STORM WATERBMP: === Coermniomee S
INFILTRATIONTRENCH - '
DESCRIPTION

Infiltration trenches are used to remove suspended SOlldS, 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 trénch, 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 provide
groundwater recharge and preserve base-flow in nwrby streams

. FIGURE 1: TYPICAL INFILTRATION TRENCH

5

v

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

1




n COMMON MODIFICATIONS

The mfiltratlon trench can be modified by substltutmg pea gravel for stone aggregate inthetop1 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 .
- aggregate layers.  Infiltration trenches can also be modified by adding a layer of organic material (peat) or .
loam to the trench subsonl. This modlfieatlon appears to’ enhance the’ removal of metals and nutrient through
adsorptlon. - ,

' cumumr SI‘ATUS
) Infiltratnon trenches are often vsed in place of other BMPs where - hmnted land is avallable. '
- Infiltration trenches are most widely used in warmer, less arid regions of the U.S However, recent studies
_'conducted in Maryland and New Jersey on trench performance and operation and maintenance, have

_demonstrated the apphcabxhty of mfiltratlon trenches in colder chmates (Lmdsey, et al, 1991)."

) LlMlTATIONS
" The-use of mfiltratlon trenches may be hm:ted by a number of factors, mcludmg type of sonls,'
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 lmpermeable 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 into 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 . o

this reason, trenches serving. parkmg lots should be preceded by appropriate prefreatment. Generally,:
trenches that are constructed under parkmg lots are also dlfficult to access for mamtenance. )

As with any infiltration BMP, the potentlal of groundwater contammatlon must be carefully ,
considered, especially if the groundwater is used for human consumptlon or agricultural purposes. . In some
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 o

plans should be modified to include the infiltration trench and the contributing drainage area. For example,
dlversmn structurés can he used to prevent spxlls from entermg the mfiltratlon trench. Co

- o An addltxonal Iimitation is the climate.: In cold climates, trench surface may freeze, thereby

'preventmg the runoff from entering the trench’ and allowmg 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
: 'climatos By keeping the trench surface free of compacted snow and ice and by ensuring the part of the
‘trench is constructed below the frost lme, will greatly lmprove the performance of the mt‘iltratlon trench . .
dunng cold weather., - - L




Infiltration trenches function similarly to rapid infiltration systems that are used in wastewater
treatment. Estimated pollutant removal efficiencies from wastewater treatment performance and modeling
studies are shown in Table 1 below. Based oni this data, infiltration trenches can be expected to remove up .
to 90 percent of sediments, metals, 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 especially in sandy soils (Schueler, 1992). o .

- . \ . .
‘

' TABLE 1: TYPICAL POLLUTANT REMOVAL EFFICIENCY

Pollutant . R Typical Percent Rem(;val Rates . .

Sediment . . : . 90%
Total Phosphorus . : , . . 60%
Total Nitrogen ; " 60%
Metals . : h BN . 9%
Bacteria : , o , 90%
Organics , ‘ S - 9%0% ..
Biochemical Oxygen Demand : o ' 70-80% -

SOURCE: References 4 and 5

Pollutant removal efficiencies may be improved by using washed aggregate and adding organic matter
and loam to the subsoil. The stone aggregate should be washed to remove dirt and fines before placement -
in the trench. The addition of organic material and loam to the trench subsoil will enhance metals and
nutrient removal through adsorption. ) ; ‘ o

LONGEVITY

A There have been a number of concerns raised about the long term effectiveness of infiltration 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 S 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 geotechnical evaluation prior to construction. Soil infiltration rates and the water table depth
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- should be evaluated to ensure that conditions are satisfa’c-tbr}; 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 sité. 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

‘avoided. 'Soil survey reports ,pu‘b‘lisheil 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 also be 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 fromjthe 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 5 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 ' ' : 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. - oo o ' :

- :Thé,‘tr,ench; ‘surface may consist of stone or vegetation with inlets to-evenly distribute the runoff

. entering ;hé 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 imperineable geotextile membrane overlain with topsoil and grass. -~

o 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 constiuction 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 sofls. 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 ordér 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 decl‘wsg thg poliutant loading to the trench bottom.
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The required trench volume can be determined 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 runoff from the site is desired. T ,

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). . ‘ B o ‘

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. K Co A : ' ,

An observation well is recommended to monitor water levels in the trench. The well can beadto
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 objective 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 inspection 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 debiis sliould 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. ‘ o

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 fect 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 vgide with a 1,200 cubic foot volume) is ‘estimated to cost from $3,000 to $8,500 (1993).
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o Mamtenance costs include buffer stnp mamtenance and trench mspection and rehabxhtatlon. ‘
' 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 rehabilitation, may be required every 5 to 15 years. Cost for rehablhtatlon will vary
depending on site conditions and the degree of clogging. Estimated rehabilitatnon cost run from 15t020 -
. -percent of the original eapxtal eost (SEWRPC, 1991) , '

. ENVIRONMENTAL IMPACTS

Infiltratlon trenches provnde efficient removal of suspended sohds, partlculate 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 mfiltrates

i the: surroundmg solls and mcreases groundwater recharge and base-ﬂow in nearby streams., "

Negatlve lmpacts mclude the potentlal for groundwater contammatlon. Fortumately, 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 agencles may requlre a groundwater uuectlon permxt for .
" mfiltratlon trench sites (Schueler, 1992) : L A , .
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STORM WATER BMP:
INTERNAL REPORTING
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DESCRIPTION

Internal reporting provides a framework for. "chain-of-command" reporting of stormwater njxanagexﬁent
issues. Typically, a facility dévelops -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. T o : - ‘ ' ' o

CURRENT STATUS

The U.S. EPA first identified internal 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. o B . D

-

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 imiportant 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 iri 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. S :

PERFORMANCE

The performance and effectiveness of an internal feporting system is iughly variable and dépendent upon -
several factors. Key factors include: - : - o o Lo

- Commitment of senior management.
Sufficient time and financial resources.
Quality of implementa_tiori. ‘

. - Background and experience of the SWPPT members.

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. = - S ‘ I

'




Ny ‘
L 1 .
'qu_ioeeﬁng
anutacurng | | seping ana £
SO.(AIIRCE:‘Rdau&Z, e _ v o v , ",‘
FIGURE 1: EXAMPLE SWPPT ORGANIZATION CHART

--,To ensure that an mtemal repomng system remains effective, the petson or team. responsxble for -

maintaining the SWPPP must be. aware of any changes in plant operations or key team members to

determme if modifications must be made in ‘the overall execuuon of the SWPPP '

: tA.

. COS'I'S

Costs assocxated w1th unplementmg an mternal repornng system are those assocxated with addmonal a
_ 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- esnmated costs for an mtemal o
'lrecord keepmg program . s

. TABLE 1:. EXAMPLE OF ANNUAL INTERNAL REPORTING COSTS.

: o L CAvg.. * . Hours = Est .

T - Hourly ~ Overhead* . onSW Annual

, Tide Quannty . Rate ($) Multiplier 'Training = "Cost ($) :

'StorntwaterEngineer .:‘ 1 x 15 x - 20 .'.»z._.‘.;r 20 = 600 -

. | PlantManagement . - -5  .x 20 'x 2.6‘-‘, x 10 = 2000
'Plant Employees _ . 100 ‘x 10 y lx ©20 o x 5 = 10,000
B TOTALESTMATEDANNUALCOST “s1z,§oo:

' ANote Deﬁned as a mulupher (typxcally ranging between 1 and 3) that takes into account '
i those costs associated with payroll expenses, bulldmg expenses, etc. -




Estxmated
Avg. e Hours: . Est
o Hourly = Ovethead ~ onSW ' Annual
Title . Quantity Rate ($) Multiplier . Training  Cost ($)

x - X _ox = A
x x x = @)
x x x ___ = @ 1,
X x X = ®)

TOTAL FSIIMATED ANNUAL COSI' .

(Sum of A+B+C+D)
SOURCE. Referorce 2.

FIGURE 2: SAMPLE ANNUAL INTERNAL REPORTING COST WORKSHEET

REFERENCES
1. U.S. EPA, NPDES BMP Guldance Documen; June 1981

2. U.S. EPA, StorrnWater Mana ement for Industnal Acnvmes Develo pin Pollunon Prevennon Plans
and Best Management Pracnces, September, 1992. .

This BN fact shest was prepared by the Muricipal Tech 'rM(M.USEPA'QIMSmdeiwDGM




. LIMITATIONS

' STORM WATER BMP: - AT TR 4 T AR
- 'MATERIALS INVENTORY

DESCRIPTION

A materials inventory system involves the identification of all sources and quantities of materials that -
"may be exposed to direct precipitation or storm water runoff at a particular site. Significant materials
" dre 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 scurces of patential contamination and is'the first step in pollution control.

’ e
,

CURRENT STATUS

Most facilities already have in place a materials inventory system. However, the inventory of significant
materials is not generally performed from a-storm ‘water contamination viewpoint. Modification of the
_ ‘existing materials inventory program to include storin water considerations should be minimal. " The -
' inventory should be incorporated into the Storm Water Pollution Prevention Plan (SWPPP). '

‘. APPLICATIONS

A materials inventory system‘is-af‘pplicabl‘e" to most industrial facilities. Inventory of exposed materials =

should be part of a baseline administrative program and -is directly related to both record keeping and
‘visual inspection Best Management Practices (BMP).- - S L S

N

: Lirnitatiqn of materials inventory system BMP include:"
Iris an dn-géigg pro"céss that continually nee_dé_npdating.

Qualified personnel are required to perform the materials inveiitory from a storm
water perspective. o S } R .

— | , _Matéﬁals inventory records should be readily éc_ceé.s’.ibl’e.’ '

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 -
‘effective materials inventory program will result in improved storm water discharge quality.

\

DESIGN CRITERIA e T

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



Jdéntify all chemical substances ‘present in the work place. Walk through the facility and
review tite 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 contairiers‘ to show the name and type of substance, stock numbér,'ekpiraﬁon
date, health hazards, suggestions for handling, and first aid information. This. ‘

information can usually be found ‘on the MSDS. Unlabeled ‘chemicals and chemiqa1§ with
deteriorated labels are often disposed of improperly or unnecessarily. . : ‘

Clearly mark on the inventory hazardous materials that require ,speéiﬁc handling, storage,
use, and disposal considerations., o ' ‘ o

Iméroved material tracking and inventory practices, such as instituting a shelf life program, cafx 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. E ' o T

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 -
- jmplemented or constructed to eliminate exposure of theses materials to storm water or that provide
“appropriate treatmerit . before discharge to ‘teceiving waters. Figure 2 below illustrates a sample
worksheet for evaluating exposed materials. - - S ' co '

Compisted by:

Tide: : .
Date: _ ..____.__.____——J-———-
”

and avakusts these risseriel for their potentiel w conribute polants 10

]
. Pant Slgrifionnt
d of suviast with oterm wons. ¥ Soll o bdak
yeu, desarde ramsen. ' Yoo -

'HGURE 1: SAMPLE MATERIAL INVENTORY

»
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SOURCE: Reference’2.

FIGURE 2° EXPOSED MATERIAL WORKSHEET

: 'I'he key toa proper matenals inventory system is contmual updanng of records Mamtammg an up-to-
date materials inventory is an. efficient way to identify what matenals are handled on-slte that may ’
'contnbute to stotm water contamination problems ‘

. 'COSTS
The ma_;or cost of mplemennng a matenals mventory system is the time' required to implement a
program that. places emphasxs on storm water quality. - Typically, this.is a small incremental increase ifa

materials inventory program already exists at the facility. Keepmg ‘an up-to-date .inventory. of all .

materials present: on your. slte wxll help to keep matenal costs down by 1dennfymg waste - -and"
4 overstockmg : ,

'REFERENCE
; 1. ’ U S. EPA, NPDES Best Management Pracnces Guldance Documen;, December 1979.
2.

Plans and Best Management Pracnces, September, 1992,

mmfwmwmbuw-rmaﬁ (4204), US EPA, 401 M Street; SW, Washingom, DC, 20460,
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STORM WATER BMP:
NON-STORM WATER DISCHARGES

DESCRIPTION

Identifying and eliminating non-storm -water discharges is an important and very cost-effective Best . -
Management Practice (BMP). Examples of non-storm water discharges include process water, leaks from-
portable water tanks or pipes, excess landscape watéring, vehicle wash water, and sanitary wastes. Non-
storm water discharges are typically the result of unauthorized connections of sanitdry or process
wastewater drains that discharge 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. Typically these

discharges are significant sources of pollutants, and unless regulated by an NPDES ‘permit, are illegal. /. -

CURRENT STATUS

Identifying and e]ifninatiﬁg non-storm water ‘discharges 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 the . °

presence of non-storm water discharges will greatly improve the implementation of this BMP.

APPLICATIONS
- Identification of potential non-storm. water discharges is applicable to alnipst’ every industrial facility that
has not been tested or evaluated for the presence of such non-storm water discharges. . Generally, a non- .

storm discharge evaluation includes: : : L o '

Identification of potential ‘non-storm water discharges locations. . -

Results of a phyéical site evaluati&n for the presence of non-storm water discharges. -

" The evaluation criteria or test method used. . h
The date of testing and/or evaluation.

. The on-site drainage points that Wgré' directly observed during the test arid/pf evaluation.

LIMITATIONS
Possible problems in identifying non_-sfbrm water discharges include:. . -
. ; "The possibility that a non-storm wafe; discharge'- ma& 'ndf occut on the date 6f : '
the test or evaluation. T e
The method used to test or evaluate the discharge may not be applicable to the '
situation.- - co : .v

Identifying an illicit connection méy prove difficult due to the lack of available data on
the location of storm drains and sanitary sewers, especially in older industrial facilities.




" PERFORMANCE .

. The qﬁestﬁon .of whetifer or not the elimination of non-stotm vvvlater'dis'cl'iafges is an effective BMP is S
~ 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 rion-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. Garmer, Lee and Associates, Ltd. (1983)
conducted an extensive survey of non-storin water discharges in'the Humber River watershed (Toronto).

© Out of 625 outfalls, about 10 percent were considered significant pollutant : sources. “Furthier .

. investigations identified many industrial and sanitary non-storm. water discharges into the - storm

* .drainage system. For examiple; 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.. - T

~ DESIGN CRITERIA
_ 'Key program criteria includes the identification and location of non-storm water entries into'storm
" drainage systems. It is important to noté that for any effective investigation of pollution within a storm -
.. ‘water system, all pollutant sources must be ificluded. 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 menths 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.. = ,

“ -

NON-STORM WATER DISCHARGE Compiered by:
" Date:

Oaty of Obsaerved During the * | Method Used to
Test of. | Test seenaty as rcated on | Tos or Evaluase ‘ :
Evalusti e aite mapt : Qischorge " | - ", Watsr Discharge . Significant Sources - Evalustion’

" FIGURE 1: SAMPLE WORKSHEET FOR RECORDING NON-STORM WATER DISCHARGES
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There are four priméry methods for investigating non-storm water discharges. These v,r'nethodksr include:.

.

“Sanitary and Storm Sewer Map Review. A review of a plant schematic is 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 drainage
systems used to carry 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 theré are no unauthorized connections.. A common problem is .
that sites often do not have accurate or current schematics or plans. =~ -
Visual Inspection. The most simple method for detecting 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 conditions.

Sampling and Chemical Analysis.v Sewer mapping and visual inspecﬁdﬁ arel.also‘h‘élpﬁﬂ" in
identifying locations for sampling. Chernical tests are needed to supplement the visual or

¢ b

" physical inspectioris.. 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 dccordance with standard quality control and quality assurance (QA\QC)
procedures. Statistical analysis 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 discharges, ground water infiltration, automobile washwater, etc.). Key
parameters that can be helpful in identifying the source of the no -storm water flows

iniclude, biochemical oxygen demand (BOD), chemical oxygen demand (COD), total
organic carbon (TOC), specific conductivity, temperature, fluoride, hardness, ammonia -
ammonium, potdssium; surfactant fluorescence, pH, total available ‘chlorine, and toxicity B
screening. It may be possible to- identify the source of the non-storm water discharge by
examining the flow for specific chemicals. : : ' ‘ o i

Just as high levels of pathogenic bacteria are usually associated with a discharge from a
sanitary, waste water sources, the presence of certain chemicals are genérally associated
with specific industries. Table 1 below includes a listing of various: chemicals that may
be associated with a variety of different activities. .~ e

Dye Testing. Ancther method for détecﬁng ‘imprbper'ébnnecitions, to the storm water -
collection system is dye testing. A dye test can be performed by simply releasing a dye
(either pellet or powder) into either the sanitary or process wastewater system. -

" Discharge points from the storm water collection system are them examined for color -
- change. ‘ o o I

MAINTENANCE .

A maintenance program consists of annual inspections for non-storm water discharges, even if previous
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 connections to ‘the storm water
conveyance system. - ' T . ‘ . oo .

I3




TABLE1: CHEMICALS COMMONELY FOUND INDUSTRIAL DISCHARGES .

" Chemical:
Acetic acid -
| Alkalies '

Chlorine -
- Chromium
~Cadmium
Citric acid
Copper -

" Cyanides
Fats, oils .
‘Fluorides

 Formalin
Hydrocarbons

Hydrogen peroxide |

‘Lead .

'Mineral acids

Nlckel .
Nitro compounds
".Organic acids
Phenols '

‘Snlver
‘Starch '
- Sugars’
Sulfides -
Sulfites -

" Tannic acid

Tartgric acid
: Zinc

, SOURCE: Reference 7.-

" Industry: . - o
Acetate rayon, pickle and beetroot manufacture '
" "Cotton and straw kierlng, eotton manufacture, memrizing, wool
. scouring, laundries

Gas and coke mnntacture, chemical manutacun'e

" Sheep-dipping, feit mongering

Laundries, paper mills, textile bleaching

- Plating, chrome tanning. aluminum auodizing
Plating -
_  Soft drinks and citrus fruit proeessing
. Plating, pickling, rayon manufacture

Plating, metal cleaning, case-hardening, gas manutacmm
Wool scouring, laundries, textiles; oil re!ineries

" Gas' and coke manufacture, chemical manufacmrr, fertilizer: plnnts,,

transistor manufacture, metal refining, ceramic plants, glass etching
Manutacture of synthetic resins and penidllin '

Petrochemical and rubber tactories Lo

Textile bleachlng. rocket motor testing

._Battery manutacture, lead mining. paint nunufactnrr, gasollney
" manufacture ’
- Oil refining, pulpmﬂls

hemmmmmmmﬁu,Fedeummbmm"
photoengraving. banery manufacture

‘Plating
Explosivu, and chemical works ‘
- Distilleries and fermentation plants .
"- Gas and coke manufacture, synthetic resin mauufacture, tuﬂlu,
* . tanneries, tar, chemical, and dye manu!acture, sheep-dipying
Plating, photography =
. Food, textile, wallpaper | manufacmre
‘Dairies, foods, sugar: refining, preserves, wood proms

Textiles, tanneries, gas manufacture, rayon manufacture

Wood process, viscose manutacturr, bleaching
Tanning, sawmills

. Dyeing, wine, leather, and chemical manufacture . .
‘ Galvanizing, plating. viscose. manufacture, rubber prouss C




COSTS

The above methaods are mostly time-intensive and their 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 then' sanitary and storm sewer
systems. The cost of disconnecting illicit discharges from.the storm water system will vary dependmg on'
the type and location of the connection and the type of corrective action needed ,

_The Full use of all of the apphcable procedures is most likely necessary to successfully identify pollutant
sources. Attempting to reduce costs, for example, by only examining a certain class of outfalls, or using-
mappropnate testing procedures, will: s1gmficant1y reduce the unhty of the testing program and result in
inaccurate conditions. :

ENV[RONMENTAL IMPACTS

Ehmmanng non-storm water discharges can have szgmﬁcant unpacts on unprovmg water quality in the

. recexvmg ‘waters.
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_POROUSPAVEMENT =~

DFSCRIPTION

’

Porous pavement is a spec1ally desxg-necl and consu'ucted pavement whlch allows stormwater to pass ‘
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 prmcrpal types of' porous
' pavement: porous, ‘asphalt ‘pavement, -and’ pervious' concrete pavement. 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 watef.” When properly handled
and installed, pervious concrete has a hxgh percentage of void. space whxch allows rapxd percolation 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 provide a storage reservoir for runoff. A filter

‘fabric is placed beneath the gravel and stone layers to prevent the movement of fine soil parucles into
these layers. Frgure 1 below 1llustrates a common porous asphalt pavement mst'lllatxon. '

v.' a - . . e
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FIGURE 1: TYPICAL POROUS PAVEMENT INSTALLATION

Porous pavement offers a number of advantages mcludmg

‘Provides water quahty unprovement by removmg pollutants.




LIMITATIONS

.- Reduces the need for curbing and storm sewer installation. =

. Iniprtwei road safety by increasing skid resistance. (Tests have sown that 'the;e _
is up to 15 percent less hydro-planing and skidding on porous pavement surfaces.)

. Provides recharge to local a&;uifer_s."; e

COMMON MODIFICATIONS

A common modification for p&ou.?: pavement design systems consists of varying the amount of storége to
be provided in the stone reservoir located directly beneath the pavement, and adding pérforated pipes

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

capacity. Stone reservoirs .may be desigried 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. '

CURRENT STATUS

Currently there is little inforation on porous péveﬁ:ent. Héw_qve;, in général iﬁfbrmatiéh about
infiltration trenches and basins also applies to porous pavement. The following concerns are
currently being evaluated by the EPA. : T :

. Can pavement porosity be maintained over the long term,

~ particularly with resurfacing needs and snow removal?, - - o , | . e
. What is the pollutant removal capability of porous pavement . :

during subfreezing weather and snow removal conditions?

. What are the optimé.} relatiohships between borotis pavemeht,
g;'oundwater, sandy soils,\v,and high water table conditions?

. What are the costs of maintenance and rehabilitation options |

for restoration of porosity?

APPLICATIONS

" Porous pavement is applicable as a substitute for conventional pavement on parking areas and low traffic

volame 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 cleararice °
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.

*

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 use of porous pavement is highly constrained, requiring -
deep permeable goils, resmricted traffic, and adjacent land uses. Some specific disadvantages of porous
pavement include: o - : S ‘ ‘




' The lack of experience with rhxs technology w1th most pavement L
. engmeers and contractors. o

N -Porous pavement has a tendency to become clogged if u'nproperly
. mstalled= or mamtamed

Ihe hxgh failure rate of porous pavement sharply hmzts the
abrhty to meet watershed stormwater quahty and quantity goals

. Slight'to moderate nsk of groundwater contammauon dependmg
.on-soil- conditions and aqulfer susceptxbxhty :

: Possxble transport of hydrocarbons from velncles and leachmg L :
o of toxic chemicals from -asphalt and/or bmder surface o ) S L

o '. ‘Some building. codes may not allow for the mstallanon of porous '
cL pavement. : : : ’

" The posszbihty exxsts that anaeroblc condmons may develop in
. ;underlyzng soils if thesoils, are unable to dry out between storm . o .
: events ' S ) ‘ P : el

o PERFORMANCE

a ;Tradmonally, porous pavement sites have had a hxgh faxlure rate (75 percent) Faxlure has been
- attributed to poor design, inadequate construction techmques, low permeabxhty soils heavy ‘
vehrcular u'affic, and resurfacmg thh nonporous pavement matenals
Porous pavement pollutant removal mechamsms mclude absorpnon, straining, and mxcrobxologxcal
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 lornig-term monitoring studxes These studies indicate long-term removal efficienciesof . ~ . =~ .~ ’
" between .82 and 95 percent for sedunent, 65 percent for total-phosphorus, and 80-85 percent of -
total mtrogen. They also indicated high removal rates for zinc, lead, and chemical oxygen
dernand Some ‘key. factors to. mcrease pollutant removal and prevent fazlure mclude -
Routme vacuum sweepmg and lngh pressure washmg
. Maxn‘num recommended dramage nme ‘of 24 hours
nghly penneable soils.
. Pretreaunent of off-srte mnoﬁ".
Inspecnon and enforcement of spec1ﬁcattons dunng construcuon., .
' Orgamc matter in subsoils
Clean-washed aggregate. o B
Use only in low-mtens1ty parkmg areas.

o Restncnons on use.by heavy vehlcles._ L.

Limiting use-of de-icing chemicals and sand.




DFSIGN CRITERIA . o

Porous pavement, along with other mﬁltrauon BMPs (mﬁltranon basxns, u'enches, etc) have v
demonstrated relatively short life spans in the past. Failures have general been -attributed to poor -
design, poor construction techniques, subsoils with low permeablhty, and lack of adequate prevéntive ,
maintenance. Key design factors that can significantly increase the performance and reduce the nsk of
failure of porous pavements and other mﬁh:ratxon BMPs is shown in Table 1 below .

TABLE 1: DESIGN CRITERIA FOR POROUS PAVEMENT

Design Criteria o * Co .- Guidelines

Site Evaluation i : Take soil borings to depth of at least 4 feet
- - . below bottom of stone reservoir to check for -

*_soil permeability, porosity, depth-to seesonally

‘ lugh water table, and depth to bedrock. ’

Not recommended on slopes greater than 5
: percent and best wuh slopes as flat as possible.

. Mmunum mﬁltratxon rate 3 feet below bottom of
. stone reservoxr 0.5 mches per hour.

Minimum depth to bedrock and seesonally !ugh
' water table 4 feet.

| Munmum setback from water supply wells. 100
feel. ) ’ s i .

" Minimum setback from building foundations: 10 ,
feet downg'radient, 100 feet upgradient. -

Not reeommended dn’ areas where wmd erasion

_ supplxes srgruﬁeent amoums of wmdblown

' sedxment. . . '
'Drainage area should be less than 15 acres.

Traffic Conditions - K . Use for low volume automobxle parlung areas
- = and lightly used access roads.

Avoid moderate to lugh trafﬁc areas and
vsigmﬁeent truck traffic.




: TABLE 1: DESIGN CRI'I'ERIA FOR POROUS PAVMNTS

: (CDN‘I'INUE)

Design Cri_teria

Guidelines .

Design Storm Storage Volume

Drainage Time for Design Storm

e

Construction

" Porous Pavement Placement

| 7 SOURCE: Refeence 2

While the standard porous pavement design is
believed to withstand freeze/thaw conditions
. normally encountered in most regions of the.
. ctountry, the porous pavement system is sensitive to’
clogging during snow removal opeﬂmons. Therefore,
the area should be posted with signs to restrict the
" use of sand, salt, and other deicing chemicals

typxcally associated wnh snow- cleamng actmues. s |

Lnerature values suggest thts parameter is lughly
variable and dependent upon regulatory
requirements. One typically recommended
storage volume is. the stormwater runoff volume .
, produced in the tributary. waterslted by the
_ produwd in the trt'butary watershed by the
: 6-month. 24-hour duratton storm event.

) Mxntmum' 12 hours.
Maximum: 72 hours. - -
: _Reoommended 24hours.

, Exeevate and grade with ltght eqmpment wtth
tracks or oversized tires 10 prevent soil
. oompacuon '

_M needed, dtvert stormwater runoff away from
‘planned pavement area to keep runoff and
'sediment away from site before and -

dunng eonstrucuon. : .

A typxcal porous pavement eross .section consists
- 'of the following layers: 1) porous asphalt course,
24 inches thick; 2) filter aggregate course; 3) i
reservoir coarse of l.5~3-mch dtaxneter stone; and
j .4) filter fabric. :

. Pavement temperéiune: 240-260° F.
- Minintum air te'mperature‘ 50° F.
Compact thh one or two passes ofa 10-ton

roller

Prevent any vehicular traffic on pavement for at 1
least two days. ; X o

' Pretreatment-Pretreatmem is remmmended to

*_treat runoff from all off-site aréas. An example

would be a 25-foot wide vegetative filter strip
placed around the perimeter of the porous
pavement where drainage flows onto the

' pavement surface.




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. . R I B

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 developihg a porous pavement sys_texh 100 feet by 50 feei and with a 4 foot deep storaéé ‘
area can be estimated using the example in table 2 below. : - S '
Estimated costs for an average annual maihtehaﬁée; prbgram of a boj;ous pavement parkiﬂg ‘lpt are
. approximately $200 per acre per year. This cost: assumes four inspections, vacuum sweeping and jet
hosing treatments per year. - - .. . T - T

'

TABLE 2: ESTIMATED COSTS FOR A POROUS PAVEMENT SYSTEM

Excavation Costs: = * ' 740‘<':yx$l5.0'0/cy o s 3,790
Filter Aggregate/Stone Fill 740cy‘x$20.00/cy. . S 114,800 B
Filter Fabric . Teosyxsaoosy . 2250
Porous Pavement . . 556 “sy x;$13.00/;y‘ - o

Overflow Pipes | 200fx$12008 . 2,400
Observation Well L Clanoe L a0
Grass Buffer | o 833 sy x SLSOky - o 1,250

. Erosion Control | $1,009/lﬁrrip sum,. a - 1000 |
o | N - 'suéTorAy D $32,858
Contingencies (Engineering, Adininistratio@ etc.)v = 25% ‘ , _8215
SOURCE: Referonce & | : -Tc;TAL‘ a o S “15073

Costs for traditional pavement, including 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.




' mvmonme'rAL mpacrs '

One potenual negatxve 1mpact of porous pavement is the risk of groundwater contamination. Pollutants
- (such as nitrates “and. chlorides) niot. 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 dnnkmg ‘water ‘supplies. . ’Iherefore, until more scientific data ‘is ava:.lable, it is
adwsable not to sxte porous pavement near groundwater drmkmg supphes :

Pollunon ina Coastal Zone, December 1991

' 2 Freld Rxchard et al . An Ovemew of Porous Pavement Research, Water Resources Bulletm Volume l
18, No. 2, pp. 265-267 1982. . .

3 Meu'opohtan Washmgton Councxl of Governments Controllmg Urban Runoff A Practlcal Manual for
Plannmg and. Deszggmg Urban BMPs, 1987 ;L

" 4. Southeastern. Wisconsin Reglonal Planmng Commission,. Costs of Urban Nonpomt Source Water
Pollution’ Conu-ol Measures, Techmcal Report No. 3} June 1991.

A5. US EPA, est Management Practzces Imglementanon Manual, April 1981 L ' -

6 U S. EPA, tormwater Management for Indusmal Acnvmes Develogmg Pollunon Prevéntion Plans
and Best Management Pracnces, September 1992.

" 7. Washxngton State Department of Ecology, | tormwater Management Manual for the Puget Sound
-_Basin, February 1992 .- : W : .. -

- This BMP fact sheet was prepared by the b "-,"’ A 'ya.aa(au).vszracornsa-&.suzwmbcm

N




STORM WATER BMP: = Shirmnmmmirnons
PREVENTIVE MAINTENANCE ~ © .

DESCRIPTION

Preventive maintenance involves thé regular inspection and testing of plaxit equipment and operational

systems. These inspections should uncover-conditions such as cracks or slow leaks which could cause o

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 adjustment, repair, or replacement of equipment before a major
breakdown or failure can occur. Lo f : L '

. 5
i

Preventive maintenance has been practiced predominantly in those industries where excessive down time
is extremely costly. As a storm water best management practice BMP, preventive maintenance 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 maintenance. program to -
include items to prevent storm water runoff contamination. - R

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

CURRENT STATUS
Most plants already have préventive maintenance programs that provide Isorhe_ degree of eﬁv'ironmental
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. =~
APPLICATIONS
Preventive maintenance procedures -and -activities are applicable to. almost, every industrial facility. '
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 preventing storm water
pollution from industrial sites simply involves good common sense to improve the facility preventive
mainteriance and general good héusekeeping methods. L . ‘
LIMITATIONS

. Primary limitations of impleménﬁng a preveim'§e maintenance program include:

. Additional costs. J
. Availébility of trained preventive _:néintenahce staff technicians. ~ °
. * Management direction and staff motivation in expanding the preventive

maintenance program to include storm water considerations.




- PERFORMANCE
'Quantitative data is not available on the effectiveness of preventive maintenance as a best management
. . e ., 22 . . e ' - . o« e 5 .
practice. However, it Is clear that an effective’ preventive maintenance program can result in improved.

. storm water discharge quality. ’ o C ' -

'DESIGN CRITERIA =~ = . -

. .. } s
'Elements of a good preventive maintenance program should include:

1dentification 'of equipment or systems which may malfunction and cause spills, leaks, or
other situations 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
‘management devices. - - : ‘ LT L T

e "Once .eqi.iiﬁment and areas to be inspected‘ have been i,den;ifiéd*étj the facility, establish

. schedules and procedures for routine inspections.

. Periodic testing of plant equipment for .str'u,cmral soundness is a key element.in a
~, .+ preventive maintenance program. - : ) T ’

AN

- Promﬁtly repair or répla"c'e' defective equfpmé’nt found -dhrix;xg insﬁectibﬁ_ and testing.

' I'(eep,spéré parts for eqﬁipmeﬁt'thét need frequent repair.

* It is important to include a record keeping system for scheduiihg tests and doc'umentin'g’
inspections in the preventive maintenance program. ' S
L Record test rés'ults z‘md'}f‘ollow up w1th coxfective 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 maintenance program is thfdﬁghv the continual updating 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'bg
conducted to evaluate the overall effectiveness of the preventive mainteriance program. Refinements to .
. the preventive maintenance procedures and tasking should be implemented as necessary. ‘ ' '

~

COSTS

-, The major cost of implementing a preventive main;enénCe 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. o
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“RECORD KEEPING

~

A record keeping system should be implemented for documenting: spills, 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 improved Best Management Practices (BMPs) to .
prevent future spills. Record keeping represents a good operating’ practice becatuise 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-
* inspections, and reported spills, leaks, or other discharges. = .~ . . = ' ST

mmAnoN' S o L

' Record keeping as a BMP should be an integral part of a BMP implementation 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 récord keeping -

structures could be easily adapted to incorporate this data.. An ideal tool for implementationis 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. © - : T .: ' S

| LIMITATIONS
Limitations associated with a;recor'd_ keeping sﬁtem are:

. Itisan oﬁ-goix;g process that continually needs updaﬁpg. :

: Qualiﬁed ‘ﬁeréonnelvrequired:td complete the record kegping forms. - e
. Accessible of records.” , | k

Securifs; of éo@d@ﬁd information.

-

. 'PERFORMANCE

'Record keeping performance as a BMP is highly variable. "It depends on the time and commitmeént’
dedicated to implementing an effective system. The benefit of an effective record keeping system being

" ineorporated into an overall SWPPP is improved stormwater discharge leaving. facility grounds. The.

 effectiveness of the record keeping system is often dependent on the following: =~ - . ,

. The co.r‘mﬁitmer_'xt of seriiq';' thanagement to irpplem:entin'gﬂ.and maintaining an effective . -
record keeping system. ’ T o : - .
S The qu’ali,ty of the reéofd keepingi:rogram.' R - L E ST

. .~The background and experience of the assingxe& récord keeping team.




_DESIGN CRITERIA

H

Record keeping and reporting procedures for sp111s, leaks, mspecuons, maintenance, and. momtonng
actvities should include the followmg a sample worksheet for keepmg records of spills and leaks is
shown in Figures 1 below. L _

The date, locanon, and time of matenal mventones, site mspecnons, samplmg
observations, etc. : .

The individual(s) who performed site inspectioris, samplfng 'observations, etc.
The date(s) analyses were performed and the ume(s) analyses were mmated the

individual or individual(s) who performed the analyses, a.nalyncal techmques or methods :
used and results of such analysxs.

Quality assurance/quahty control results. . |
" The date, time, exact location,and complete charactenzauon of sxgmﬁcant spﬂls or leaks
Visual observanon and sample collecuon excepuon records. : |

All calibration and mamtenance records of mstruments used in stormwater momtonng..

All original strip chart recordmgs for contmuous momtonng eqmpment. :

SOURCE: Refawl
FIGURE 1: SAMPLE WORKSI—IEET FOR TRACK[NG SPILLS AND LEAKS




. The key to a proper qamtenmce program for record keepmg is contmual updanng Records should be-‘
updated with the correct name and address of the facility, name and location of rece1v1ng waters,

" number and location of discharge points, principal product and slgmﬁcant 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- spxll report. Some simple techmques used to accurately document and report results. ‘
~ include: . : : ‘

‘Fieid notebooks
" Timed and dated photographs
. theotapes o
""Drawmg‘s- arrd meps E V‘

Cornputer spread_sl_ieet and database programs T

: ‘Costs assoc1ated w1th mplemennng a record keeping system are those assocxated thh adthuonal staE
- 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 asa -

R . worksheet to calculate the esnmated annual cost for a record keeping system

s

| TABLE1: EXAMPLE OF ANNUAL RECORD KEEPING COSTS.

'.V E < . ’ »v
, ] . Avg. '~ . Houwrs = Est |
S T Hourly Overhead* onSW . Annual -
- Tide - . - Quamity Rate ($) Mulnphu' f ~ Training  Cost ($) .
Stormwater Engineer . . 1 . x 15. x. - —2.0}'4 x 20 = 600
PlantManagement S8 x- %0 x. ’ 20 x‘.' 10 - = 2,000
Plant Employees - o 100 l x 10 x ' 2.'07 x5 E = 10,000
’ | - TOTAL ESTIMATED ANNUAL COST - $12,600
‘ -Note: - Deﬁned as a multxplxer (typxcally rangmg between 1 and 3) that takes mro account
A " those costs assocxated w:th ‘payroll expenses, buﬂdmg expenses etc. '
. R L .,V . E’A . - .




. Estimated

@

®
©

o - Yearly
. Avg. - : Hours °~  Est
) ‘ ‘Hourly . . ' Overhead on SW Annual .
Title . Quantity Rate (§) ' Multplier  Training ~ Cost ($)
x x =
x x =
X x =
. L.

X x P

SOURCE: Hml

TOTAL ESI'IMATEDV ANNUAL-COST

(Sum of A+B+C+D)

o
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) STORMWATER BMP: )‘ NUN!CIPAL TECHNOLOGY IR.A:% v

'. 'DESCRIPTION

: " Sand filters are most often deslgned for storm water quahty control and generally provlde hmlted
' storm water qiantity 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 hmvy 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 dn'ectly to surface ‘waters. Sand filters can achieve high
" removal efficiencies for sediment, biochemical oxygen demand (BOD) and fecal coliform bacteria. However,
total metals removal is moderate and nutrient removal is often low. ‘ , '

There are three mam sand filter desngns currently in common use: ‘the Austm sand filtratlon system

‘(Figure 1a), the Washington, D.C. sand filter (Figure 1b) and the Delaware sand filter (Figure 1c). '
primary- differences in these designs . are location (i.e., underground or surface and on-line or off-lme),

‘ dralnage area served, filter surface areas, land reqmrements, and quantlty of runoff treated. ’ '

Channe! Siopedto , ‘
| -~ - Facinale Sediment . g, /dﬂzsef
/ -~ Transpotinto . " - m"{m

\"@@MMZ_- a.mmu.a_a wmmsmm

FIGURE la:. TYHCAIQ AUS!-‘IN SAND m:mn DIEIGN

' COMMON MOD]I"ICATIONS

N

Modlficatlons that ‘may : nmprove sand filter deslgn and performance are bemg tested One o
‘ modnficatnon is the addition of a peat layer in the filtration chamber. ' The properties and characteristics of
the peat may increase the microbial growth within the sand ﬁlter and improve pollutant (e.g., metals and
' nutnents) removal rates. ' Another design variation, which is included in the Washington, D.C. sand filter )
_design, includes an underdrain that is extended above the sand filter layer. Tlns allows for backwaslung of =
: the t‘ilter ‘when it becomes clogged » _ , , , :
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FIGURE 1b: TYPICAL WASHINGTON, DC SAND FILTER DESIGN
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SOURCE: Reference 1

FIGURE 1c: 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, D.C. Studies on the pollutant removal efficiencies are currently being performed
for the Washington, D.C. and the Austin sand filters. However, additional evaluations need to be conducted
in other locations and on alternative designs and media. ' ' o . ' ,




' APPLICATIONS

- In general, sand filters are preferred 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 uhsuitable. 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 dlrectly to surface water- w1thout the
~ contaminated runoff coming mto contact with the groundwater.

The selectlon of the type of sand filter depends largely on the dralnage 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 Washmgton, 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, loadmg docks, service stations, garages, airport runways/tamways, -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 facllltnes, large parkmg areas

.and commerclal developments - v

All three types of sand filters can generally be used as alternatives for water quallty mlets, which 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 unloss there is adequate
baseﬂow from the groundwater. ‘ k

- LIMITATIONS
. ' The size and charactenstlm of the drainage area as well as the pollutant loadmg will grmtly mfluence o
the effectiveness of the sand filtei system. In some cases other best management practlces (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 requlred. Dramage areas with heavy sediment loads may result in frequent clogging

.. of the filter. - The lack of maintenance to the clogged fi lters will limit the performance. Certain climatic

conditions may also limit the performance of the filters. For example, it is not known how well sand filters
will operate in colder climates where sustamed freezmg conditions are encountered. v

Partlculates are removed by both sedlmentatlon in the sedmentatmn chamber and by filtratlon in . -

the filtration chamber. The City of Austin has estimated pollutant removal efficiericies (Austin, 1988) based . -
on preliminary findings of the City’s storm water monitoring program. The estimates shown in Table 1
below, are average values t‘or vanous sand filters servmg several dlfferent size dramage areas. .

.As.shown in Table 1, no removal of mtrate was observed in the preliminary findmgs The removal.
of other dissolved pollutants was not monitored. - Additional momtormg is currently ibemg performed by the
. City of Austin to supplement the prehmmary estlmates ‘

LONGEVITY e

There have been a number of concerns ralsed about the long term effectiveness of sand filter systems.

Proper design and maintenance are critical factors in maintaining the useful life of any filter system. The

- life of the filter media may be increased by a number of methods including: stabilizing the drainage area so
that sediments Ioadings in the runoff are minimized; placing a sedimentation chamber that removes sediments

_ prior to the filtration chamber; providing adequate detention times for sedimentation and filtration to occur; ° »

and frequently inspecting and maintaining the sand filter to ensure proper operatlon In some cases,
3 replacement of the filter media may be requxred every 3 to 5 years. The useful life of the medla will depend
”von the pollutant loadmg to the filter and the des!gn and malntenance of the system .




TABLE 1: TYPICAL I’OLLUTANT REMOVAL EFFICIENCY

Pollutant ’ D : | Typical Percent Removal |

Fecal Coliform o g : 76
Biochemical Oxygen Demand (BOD) . ‘ 170,
Total Suspended Solids (TSS) ' - : 70
Total Organic Carbon (TOC) } A . 48
Total Nitrogen (TN) : o e |
Total Kjeldahl Nitrogen (TKN) ' o ‘ . 46
Nitrate as Nitrogen (NO;-N) . ' | I
Total Phosphorus (TP) : o | ' 33
Iron (Fe) ‘ o - 45
Zinc (Zn) a4

SOURCE: Reference 4

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 foll 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. ' ' :

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

Partial Sedime’ntatiqn Full Sedimgntation

A = (Ap@E/AD,-110) A = A@E10 - |
A= (Ap@E/10

A; = (AD@E)/18

Note:

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

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

SOURCE: Referenced




-Flow is' eonveyed from the sedlmentatlon basm elther through a perforated riser, gablou 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

diameter that may be underlain with a gravel layer. Equatlons 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 dnameter with 3/8-inch perforatlons. Filter fabric is placed around ,
the underdram plpmg -to prevent sand and other pmtlculates from bemg dlscharged, oy

: _ Typxeally the Washmgton, D.C sand filter system is deslgned to. handle runoff from completely

" impervious 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 reinforced 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 =~ )

' dlscharged 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 i 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 i is off-hne the overflow between the. second and third chambers is not mcluded.

. . The Delaware sand filter, as shown in Figure Ic, is sxmnlar to the Wasbmgton, D.C. sand filter, both .
 utilizing 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 representative of most frequent storm events. In Delaware, 92% of all storms are less than
"1inchin 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 modifi ed 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 isits
‘ shallow structure depth of only 30 mches, thereby reducmg excavation reqmrements. : -

) All filter system deslgns must provnde adequate access to the filter to perform the requxred mspectlon
: and maintenance. The sand filters should be inspected after all storm events to venfy 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 comphance with confined space entry safety procedurcs ,
\

* Typically, sand filters begin to expenence clogging problems within 3 to 5. years (NVPDC 1992)
Accumulated trash, paper and debris should be removed from the sand filters every 6 months or as necessary .
to keep the filter clean. A record should be kept of the dewatering times for all sand filters to determine if -
maintenance is necessary 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 Austin has tests their waste media before dlsposal ‘
Results thus far indicate that the waste media is not toxic and can be safely landfilled (Schueler, 1992) ‘Sand.
filter systems may also requlre the penodlc removal of vegetatnve growth ,

‘COSI‘S

The construction cost for an Austin sand filtratlon system is approx:mately ‘517 750 (1993 dollars) .
for a l-acre drainage area. The cost per acre decreases with increasing drainage area. For example the cost
- for a 15-acre site is approxnmately $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 aréas 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 approximately
$26,400 (D.C., 1992). Costs for the Delaware sand filter are similar to that of the D.C. system, except the
T exeavatlon ‘costs are generally lower, bewuse of the filters shallower depth

)

7




Annual costs for mamtaxmng sand filter systems averages about 5 percent of the nmtlal 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 filters 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.

mVlRONMENTAL IMPACTS

The three types of sand filters achieve high removal efficlencus for sedlment, BOD and fecal cohform
bacteria and generally 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 filers
generally do not provide storm water quantlty 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 dlsposal : (.
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STORMTREAT™ SYSTEM : : ‘ : ‘ .
DESCRIPTION

‘ “The STORMTREAT“‘ System (STS) developed in 1994 isa stormwater treatment technology 7
- consisting of a series of sedimentation chambers and constructed wetlands which are contained within
a modular, 9.5-foot diameter recycled-polyethylene tank. The STS is shown in Figure 1. Influentis
' piped” into the sedimentation chambers where pollutant removal processes such as sedimentation and
- filtration occur. ‘Stormwater is conveyed from the sedimentation chambers to a-fringing constructed

" wetland where it is retained for five to ten days prior to discharge. Unlike most constructed ‘wetlands

for stormwater treatment, the stormwater is conveyed into the subsurface of the wetland and through
‘the root zone. It is within the root zone that’ greater pollutant attenuation occurs through processes such
as hltratlon ddsorpuon and blochemlcal reactlons : v

FIGURE 1 STORMTREATTM SYSTEM

', Source: StormTifeat Systems, Inc.



COMMON MODIFICATIONS

The STS design allows for modifications when the system is installed in areas with high
groundwater levels or in areas tidally affected. In areas with high groundwater, modifications to the
discharge pipe work can be made so that runoff is discharged to a remote downgradient area with a
lower water table level. In tidally influenced areas, a check valve can be installed to prevent flow from
reentering the unit from its discharge point after the flow has discharged and allow discharge only
during mid to low tide conditions. The valve would be adjusted for higher than normal flow velocities
(those velocities used with a non-tidally mﬂuenced unit) so that the system mamtams an average holdmg
txme of five to ten days. :

The manufacturers of the system indicaté that the STS could be used throughout the US, with

only minor modifications to the system to make it effective in different geographical areas. Incold -

climates, where the 4 foot height unit would be installed above the frost line, modifications may be
necessary to prevent the water within the tank from freezing. Addmg a greenhouse to cover the system
or insulating the subgrade tank may prove to be effectlve :

Modifications may also be necessary in an arid reglon due to insufficient water to support the
wetland vegetatlon In these areas the unit could be modified to discharge the flow at a slower rate .
which would increase the water retained in the bottom of the unit. Soils that retain water more
efficiently could also be used. Alternately, the unit could have an altemate water supply for the
extended dry periods. :

CURRENT STATUS

An STS has been installed in Kingston, Massaéhusetts (MA) and has been operatibnal since
November 1994. The need for a stormwater treatment system in this area became evident as increased

bacteria levels caused the closing of shellfish beds in the Jones River. Additional systems are planned =

for installation in Gloucester, MA, Harwich, MA, and Waltham, MA. Two systems will be installed
in Gloucester to help mitigate impacts to the downstream shellfish beds which have also been identified -
as having high counts of fecal coliform bacteria. The system planned for installation in Harwich will
treat polluted runoff from the town landing prior to discharge to Wychmere Harbor, a scenic boating
harbor on Cape Cod. A system will be installed at GTE in Waltham during the Fall of 1995. The
industrial complex is located in a sensitive watershed. The system will collect rooftop runoff and runoff
from a parking lot. If these installed systems prove to be cost effective, there are additional needs in
Massachusetts where 40 percent of the shellfish beds have been closed due to high levels of metals and
bacteria. : :

APPLICATIONS

The STS has applications in a wide range of settings. The system’s size and modular
configuration make it adaptable to a wide range of site constraints and watershed sizes. Designers of
the system indicate that the system can be used to treat runoff from highways, parking lots, ajrports,
marinas, and commercial, industrial and residential areas. The STS is an appropriate stormwater
treatment technology for both coastal and inland areas. '

LIMITATIONS

As discussed previously, the STS is relatively new and untested in different geographical
locations. There may be possible limitations in these areas. Soil types surroundmg the modular unit
will not limit the system’s effectiveness nor will high water tables. ;




ﬁiPERFORMANCE E

Preliminary ° momtormg results from four sets of samples collected in November 1994 .
December 1994, and February 1995 indicate removal rates- 0f 94 % for total coliform bacteria, 83% for
fecal coliform bacteria, 95% for total suspended solids, and 90% for total petroleum hydrocarbons, as
shown in Table 1. Preliminary nutrient removal rates have been determined to be 44% for total
-dissolved nitrogen, 89 % for total phosphorus (TP), and 32% for ortho-phosphorus Total nitrogen (TN)

, -j performance data are not available at this time; however, the manufacturer of the system indicates that

they should be high based on the results of other wetland systems where particulates, and therefore TN, -
are removed. - Removal rates are anticipated to increase as the ‘wetland vegetation becomes more
establlshed and during warmer months. The pollutant removal rates achieved by the system for other
- pollutants are as follows 65% for lead 98% for chrormum and 90% for z1nc :

v

TABLE 1 STORMTREATTM MONITORING RESULTS

‘ N Polltltant, | B - Percentage Removed
Total Coliform Bacteria ' | - . ) 1" ‘ oq
Fecal Coliform Bacteria =~ - - N
Total Susperrded Solids . | . o5

’ CherxliCal Oxygen Demand ° g _ A‘ S ‘ 75

1 Total Dlssol{red Nitrogen . I 44

' Total l’hosphorus - . . S 89

, t)rtllo;phosphorus P . | - 32

| Total Petroleum Hydrocarbons - 7 R , : 90
Lead 0 e
oo | s
Zinc - B

' DESIGN CRITERIA

The STS is a modular, 9. S-foot diameter recycled—polyethylene tank containing a series of .

, sedlmentauon chambers and constructed wetlands. ‘The sedimentation chambers are in the inner ring
~ of the tank, which has a diameter of néarly 5.5 feet. The 9.5 feet diameter outer ring, which surrounds -

 the sedimentation chambers, contains the wetland The tank walls and bulkheads, whxch separate the =

: sednnentatlon chambers have a height of 4 feet :

The STS tanks are des1gned to w1thstand the hydrostatlc pressures that result from the saturated
 soils surrounding the tanks. The STS unit connects to existing catch basins with PVC piping. Influent

" is conveyed through the PVC piping to the first of six internal sedimentation chambers. The 4 inch.
diameter inlet pipe is covered with a burlap sack that traps larger particles and debris. Synthetic screens
and woven geotextlles placed within the bulkheads filter the flow as it passes into the succeeding -
chamber. * Flow is conveyed through larger mesh sizes in the first series of’ sedlmentatlon chambers,
followed by smaller mesh sizes in.the remaining sedimentation chambers. In addition to the filter

 screens, skimmets have been installed i in the tanks.” Skimmers replace the previously used screens and =

combination of screens and skimmers. The screens and skimmers perform the same pollutant removal
‘mechamsm however, the screens require more mamtenance than the sk1mmers The skimmers float




on the water surface within each chamber and have an opening 6 inches below the surface through ’

which flow is conveyed to the following tank. 'Sediments which collect in the bottom of the chamber

remain in that chamber until the unit is maintained. The skimmers prevent sediment from being

conveyed to the subsequent chamber. The bulkhead separating the last two sedimentation chambers is

fitted with an inverted elbow which traps oil and grease within the fifth chamber. ‘The elbow is located -
) approximately 10 inches from the chamber bottom.

Flow is conveyed from the sedimentation chamber through four, 4 inch diameter, PVC, slotted
N outlet pipes int6 the wetland portion of the STS. Stormwater flows subsurface through the length of
the wetland, which has a length of 23 feet, width of 2.4 feet, and contains 3 feet of gravel and sand.
The gravel used at the Kingston facility is 1/4 inch rice stone and 3/8 inch bluestone. The weight of -
the gravel provides the force that counteracts the buoyancy forces that would be present at a high water
table site. The wetland has an approximate storage capacity of 760 gallons. The entire system has a
capacity of 1,390 gallons. v

Vegetation within the wetland will vary depending on the local, naturally occurring wetland
vegetation and the maximum expected root depth of the plant. Bulrush and burreeds have been used
in Massachusetts and have maximum root depths of 2.6 and 2 feet, respect:ively (USEPA, 1993). Mature
vegetation should have roots that extend into the permanent 6 inches of water in the bottom of the tank.
Insufficient root depth may result in a Iack of water supply to the planits during the periods between
storm events.

Effluent from the wetland is discharged through.a 2 inch diameter pipe that is controlled by a
valve. Flow rates and holding times can be varied by manipulating the outlet control valve. At the
Kingston facility, the control valve is adjusted to provide for a recommended discharge rate of 0.2 .
gal/min. and a 5-day holding time in the wetland. The valve has an added benefit that in the event of
an upstream toxic spill the valve can be closed and the-pollutants will be trapped in the STS. :

Tanks are available in one size but multiple tanks can be mstalled ata s1te to capture the volume
of runoff from the site. The size of the tarik was selected so that the prefabricated tanks could be
transported without requiring conformance to oversized load regulations. The determmatlon of the
number of tanks needed for a site is based on three factors ‘

i

4 Area of impervious drainage surfaces,‘
g Design storm to be treated; and
. Detention storage prior to the STS tanks.

To capture and treat the first 0.25 mches of runoff from a one acre, completely 1mperv10us
drainage area, the designers of the system estimate that two tanks would be required when prehmmary
detention is provided and five tanks when it is not. For a design storm of 0.5 inches, four tanks are
required with prelmnnary detention and ten tanks without preliminary detention. Preliminary detention
may be provided in the drainage pipes and catch basins which convey flow to the STS. In some
instances, settling tanks may be located upstream that detain the runoff. A typical site would require
100 fi? per tank, which includes sufficient space for the tank and-access to the tank for maintenance.

MAINTENANCE

Anticipated maintenance of the STS is rmmmal The system should be observed at least once
a year to be sure that it is operating effectively. At that time the burlap sack that covers the influent
line should be removed and replaced. If the system installed uses filters, these should be removed,
cleaned, and reinstalled. Sediment should be removed from the system once every 2 to 3 years, unless -
the system has higher than normal sediment loads. . After six months of operation the unit installed in
Kingston, MA was found to have 2 inches of accumulated sedlment The sedxment can be pumped from




the tank by septlc haulers or by mamtenance personnel responsible for sedrment removal from

- catchbasins. It is not ant1c1pated that the sediment will be toxic and may be safely landfilled. However,

. sediment tox1c1ty will depend on the activities in the contributing drainage area and testmg of the -
~ sediment may be requlred to deterrmne if it.should be. consrdered hazardous ~
- The STSisa prefabncated unit that is easrly mstalled in most locat1ons Installatron time for
a normal site (i.e., bedrock not encountered) is approximately four man-days. This time includes both -
site preparation and installation. The estimated cost for. one.installed tank is $3,600 to $4,000, which .
includes the site work, tank, skimmers, gravel, wetland plants, external PVC piping, and installation
by the manufacturer. Costs of systems that have been installed or are planned for installation have been
* lower that the estimated costs due to the mumcrpahtles providing the site preparation at no charge. The
“higher end of the cost range may be encountered if complications with site preparation occur. Capital
~ and installation costs decréase as the number of units on a site increases. The cost for a system installed
by the manufacturer and consisting of four tanks is approximately $15,000. The four tank system.
would effectively .treat a one acre, completely nnpervrous dramage area. w1th prelnnlnary detentlon
des1gned to capture the ﬁrst 0.5 mches of runoff : :
The estimated maintenance cost for removal of sedrment from one tank ranges from $100 to -
$150. This cost is incurred every two to three years when sediment removal is necessary. Costs have

~ not been determined for an annual site inspection and removing any debris and leaves from the wetland .~ °

area However these costs should be minimal (i.e., one day of labor for one person)

ENVIRONMENTAL IMPACTS
' Systems have been installed in Massachusetts due to the 1ncreased bacterla levels resultmg in
the closing of shellfish beds. ‘Regulators and environmental groups in Massachusetts are concerned over . -
the closing of 40 percent of the shellfish beds in the state and are utilizing stormwater management
‘practices, including the STS, to improve the water quality in the downstream beds. . The STS also
protects the groundwater by removrng pollutants prior to infiltration. The STS has shown high TPH,
TP, metals, and suspended solids removal rates, which improves water quality. An additional benefit -

of the STS is the system’s spill containment feature which results in capture of an upstream release, and- - -

‘ therefore lessens the 1mpact from the spill on the environment.

o REFERENCES
1. - ‘StormTreat Systems Inc ‘date unknown ‘Technical Data for STORMTREATrM System
- Barnstable, Massachusetts (relocated to Hyannls MA). © .
2. StormTreat Systems, Inc., 1995. STORMTREAT"M Systems Newsletter Barnstable
... . Massachusetts (relocated to Hyanms MA). '
3. ' Horsley, Scott W. and Winfried Platz, January 4 1995. . Progress Report Water Quahty '

© . . Monitoring at Elm Street Facility, Barnstable Massachusetts (relocated to Hyannis, MA). =
4.  Horsley, Scott W., June 15, 1995. The STORMTREATrM System A New Technology for
: Treating Stormwater. ‘

’.5. . ‘Horsley &. Witten, Inc., ‘1995 Fact Sheet - Modelmg of Water Flow Through the
o _ STORMTREAT™ System o
6. . . USEPA, July 1993. Subsurface Flow Constructed Wetlands for Wastewater Treatment A

Technology Assessment. EPA 832 R—93-001



' STORM WATER BMP: TR R TS
SPILL PREVENTION PLANING . L
' DESCRIPTION

A Spill Prevention Plan identifies areas where spills can occur on site, specifies materials handling
procedures, storage requirements, and identifies spill clean-up procedures. The purpose of this plan is to
establish 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 Lo ' - ‘ - e

Storm water contamination assessment, flow division, record keeping, internal reporting, employée "
training, and" preventive maintenance are associated BMPs that should be incorporate into a
comprehensive Spill Prevention Plan. o - v

. -
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. : ‘ ‘ r ‘ e

1

APPLICATIONS

—

A Spill Prevention Plan is applicable to facilities that transport, transfer, and store hazardous materials, -
petroleum products, ‘and fertilizers that can contaminate stormwater tunoff. 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 -
- fllustrates a sample spill prevention team roster for ‘quick identification of team ‘leaders and’ their
responsibilides. ’ C S ' : = T

LIMITATIONS

Spill Prevention Pléning can be limited by the fbllowingf l

. Lack of employee motivation to impiement plan.
Lack of commitment from senior management. -

Key individuals identified in the Spill Prevention Plan may not be properly
‘trained in the areas of spill prevention, requnsg,-and cleanup.

PERFORMANCE

Past experience has shown that the single most important obstacle to an effective prll Prevention Plan is’
its implementation. . Qualitatively, implementation of a well prepared Spill Prevention Plan should
significantly decrease contamination of stormwater runoff. , o ' ,

a1




-~ POLLUTION Pasvsunon,fgm " | Worksheet. R j |
o : S g - Completad by: ' - R
S R Title:
MEMBER ROSTER Date: _
Clesde e Te
- : ' Office Phone: .
Responsibilities: -
nhm:‘b‘o'r's:' B O
o L THe_ _ -
o » - Office Phone: - . 1 _
',Respo:nsibiiisin:l. - : ) _ . .-
\(2)7 : d . : - A . Title: _ ‘
oL :' 1 S e ' -7 Office Phone:
] Responsibilities: _ " -
= W - . Tite: 7
S L Office Phone: .
' Responsibiiﬁu:‘ ' ‘
. o ’ " FIGURE 1 SAWLBESPH.L PRE_VENTION TEAMR.OSTER
' DFSIGNCRITERIA L S Lo

' General gmdelmes for the preparanon of a Splll Prevennon Plan mclude

'I'he ﬁrst part of the plan should contain'a descnpuon of the facﬂlty mcludmg the owner’s i

name and address, the nature of the facxhty actmty, and the general types of chemlcals
used in the facxhty . .

The pla.n should contam a site plan showmg the locanon of storage areas for chemxcals,
- location of the storm drains, tributary drainage.areas with drainage arrows, and the
1ocat10n and descnpnon of any devxces to stop spﬂls from leaving the site such as .
’ coIlecnon basms :

The plan should describe notification procedures to be used in the event of a spﬂl such as
" phone numbers of kéy personnel, and appropriate regulatory agencnes such as local
Pollunon ‘Control Agenc1es and the local Sewer Authonty .

. ’I'he plan should provxde speclﬁc mstrucnons regardmg cleanup procedures x '~




The owner, t.hrough an mtemal reporting procedure, should have a deslgnated person _
with overall responsibility 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

i 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
agenc1es to be contacted in the event of a spxll \

Cleanup of spiIls should begm 1mmed1ately No emulszﬁer or dtspersant should be used.

In fueling 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 dram or into the storm sewer

Emergency spill contamment and cleanup kits should be located at the faclhty site. Ther
contents of the kit should be appropnate to the type and quantmes of chemxcal or goods
~ stored at the facility. ; :

. Some strucmral methods to conslder when developmg a prll Preventxon Plan include:

Containment diking-- Contamment 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 facility, 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 against

the contamination of stormwater because it surrounds the area of concern and-holds the
. spill, keepmg spill materials separated from the stormwater outsxde of the. d1ked area.

: Curbmg- Like contamment dﬂung, curbing is d. barrier that surrounds an area of concetn.
Because curbing is usually-small-scale, it cannot contain. large spills like diking can.
However, curbmg is common at many facrlmes and stnall areas where hqmds are handled
and transferred, : i ‘
Collection basins. Collection basms are permanent structures where large sptlls 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 contamment dikes,
_collection basxns can recelve and contam matenals from many locations across a facxhty

Once a hazardous material spill occurs and is contamed the matenal has 1o be cleaned up and dxsposed e
. 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, treatinent, or dlsposal mclude ’

| Physical. Physxcal methods for cleanup of dry chemicals’ mclude the use of brooms,
shovels, sweepers, or plows.

Mechamcal. Mechamcal methods for cleanup mclude the use of vacuum cleamng systems '
and pumps. : :

Chemical.. Chemical cleanup of matenal can be accomphshed 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 spxlled
chemical(s) by concentrating and congealing to form a ngxd or viscous material more
conducive to mechanical cleanup. Foams are mixtures of air and aqueous solutions of )
proteins 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. .




e R “Create a map of the facxhty site to locate pollutant sources and determme
s . .+ . 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 contams a list of
features that should be mdtcated on the site map.-

.o “Conduct a matenal mventory throughout the fac:lxty
e Evaluate past sptlls and leaks

.o Idennfy non-stormwater d:scharges and non-approved connecuons to

stormwater fac:lmes. - o | L S ' ,
. :.Collect and evaluate sto:mwater quahty data. :
.  Summarize the ﬁndmgs of this assessment:
| | TABLEI.CRITERIAFORDEVELOPNGASI‘I‘EMAP ' o o

| Worksheet
COmplotod by.
.- | Tide:. :
| Date:

' ‘o’evatomo A sn'é-MAP

Instructions: - Draw 2 map. of your site imluoinq a footprint of all buildings, structures, paved areas, and
parking lots. The information below describes additional elements

N »

\ . e " . . -

* AII outfalls and storm wator dlschargos

. e ‘ Dramago aroas of oach storm wator outfall

‘. Structura! storm water pollution control measures; such as:

Flow diversion structures-
Retention/detention ponds
. Vegetative swales
Sediment traps

. Namo of rooolvmg wators (or if through a Mumclpal Soparato Storm Sowor Svstoml
e Locations of exposed sngmficant matonals o o ‘

¢ Locations of past spilis and loaks
.. Locatrons of high-risk, wastrgoneraung areas and actwmos common on mdustml satos such as: .

N Fuolmg statrons
Vehicle/equipment ‘washing and maintenance areas
_ Area for unioading/loading materiais o -~
Above-ground tanks for liquid storage . '
industrial waste managemant areas (landfills, wasts piles, troatmom plants,. dlSDOSIl arm)
Outside storage areas for raw materials, by-products, and ﬁmshod products ’
Outside manufactunng arsas .
Othor areas of concom {specify: ; : |

souncamymz . R N : : "




MAINTENANCE .

A facility Spill Prevennon Plan should be rev1ewed at least an.nually and following any spllls to evaluate'
the Spill Prevention Plans 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.

COSTs

If a-facility already has a Spill Control and Cleanup Plan m-place, mochﬁcanons, 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. Costs for structural contamment dev1ces w1ll also need to be 1dennﬁed for each
facihty '

ENVIRONMENTAL IMPACTS'

Preventing or containing spllls, espec1ally toxic or hazardous matenals, is unportant in reducmg storm
water contammanon and in mamtauung the water quality of the’ recelvmg water. ‘ s

REFERENCES

1. US. BPA, Stonnwater Management for Industrial Acnvmes Develogmg Pollunon PreVermon Plans
and Best Management Practxces, September 1992,

2. Washmgton State Department of Ecology, tormwater Management Manual for Puget Sound; - '
February 1992. . . ‘ . o
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SRR éMTB "
. , STORM WATER BMP: v‘ ' ’ uumcum. recnnouosf’%ﬁﬁ% o
CONTAM]NAT—ION:ASSESSMENT | | o

,,Descnm'non . S

A Stormwater Contammatxon Assessment (SWCA) provxdes a review of a facihty and site to determme
. what materials or practices may be a source “of contarninants to the stormwater. The purposé of the
assessment is to help target the most 1mportant pollutant sources for correctxve ancl/or prevenuve acuon

LA SWCA program is closely related to other BMP’s, such as .materials mventory, non-stormwater~
discharges, record keeping, and visual inspections. To be effective these, and other BMP’s should be.
: xncorporated into a comprehenswe polluuon prevennon program : .

. APPLICA'HONS

o purposes xs bemg performed

A SWCA program is apphcable to any mdustnal facxhty wh1ch contains. areas, actxvmes, or matenals
which may contribute pollutants to stormwater runoff from the total site. -An assessment for stormwater
purposes ‘may ~also- be applicable in - situations where a formal site assessment for hazardous waste

: LMTATIONS
'Lxrmtauons assocrated with a contammauon assessment program include:
- , Assessments need to be performed by quahfied personnel.:
i . -

‘A corporate commmnent must exxst to reduce the contammatxon
sources once d1scovered

, Assessments need to be periodically updated'. -_ AR

PERFORMANCE

- It is not possxble based on currently avaxlable data, to quannfy the water quahty benefits to’ recelvmg
~ 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 ehmmate or reduces thexr potentxal
pollutant capab:lmes wxll result in posmve water quahty beneﬁts. . ‘ »

B DESIGN' CRITERIA

o A SWCA program should xnclude the followmg key activities:

) Assess potential pollutant sources and assocxated hxgh nsk actlvmes such
as loading and unloading operations, outdoor storage activities, outdoor. -
manufacturing or processing activities, significant dust or pamculate-generatmg
- acuvmes, and on-site waste dxsposal pracnces R




Once yot1 have completed the above steps in your pollutant source assessment, you. have enough
information 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 information, you can
effectively select other Tost-effective BMPs to prevent or control pollutants. - -

Cs

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 successful implementation program
should include: o ' : ‘ ' - By

C . Public education, on organized systematic program of disconnecting commercial and ,
industrial stormwater entries into the storm drainage system. ' - ’

. - Tackling the problelx:r'z‘of widespread septic system failure.
A ) . \'./‘“‘ ‘ \"“l
. Disconnecting direct sanitary sewerage connections.

. Rehabilitating storm or sanitary sewers to abate cqntaniina'ted
water infiltration. -

»

. Developing zoning and oﬂ1er_ordihancés.‘ 5

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 combined sewer. and applying end-of-pipe treatment to the entire .
system. ' Co o . ‘ R .

A SWCA program needs to be periodically updated. Updating is especially important upon the -
introduction of new raw materials or changes in processes at the site. L

It is also important to establish parameters for measuring the. success of the correction program. If
results do not meet expectation; then reassessment and appropriate changes to the correction program
should be made. T L . ' ' o

COSTs

Costs for the initial assessment may be high. However, by pinpointirig high potential 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. S ‘ : C

ENVIRONMENTAL IMPACT

A comprehensive SWCA progfam can eliminate p‘ollixtibn sources that can significantly irhpair receiving .
water quality. o S _
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Exceferce I complance through opthnal technical solutions ‘
MUNICIPAL TECHNOLOGY ,anfﬁ‘ﬁf@%

STORMWATER BMP:
STORMWATER WETLANDS

DESCRIPTION.

Wetlands are those areas that are typically inundated with surface or ground water and support
plants adapted to saturated soil conditions. A typical shallow marsh wetland is shown in Figure 1.
Wetlands have been described as “nature’s kidneys” due to the physical, chemical, and biological
processes that occur in wetlands which result in transformation of some elements (e.g., nitrogen,
sulfate) and filtration of others (Hammer, 1989). The natural pollutant removal capabilities of wetlands
have brought increased attention to their usage as a stormwater best management practice (BMP).

FIGURE 1 SHALIlOW MARSH WETLAND
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Wetlands used for stormwater treatment can be constructed mc1denta1 or natural Inc1dental, B

wetlands are those that were created as a result of previous development or human activities. The use
‘'of natural wetlands for stormwater treatment is discouraged by many and may not be an option.. Some
- states, however, allow their usage but only in very restricted circumstances. For example, -the State
of Florida allows. the use of natural wetlands that have been severely degraded or wetlands that are
" intermittently connected (flows when groundwater rises above ground level) to other waters (Livingston,

. 1994). Conversion of natural wetlands to stormwater wetlands are done on a case-by-case basis and

require the appropnate state and federal permits (e g 401 water quality certlficatxon and 404 wetland .
perrmt) : : '

, - Two types of constructed wetlands have been used successfully for wastewater treatment‘ the -

subsurface flow (SF) and the free water surface (FWS) constructed wetland. In the FWS wetland runoff
flows through the soil lined basin at shallow depths. The wetland consists of a shallow pool planted
with emergent vegetation (vegetatron which is rooted in the sediment but the leaves are at or above the-
water surface). The SF wetland also has a basin, however, the basin contains a suitable depth of rock
or gravel, through which the runoff is conveyed. The water level in a SF wetland rémains below the

. top of the rock or gravel bed. Studies have indicated that the SF wetland is well suited for the diurnal

flow pattern of wastewater, however, the peak flows from stormwater or, combined sewer overflows
(CSO) may be several orders of magnitude higher than the average flow. The cost for a gravel bed to
contain' the peak storm event would be very high, and therefore, preclude the use of SF wetlands for

© stormwater or CSO treatment. The remainder of this factsheet addresses the FW S constructed wetland L

or natural and incidental wetlands
COMMON MODIFICATIONS

- There are four basic desrgns of constructed wetlands shallow marsh - pond/wetland system, |

" extended detention (ED) wetland, and pocket wetland.* The wetland des1gns, as shown in Figure 2,
. " store runoff in a shallow basin vegetated with wetland plants. The selection of one design over the

" CURRENT STATUS

other will depend on various factors, including the land availability, level and reliability of pollutant

. removal, and size of contributing drainage area. The shallow marsh design requires the largest amount - '

.- of land and a sufficient baseflow to maintain water within the wetlands. The marsh can be modified
- to include extra vertical runoff storage. - This modified marsh system known as the ED wetland,
‘ attenuates flows and relieves downstream ﬂoodmg

Another variation, the pond/wetland system has two separate cells one bemg a wet pond and .
the other a shallow marsh. The wet pond traps sediments and reduces velocities prior to runoff entry -
into the wetland. Land requirements for a pond/wetland system are less than for the shallow marsh
system.  Areas with insufficient land area for construction of a larger. wetland system, may be -

. appropriate sites for the fourth wetland design, a pocket wetland. - Pocket wetlands have contributing
drainage areas of 1 to 10 acres and usually will réquire excavation down to the water table in order to
provide a reliable water source to the wetland. Unreliable water sources and fluctuating water levels .
result in low plant d1vers1ty and poor. w1ld11fe habitat value (MWCOG 1992)

In the past the use of natural treatment processes occurring within wetlands has generally
_ focused on the the treatment of wastewater. Wetlands for stormwater treatment have gained attention
in recent years and many systems are now operational. Studies are ongoing to determine- the
effectiveness of wetlands, design modrﬁcatrons that improve their performance and -required
mamtenance to sustain thejr performance. : -



FIGURE 2. COMPARATIVE PROFILES OF,
FOUR STORMWATER WETLAND DESIGNS

A. SHALLOW MARSH
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Cross-sectional profiles of the four stormwater wetlands are not drawn to scale. In Panel A, the majority of the
shallow marsh is devoted to shallow depths that support emergent wetland plants. The pondfwetland system (Panel
B) is composed of deep and a shallow pool. In ED wetlands (Panel C), the runoff storage of the wetland is
augmented by temporary, vertical ED storage. Pocket wetlands (Panel D) are excavated to the groundwater table

to provide a more or less constant water elevation.

Source: MWCOG, 1992.




APPLICATIONS

) Wetlands prov1de the benefit of stormwater quahty control w1th the opt1on of achlevmg quantlty
control (e.g., extended detention wetland). Wetlands are one of the more reliable BMPs. capable of
removing pollutants and are adaptable to most locations in the US. Locations with existing wetlands
used for stormwater treatment include, but are not limited to, Washington, California, Minnesota,
* Michigan, Illinois, Florida, Maine, Maryland, and Virginia. They have been used to treat’ runoff from

agncultural commerc1a1 mdustnal and residential areas. .

LlMITATIONS

Urban settings and established commumtres may preclude the use of wetlands due to the large
" land requirement for the systems. The presence of trout, sculpins and other temperature sensitive fish.
species or aquatic insects located in downstream Waters may also preclude the use of wetlands due fo
‘the stream warming that could occur within a wetland, especially during ,the warmer months.

o - Communities may be opposed to a wetland due to their preconceived notion that wetlands will result -

in an infestation of mosquitoes and other nuisances. - Communities may also be opposed due-to the
- appearance of the wetlands. Wetlands, however, can be designed to be attractive and features (e.g., -
morphology, fish, and vegetation) can be added to decrease, if not eliminate, a problem with mosqmtoes
: and other nulsances : . :
L1m1tat1ons in pollutant removal may be expenenced during the non-growing season and in
. locahtles w1th lower temperatures. Decreases in pollutant removal efﬁc1ency have been observed when
’ wetlands are covered with ice or receive snowmelt runoff. : :

i

-PERFORMANCE -

Stormwater pollutant removal in wetlands is attnbuted to the physical, chermcal and blologlcal
processes that occur within the wetland. Chemical and .physical assimilation mechanisms include
- sedimentation, adsorption, filtration, and volatlhzatlon Sedimentation is. the primary removal
mechanism for pollutants such as suspended solids, partlculate nitrogen, and heavy metals.’ The settling. |
of the particulates is influenced by the velocity of the runoff through the wetland, the partlcle size, and
~turbulence. Sedimentation can be maximized by creatmg sheet flow conditions, slowing the velocities
through the wetland, and providing morphology . and vegetation conducive to settling. . The vegetatlon '
- and its root system will also decrease the resuspension: of settled partlcles L

Adsorption'is the process where pollutants attach to surfaces of suspended or settled sedlments )

~ and vegetation. Adequate contact time between the surface and pollutant must be provided for in the
design of the system for this removal process to occur Pollutants removed by adsorptlon mclude
metals, phosphorus and some hydrocarbons.. -

‘Wetland plants act as filters for pollutants such as trash, debris, and other floatables. Filtration
can be enhanced by slow velocities, sheet flow, and sufficient quantities of vegetation. The plants also .
increase the pollutant removal achieved through- sedimentation, adsorption, and microbial activity by
. prov1d1ng for an mcreased detentlon and contact t1me and a surface for rmcroblal growth.

Volat1hzat10n plays a minor role in pollutant removal from wetlands Pollutanis such as oils,
hydrocarbons, and mercury ‘can be removed from the wetland via evaporation or by aerosol formatlon
under wmdy condltlons : Lo )

Blologlcal processes that occur ‘in wetlands result in pollutant uptake by wetland plants.and -
algae. - Emergent wetland plants uptake settled nutrients and metals through their roots. The process -
creates new s1tes in the sediment for pollutant adsorpnon During the fall the above ground parts 7




typically die back and the plants may potentially release the nutrients and metals back into the water .
column (MWCOG, 1992). Recent studies, however, indicate that most pollutants are stored in the roots .
of aquatic plants, rather than the stems and leaves (CWP, 1995). Additional studies are tequlred to-
determine the extent of pollutant release dunng the fall die back. v

Microbial activity contributes to the removal of nitrogen and organic matter. Nitrogen is
removed by nitrifying and denitrifying bacteria and aerobic bacteria are. responsible for the
decomposition of the organic matter. - Microbial processes require oxygen and can result in depleted
oxygen levels in the top layer of wetland sediments. The low oxygen levels and the decomposed
organic matter contribute to the immobilization of metals

Soluble pollutants such as phosphorus and ammonia are partially removed by planktonic or
benthic algae. The algae consume the nutrients and convert it into biomass. The biomass settles to the
bottom of the wetland. ,

Evaluanon of the removal effectlveness of wetlands is ongoing and limited data are currently

available; however, some conclusions can be drawn from available preliminary data. The projected .

long term pollutant removal rates for constructed wetlands in the Mid-Atlantic Region as reported by
MWCOG (1992) and Strecker (1995) are presented in Table 1. As shown, total suspended solids (TSS)
and lead removal rates are anticipated to approach 75 percent. Lower removal rates are expected for
nutrients and organic carbon. The removal rates will vary with the loadmgs to the wetland. Excessive
pollutant loadings (e.g., suspended sohds) may exceed the wetlands removal capablhtles

TABLE 1 PERFORMANCE OF STORMWATER WETLANDS @

“Pollutant = Removal Rate
Total Suspended Solids | , 5%
Total Phosphorus » ' B 459
Total Nitrogen . 25 %
Organic Carbon ‘ 15 %
Cadmium (2) o . 70%.
Copper (2) , . ; » 40%

Lead R 1%
Zine | | . o 50%
Bacteria ’ ' 2 log reduction

(1) Source: MWCOG, 1992
(2) Source: Strecker, 1995

Conclusions have been determined from studies performed on wetlands with regard to their
effectiveness compared to other BMPs and construction practices that affect performance. Data indicate -
that the pollutant removal achieved with wetlands is similar to that achieved with conventional pond
systems. Studies also indicate that constructed stormwater wetlands achieve higher pollutant removal
rates than patural wetlands. This is likely due to the intricate design of the constructed systems and the
continued monitoring and maintenance of the systems (MWCOG, 1992). The effectiveness of the
wetland seems to improve after the first few years of use as the vegetation becomes established and
organic matter accumulates in the wetland. During construction and excavation, many constructed
wetlands lose organic matter in the soils. The organic matter provides exchange siteés for pollutants,
and therefore, plays an important role in pollutant removal. Replacing or addmg orga.mc matter after
construction improves performance. .

A




. VLONGEVITY

’ Well desrgned wetlands can, fxmctron as desrgned for 2() years or longer " Accumulated
- sediments will gradually cause a decrease in storage and performance, and therefore, should be removed
‘as necessary or the water level in the wetland should be raised (e.g:, ad_]ust outlet to increase discharge
elevation). Sedm1ent forebays will decrease the- accumulat1on of sedlments within the Wetland and
increase the wetlands longevrty ;

3 DESIGN CRITERIA

Requlred local state and federal permrts should be estabhshed pnor to wetland desrgn wrth the
appropriate regulatory authorities. Required permits and certifications may include 401 water quality
. certifications, 402 stormwater NPDES permit, 404 wetland permits, dam safety permits, sediment and
. -erosion control plans, waterway dlsturbance permrts forest cleanng penmts local gradlng perrmts and

~ land use approvals : . ,

Pnor to constructron a site should be selected that is approprlate for a wetland The site must
‘have an adequate water balance and appropriate underlying soils. This requires that the baseflow from
the drainage area or groundwater is sufficient to maintain a shallow pool in the wetland and support the . -
vegetation. Certain species are more susceptible to damage during dry periods. Underlying soils that’
~ are type B, C, or D will have relatively insignificant infiltration losses. High infiltration rates may be
' experrenced at sites with type A soils or at sites underlain by karst, limestone, or fractured bedrock.
These sites may require geotextile liners or a 6 inch layer of clay. After any necessary excavatlon and
» grading of the wetland at least 4 mches of soil should be applied to the site. This material may be the
‘soil previously excavated or sand ‘and other suitable material. The soils are needed to provide a
substrate that the vegetation can become estabhshed in and anchor to. The substrate should be soft for
ease of msertlon of the plants ‘ : :

The Metropolitan Washington Couneil of Governments (MW COG) has made recommendations

- for the design of wetlands that require the designer to meet several basic sizing criteria. The volume

- - of the wetland is determined as the quantity of runoff generated by 90 percent of the runoff producing
- storms. This volume will vary throughout the US due to the different rainstorms expenenced In the -
" Mid-Atlantic Region, for example, the 1. 25 inch storm is used as the sizing criterion. The
imperviousness of a watershed will impact the runoff volume generated ‘The followmg equatlons are .
used to determine the treatrnent volume (V t): ‘ T

@) Rv= 0:05 +0009(1)
where ' :
- Rv = storm runoff coefficrent ,
- I = percent s1te 1mperv10usness '

) vt = [(1. 25)(Rv)(A)/ 12](43 560)
- where: . ;
Vt = treatment volume (ft3)
A= contnbutmg area (acres)

; Sizing criteria for wetlands vary wrth some states havmg their own methods. For example

. shallow wetland basins constructed in Maryland are designed to maximize the surface area. The surface
area should be a minimum of 3 percent of the area of the watershed drammg to it. The preferred design -
would include extended detention, the volume of which is determined by detaining the 1-year storm for
~ 24 hours. The Washington State Department -of Ecology sizes wetlands usmg the rutnoff generated from
. the 6—month 24-hour ramfall event.

e




Criteria are also established by MWCOG for the water balance, maximum flow path, allocation

of treatment volume, minimum surface area, allocation of the surface area, and extended detention. The-
water balance, as discussed previously, must be adequate durmg dry weather to provide a baseflow and
maintain the vegetation. The flow path should be maximized to increase contact time between the plants
and sediments and the runoff. The recommended length to width ratio is 2:1. A ratio of greater than

- 1:1 should prevent short circuiting where runoff escapes treatment. Suggested allocatlon of treatment
volumes, as shown in Table 2, are provided to improve removal efficiency. The minimum surface area -
requirement for shallow marshes established by MWCOG is that the wetland to watershed area ratio ..
be greater than 2 percent. The remaining three wetland designs can have wetland to watershed ratios
greater than 1 percent.

TABLE 2 GUIDELINES FOR ALLOCATING WETLAND SURFACE AREA AND
TREATMENT VOLUME' "

| Target Allocations | Shallow Marsh | Pond/Wetland | ED Wetland - |:Pocket Wetland |
Percent of Surface ) . -
Area (%) k

Yorebay 5 0 . . 15

Micropool S 5 5

Deepwater 5 ‘ 40 ’- ‘ 0

Tow Marsh 0 75 , 40 130
High Marsh 40 25 —[ 40 — 40
Semi-Wet S 5 10 . 5
Percent of .

Treatment (%)

Volume . : :

Forebay 10 0 o 10

Micropool 10 ' 10 i 10 v
Deepwater 10 6‘0' 0 |20
Tow Marsh 45 20 20 ‘ 55
High Marsh 25 0 10 R

Source: MWCOG, 1992

Deepwater - 1.5 to 6 feet below normal pool L S :
Low Marsh - 6 to 18 inches below normal pool - : CL
High Marsh - 0 to 6 inches below normal pool o : S
Semi-Wet - 0 to 2 feet above normal pool (includes ED)

The wetland: surface area is allocated to four different depth zones: deepwater (1.5 to 6 feet),
low marsh (18 to 6 inches below normal pool), high marsh (up to 6 inches below normal pool), and
semi-wet areas (above normal pool). The allocation to the various depth zones will create a complex
internal topography. This is important because various wetland plants have different depth -
requirements, therefore the internal complexity should maximize plant diversity and increase pollutant
removal. Allocation guidelines established by MWCOG are shown in Table 2. The State of Maryland
requires that 75 percent of the shallow marsh should have depths less than 12 inches and the remaining
25 percent should have depths ranging from 2 to 3 feet.. The 75 percent portion is additionally broken
down so that 25 percent ranges from 6 to 12 inches and the rema:lmng 50 percent 1s 6 inches or less.




Extendmg detention within the wetland increasés the time for sedJmentatlon and other pollutant

. removal processes to occur and also provides for attenuation of flows. Up to 50 percent of the wetland
" treatment volume can be added.into the wetland system for extended detention. The ED elevation -
‘should not, however, exceed 3 feet above the normal pool elevation. . This will prevent large
- fluctuations in the water level that could potentrally harm the vegetation. The ED volume should be
detamed between 12 and 24 hours . .

Sedlment forebays are recommended to- decrease the velocrty and sediment loadmg to the -
wetland The forebays provide additional benefits of creating sheet flow, extending the flow path, and
- preventing short circuiting. The volume of the forebay should be at least 10 percent of the wetland
treatment volume and have a depth of 4 to 6 feet. The State of Maryland recommends a depth of at
least 3 feet. The forebay is typrcally separated from the wetland by gabions or an earthen berm

MWCOG, 1992) : , , ‘

- Flow from the wetland should be conveyed though an outlet structure that is located wrthm the
deeper areas of the wetland. Discharging from the deeper areas using a reverse slope pipe prevents the
outlet from becoming clogged. A micropool can be constructed where the outlet structure is to be
located that will also prevent outlet cloggmg The micropool should contain approximately 10 percent
of the treatment volume and be 4 to 6 feet deep. . An adjustable gate controlled drain capable of
dewatering the wetland within 24 hours should be located ‘within the micropool. A typical drain may
be constructed with an upward facing inverted elbow with its opening above the accumulated sediment.

K ~ The dewatenng feature eases plantmg and follow-up mamtenance (MWCOG 1992)

‘Vegetation can be established by one of five methods: mulchmg, allowmg volunteer vegetation o

. to become established, planting nursery vegetation, planting underground dormant parts of a plant, and - -
seeding. Donor soils from existing wetlands can be used to establish vegetation within a wetland. ‘This
technique, known as mulching, has the advantage of quickly establishing a-diverse wetland community.
However, the types of species ‘that- -grow within the wetland- is unpredictable with. mulching. . Another
- unpredictable technique is allowing the species to voluntarily become established. Wind and waterfowl
provide volunteer species to wetlands. Volunteer species are usually well established within 3 to 5
years. ‘Wetlands established with volunteers are usually characterized by low plant diversity with
" monotypic stands of ‘exotic or invasive species. A higher diversity wetland can be established when
nursery plants or dormant rhizomes are planted. Planting of the vegetation from a nursery should take

place durmg the growing season and not during late summer and fall. Planting during the growing -

" season gives the vegetation time to store up food reserves in the underground paits for the dormant-

period. Underground parts of vegetation are planted during the plants dormant period, usually October -

through April, but the months will vary in the US due to local climate. Another planting technique, - -

. the spreading of seeds, has not been very successful and- therefore, is not widely practlced as a
fpnncrpal plantmg techmque

- Selection of plant types’ w111 vary. for drfferent locatmns and chmates 'The designer of the
wetland should select five to seven plants that grow native to the area and design the depth zones in the

-wetland to be appropriate for the type of plant and its associated maximum water depth. Approximately
~ half of the wetland should be planted Of the five to seven species selected, thiee should be aggressive

plants or those that become established quickly. Examples of aggressive species used in the Mid-
Atlantic Regron include softstem: bulrush (Scirpus validus) and- common three-square (Scirpus
americanus). . Aggressive plants as well as other native wetland plants are available from numerous
nurseries. Most vendors require an advance order of 3 to 6 months : '

: After Wetland excavatlon and grading the Wetland should be inundated and allowed to stand until
plantmg Six to nine months later, the wetland is typically surveyed, drained, and staked. The wetland
is surveyed two weeks prior to planting to ensure that depth zones are appropriate for plant growth.
' Revrsrons ‘may be necessary to account for any depths d1fferent from that ongmally excavated Stakmg,,




the site ensures that the plantmg crew spaces the plants within the correct plantmg zone Plantmg zones
are used to avoid mixing species and creating competition within the planted areas. The State of
Maryland recommends planting two aggressive or primary species in 4 monospecific areas and plantmg
an additional 40 clumps (one or more individuals of a single species) per acre of each primary species
over the rest of the wetland. Three secondary species are planted close to the edge of the wetland at
an application rate of 10 clumps of 5 individual plants per acre of wetland, for a total of 50 individuals
of each secondary species per acre of wetland. At least 48 hours prior to planting, the wetland should
be drained. At the completion of planting and wrthm 24 hours the wetland should be re-flooded.

The wetland design should include a buffer to separate the surroundmg land uses from the
wetland. Buffers may alleviate some of the potential nuisances associated with the wetland, such as .
accumulated floatables or odors. MWCOG recommends a buffer of 25 feet from the maximum water
surface elevation, plus an additional 25 feet when wildlife habitat is of concern. An enhanced wildlife
habitat can be obtained if during construction the removal of existing forested areas is minimized. If
removal is necessary, the buffer area should be reforested. The reforestation also decreases the potential
for a goose pond due to their preference for open areas. .

MAINTENANCE

The use of wetlands for stormwater treatment is relatively mew, and therefore, specific
guidelines on their maintenance have not been established. The wetlands will require monitoring,
reinforcement planting, sediment removal, and possibly plant harvesting. Access should be incorporated
in the design to facilitate these maintenance activities. - Monitoring the wetland during the first three
years is crucial to the performance of the wetland. Inspections should be conducted twice per year for
the first three years, and on an annual basis thereafter. Reinforcement planting may be required during
this time period if the original plants do not flourish in the wetland. The inspector should determine
sediment accumulation within the wetland and also take note of the species distribution/survival, water -
elevations, and outlet condition. Water elevations can be raised or lowered by adjusting the outlet’s gate
valve if it is determined that plants are not receiving an appropriate water supply.  The forebay will
likely require sediment clean-out every three to five years. The design of the forebay should allow for
it to be drained so that a skid loader or backhoe can be used to remove the accumulated deposits
MWCOG, 1992). Mowing of the embankment and maintenance bench should occur twice per year.
Other areas surrounding the wetland will not require mowing. : - '

Numerous studies have been performed to determine the toxicity of pond sediments and whether
landfilling or land application can be accomplished without having to meet hazardous waste
requirements. Studies to date have not found sediments to be hazardous. Therefore, on-site land
application of the sediments away from the shoreline will most likely be the most cost effective disposal
method. On-site disposal is preferred over off-site dlsposal due to the cost savings associated with
transportation and off-site disposal fees. Wetlands that receive flow from a drainage area containing
industry and activities associated with hazardous waste may contain toxic levels in the sediments and
testing may be required for these sediments pnor to land apphcatron : : :

COSTS

Costs incurred for stormwater wetlands include those for permitting, design, construction and
maintenance. The permitting costs vary depending on state and local regulations, but it has been
estimated that permitting and design costs are between 15 and 25 percent of the construction cost.
Construction costs for an emergent wetland range from $12,000 to $20,000 per acre of wetland and for
a forested wetland range from $20,000 to $40,000 per acre of wetland. These costs include the costs
for clearing and grubbing, erosion and sediment control, excavating, grading, staking, and planting.
The cost for constructing the wetland is largely dependant upon the amount of excavation required at
a site. Maintenance costs are estimated at 10 to 15 percent per year of the constructron costs (Bowers
1995). R , : .




ENVIRONMENTAL IMPACTS

Benefits - assocxated with stormwater Wetlands mclude increased downstream water -quality,
‘wetland creation, enhancement of wildlife habitat, and flood attenuation, Water quality is improved due
to the partial removal of suspended solids, metals, nutrients, and bacteria. The creation of wetlands
is typ;cally looked upon as positive, pamcularly when the nation has lost considerable acres of wetlands
within the past century. The wetlands provide an environment attractive to wildlife, such as sandpipers
- and herons. ED wetlands also attenuate runoff and allevrate downstream ﬂoodmg

~ Potential adverse impacts attributed with stormwater wetlands can occur upstream in the
~ wetland, and downstream of the wetland. - There is potential for stormwater wetlands located in a large
- watershed (> 100 acres) to experience degradation of upstream headwaters, since they receive no
‘effective hydrologlc control MWCOG, 1992).- . The wetland des1gner can - incorporate upstream

s modlﬁcatlons to relleve this negatlve 1mpact

,, Concerns w1tth the wetland are the potentlal for a ﬁsh barrier, habltatlon by undesrrable
spec1es -and groundwater contamination., A fish barrier may be created by the wetland, which prohibits
fish access to-the full length of the stream. This may result in a lowering of fish diversity in the stream.
Geese and mallards may become year round residents of the wetland if structural complexity is not
included in the wetland design. Geese and mallards favor deep and open water areas. - Forested buffer
areas and a reduction of grassy areas will also deter the geese and mallards. The geese and mallards
will increase the nutrient and coliform loadings to the wetland and will also likely be a nuisance to local
residents. The i issue of groundwater contamination resulting from migration of polluted sediments to
the groundwater has been considered a potential negative environmental impact. However, studies to
. date mdlcate that there is llttle risk of groundwater contammatlon (MWCOG 1992)

‘Stormwater wetlands can act as a heat smk especmlly during the summer, and dlscharge
warmer waters to downstream water bodies. The increased temperatures can negatively impact sensitive
fish species and aquatic insects located downstream. Avoidance of the use of wetlands with temperature
sensitive downstream species is recommended. Regardless of the sensitivity of downstream species, the .
designer should still take precautions in the design of wetlands to reduce the magnitude of warming in
- the wetland. The adverse impact can be minimized through careful design. Several possible remedies
to each of the negative impacts (e.g., upstream degradatlon stream warming, etc.) described are
suggested in the publlcatxon Deszgn of Stormwater Wetland .Systems MW COG 1992)
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STORM WATER BMP: &R e e
‘"VEGETATIVE COVERS -~ . = . |
DESCRIPTION ~ © ., |
This Best Management Practice (BMP) involves preserving existing vegetation or fevegetating 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 vegetatign. 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. Permznent 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. . - S ' T I

. 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
16 the soil surface to protect the soil surface from rain impact and the velocity of stormwater runoff.

APPUCATIONS

" Vegetative covers are applicable to all land uses. Soils, 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

' portant are filter strips, buffer areas, vegetated swales, steep slopes, and stream

- :seeding .is especially ! }
~ banks." Design.criteria for vegetative covers is included in Table'1 below. .-

" LIMITATIONS'
Limitations. of vegetative covers as & BMP .includ.ezr o R R R L
‘ e Tixe‘esmbliéhment of végetative covering muét 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 perforthance is implementation of a maintenance program to
" ensure healthy vegetative covering. , - T , ,

PERFORMANCE. .
Qualitatively, veg'etétiye vcovers'arev,'. 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 urvegetated areas. However, it is not possible, based on data: currently ..
available, to quantify the water quality benefits of the vegetative coverings as a BMP. - ' :
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TABLE 1; DESIGN CRITERIA FOR VEGETATIVE COVERS

Extent and
Material

Dimensions

: Hydrsulid

Avoid

. Miscellaneous

- Place topsoil as
needed to
enhance plant
growth. A loamy
soil with an

organic content

of 1.5 percent or
greater - is
preferred. Use
rapid-growing
annual grasses,
small grains, or
legm:nes Apply
seeds using a
. ‘cyclone seeder,

drill, cultipacker -

seeder.

hydroseeder.

or

Place topsoil as
needed . to
enhance plant
: A loamy
soil. with an
organic- content
. of 1.5 percent.or
' greater  is
preferred.
Where possible,
use low
maintenance
local plant
gpecies.

' cyclone seeder,
- drill, cultipacker
seeder, or
hydroseeder...” |

-slopes

Apply -
seeds using a -

Place topsoil,
where needed,
to a ‘minimum
compacted
depth of 2
inches on 3:1
or
steeper; and of
4 inches on
flatter slopes

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

" Divert |

channelized flow
away
temporarily
seeded areas to
prevent erosxon

and seounng .

from:

.areas.

Heavy clay or

organic ‘spils as
topsoil. Hand-'

.brondcastmg of

seeds © (not
uniform), except
in very small
Mowing
temporary
vegetation.

" High-raffic

vaert

. channehzed flow

away from
seeded areas to
prevent erosion

‘ing very

Heavy' clay or
organic soils as
topsoil. Hand-

broadcasting of.

seeds (not
uniform), except
small.
areas.  High
traffic areas.

. Plant
_grains 1 inch |.
" deep.’
. grasses :
legumes 1/2-1nch

Use where
vegetatlve cover
is needed for less
‘than 1 year. Use

. chisel plow .or
‘tiller to loosen

compacted soils.
Asmeeded, apply’

"water, fertilizer,

lime, and muich.
Incorporate lime

and fertilizer | -

into top 4-6
inches of seil.
Plant - small
grains ' 1 inch
deep. * Plant-
grasses and
legumes llz-mch
deep. .

Use chisel plow
or tiller to looszen
compacted soils.
As needed, apply
water, fertilizer,
lie, and mulch.

‘Incorporate lime

and, fertilizer
into top 4-6
inches of goil.
small

Plant
and

deep




e TABI..E’ 1: DESIGN CRITERIA FOR VEGETATIVE COVH!S

(Connnued)
- Measure Material Dimensions - Hydraulic Avoid - Miscellaneous
Muiching Prefer: Orgahic Appliéatioﬂ - - -~ Mulch may bé | .
' ~ muilches such as - rates (per acre): ' - applied by
~ straw (from  straw, ome to. - machine or by
> . wheat or oats), .two tons; wood hand. . Chemical

" Commercial ,
mats and fabrics

effective. .
Chemical . soil
stabilizers or
binders are less
effective, but
.+ may be used to
- - tack wood fiber
muiches.

SOURCE: Reference 1.

wood chips, and.
shredded bark."

- .. may-also be very -

chips, five to six
tons;

cubic

0.10 gallon per
square yard.
After spreading
much, less than .
25 percent - of
the ground

. surface should -
" bevisible.

~wood .
fiber, 0.5 to one *
_ton; bark, 35

" yards; .
- asphalt (spray), .

" wood

‘mulches and

fiber

- mulches, when.

used alone, often
do not provide

. adequate - soil

- protection. Use

nets or mats in

" areas subject to |

water flow.’

-Anchor muich by
, punclung into
- goil,. or by

- applying",

‘chemical agents,

‘nets, 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 CRITERIA FOR VEGE’I‘A'I'IVE COVERS
(Conunued)

Measure

Extent and
' Material

Dimensions

Avoid

M.i'lc'ella,noolu

Sodding

Sod should be
machine-<cut at a
uniform

thickness of 1/2:

to 2 inches.

Preservation of Careful planmng

Natural .
Vegetation

is required: prior-

to start of

construction.

SOURCE: Reference L

Wherever

possible,
PP

maintain

contours.

v

In waterways,

select  plant
types able to
withstand design

- flow wlocit;y7

* Muaittain, .

hydraulic

. characteristics.’

Gravel or nonsml
surfaces.
Unusually wet or

dry weather.
soils.’

Frozen
Mowing for at

least two to three.

weeks.

Activities within
the drop line of

Concentrating
flows at new

" locations.

‘before

Prior to. laying

sod,. clear soil |- :

surface of debris,
roots, branches,
and stones
bigger than 2
inches in
diameter. Sod

"should be

harvested,
delivered, ‘and
installed within
36 hours. Lg‘y
sod '~ with
staggered joints
along

goils
'sqd

irrigate

placement

‘during dry or hot
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Areas’ should ’oe checked followmg each .rain to. ensure that seed, sod, and mulch have not been >
dxsplaced Stakmg the sod or netting for seeded areas may be requlred '

Newly sodded areas need to be mspected frequently for the ﬁrst new months to ensure’ the sod is,
maturing. Failures may be due to improper condmorung of the subsoxl lack of mganon, unproper
_stakmg, or unproper placement of sod pleces.
.Newly seeded areas need to. be mspected frequently for the ﬁrst few months to ensure the grass is
growing at a proper rate and density. If the seeded area is damaged determme the ‘cause of the damage-
: before repeatmg seed bed preparanon—and seedmg procedures. o .

Once a vegetauve cover has been estabhshed it is 1mportant to water the sod frequently and umformly
If thé grass is"to be. ‘mowed, keep grass to aheight 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 1f absolutely requlred Spot seeding should’ be ‘done to
small and damaged areasq e

1 R i . . Cme T d

«COSTS .
Cost esumates for soddmg, seedmg, and mulchmg are prowded in Table 2 below. These costs were'
_ developed by the Southeastern Wisconsin Reglonal Planmng Comrmssxon (1991) Please note that costs
. very dependmg on local condmons. : :

TABLE 2. INSTALLATION COSTS

. N S : ) . qu.up- Indirect Total - Yearof . ’
De.cripdon'_ .~ Unit Mntcri-lALabor ment; Cost Cost Cost Comnu
-1 . . B : -
- Level . - ) A . S o .
>400 square yards " Squareyard $0.98 $0.85 ‘$0.17 - 3056 - . $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  0.23 080" - 412 ,
Slopes . . b : o s : T -
- 400 square yards . Square yard - 1.03 119 . 0.24 0.72 3.18 L
‘Mechamcal Seeding Acre ' $410.00 $435.00 $165.00 $290.00, $1300.00 January -
: o - ,Squareyard  0.08 - 0.09 0.03 - 006.- .0.26 1989 .. : .
. Fine Grade/Seed ’ Squate yard - 0.15 '0.85 0.17 0.48 1.65 : Includes -
. 4 o : o L s ] ‘.. fertiliger ’ '
: 3 ‘ T N . Lo E o and lime
Push Spreader . : : -
Grass Seed .7 |- 1000 square - - . ) o ’ T
N feet : - $8.60 - $0.67  $0.26 $1.22°  $10.75 January -
[ . ~ 0 1989
Limestone .. - 1.000 square o N . ) .
. ’ feet - 2.05- 067 . 026 058 |,  3.56
. Fertilizer - = 1000 square R -
e ) . “ feet | - 5.40 0.67 026 - 082 " 7.25 o
Level Areas Acre - 578.21 149.30 §0.63 '251.00 1,059.14 Mid-1988 . .-’
] Sloped Areas . . ~Acre © 578.21 238.88° 129.00 328.75 1.274.84 Lo : o
Hay - - Acre $255.76 $74.65 $40.31 $118.50  $489.22 Mid-1988 -
C . Sqaareyard . - - - " -~ . 058 1983 © Average
‘ R . 0.25-1.00 . Typical -
' ‘ e : E . - - range
mTomlomtmdudsoperaumandmamtmanogms,mmoeuﬂometmnnnsﬂl@S !




m\IVIRONMENTAL IMPACTS,

None for proper mstallauon of vegetatwe covers. However, care must be-taken to avold contammanon
of run off and ground'Water from over use of femhzers, weed control herb1c1des and other hazardous :

chermca.ls.
REFERENCES

¢

Hennepm Conservation stmct, anesota Erosion and Sedmlent Control Manual 1989

Metropolitan Washmgton Council of Governments Controlllng Urban Runoff A Pracncal
Manual for Plannin and.Desx in Urban BMPs, 1987. -

Minnesota Pollution Cont:rol Agency, Protecting Water mahg in Urban Areas, 1989

Southeastern Wxsconsm Regmnal Planning Commission, Costs of Urban Nongoxnt Source -
Water Pollution Control Measures, Technical Report No. 31, June 1991.

- U.S. EPA, Stormwater Management for Industnal Activities: Develogmg Pollunon

6., Washington State Department of Ecology, tormwater Management Manual for the Puget .
Sound Basin,. February 1992 : : L. e

4

Thie BMP fact sheat was prepared by the Municipal Technalogy Branch (1204), US EPA, 401 M Stest, SW, Washinigon. DC, 20460,
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| STORM WATER BMP: . oo e
'VEGETATED SWALES I

DFSCRIPTION R | S

. Vegetated swales are natural or man made, broad ‘shallow channels w1th a dense ctand of vegetation

" eovering the side slopes and main channel. Vegetated swales trap particulate pollutants (total suspended
solids and trace metals), promote infiltration, and reduce the flow velocmes of stormwater runoff )
Flgure 1 below illustrates an example of a vegetated swale. . - :

\

v

'-‘Vegetated swales can. serve as an. mtegral part. of an area’s minor stormwater dramage system by
replacing curbs and gutters and storm sewer -systems in low-densxty 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, vegetated swales: typxcally have a
limited capacity to accept runoff from large storm, smce high velocxty flows can cause eroszon of the
) swale or damage the. vegetated cover. , o . . e .

T FIGURE 1: EXAMPLE OF A VEGETATED SWALE

comonmonmcamous AR

“The effecuveness of vegetated swales can be enhanced by addmg check dams approxxmately every 50
feet to increase storage, decrease flow velocities, and promote particulate sertling. Structures to skim off .
floating debris may also be added. Incorporating vegetated filter’ strips parallel to the top of the channel

banks can also help to treat sheet ﬂows entering the swale.

'
-

CURRENTSTATUS o S

3Vegetated swales’ are relatlvely easy to des1gn and mcorporate into a site dramage plan While swales -
are not generally used as a stand alone Stormwater Best Management Practice. (BMP), they are very
effectwe when used in. conjunction with other BMP's such as wet ponds mﬁltranon stnps wetlands,. ete.




APPLICATIONS

Vegetated swales can be used in all, regioné of tﬁe’_ country where climate and - soils peﬁxzit the.
establishment and maintenance of a dense vegetative cover. The suitability of a vegetated swale at a
particular site depends on the area, slope, and imperviousness of the contributing water shed, as well as

the dimensions, slope,=nd vegetative covering employed in the swale system.

GENERAL LIMITATIONS o
The limitations of vegetated swales iﬁclude:

. Vegetated swales are generally iumgt{cal in areas with very flat grade,s,‘ steep
topography, or wet or pqor_ly drained soils. - . ‘ Lo .

. Swales provide minimal water quantity and quality benefits when flow volumes and/or -
. velocities are high. : oo . S oA

. - Swales may pose a potential drowning hazards, create mosquito breeding areas, and cause
* odor problems. . o L :

. Theuse of vegetafed swales may be limited by the availability of land.

. ‘Many local rqudcipaljﬁés prohibit the use of vegetéted swales if rpeak. discharges exceed L
five cubic feet per second (cfs) or flow velocities-are greater than three feet per second .
¢ps). - ' : g o .

~

. Vegetative swales are generally impractical in areas with erosive soils or where 2 dense .

vegetative cover is difficult to maintain. * .

. Certain quantitative aspects of vegetated swales are not known at this time. These
include whether pollutant removal rates of swales decline with age, the effect of slope on
the filtration capacity of vegetation, the benefit of check dams, and the degree to which
design factors can enhance the effectiveness of pollutant removal. SRR

” —

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 quality 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 height. 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 50 percent. However, the swale proved largely ineffective for removing soluble nutrients.
A conservative estimate is that properly designed vegetated swales may achieve 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 dissolved- pollutants, such as
soluble phosphorus, nitrate, and chloride.- L - - , :
The literature suggest that vegetated swales represent a practical and potentially effective technique 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 heights, steep slopes, and high
runoff velocities and discharge rates. . S ' : o

f




" 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. - : ' I “ C - ' ‘

. DESIGN CRITERIA
Although si)eciﬁc quantitative 'performaxice data for v"ege?tated‘swalesrii's' limited,. déﬁigp ctiteria have been
- established for implementation of the vegetated swales'and is presented below. C o

Location. Vegetated swales are typically located along property b@undaﬁes, although they |
" can be used effectively wherever the site provides adequate space:. Swales can be used in
- plape‘ 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, : ' T : st
Vegetation. Fine, close-growing, water-resistant grass should be selected 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. ‘ . : ' -

N

cross-section with side slopes no steeper than.3:1 be used, maxiniizing 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 percént. The Stormwater Management -
Manual for the Puget Sound Basis (1992) specifies channel slopes between.2 and 4 . -
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 check dams are placed in the

* channel to reduce flow velocity. - , e : S - L

o General’Chaﬁhel Cé:nﬁgur'ation.' It is recom‘meride'd that a parabolié or trapezoid

. ._ Drainage Area. Thé'maximimi flow rate (Q) to ‘the swale can be calculated using the S
Rational Forrnula, 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="CA

" A typical design storm used for sizing swales is a six-month frequency, 24- hour storm . .

~ event. The exact intensity must 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 S cfs. N ' - R

‘ Sizing Procedures. The width of the swale can be calculated using 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.” " . T o :

Unless a b'ypass" is providéd, 'fhe swale must be sized as both a treatment device anditd

pass the peak hydraulic flows.- But to be most effective as a treatment device, the depth
~ of the stormiwater should not exceed the height of the grass in the swale. - -




Design Parameters. Based on hmxted research swales can generally be desxgned usxng the
followmg parameters :

1.

2.

Minimum grass hexght of 6 inches (Figure 2)

Maximurn depth of stormwater dunng the desxgn storm of 4 mches a

(Flgure 2).

Maximum flow in the swale of 5 cfs.-
Maximum velocity in the swale of 3 fps.
Channel slope Se'tweert 2 and 5 percent. '

- Slopes of less than 2 % can be used if the swale is dramed ;o
prevent pondmg (Fxgure 2)

- Slopes of more than 5 % can be used xf check dams are placed
_in the swale to maintain channel veloc1ty below. 3 t'ps
(Fxgure 2) .

_ To prov1de maximurn long term n'eatment effecnveness, the swale w1dth .

should be calculated using a design flow of 0.2 cfs per acre of area
drammg into the swale However, the xmmmum width is 18 mches

1 Ifa by-pass is not provxded the channel wxdth and/or he1ght should be

mcreased if needed to pass peak hydrauhc ﬂows _ ’

In order to prov1de adequate treatment, the swile’ should have a
minimum length of 200 feet. If a shorter length must be used, the
width should be increased propomonally to maintain a n'eatment
surface area of at least 500 square feet, as discussed above N
However, the minimum length is 25 feet.

FIGURE 2: DESIGN PARAMETERS




-~

Construcnon The subsurface of the swale should be carefully constructed to avaxd
compacnon of the soil. Compacted soil reduces the infiltration and inhibits growth of the
‘grass. Damaged areas should be restored xnunedzately to ensure that the desired level of -
v treatment is maintained and to’ prevent further damage due to erosion of exposed soil.

. Check Dams Check dams can be mstalled in swales to promote addxtxonal mﬁltranon,
N increase ‘storage, and reduce velocities. The check dam may be a railroad tie embedded
. .into the swale with riprap placed on the downst:ream 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 mstalled every S0 feet if: long1tudmal slope exceeds 4
o percent ' v )

] MAm'mNANCE

,'l'he pnmary swale maintenance objecuves are to mamtam the hydraulic efﬁclency 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' 4 local composting facility. Accumulated sedxment should be removed _ 7

| ) fpenodlcally Apphcatlon of fernhzers and pesncxdes should be mxmmal if required:

Research has not yet’ 1dennﬁed proper mowmg strategzes However, mowxngs during the spnng and
*“'summer should keep the grass at the 6" designi height. In somé 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 firial

mowing should occur near the end of the’ growth season. Failure to remove the growth before the -

dormant season w1ll cause a loss of pollutants back to the stormwater
A ~ Any damage to the channel such as rutting must be repaxred w1th suxtable soil, properly tamped and,
seeded The grass cover should be th1ck if it is not reseedmg as necessary ‘

! Any standlng water removed during the maintenance operatiori must be dxsposed to a sanitary sewer at
an approved discharge location. Residuals (ie, sxlt grass cuttmgs, etc) must be dxsposed of n
accordance with local or state requn'ements

" cosTs

‘Vegetated swales typ1cally cost less to. construct than curbs and gutters or- underground storm sewers .
Shuler (1987) reported that costs may vary from $4. 90 to $9.00 per hneal foot for a 15-foot wide -
. channel (top w1dth) ' : : L :

~’I'l:xe Southeastern Wzsconsm Reg'lonal Planmng Commxssxon (SEWRPC) reported that costs may vary
from $8.50 to $50.00 per lineal foot depending upon swale depth and bottom. width (1991). The )
SEWRPC cost ‘estimates are higher than other published estimates because they include the cost.of

' . activities such as clearing, grubbing, levehng, filling, and sodding, wh1ch may not be included in many

of the reported costs. Construction costs depend on speczﬁc site considerations and local costs for labor .
and matenals 'I'he Table’ 1 below shows estimates capltal cost ofa Vegetated swale. :

Annual costs assoclated with maintaining vegetated swales are approxtmately $0.58 per hneal foot for a
1 5-foot: deep - channel, according to SEWRPC (1991).. Estimared - average annual operanng and
‘ mamtenance costs of vegetated swales can be estimated -using’ 'l‘able 2 below :




TABLE 1: ESTIMATED CAPITAL COSTS
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' ENVIRONMENTAL IMPACTS
'Negauve envn'onmenta'l unpacts of vegetated swales may mclude

3 Leachmg from culverts and fernhzed lawns may mcrease the presence of trace '
metals and nutnents in the runoff. - :

r

Inﬁlu'auon through the swale may aﬁ'ect local groundwater quallty

Standmg water in vegetated swales can result in potenual safety, odor, and
mosqmto problems RN . o

'REFERENCES

1. U S EPA, A Current Assessment of Bést Management Practices; Techmgues for Reducmg Nongom
Source Pollutlon in t.he Coastal Zone December 1991 B

2. Mxnnesota Pollunon Control Agency, Protecnng Water Quahg in Urban Areas, 1991.

"3, Shuler, Thomas R. Controlhng Urban Runoﬁ A Pracncal Manual for Planmng and
T 'Desxgr_nng Urban BMPs, July 1987 - v L

. 4 Southeastern Wxsconsxn Reglonal Planmng Comrmsston, Cost of' Urban Nongomt Source '
Water Pollunon Control Measures, ’I‘echmcal Regort No 31I 1991 e .

S U. S EPA, Stormwater Management for Industnal Acnvmes Develogmg Pollunon Preventxon , v
-Plans and Best Management Practmes, Segtember 1992.. ' ) o SR

‘ 6. U S EPA, Results of the Nanonmde Urban Runoff Prog_ra_g, December 1983.

7 “Washington State Department of Ecology, Stonnwater Management Manual for the Puget Sound
‘Basin, Februaru 1992. : . - , o .

- maﬂfmnwm,buw Tecknology Branch (4204); US EPA, 401 M Soeet, SW, Washingon, D, 2060.
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STOKM WATER BMP: ) .o I» MUNICIPAL IECD!MO[LOQW'V

- VISUAL INSPECTIONS
+ DESCRIPTION

Visual inspection is the process by which'members of a Stormwater Pollution Prevention Team (SWPPT)
visually inspects stormwater discharge from material storage and outdoor processing areas to’identify
contaminated stormwater and its possible sources. . , » S :

An example of a visual inspection is examination 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 eximine a raw materials storage .
area where materials® are stored in 55-gallon drums &and- look for leaks, discolorations, or other
abnormalities that may cause a pollutant to contaminate stormwater runoff. ‘ - S

The U.S. EPA has recogniz-ed visual inspections as a baseline Best Management P;'actice (BMP) fér 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
fatility management recognizes it to be an effective BMP from a water .quality ‘and cost . savings
perspective. ' T R S
LIMITATIONS
Limitations associated with visual inspections include:
oo Inspections are limited to those areas clearly visible to the human eye o
. Visual inspections need to be performed by qualified pérﬁonnel ‘

. Ldck of.a corporate commitment to éctively implement iné’pectiohs on a
.routine basis . ' ‘ :

Inspectors need to be properly motivafed to perform a thorough visual "
inspection. - ‘ Lo .

PERFORMANCE

The performance of visual inspections-as an effective tool in reducing 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 quantitative data regarding the-
effectiveness of visual inspections-as a BMP.. . /

DESIGN CRITERIA
Visual inspections should be. pérformed routinely for the "p'r'e_sexjce‘of non-s‘t»brmwaten,discharg:es.' Flows:

during a dry period should be observed to determine the presence of any dry weather flows, stains,
sIuc!ges, odors, anc} other abnormal conditions. - . T




stua} mspecuons should be made of all srozmwater dlscharge outlet locanons dunng t.he ﬁrst hour of a
. ‘storm event that produces a sxgmﬁcant amount of stormwater runoff. In geographic locations with a
: hxgh 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, dzscoloranons, turbxdny, foam, and
: odor should be performed L :
-

r 'I'he mspecuon frequency mterval is a key desxgn criterion in a vxsual mspecnon program To deterrmne .

the inspection: frequency, experienced personnel should evaluate the causes of previous incidents-and . .
assess the probable risks for occurrence in the future Condmons in the storrnwater dlscharge perrmt ;
‘may also d1ctate mspecnon ﬁ'equency . . . ‘

. .Another key deslgn criterion is proper record keeping of an mspecnon Record keeping should mclude‘

. the ' date "of the inspection, the names of the personnel Wwho performed the inspection, and the -

" observations made during the inspection. Records should be forwarded to appropriate personnel .

through an intérnal reporting system. Remedxal modxﬁcauons to a raczhty can t:hen be mplemented C
based on documented mspecnons ‘ R Lo : , . S

. ’.,,M

g Visual mspecnons of a facxhty should focus on the followmg key areas ‘ .
Storage facilities -
‘-Transfer p1pe1mes
L Lo"ading and unloading areas -
. o ' Pipes, pumps, valves, and ﬁtting‘s\ L
" Internal and external mspecnon for tank corros:on
‘ 4W1nd blowmg of dry chenncals
o Tank support or foundauon detenoranon
o Detenoranon of pnmary or secondary contamment facxhnes |
Darnage 10 sthpmg contamers |
. " Wlnd blowmg of dry chermcals and dust parncles
: Integnty of stormwater collecnon system
Leaks seepage, and overﬂows frorn sludge and waste dzsposal sites
MLEMENTATION |
. A v1sua1 mspecnon BMP. program should be mcorporated wuhxn the facxht)’s record keepmg and mternal
_ 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 mdxcators of potentxal
'problems Spectﬁc pararneters to look for in completing a visual inspection mclude :
. Odor--The odor of a dlscharge can vary vndely and sometimes directly reflects the source .
- of contamination. Industrial dxscharges 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 decornposmon of organic wastes in the dxscharge
-will release sulfide compounds into the air above the flow in the sewer, creating an
intense smell of rotten eggs: In particular; industries invélved in the production of

~ meats, dairy products, and the preservation of- vegetables or fruits, are cornmonly
found to dxscharge orgamc rnatenals into storm drams As these orgamc matenals




spoil and decay, the sulfide production creates this highly apparent and - -
1pleasant smell. Significant sanitary wastewater contributions will also cause
pronounced and distinctive odors. A -
Color—Color is another important indicator 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, téxtile wastes are varied. Other intense colors, such as = - B
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 cleaning water discharged to
floor drains, spills during loading operations (and subsequent washing of the
material into the storm drains). - , e o

Turbidity-Turbidity 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. High turbidity is often a chéracteristic of undiluted industrial discharges, such as

those coming from some continual flow sources, or some intermittent spills. Sanitary -

wastewater is also often cloudy in nature. - : o B

Floatable matter--A contaminated flow may also contain floatables (floating solids or
liquids). Evaluation of floatables often leads to the.identity of the source of industrial 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, foams, packing materials, or fuel, as examples.

Deposits and Stains--Deposits and stains (residue) refer to any type of coating which
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 crystalline powder which commonly coats sewer outfalls' -

* due to nitrogenous fertilizer wastes. * . : . ‘ ;

Vegetation--Vegetation surrounding a stormwater discharge may.show the effects ofthe .
wastewater. Industrial pollutants will often cause a substantial alteration in the chemical
composition and Ph of the discharge water. This alteration will affect plant growth, even
when the source of contamination is intermittent. For example, decaying organic
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
surrounding the discharge will continue to show the effects of the contan;in’at'ion. S

In order to accurately judge if the vegetation surrounding a discharge 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 just 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. . . I C ‘ T




_ Structural Damage--Sn-ucmral damage is another readﬂy visible mchcanon of mdusmal
dlscharge contamination. Cracking, detenoranon and spalling of concrete or peeling of K
_ . surface paint, occurring at an outfall are usually caused by severely contarnmated 7

. dxscharges usually of industrial origin. These contaminants are usually very. acidicor -
basic’in nature. ‘For iristance, primary metal industries have a strong potential for .
causmgxstructural damage because their batch. dumps are highly acidic. Poor.

~  construction, hydrauhc scour, and old age may also adversely affect the condition of -

- structures: ‘ . :

Impleinentau’on of v1sual inspections shc;uld be assigned to quéhﬁéd staff sﬁch as mamtenaﬁée personnel
/ or environmental engineers. Figure 1 prowdes a- sample wsual evaluanon worksheet which ‘can be used -
to record the results of the mspecuons ‘ . ‘

Outfall # ___ Photograph # ' Date:

"’Locatlon _ B ‘ I : , L | . : ¥
_Weather air temp °C : rain':’Y_ N _-sunny | - cloudy et y

_Outfall ﬂow rate est;mate' Uséc :

'Known mdustnal or commerceal uses in dramage area’ Y‘ N , o .
"describe: ______ v . T o

~ PHYSICAL gl"‘.sseé'VATtQNs:
RN Odor: hone, sAé\l(v-a,gev éulfide .;o'il~ gag ir'a;t_cid-sbu.r 3 'g.:thgn.':__
Color none .y'ell.orw' brown . gree;'l ‘ red gr‘a;/ : ) o;hér:;
Turbidity: “none - vcloudy opaque:»} o l_ -

(Q_Qﬂ_i%_ﬂ_e) o

: Floata,b!e#: no’he pettoleum sheen " sewég'e “other:_
Depositslsiains " none sednment only descnbe . (m_eﬁ_ﬁmplj)

Vegetatlon condltlons. nomal excesswe growth mhlblted growth
‘ extent: ‘ -

"‘Damage to outfall structures: -
" identify structure
damage none / concrete crackmg / concrete spalhng / peehng pamt I
"' “corrosion - . . B
' other damage: -_
- extent:

' SOURCE: Reference 4.

L

" FIGURE I: VISUAL INSPECTION WORKSFEET

‘.‘" . m

: Mamtenance mvolved w1th visual mspecnons as a BMP mclude developxng a schedule for performmg
visual inspections and follow-up to make sure the inspections are performed on schedule. Continual .
récord updates need to be performed: w1th each mspecnon, and properly routed through the internal -
reportmg structure of a SWPPT o




COSTS

Costs are those .associated w1rh direct labor and overhead costs for staff hours. Armual costs can. be
estimated using the example in Table.1 below. Flgure 2 can be used as a worksheet to calculate the
estimated annual cost 'for n‘nplernennng a visual mspecnon program. :

TABLE 1: EXAMPLE OF ANNUAL VISUAL INSPECTION PROGRAM COSTS

v , - T Yearly
. Avg. * +.. Hours |  Est
' T Houﬁy . - Overhead* " onSW ' Annual
Title Quanmy Rate (S) Multiplier Training - Cost ($)
Stormwater Engineer 1 x '15 ,:_:7 20 X " 20 = 600 [}
PlantManagement *~ 5  x 20 x .20 ' .x. 10 = 2000
Plant Employees - . -100 x 100 x° 2.0 | x. 'S = IO,OQI)OY
TOTAL ESTIMATED ANNUAL COST . $12,600: -
Y Note; Defined as a mulnpher (typically. rangmg between 1, and 3) ‘that takes mto account
those costs assocxated w1th payroll expenses, bmldmg expenses, etc. .
SOURCE: EPA . ' |
: Esumated
. Avg. - Hours Est.
. * . Houry Ovethéad = onSW Annual -
Title Quantity Rate ($) = Multplier "rmining Cost ($)
x . x ox__ = @ |
x x x = ®)
x x x = ®)
. TOTAL ESTIMATED ANNUAL COST  _______
. (Sum of A+B+C+D)
SOURCE:Reference3. SRR - - K

FIGURE 2: SAMPLE ANNUAL VISUAL INSPECTION PROGR.AM COST WORKSHEET
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EN\}mONmNTALMAcrs"

: Visual mspecnons is an effecnve way to identify a vanety of problems Correctmg these problems can
have a s1gmﬁcant unpact on unprovmg water quality in the recexvmg water
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i | STORM WATERBN]P: ' | m%ﬂmmcv'xn’ﬁ :
VORTEX SOLIDS SEPARATOR S

DESCRIPTION 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 liquid. A general view of the vortex
solid separator and liquid flow paths is shown in Figure 1 below. = . - ’ ' '

.

' /-'noota'blq Solids
-lv- e

oz

) /—Outer Vqssél Wail

Untreated €SO’

Settieable Solids - , v
«  SOURCE: Reference 19 | o B o
FIGURE 1: GENERAL VIEW OF THE VORTEX SOLID SEPARATOR

Vortex units are most often applied to combined sewer overﬂz)w (CSOs), but can also be used to treat -
storm water runoff. In CSO treatment applications, 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 holding 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-line, and*
in combination with other Best Management Practices (BMPs) such as storage tanks or detention ponds. -




' CURRENT STATUS

This fact sheet contams general mformatlon only, and should not be used as the basis for deslgmng co

a vortex solids separators 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 apphmtlons is evolving

- rapidly. . The equipment manufacturers and the municipal operators should be contacted for the current state
of the art information. . ‘ ‘ ‘ ,

- ® The EPA Sw1rl Concentrator.
- ® The Fluldsep._
® The Storm King. - l

_. . 'The design specifications forthe 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 désigned 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 enrly 1980s (EPA, 1982 1984) )

._ Flurdsep isa patented deslgn that is hcensed hy a German firm, but i is avanlable 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 consrstently used for CSO apphcatlons and has not, been tested on separated
storm-sewer systems . ) ] . ’

., ‘Storm ng a patented unit, is avadable 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

- freatment units in operation in Europe and Canada, almost exclusively on CSOs. Full-scale Storm ng 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 a full-scale unit in Surrey Heath, England.

‘ APPLICAB]LITY

' Vortex separators are most. effectlve where the separatlon of gntty materlals, heavy partlculates or -
floatables from wet-weather runoff is requlred. 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 ard capture floatables However, solids with poor. settleabrhty are not
‘ effectlvely 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 partlculates
or are dlssolved lel not be significantly removed by the vortex separator i .




Site constraints, including the availability of suitable land, appropriate soil depth and stability to -
structurally support the unit, may also limit the applicability of the vortex separator. . . The slope of the site
or collection system may dictate the use of an underground unit, which can result in extensive excavation.
For above-ground units, pumping may be required. Maintaining and operating tliese pumping facilities will
increase the capital costs as well as the energy, operations and maintenance cost of the vortex solids sepgrator.

DESIGN T

Regardless of the type of vortex separator selected, the type and quantity of pollutants 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. .

‘The performance of each unit is based on the vortex separatiqi_l mechanism. Each unit typehas 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. ) o o

PERFORMANCE

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 ohserved to be approximately 26%, at the pilot-scale Swirl Concentrator '
demonstration test in West Roxbury, Massachusetts. 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 there 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 femoved 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
appli¢ations, 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 unit designs
and is not included in Table 1. : T : a

MAINTENANCE

Vortex separators do mot have any moving parts, and are therefore not.maintenance intensive.
However, wash downs are required following every CSO event to prevent odors. To a¢cdmplish this, some
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TABLE I: AVERAGE VORTEX PERFORMANCE CHARACTERISI‘ICS !

FOR CSO APPLICATIONS

L e Total Net

Unit Type - Location Effluent Hydraulic~ Solids  Solids Treatment

: : Flow (MGD) Reduction Removal Removal Factor
Swirl Washington, DC 16 . - - .24 38 12 17
Filidscp ~ Tengen, Germany 11 4 s 7. 12
Storm King  James Bridge, UK 7.5 39 53 . 14 1.7
Storm King  Columbus, GA - 43 . 23 61 4 26
. , . \ . . I N 3 .
 SOURCE: References 10, 11,20, and 21~ . -

\

units have been deslgned to be self-cleansmg. This’may 'not'b‘en necossary for. storm Wate_r treatment
applications: Pretrwtment . : ‘ . . S .

BMPs such as bar screens or ‘street sweepmg can be used to decrease the quantlty of wastes rwcbmg the
vortex separators, but it is not required. Mamtenance would be reqmred for pretreatment and pumplng
equlpment : ,

COsTS C 4

The capital cost for vortex sohds separator treatment facnhtlos are dependant on snte-speclfic
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 capltal ’
cost for installed vortex solids separator units without pretreatment is approxxmately $4,900 per nnlhon :

gallons of flow treated (1993 dollars) ' )

Total costs of vortex umts often mclude predeslgn 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).
Predeslgn costs for the Fluidsep, range between $25,000 and $100,000 (1993 dollars). There are no predesign
study costs assocnated with the EPA Svnrl Concentrator, because publlshed settlwblhty curvos are used for
the basis ot‘ design. ‘ , Lo .




Vortex solids separator units do not generally require significant energy expenditures unless pumping
is required. Operating expenses primarily include 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 Smty 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 cr in the health of the ecosystem. For example,
the Washington, D.C. CSO Abatement Program, which includes EPA Swirl Concentrators and upstream
storage, has resuvlted 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 solid separators must be washed down,after each storm events to ’
prevent objectionable odors. Qdor control for some storm water applications and for residual storage
facilities may also be required. Collected residuals from storm water applications hﬁve not evaluated.
However, collected residuals should be evaluated for toxicity and metals content before disposal.
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WATER QUALITY INLETS | r

DESCRIPTION

‘Water quality inlets (WQIs) consist of a series of chambers that allow sedlmentatlon of ‘coarse
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 oil/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 TYPICAL WATER QUALITY INLET

COMMON MODIFICATIONS

The design of WQIs can be modxfied to improve their performance. Possible modifications 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). Suppliers of pre-manufactured units (i.e., Highland Tank
& Mfg., Jay R. Smith Mfg., etc.) can also provide modifications of the typical design for special conditions.

CURRENT STATUS

WQIs are widely used in the U.S.; however, recent studies indicate that tlie lack of régulaf
maintenance adversely affect their performance. There is also some concern that, because the collected




resxduals contam hydroearbon by-products, the residuals may be considered too toxic for conventmnal landfill
disposal. Maintenance requirements and residual disposal, should be carefully evaluated in selecting a WQL
Possible alternatives to the WQI mclude sand filters, oil absorbent matenals, and other innovatlve BMPs (i.e.,
: Stormceptor System) .

' APPLICATIONS

WQIs are often used where land requlrements and cost prohibit the use ot‘ larger BMP devxces, such-
as ponds or wetlands. WQISs 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 aréas or parking areas Sites with high automotive related-uses can be
expected ‘to' have higher hydrocarbon ‘concentrations than other lIand " uses MWCOG, 1993).. Increased

maintenance and residual disposal, due to these higher hydrocarbon concentrations from these areas, must
‘be carefully evaluated before selectmg a WQI for these appllcatlons. o ,

LMrATmNs ‘

. Two major constramts limit the et‘t‘ectlvenus ol' WQIs. Theses constraints are. (1) the size of the

dramage area and (2) the activity within the drainage area. WQIs are generally recommended for drainage
* areas of 1-acre or less (Berg, 1991, NVPDC, 1992). Construction costs often become prohlbltnve for larger

' dramage areas. High sediment loads interfere with the ability of the WQI to effectively separate oil and
grease from the runoff.: Therefore, WQIs should not accept runoff from dlsturbed areas unless the runoff
has 'been pretreated to reduce the sediment loads to acceptable levels.

WQIs are also hmnted by maintenance requlrements and pollutant removal mpabzhtles. 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 lieavy sediments and floating

- oil and grease. WQIs have demonstrated limited ability to separate dissolved or emulsified oil from runoff.

WQISs are also not very effective at removmg pollutants such as nutnents or metals except where the metals B

"~ are dlrectly related to sedlment removal

: 'PERFORMANCE
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, WQIs have a very poor record of pollutant removal due to a lack of regular
clean-outs and the resuspension of the sedxments (Schueler, 1992). The efficiency of cil and water separation -

in a WQI is inversely proportional to the ratio of the discharge rate to the unit’s surface area (API, 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 settlmg The average detentlon tlme m a WQI is less than 0.5 o

hour (MW COG, 1993).

The WQI achlevcs sllght, lf any, removal of nutnents, metals and orgamc 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 detentlon tune of 1 hour may expect to have 20 to 40 percent removal of
sedlments. - , ‘

The Metropohtan Washington Council of Governments (MWCOG) performed a long-term study' to:
determine WQI performance and effectiveness. Momtormg of more than:100 WQIs indicated that less than -
2 inches of sediments (mostly coarse-gramed 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 WQI water column was 10 mg/L.. The -
study also indicated that sediment accumulation did not increase over time, suggestmg 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 efficxencles.
Actual removal occurs when the residuals are removed from the WQI (Schueler 1992). : i




DESIGN CRITERIA

Prior to WQI deslgn, the site should be evaluated to determme if another BMP would be more cost-
effective in removing the pollutants of concern. WQIs should be used where no other BMP is feasnhle The
site should be near a storm drain network so that flow can be easily diverted to the WQI for treatment
(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 minimized. Upstream sedlmeut eontrol
measures should be installed to decrease the sedxment loadmg . B

WQIs are most effectxve for small dramage areas. Drainage areas of 1 acre or less are often

recommended. WQIs are typically used in an off-line configuration (i.e., portions of runoff are divertedto

WQ)), but they can be used as an on-line unit (i.e., receive all runoff). Generally off-line units are designed
to handle the first 0.5 inches of runoff from the drainage ares. Upstream isolation/diversion structures can
be used to divert the water to the off-line structure (Schueler, 1992). On-line units receive higher flows that
will likely cause increased turbulence and resuspemsion of settled material, thereby reducmg WQI
performance. o

Structural loadlngs should be considered in the WQI desxgn (Berg, 1991). WQIs are available ‘
in pre-manufactured units.or can be cast-in-place. Reinforced concrete should be used to construct below-
grade WQIs. The WQIs should be water tight to prevent possible ground water eontammatlon. The first
and second chambers are generally connected by an opening covered by a trash rack or by a PVC or other
suitable material 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 deslgn storm will vary dependmg on geographlcal locatxon
and is generally definite by local regulations. , ‘ )

When the eombmed Iength of the first two chambers excwds. 12 feet, the chambers are tynieally
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 cleanmg and

inspection.

The State of Maryland deslgn standards indicate that the combined volume of the first and second o
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 up to the top of the mtenor walls and the volume S

of the permanent pool (Berg, 1991).

»

Permanent pools within the chambers help prevent the possibility of sediment rosuspensmn. 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). S _ ‘

~ In the standard WQI, an inverted elbow is mstalled ‘between the second and third chamber. The
elbow should extenid 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 adjusted to accommodate the design flow

(Berg, 1991).

MAINTENANCE

WQIs should be mSpected after every storm event to determine if maintenance is requu'ed Ata
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 disposal
techniques should be environmentally acceptable and in accordance with local regulations." Since WQI
residuals contain hydroearbon by-products they may require disposal as a hazardous waste Many WQI

[




i

Vowners contract thh waste haulers to. collect and dspose of these resrduals Smce WQIs can be relatzvely ’
deep, they may be doslgnated as confined spaces. Caution should be exercised to comply with confined space
entry safety regulitions in the event that entry mto the WQI is requlred ‘

- . . 'The constructlon’costs for WQIs will vary groatly depending on the size and depth reqmred The
construction costs (in 1993 dollars) for east-m—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-
_ manufactured units are generally loss expensxve than those cast-m-place (Berg, 1991) ' .

Mamtenance costs ‘will also vary grwtly dependmg on the size of the draunage, the amonnt of the -

residuals collected, and the clean-out.and disposal methods available - {(Schueler, 1992). The cost of residuals o

. removal, analysis and disposal can be major maintenance expense, partlcularly lf the roslduals are toxic and
‘are not suitable for dlsposal ina eonventlonal landfill. , . . ;o

5

ENV]RONMENTAL lMPACl'S

WQIs can effectlvely trap trash debris, oxl and grease, and other ﬂoatables that would otherwnse be

discharged to surface waters’ (Schueler, 1992). The 1993 MWCOG study found that pollutants in the WQI o

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 effectlvely BMP for reducmg -
, hydroearbon contammatmn in recelvmg water sedlments. ‘ v .

- WQIs generally provxde hmlted hydrauhc and roslduals storage Due to the hmlted storage, WQIs'
donot provrde 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

i typically contain many priority . pollutants, including polyaromatic hydrocarbons, trace metals, pthalates, :
phenol, toluene, and possibly methylene chloride (MWCOG, 1993). During permds of hlgh flow, the residuals . R

may be rosuspended and. relmsed from the WQI to surface waters. " .
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 STORM WATER BMP: N o e
WET DETENTION PONDS T AR

DESCRIPTION

" Wet detention ponds provide both retention and treatment of contaminated 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 displaces some:
of the treated water before discharge to receiving waters. Discharge from the pond is controlled by a riser -

and an inverted release pipe. L

Set on Negalive Slops - Deep Water Zone for
. %0 Prevent Clogging . .- GravitySedling
Risarwith Trash Rack .  Riprap for Shoreling S
o Proleltion " Emergant AQuatic
: \\ 2 Normal Pool Elevation W\ IYY. 2=
R T
S - . T
.\\\{\\\\ S 7 s
NN =R = T T -
. | ' N B ‘Sediment Foreba
Riprap o L om Toren
Cutofi Trench Concidle  ow Flow Drain for Pond Maintanance
. . {Should be designed 1o provide easy 8ccess and ©
‘ ' avoid clogging by Yapped sedimens.) "
SOURCE: Reference 2 S I

FIGURE 1: TYPICAL LAYOUT OF A WET DMON POND

Wet detention ponids remove sediment, organic matter and metals by sedimentation and remove - .
dissolved metals and nutrients through biological uptake. Effective pollutant removal can be achieved if the
pond is properly designed and maintained (SEWPRC, 1991). v . B

COMMON MODIFICATIONS

A typical wet pond may be enhanced with the addition of a sediment forebay, as shown in Figure 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, while 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
putrient removal. Perimeter wetland areas can also be created that will aid in pollutant removal. The ledges
also act as a safety precaution from accidental drowning and provide easy access for maintenance to the
permanent pool. ' " : o o




Treatment wnthm a pond can be enhanced through extendmg the detentlon time in the permanent
- pool This allows for a more gradual release of collected runoff from a design storm over a specified time
' (Hartlgan, 1988) This results in increased pollutlon removal as well as control of peak ﬂows. ‘ ‘

-‘CURRENTSTATUS . : ‘ o S \

" Wet detentlon ponds have been w1dely 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
‘ evaluatlons ‘of wet detention pond performance (Schueler, 1992). Wet detention ponds provnde 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 aclneved in wet detention ponds than can be achneved with other best .
. management practices (BMPs), such as infiltration trenches or sand filters. - However, proper mamtenance

is essentlal to mamtammg these hlgher levels of treatment .

LIMITATIONS ‘
Wet detention ponds must be able to mamtam 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
reglons, 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 pérmanent 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 lnghly developed areas, may also preclude the use of a -
" pond In addition, the local chmate (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 cleaning of the forebays
is particularly important. Mamtammg 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 sédiment ‘disposal on-sxte, as long as the ‘
sedlments are dep051ted away from the shoreline, preventmg thelr reentry into the pond .

PERFORMANCE

, The pnmary pollutant removal mechamsm in a wet detention pond is sedunentatlon. Suspended
pollutants; such as metals, nutrients, sediments, and organics, are partly removed by sedimentation. Other
pollutant removal mechamsms mclude algal uptake, wetland plant uptake and bacterial decomposntlon
- (Schueler, 1992) stsolved pollutant removal occurs as a result of blologwal and chelnlcal processes
' '(NVPDC 1992). v o , . o

The removal rates of conventlonal wet detentmn ponds (i €.y w:thout the sedlment forehay 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 sedlmentatlon is correlated with mcreased
" HRTs.. Proper dcslgn and maintenance also affect pond performance ., ,

' Studlos have shown that more than 90 percent of the pollutant removal occurs dunng the qmescent .-
conditions (i.e., the penod between the rainfall events) (MD, 1986). However, some removal occurs dunng i
the dynamnc period (l.e., when the: runoff enters the pond). ‘
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TABLE 1: REMOVAL EFFICIENCIES FROM WET DETENTION PONDS

Parameter EED Percent Removal :

_ , Schueler, 1992! Hartigan, 1988

Total Suspended Solid . : 50 -90 : - 80-90 '

Total Phosphorus . ‘ , - 30-90 ‘ '

Soluble Nutrients - 40-8 = . - 50-70

Lead o 70 -80 . - :

Zinc o . 40-50

Biochemical Oxygen Demand or T :

Chemical Oxygen Demand o - 20-40

'hydraulic residence time varies :
? hydraglic residence time of 2 weeks

" SOURCE: Reference1
SOURCE: Reference 2

DESIGN CRITERIA

. Well designed and properly maintained ponds can functlon as doslgned 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 design of the pond should allow
easy access to the forebays for t‘requent sediment removal. .

All looal, state and federal permit requirements should be stabhshed pnor to startmg the pond
design. Depending on the location of the pond, required permits and certifications. may include wetland
permits, water quality certifications, 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 reqmrements, the appheable
requirements should be confirmed with the appropnate regulatory authontm , v

Prior to designing the pond, a site should be selected that is able to support the pond enmonment.
The cost effectiveness of locating a pond at that site should also be oarefully 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 excavation of bedrock that

would require expensive blasting operations. -

The design of wet detention ponds should serve two functions: storm water quantnty control and
storm water quality control. Storm water quantity requirements are typically met by designing the pond to
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-year storms) and safely pass - .

the 100-year storm event. However, the design storm may vary depending on local condltlons and
requirements. , .




Storm water ‘quality - control is achieved in the permanent pool, which is desigiied 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 putrient removal that occurs as a result 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 HRT calculated by the solids settling method. These longer HRTs appear to be due
to the slower reaction rates associated with the biological removal of dissolved nutrients. This results in a
permanent pool that is approximately three times larger than the permanent pool calculated by solids settling -
models (Hartlgan, 1988). Other design methods, such as sizing the permanent pool to collect a speclf' c
volume of runoff from the drainage area, have been tned with varymg degreos of success, and are not
\ descnbed in tlns fact sheet ,

TABLE 2‘ WALKER EUTROPHICATION MODEL

= (0.056)(QS)(F)"I(QS + B3 O
R=H@ﬂwm%mm‘"mg
where: ) o

" - = Second order decay rate (m*/mg-yr)
= Mean overflow rate (m/yr) = Z/T
= Inflow ortho P/total P ratio
= Mean depth (m)
= Average HRT (yr)° ’
= Total P retention coeffi clent = BMP efficlency
= (K2)(P)(T) A ’
= Inflow total P (ug/L) -

CmzZRANTOR

. SOURCE: Reference 3

Other key factors to be considered in the pond deslgn are the volume and area ratios. The volmne e
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 lmportant in the deslgn of the pond and are correlated with treatment effi ciencies.
Larger VBs and smaller VRs provide for increased retention and treatment between storm events. Low
VB/VR ratios result in poor pollutant removal efficxencms. - The eutrophication model indicates ‘that the
VB/VR ratio should equal 4.0 for maximum efficiency (Harngan, 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 formmila
VBI[(VR)(N)] = HRT, where N is the average number of storm events per year and HRT is expre&sed in
years. A different VB/VR ratio will change the HRT. For example, in Maryland a VBIVR ratio. equal to -
25is eqmvalent toa9 day HRT (Hartlgan, 1988)




One way to increase the HRT is to increase the depth of the permanent 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. Itis .
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). L s o

‘ In general, pond designs are unique 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-to-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). - . ‘ ‘ - . . 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 mlmmum
top width of 6 feet to ease maintenance. . : . L o

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 than'in -
the middle of the pond. This provides easy access for maintenance and prevents the use of the riser asa
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. ' S o P o

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 embankment (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 erosion. Rip-rap also provides a secondary benefit of. reaeration of the pond

The design and construction of the riser and barrel should c'onsider' 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 a 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. Theriser, barrel and base should
also have sufficient weight to prevent flotation (NVPDC, 1992). : Y

In most cases, emergency spillways‘shoﬁld be included in the pond design. ' Emergency spillways
) should be sized to safely pass flows that exceed the design storm flows. The spillway prevents pond water
Ievels from overtopping the embankment, which could cause structural damage the embankment. The .




X emergency splllway should be located ‘so that downstream bulldmgs and structures wdl not be negatlvely
impacted by a spillway discharges. The pond deslgn should include a low flow dram, as shown in Figure 1.
The drain plpe should be deslgned for gravnty dlscbarge and should be- equlpped with an ad_]ustable gate
valve. ‘

Wet detentlon ponds functlon more el'fectlvely when they are regularly mspected and mamtamed ‘
Routme 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
. beconiing clogged. In general, wet detention ponds should be mspected after every storm event. The
-embankment and emergency spillway should also be routxnely inspected for structural integrity, especlally
after major storm events. Embankment fallure could result in severe downstream ﬂoodmg .

‘ When any . prohlems are observed durmg routine inspectlons, necessary repanrs should be made n |

immediately. Failure to correct minor problems may lead to’ larger more expensive repairs or even pond -
" failure. Typlcally, 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-snte dlsposal od removed sedlments vull reduce mamtenance costs.

COSTS

The total cost for a pond includes permxttmg deslgn and construction. and mamtenance costs

» Permxttmg costs may vary depending on state and local regulations. Typwally, 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 reloeatmg 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 eqmpment, 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 developed area may be 5 to 10 times
the cost of constructmg the same size pond in an undeveloped area. 2 . : A

, Operatlon and mamtenance costs in 1989 are presented in Egure 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 reinoval, inlet and outlet mamtenance and inspection, and sediment removal and

» dlsposal Sediment removal costs can be decreased by as much as 50 percent if an on-sxte dlsposal areas are'

‘ ~ available (SEWPRC, 1991).

[}

Wet detentlon ponds provlde both storm water quantlty and quallty 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 excwd any negatlve impacts from a pond :
‘ assnmmg the pond is properly deslgned and mamtamed. )




TABLE 3: CONSTRUCTION COSTS (1989)

. _'_‘;_.;,':1 .
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CAPITAL COST N 1369 DOLLARS (THOUSANDS)

SOURCE: Refevence 4

WET DETENTION BASIN WATER VOLUME IN THOUSANDS OF CUBIC FEET

TABLE 4: OPERATIONS AND MAINTENANCE COSTS (1989)
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However, wet detentnon ponds that are unproperly dwlgned, sited or mamtamed may have potentlal ‘
adverse affects on water quallty, groundwater, cold water fisheries, or wetlands. Improperly designed 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 discharges from the pond will adversely impact cold water fishery. The potentlal groundwater
contamination should be carefully evaluated. However, studies to date indicate that wet detention ponds do
not significantly contribute to groundwater contamination (Schueler, 1992).
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1 i would like a workshop/semmar based on thls document

‘11 had trouble [ Minding [ Jordering [ ‘Jreceiving this document
] The document was espec:ally helpful in the followmg ways

) B
R P ey ey ey

[ 1'The document could be improved as follows: |

IR O B Was'unable to. meet my need with this document. What | really need is: - -

N

[ 11 found the following things in this document which | believe are wrong:

11 What other types of t'ecnnjcal'assistance’ do you need?

- We thank you for helping us serve you better To return thls questaonnarre, v
- tear it-out, fold it, staple it, put a stamp on rt and mail rt Otherwnse, lt may be
“ faxed to 202- 260- 01 16 . \ , ,

EMTB" |

"Office of Wastewater Management
MUNICIPAL TECHNOLOGY _BRANCH

MUNICIPAL WASTEWATER “VIANAGEMENT
 FACT SHEETS .
STORM WATER BEST NLANAGENIENT PRACTICES




STAPLE HERE

Municipal Technology Branch (4204)
Umted States Environmental Protéction Agency
401 M Street, SW
Washington, DC, 20460
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