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Water Resources Cousulting L.L.C.

Peter Willing, Ph D.

July 18, 2001

Washington State Department of Ecology =

3100 160% Ave, SE. ECEIVE
Bellevue, Washington 98008-5452

ATTENTION: Ann Kenny or il

U.S. Army Corps of Engineers } USACE
Regulatory Branch REGULATORY BRANCH
P.O. Box 3755

Seattle, Washington 98124-2255
ATTENTION: Muffy Walker, Gail Terzi

f{E: Supplemental Information, Department of the Army Section 404 Permit Application, SeaTac
Airport. USACE Reference 1996-4-02325

Dear Ms. Kenny, Walker, and Terzi:

My comments in the meeting on July 10" between Airport Communities Coalition representatives
and the Department of Ecology elicited some questions from Ms. Kenny about the performance
record of stormwater Best Management Practices (BMP's). This letter provides clarifying detail and
documentation in response to these questions. It also provides elaboration of previous comments on
stored stormwater for flow augmentation,

The first question concemed bacteria foading associated with biofiltration swales. Results compiled

_from arange of BMP perfonmance monitoring efforts (Claytor et al., excerpt enclosed) conclude that

bioswales or open grassed channels have either low or negative removal efficiencies for fecal
coliform. Both the enclosed EPA 1999 compilation and the work by Adolfson (1999, excerpt
enclosed) concur in these results. Negative removal efficiency means that more bacteria were
measured in the discharge than were measured in the inflow to the BMP in question. This result was
observed in the 1992 Metro study on which the Port relies, as well as numerous others. These results
have not been rigorously accounted for, but one opinion is that bioswales can exhibit bacterial
growth and behave as a source of bacteria themselves.

Strecker et al, (enclosed) developed recommended parameters for assessing BMP performance. The
Department of Ecology and Corps of Engineers should require the Port of Seattle to provide the
recommended information on the BMP’s that it is proposing at SeaTac, and rigorously review them,
before accepting claims that the BMP's will effectively treat airport stormwater.

As | mentioned in the meeting, there is a serious concern about the suitability of the stored
stormwater proposed by the Port of Seattle as a flow augmentation source for the creeks around
SeaTac airport, The Port proposes to capture and store 8.9 acre feet in the Miller Creek Basin and
7.1 acre-feet in the Des Moines Creek basin. The December 2000 Stormwater Management Plan
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(Appendix D, figures C139, C150, C151) has not been changed in this particular; it shows 7.2 acre
feet of carry over storage in two vaults in the Miller Creek basin, but there is no indication of where
the remaining 1.7acre-feet will be stored. The plans show 1.8 acre-feet in the SDS4 vault on Des
Moines Creek. but do not account for the remaining 5.3 acre feet of required storage in that basin.
“The drawings show a dead storage discharge line in the bottom of the vault. [f built as shown the first
discharge to the receiving Class AA streams, which would already be under stressed low flow
conditions, would be an anoxic slug of sediment laden water carrying a six-month accumulation of
pollutant foad. The Port argues that pollutant species will be bound by adsorption to soil particles
and rendered biologically inactive. Under anaerobic conditions, which the Port concedes will occur,
many bound inorganic compounds will go back into solution and become biologically available
again. Other than sporadic references to reaeration of the stormwater, the Port has not proposed any
treatment to bring it up to a standard appropriate for release to Class AA receiving waters. It is
noteworthy that the Port's plans for maintenance of stormwater detention vaults (HNTB, 2001) show
R0 consideration or mention of flow augmentation.

To contemplate inappropriate use of Best Management Practices, and release of stored stormwater

without treatment into local streams, falls considerably short of the required reasonable assurance
that the Port’s projects will meet water quality standards,

Sincerely,
s

Peter Willing, P D
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CHAPTER J. SELECTING THE RUGHT FILTER FOR A SITE

Table 3.2 aiso compares how each fiitering design rates with respect to
maintenance burien and other important feasibility factors.

3.1C COMPARATIVE POLLUTANT REMOVAL CAPABILITY

How effective are the fitering designs at removing the key pollutants of concerin a
watershed? As part of the preparation of this manual, some thirty published and
unpublished monitoring studies were consuited on the poilutant removal performance
of stommwater fittering systems. Estimated average removal rates for each of the eleven.
stormwater fiter designs are indicated in Table 3.3. The matrix also shows the number
of actual performance monitoring studies that were available to assess a given design.

Three fitering designs (underground sand filters, pocket sand fiiters and bioretention)

have yet to be monitored, and their potential performance is inferred from monitoring of
similar designs, infiltration rates, modeling and other analysis provided in Chapter 4.

Despite their many differences in design, stormwater filters have some similarities
with respect to performance. For example, all typically report removal rates of

- Suspended sediment in excess of 80%: Although monitoring data for hydrocarbons

Is more limited, removal rates typically ranged from 65% to 90%.

Some differences were seen in the comparative ability to remove ftotal phosphorus.
The best performers were the surface and perimeter sand filter, dry swale and
gravel filter, all of which showed at least a 50% removal. Grass channels, wet
swales, filter strips and possibly organic sand filters were less reliable, at 10 to 40%
average removal.

Stormwater filtering systems exhibit anly a modest capacity to remove total nitrogen.
only one design was found to remove more than 50% of total nitrogen (gravel! filter),
and most ranged from 30 to 45%. The bulk of the cbserved removal was for organic
forms of nitrogen; eight of eleven fitering designs had zero or even negative
removal rates for soluble nitrate-nitrogen. The latler phenomena reflects the fact
that while nitrification is prevalent in the mainly aerobic environment of most filter
beds. denitrification is limited (leading to buildup of nitrate in the effluent). Only the
gravel filter, dry swale, and wet swale showed a capability to remove nitrate,

While all filtering designs showed at least moderate capacity to remove trace metals
such as copper, lead, and zinc, most of the removed metals were already attached
to particles. Designs that showed promiise in removing dissolved metals inciude the
organic sand filter, grave! filter and dry swale.

3-5
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DESIGN OF STORMATER FILTERING SYSTEMS

TAsLE 3.3: ESTIMATED POLLUTANT REMOVAL CAPABILITY OF DIFFERENT
STORMWATER FILTER SYSTEMS (AVERAGES OF REPORTED MONITORING DATA)

Flitering * | Monitoring | .TSS | TP'} ‘TN |'NO’ Other Follutants/Comments -
System Data? . I K

Surface . 0 0 Bactera: 40-80%
Sana Filter Yes.§ | B5% | 55% | 35% | Neg | peps: 35.90%
Undsrground ' X e o
Sand Filter No Data Presumed {0 Cqmgjglrébfe to Surface Sand Fliter
Perimeter .
Sand Filter Yes, 3 B0% | 65% | 45% | Neg | Hydrocarbons 80%
Oraanic .- -7 " {-- - {Hydrocatbogs:. > ..- ~ 80%- ,
S?! S Frite Yes. 1 95% | 40% | 35% | Meg | Gol.P - ¥ 7 Negatives

‘ d Metals: - B5%+
Pocket
Sand Filter No Data Presumed to be Comparable to Surface Sand Fiiter
Drainage . o " - s
Channel Yes, 10 30% | 10% | Zero | Zero | Bactena: Negahvg
Grass Hydrocarbons.: 65%
Channe} Yes, 1 65% | 25% | 15% | Neg | Metals’ 20-50%

= blofilter Bacteria: Negative
Dry Swale Yes, 3 90% | 65% |{.50% | 80% | Metals. 30-30% .
Wet Swale Yes, 2 80% | 20% | 40% | 50% | Metals: 40-70%
Bioreteation No Data vPresume& to be Comparable to Ory Swale - - E
Filter Strip Yes. 1 70% | 10% | 30% | Zero | Metals. 40-50%

. O % -

Gravel Fiiter Yes.2 | 8a% | 80w | 65% | 75% | Hydrocarbons 86%

36

Melals: 50-75% -
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CHAPTER 3. SELECTING THE RIGHT FILTER FOR A SITe

. -

Control of fecal coliform bactena is important in shellfish areas, beaches and
drifiking water supplies. The filter designs that showed the best ability to remove
bacteria included surface sand filters and gravel fiiters; drainage channels and grass
channels had no effect on bacterial levels, and the remaining practices have yetto

be monitored for this important parameter.

It should be noted that poliutant removal rates and mechanisms rely on processes
in a generally aerabic envirenment, as opposed to anaerobic environment. Filters
which go anaerobic tend 1o release previously captured phosphorous as jron

phosphates break down,

3.10 COMPARATIVE DESIGN CRITERIA

The sizing criteria for each of the eleven filtering designs are summarized in Table
3.4. Each type of filter design is compared based on the sizing criteria for each of
its four standard design components:

» the quantity and method used for flow reguiation
* the quantity and method used for pretreatment

» the depth and nature of the filter media and the area of the filter bed,

expressed as the percentage of contributing impervious area
» the quantity and method used for overflow

AR 021197



®

DESIGN OF STORMWATER FILTERING SYSTEMS

4.28 OpeN VEGETATED CHANNELS

Few best management practices exhibit such a great variabilty in poliutant removal
performance as open grass channels. Sixteen historical performance monitoring
studies of "grass swales" were re-analyzed based on the open channel classification
presented earier to iry to explain this vadability. Ten of the open channels could be
classified as "drainage channels” based on two criteria—they were designed only to be
non-erosive fof the two year storm, and their particular combination of soil and siope did
not allow significant infittration of runoff into the soil profile. Site data and pollutant
removal data for these drainage channels are shown in Table 4.8. The poor
performance of drainage channels is due to the fact that they do notactas an effective
filter (i.e., very little runoff actually fitters through the scil media). Since the soil filter is
not used, drainage channels can only rely on sedimentation and adsorption pathways
for removal. During most storms, runoff passes through the channel in just a few
minutes, thereby greatly reducing the effectiveness of those removal pathways.

One open channel was explicitly designed as a grassed channel (Seattie METRO ,
1982). The 200 foot long grass channel, tenmed a biofitter, was found to be reasonably
effective in rernoving many pollutants contained in urban stomwater. The performance
monitoring data for the biofilter is summarized in Table 4.9. In general, high rates of
removal were reported for sediment, hydrocarbons, and particulate trace metals.
Nutrient removai was much more mixed.

Five open channels were either explicitly designed as a dry or wet swale, or had a
combination of soils, slope and water table so that they effectively functioned like one
{Table 4.10). Given the smail number of open channeis that met these criteria, they
were Jumped together as a single group. The swales demonstrated a much greater and
more consistent capability to remove poliutants conveyed in urban stormwater. in nearty
every case, most of the mass removal couic be accounted for by the infittration or
retention of runoff into the soil profile during stomms (i.e., actual pollutant concentration
did not change appreciably as they passed through the channel). As a group, the
swales showed excellent removal of suspended sediment, nitrogen, organic carbon and
trace metals.

4.16
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CHAPTER 4. POLLUTANT REMOVAL MECHANISMS
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DESIGN OF STORMWATER FILTERING SYSTEMS

TABLE 4.9: POLLUTANT REMOVAL PERFORMANCE OF A GRASS CHANNEL
(BIOFILTER) OF TWO LENGTHS IN WASHINGTON {SOURCE: SEATTLE METRO, 1992)

Pollutant 100 Foot Biofilter 200 Foot Bisiter
Suspended Sediment 60% 8;%
TPH {Hydrocarbons) 4% 75%
Total Zinc 16% 63%
Diésolved Zi.nc o ‘.'negaﬁ;qé_ 30%
Total Lead 18% 67%
Total Copper 2% 46%
Total Phosphorus 45% ] 29%
Bicavailable P _ . ' 72% ' . 40%
Nitrate-N . negative negative
Bacteria . negative negative

TSS

Only four out of nine drainage channels had a posttive removal rate for suspended
sediment, suggesting that neither settling, filtration or infiltration occurred to any
great degree as 1t passed through the channels. By contrast, sediment removaj
rates for dry swales, wet swales and the grass channel all exceeded 80%.

ORGANIC CARBON
Drainage channels showed little ability to remove organic carbon, with four of six
tested showing negative removai rates. Both dry swales and wet swales on the
other hand, had carbon removal rates in excess of 50%. While no data was
available for grass channels it would appear reasonable that settling and filtration
pathways would be effective for this primarily pariculate poliutant.

4-18
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DESIGN OF STORMWATER FiLTERING SYSTEMS

at~

ﬂ‘\' o
NUTRIENTS
Drainage channels provided neqligible removal of nutrients. In most sites, nitrogen
and phosphorus removal was either cousistently low or non-existent. Nutrient
removal in the grassed channel, in contrast, was somewhat higher, with about 30%

of total phosphorus and 70% of soluble phasphorus effectively removed (Seattie
METRO, 1892). The grass channel was also a net exporter of nitrate.

Dry and wet swales showed better ability to remove nitrogen. with the mass removal
rates ranging from 40 to 99%. Phosphorus removal was more variable, with the two
swales expenencing the most infiltration recording phosphorus removal rates
greater than 80%, and three reporting with minor infiltration capability showing
removal rates of 30% or less. Phosphorus removal may be limited in any open
channel system. Monitoring has shown that open channels have high phosphorus
levels stored in the thatch and surface soil layer. Some of the stored phosphorus
may recycle back into the water column, or be eroded during larger storms. In
addition, the high phosphorus ‘levels in channel soils may be too high to allow
meaningful adsorption.

TRACE METALS
While some drainage channels did exhibit a8 moderate ability to remove trace metals
e attached to particles (i.e, lead and zinc), an equal number showed no metal removal
., capability whatsoever. By cantrast, trace metal removal rates for grass channeis,

dry swales and wet swales were uniforrmly high. it should be noted that most metal
removal is due to settling and filtering of metals attached to particles. Removal of
soluble metals, however, was only 20 to 50% (Yousef et al., 1985).

Most monitoring studies only report removal of total trace metals, and do not
independently measure the fraction of metals found in soluble form. This can be
significant as soluble metals usually exert the greatest impact or toxicity to aquatic
life. Many trace metals are primarily found in soluble forms (cadmium, copper and
zinc), while others are mostly attached to sediment particies (iron and lead). Yousef
etal. (1985) found that swales were not very effective at adsorbing soluble metal
species Adsorption requires that a metal be present in runoff as a positively
charged cation that can be adsorbed to a negatively charged particle in the soil or
organic layer. Metals, however, can be found in a compiex number of ion species
depending on the prevailing acidity (pH) of runeff. Some metals such as zinc readily
adsorb ta soil at pH levels typical of stormwater runoff 6,5 to 8.0, but many others
(aluminum, cadmium, copper, chromium and lead) shaw little tendency to adsorb
to soils within this pH range, Consequently, the ability of swale scils to remove
many soluble trace metais tends to be rather low.

. - 4-20
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CHAPTER 4. POLLUTANT REMOVAL MECHANISMS

BACTERIA

The three studies that examined the ability of drainage channels to remove fecal
coliform bactena found no significant change in the counts of this key human heatth -
indicator after channel treatment. Oakland (1983), Welbom and Veenhuis (1987), Pitt
and Mclean (1986) all reported that drainage channels had no effect in reducing
bacterial co~centrations as they traversed through the swale. Seattie METRO (1992)
also reported that a grass channel actually tended to increase the level of fecal coliform
bacteria as runoff passed through it. This increase was thought to be due pet droppings
and possible bacterial multiplication within the biofilter itself.

PETROLEUM HYDROCARBONS

The only study that examined hydrocarbon remaval in grass channefs found they
were very effective at removing both hydrocarbons and oil and grease (Seattle
METRO, 1992)

CHLORIDES

Open channels appear to have no capability to trap soluble chiorides (Harper, 1988,
Demers and Sage, 1990),

- METAL AND NUTRIENT ACCUMULATION IN SOILS

A number of researchers have found that both metals and nutrients tend to be higher
in surface soiis of open channeis than adjacent upiand soils. (Wiggington et al. 1983,
Oorman et al, 1989, Harper 1988, WCC 1994, Lind and Karro 1985). A summary of the
average concentration of metals and nutrients in twelve open channel systems in the
U.S. can be found in Table 4.11. The higher levels appear to suggest that swales are
accumulating metals and nutrients. One interpretation from the data might be that open
channels are trapping and retaining these pollutants, but it can also be argued that
swales are simply a better depositional environment, Since swales are a depression in
the landscape, they represent an excellent depositional site for aerosols and dust
generated by vehicles on adjacent roads, and this factor may well explain the higher
levels.

Another interesting aspect of Table 4.11 is the surprising consistency in phosphorus,
organic nitrogen, copper and znc levels in surface sails among the many
geographically diverse sites. The only poliutant that exhibits great variability is lead. The
lead varability may be due to the declining rates of lead deposition in recent years
associated with the gradual introduction of unieaded gasoline, and localized differences
in airbome lead deposition due to traffic factors.

According to Lind and Karro (1995), soil type is very important factor for metal
accumulation in open channels. Those that Rave a high content of ciay or arganic
maltter in surface soils are able to adsorb metals better. -

4-21
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DESIGN OF STORMWATER FILTERING SYSTEMS

~—
. - 4.3 COMPARATIVE POLLUTANT REMOVAL CAPABILITY

Several generalizations can Se made about the overa performance of stormwater fitering
systemns. In general, they extubit a high capabiltty to remove suspended sediments, organic
carbon and hydrocarbons, a moderale ability to remove total phosphorus and nitrogen ;
(afthough low or negative with respect to soluble nutdent forms, and a moderate to high {i
ability to remove trace metals pollutants (although, again, some designs are less ffectiye -
at removing sofuble forms). The one stormwater pollutant whose performarnce cannot easily
be generalized is fecal coliform with some designs showing a high capability to remoye
bacteda, and others showing none. The average reported removal rates for the eleven
stormwater fitenng designs are compared in Table 3.5 in he last chapter.

How do the different stommwater fitering designs compare with respect o poliutant removal

‘ capability? Table 4.18 provides a general comparison of expected pollutant removal rates,

based on monitoring data, theory and best professional judgement. As can be seen, most

fitering designs have a high capabity to remove sediment and hydrocarbons. Phasphorus

removal rates range more widely, with the highest rates reported for gravel filters, dry swales

and perimeter sand fiters, and the lower rales for grass channels, wet swales and fitter

strips. Nirogen removal typically ranges from 30 to 50%. Most fitering systems; however,

have a zero or negative removal rate for scluble nitrate (with the exception of dry swales,

wet swales and gravel fiters). Most fitering systems have a high capability to remove

o bacteria, with the exception of open channel opticns such as drainage channels and grass

.’ channels Metal removal rates are variabie, but most designs appear capable of removing
50 to 75% of the totai metal load delivered to them.

How does the performance of fitering systems, as a group, compare to other BMP

systems, such as stormwater ponds, wetlands and infikration systems? Table 4.19

presents a very generalized comparison of the comparative poliutant removal capability of

these four groups of BMPs (important caveat: actual removat rates for a particular design

within a BMP group. however, may be higher or lower than those shown in the Table, and
- are presented only for rough technology comparisan).

When the four groups of BMP systems are compared, #tis evident that there is not a great
deal of difference in therr capabiltty to remove sediment, hydrocarbons of total phosphorus.
Greater differences in pollutant removal are noted for nitrogen (especially nitrate), organic
carbon, and trace metals. There is not encugh data available to assess if their are any
differences in bacteria removal amang the four groups of BMPs. t should aiso be noted that
the removal rates indicated for infiltration BVIPs are projectons only, since very few of these
Systems have actually been monitored. In summary, it appears that the removal capability
of most BMP systems is similar for most pollutants of concem, witen they are designed and
maintained propery and incoming pollitant levels are higher than the imeducible
cancentration.

. - ' 4-32
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CHAPTER 4. POULUTANT REMOVAL MECHANISMS

TABLE 4,18: ESTIMATED POULUTANT REMOVAL CAPABILITY OF DIFFERENT STORMWATER
FILTER SYSTEMS (AVERAGES OF REPORTED Mc:aToRNG DaTA)

Filtering Monitating | 7SS | TP | TN .| NO, . Other
System Data? Pollutants/Comments
Surface Bactena: 40-80%
Sand Fitter Yes, 6 85% | 55% | 35% | Neg Metals: 35-90%
Underground D L T T _
Sand Filter No Data Presumed to Comparabie to Surface Sand Fitter
Perimeter
Sand Fiter Yes, 3 80% | 65% | 45% | Neg Hydrocarbons: 80%
Hydrocarbons: 80% "
Organic - | Sal.P . Negatives
Sand Filter Yes, 1 95% | 40% | '35% | Neg | Metals: 85%+
Pocket -
Sand Filter No Data Presumed to be Comparable to Surface Sand Fitter
Drainage : - S
Channel Yes, 10 30% | 10% } Zero | Zero | Bacteria - Negative.
Grass Hydrocarbons: 55%
Channel Metals: 20-50%
= biofilter Yes, 1 65% | 25% | 15% | Neg Bactena. Negative
Dry Swale Yes, 3 W% | 65% | 50% | 80% Metais: 80-90%
Wet Swale Yes, 2 80% | 20% | 40% | 50% | Metals: 40-70%
Bioretention No Data Presumed to be Comparatie to Dry Swale
Filter Strip Yes, 1 70% | 10% | 30% | Zero Metals: 40-50%
. . Hydrocarbons: . 85% .
Gravel Fiter Yes, 2 80% | 8B0% | 65% | 75% Metals: 50-75% :

4-33
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DESIGN OF STORMWATER FILTERING SYSTEMS

TABLE4.19
COMPARATIVE POLLUTANT REMOVAL CAPABILITY OF FOUR TYPES OF BMP SySTEMS

Stormwater Pond Wetland | Infittration Fittering
Poliutant Systems* Systems Systems .| Systems .
Suspended Sediment 80 5 | gom 85
Qrganic Carbon 65 15 s 50
Totai Ntrogen 35 25 50 35
Nitrate-N 80 80 50~ | Negatve -
Total P €5 50 80" 60
Ortho-P 70 40 50" 50
Copper 50 30 60" 45
Lead 8 . - 75 o~ | 8 .-
Zinc 65 S0 ag™ 75
Bacteria 1-2log | 12log 1-2Log™ - Zlog
. Hydrocarbons 8o~ 80* 7 85
. Notes: * Does notinclude dry extended detention ponds ‘
~  Projected ‘ -
The removal rates shown are for comparison purpose onty .. °
Actual removal for each system can vary. widely depending on design
Sources: Current Assessment of Urban BMPs, Desigrrof Stormwater Wetlands -

4.4 DESIGN FACTORS TO ENHANCE FILTERING SYSTEM PERFORMANCE

in this section, practical design techniques are presented to consistently enhance
the pollutant removal performance of stormwater filtering systems. These key
design principles have been incorporated into the engineering methods presented
in succeeding design chapters. Some general design principies that apply to all
fiitesing systems include;

4.4A TYPE AND VOLUME OF PRETREATMENT

A pretreatment cell is not only needed to protect a fiter from clogging, but also to
temiparanly store diverted runoff for subsequent treatment. Consequently, the

®
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Urban Storm"Water
i Best Managemen _Practices Study

1

Preliminary Data Summary of Urban Stormwater Best Management

Practices
EPA-821-R-99-012, August 1999

EPA conducted a study of urban storm water discharges in 1997-98 1o explore how the Effluent Guidelines
program can contribute to the Agency's eflorts in implementing the national storm water program requirements
under Section 402(p) ot'the Clean Water Act. The swudy is intended to compiement the ongoing implementation
of the National Pollutant Discharge Elimination System (NPDES) Storm Water permit orogram.

The study is based largely on existing literature and data on best management practices (BMPs) that are used to
conurol urban storm water runoff. Topics covered inciude: BMP performance measures and measurable goals,
availabdity of measurement methods, design criteria, monitoring issues, costs and cost minimization
opportunities, and the benefits and economic impacts of constructing and operating BMPs.

The discussion of BMP performance includes structural BMPs such as infiltration devices, ponds, filters and
constructed wetlands; and the effectiveness of non-structural BMPs, low impact development practices and
management measures such as maintenance practices, street sweeping, public education and outreach programs.
Literature sources include BMP performance studies compiled for the new National Storm Water BMP Database
and BMP design manuals and guidance prepared by EPA and other Federal agencies, states and local
govenmenis.

In early 1999, shortly atter completion of this report, EPA began development of Effluent Guidelines for the
Construction and Development Industry, focusing on storm water discharges.

Download the Report

> Pat A (PDF*, 19 pages, 483K)
Table of Contents
Chapter }: Summary
Chapter 2: Introduction and Scope
Chapter 3: Existing Storm Water Regulations and Permits

= Pan B (PDF?, 49 pages, 442K)
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Table 5-7. Structural BMP Expected Pollutant Removal Efficiency -

il
Typical Pollutant Removal (percent)
BMP Type ) -

Suspended Solids | Nitrogen | Phosphorus | Pathogens | Metals |-
Dry Detention Basins 30-65 15-45 15-45 <30 15-45
Retention Basins 50-80 20-65 30-65 <30 50-80
Constructed 50-80 <30 15-45 <30 5080
Wetlands ‘
Infiltrauon 50-80 50 - 80 50 - 80 65-100 50 - 80
Baswns
Infiltration Trenches/ 50-80 50 - 80 15-45 65-100 50-80
Dry Wells
Porous Pavement 65 - 100 65 - 100 30-65 65-100 ]65-100
Grassed Swales 30- 65 15-45 15-45 <30 | )5-45
Vegetated Filter 50 - 80 50 - 80 50-80 <30 30-65
Strips
Surface Sand Filters 50- 80 <30 50-80 <30 30 - 80
Other Media Filters 65 - 100 15-45 <30 <30 50- 80

Source: Adapted from US EPA, 1993c,

Infiltration Svstems

Infiltration systems can be considered 100 percent-effective at removing pollutants in the
fraction of water that is infiltrated, since the pollutants found in this volume are not discharged
directly to surface waters. Quantifying the removal efficiency of infiltration systems, therefore,
can perhaps best be determined by caiculating the percent of the average annual runoff volume
that is infiltrated, and assuming 100 percent remaval of the pollutants found in that runoff volume,
Since collecting samples of runoff once it has been infiltrated can be very difficult, little field data
exist on the efficiency of infiltration for treatment of storm water. Since infiltrated water does not
leave the BMP as a discrete flow, there is no representative way of collecting a true outflow
sample. Infiltration systems can be monitored by instailing a series of wells around the perimeter
of the BMP for collecting samples. However, this can add significant costs to any monitoring
effort. Table 5-8 summarizes the available field data on the efficiency of infiltration practices in
treaung storm water. Reported removal efficiencies are based on the results of three studies that
evaluated the performance of infiltration trenches and two studies that evaluated the efficiency of
porous pavement systems.
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. Open Channel Vegetated Systems _
Open channel vegetated systems are used widely for storm water quality control.
However, these systems can be difficult to monitor, especially systems that intercept runoff as
sheet flow such as grass filter strips. As a result, data on these types of systems are not as
prevalent as other more readily monitored BMP types such as ponds and constructed wetlands.
Table 5-16 summarizes the pollutant removal efficiency of open channel vegetated systems.
Removal efficiencies are based on data collected from 20 monitoring studies.

Table 5-16. Pollutant Removal Efficiency of Open Channel Vegetated Systems

Average or Median Range of Removals
Parameter Removal Efficiency (percent) OP:)::'::trings
. (percent) Low High

Soluble Phosphorus il -45 72 8

Total Phosphorus 15 -100 99 18

Ammonia-Nitrogen 3 -19 78 4

Nitrate ¢ -100 99 I3

p— Organic Nitrogen 35 i 86 3
.»’ } Total Nitrogen 11 -100 99 10
Suspended Solids 66 -100 99 I8

Bacteria -25 ' -100 0 5

Organic Carbon 23 . -100 99 it

Cadmium 49 20 80 6

Chromium 47 14 88 S

Copper 41 -35 89 15

Lead 50 -100 99 19

Zinc 49 -100 99 19

Source: Brown and Schueler, 1997a

Evaluation of available data does not provide 2 good indication as to the actual
performance of these systems. The above data indicate that 2 wide range in pollutant removal
efficiency is reported in the literature for open channel vegetated systems. Since there are a
variety of system designs lumped into the above summary, amving at efficiency estimates for a
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particular system type given available data is difficult. In general, these types of BMPs should be
effective at removing suspended solids and associated pollutants from runoff by sedimentation and
by filtration by vegetation, and are ceaainly effective at slowing the velocity of storm water runoff
and for providing detentian of runoff if check dams or other structures are incorporated to
provide ponding of runoff. However, dense vegetation must be maintained in order to assure
proper functioning. In addition, negative _regig&ajs are frequently reported for sediment and
nutrients. [fopen channel vegetated systems are not properly maintained, significant export of
sediments and associated poll-*ants such as metals and nutrients can occur from eroded soil. [n
addition, standing water in these systems can be a significant source of bacteria and can provide
the conditions necessary for mosquito breeding. Additional data gathering is needed in order to
support these assumptions and to quantify the efficiency of these systems.

Open channel vegetated systems can be used as pretreatment devices for other BMPs, or
can be used in a “treatment train” approach, For example, grass filter strips are commonly used
to accept sheet flow from parking lots in order to pre-treat runoff prior to being treated by a
bioretention facility or a filter. Vegetated swales can be used to convey runoff to BMPs such as
ponds or constructed wetlands, providing pretreatment of the runoff volume. When used in
combination with other BMPs, the overall quality of the treated runoff can be improved and the
total runoff volume can be reduced due to infiltration that occurs in the open channe] vegetated
systems. .

Miscellaneous and Vendor-Supplied Svstems ,

Little data exist in the published literature on the efficiency of vendor-supplied systems.
Data is frequently available from the vendors, and as more of these systems are installed it is
expected that more data will become available. An evaluation of the efficiency of these systems
has not been included in this report. The EvTEC program (see section 5.2.1,8) and other
evaluation programs should provide useful information that indicates the efficiency of these
systems in removing pollutants from runoff,

5.5.3 Conuolling Flow Impacts

The removal of pollutants from storm water runoff is an important function of storm water
BMPs. However, in many cases receiving water problems are not due to the pollutants contained
in storm water, but rather can be attributed 10 the large flow rates that result in receiving streams
that recerve storm water discharges. Therefore, in some cases, controlting the volume and flow
rate of storm water discharges is as important, if not more important, than removing pollutants
prior to discharge. Site-specific parameters will dictate the importance of flow control in
preventing degradation of receiving waters,

Evaluating the effectiveness of BMPs in controlling flow impacts is not an easy task, Site-
specific vanations such as slope, soil types, ground cover, and watershed-imperviousness can
greatly impact the hydraulic response of a watershed to rainfall. [n addition, receiving water
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Similar to results obtained for the other rwo facilities, total lead concentrations in the influent and
treated stormwater, as well as the shallow ground water system, varied considerably from 80 1o
1.470 ug:l. With the exception of zinc. influent stormwater concentrations were comparable to
those measured at the two other monitoring sites. Zinc concentrations at this site were the
highest of the three sites. but within the range typically measured 1n heavily urbanized areas, -

Table 12 summarizes the mean concentrations of constituents monitored at the facility over the
four-year peiiod. Nineteen events were monitored. Removals of total metals were consistently
between approximately 45% and 80% throughout the course of the study. Mean concentrations
of copper were reduced by 47%; lead concentrations were reduced by 79% and zinc
concentrations were reduced by 50%. binct” 7

e

~
[nfiltration of stormwater through the vegetation layer and upper 6-inches of topsoil appears to
be the major pollutant removal mechanism. There was not significant difference in removal rates
at the different sampling Jocations along the length of the swale. One sampler (2DP) was located
at approximately 14-inches below the surface; results compared with the sampler 6-inches below
the surface did not indicate increased removal with increased depth. Soil depth was
approximately 8-inches, with underlying coarse gravels.

Mean concentrations of lead and zinc in the shallow ground water system underlying the swale
were lower than those in the influent stormwater. but higher for total copper and arsenic. Arsenic
was presentin the background water quality sample oblained prior to implementing the facility,
indicaung a source of arsenic other than the Type 3 SDF.

Relatively high concentrations of total metals in the shallow ground water system were recorded
for all parameters as shown in Table | 1. As previously described, relatively high concentrations
of total metals have regularly been measured in the shallow ground water system in Lakewaod.
Fhese concentratons indicate the ability of pamuilak: 1o migrate through the gravelly soils in
the unsaturated sone and enter the uppurmo.»._gg_gund water system. Concentrations measured 1n
the shallot groind water sy stem Brior 1o implemeniation of the infiltration facility were the
highest measured during the study, indicating high background loading of total metals.

Dissolved Metals

Dissolved metals concentrauons in influent siormwater were relatively low except for zinc. The
percentage of dissolved metals by weight varied depending on whether the sample was untreated
stormwatzr. wreated stormwater, or ground water. Table 13 summarizes the relative percentages
of dissolved metals by weight, compared to total metals.

Table 13. Relative Percentages of Dissolved Metals by Weight, Type 3 SDF

Cu Pb Zn
o s Influent Stormwater 18% 13% 47%
~/'"/’ 3 { Treated Stormwater 85% 35% 86%
Ground Water 17% 13% 13%
L~
June 26, 1993 FINAL REPORT Page 23
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As indicated in the table, the relative percentage of dissolved metals increases considerably in the
treated samples  This indicates that much 6f The pollutant removal accomplished in the facility 1s.
related to paruiculate removal. Conceritrations of dissolved metals in ground water, however, are
relatively low, indicating much of this loading is related to the particulate phase.

pH

pH values varied from 6.5 to 9.4. There was generally minimal variation in pH ~< stormwater
moved through the facility. There was less variability in ground water, although peak pH
readings in ground water samples coincided with peak stormwater values. pH values are shown
in Table 14

Conductivity
Conductivity values varied widely in stormwater samples and to a lesser extent in the ground
water samples A single, highly conductive sample in March 1993, was dampened by moving
through the swale. Corductivity values are shown in Table 14,

Chemical oxygen demand (COD), was relatively low compared to samples collected from the
wwo other tactlities. Elevated levels of COD correspond to elevated jevels of TPH and metals.
indicating  link with petroleum and automobile by-products. Mean COD concentrations were
reduced by 63% in treated stormwater; ground water levels were less than |5% of the measured
levels in intluent stormiwvater.

‘The total petroleum hy drocarbon (TPH} concentrations were consistently reduced by the facihity.

Mean TPH concentrations were reduced by 83% in the facility. Influent stormwater
concentranons were lower than those measured at the other two sites, reflecting the residential
character of the drainage area. TPH was generally not detected in the shallow ground water
system; TPH was detected in only two of nineteen samples.

Ni

Nitrate concentrations in ground water were higher than concentrations detected in influent
stermwater entering the facility. Concentrations in the shatlow ground water system are
concluded 10 relect background Joading from decades of intensive septic tank utilization;
althouh sepuc tinks are no longer uulized in the area, increased levels of nitrate remain in the
shallow ground water system. '

Detected nitrate concentrations in the treatment facility varied berween 0.2 and 0.5 mg/L,
comparable to samples from other sites in the area. The swale did not appear to provide

Page 24 FINAL REPORT June 26, 1995
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appreciable remnoval of nitrate concentrations, however, nitrate concentrations in the trecharged
stormwater are significantly lower than concentrations in the shallow ground water system.

Fecal Coliform Bacteriz

Fecal coliform were vanable within the shallow ground water system with counts ranging from 7
to greater than 16 org/ 100 mL. Samples collected from the catch basin and swale had relatively
consistent fecal coliform concentrations of greater than 16 org/100 mL.

The swale appeared to provide no significant removal of fecal coliform. Bacteria were present in
the ground water system ai levels exceeding the Maximum Contaminant Levels.

» Washinut W Wi

Prior 10 implementing the Type 3 SDF, background ground water sampling indicated
concentrations ot arsenic, lead, and fecal coliform in excess of state ground water quality critena.
The treated stormwater trom the faciiity did not result in a mean concentration of lead and
arsenic below the state criteria.

Regarding the three tesis outlined for evaluating compliance with the antidegradation policy
(described for SDF Type I above), the following evaluation is offered.

Concerning test number | (AKART), SDF Type 3 offered the highest degree of treatment of the
three faciliues tested and is comparable to, or exceeds treatment facilities outlined in the Puget
Sound Basin Stormwater Management Manual.

The facility reduces the concentration of contaminants in stoimwater entering the ground water
system. The facility also provides a significant source of recharge to ground water, which
promotes lang-term avaifability of the resource. Additional monitoring is required to determine
the fong-term etlectiveness. but the facility appears to be improving water quality for numerous
parameters. The parameter of concern related to compliance test number 2 is coliform bacteria,
because concentrations in the treated stormwater have frequently exceeded the criteria. Fecal
coliform bactersa were detected in the shallow ground water System prior to implementing the
Type 5 facility, and have frequently been detected in the local shallow ground water system
{Adolfson Associates, Inc., 1989).

According to comeliancz test number 3, the introduced stormwater must not contaminate the
"natural” levels present in the ground water system. Based upon the data available, the
intiltrating stormwater has lower concentrations of total metals than the uppermost aquifer.
Based upor review of dat collected, the Type 3 SDF provides the most consistent removal of
poliutants ur'the three facilities tested and meets the AKART criteria,

Jiae 26, 1994 ' . FINAL REP(?ZT Page 25
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of arsenic 1n the sediment was significantly lower than the other metals, as would be expected as
the sources of arsenic are less widespread. -

Tyne 2 Facility

Sediment accumulations measured in this facility ranged from 8 to 10 inches. Concentrations of
copper. lead. zinc, and TPH were several times higher than that found in the other two facilities.
This is likely due to the surrounding land use at this site (i.e., auto repair facility) and/or the
vandalism that has occurred at the site. Arsenic concentrations were similar 1o those found at the
other two sites.

Type 3 Facility (% Inss Jired svuate)

Sediment accumulations measured at this site ranged from 5 to 14 inches. Concentrations of
metals and TPH measured at this site are similar to that found at the Type 1 facility, with the
concentranons of TPH betng slightly higher. This is likely due to the larger commercial area
draining to this Lacility.

SUMMARY OF MAJOR CONCLUSIONS

Following 1s a summary of the major conclusions, based on the review of the analytical data and
field findings collected from up to |9 storm events over nearly a 4-year sampling period.

Some of the conclusions difter from preliminary conclusions drawn in the 1991 Interim Repon,
which amplifies the importance of long-term monitoring efforts. Several injtial trends were
altered as the study prouressed.

Concentrations of total metals and bacteria found in the shallow ground water system prior to
implemenung the tacilny. indicate the potential for these constituents to migrate through the
vadose zone {rom surtace sources. The uppermost aquifer appears (o have a concentrated layer

of suspenaed particulates, high in metals. There is no immediately apparent source for these
constituenis other than overlying land use activities.

The Type | stommwater disposal facility did not provide significant or consistent removal of
dissolved vr particulate constituents in the stormwater runoff sampled. This facility is not
recommended Lor implementation in areas where pollutant removal is a priority.

[vpe 2 SDF

This tacihty did not provide consistent pollutant removal. [nitial results indicated potenually
considerable remozals ot total metals and TPH, however. as the study proceeded, the facility's
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effecuveness declined. Sediments deposited in the facility appeared to be flushed out during
moderate to heavy storm events, resulting in high concentrations of total metals, This fatility
was located in a worst-case situation in rerms of loading from petroleum by-products and total
metals. Based upon the monitoring results, the Type 2 SDF as currently configured, should not
be installed in an area with projected high loadings. Modifications to the facility, including
providing a more effective filter media, would likely improve treatment effectiveness.

Lype 3 SDF

The Type 3 facility provided consistent removal of total metals, COD, and TPH. The
predominant removal mechanism is infiliratjon through the vegetated soil column. Clearly,
removal rites of total metals, TPH, and COD are sign:ficanily higher following infiltration
through a vegerated soil column than through sandy media. A soil depth of six inches appears (o
provide removals of particulates ranging from 50% to 80%. Neither dissolved constituents nor
bacteria were removed by the facility.

Tepe L2, a0d 3 Facilit

The current data collected do not indicate that consistent or significant removal of fecal coliform
bacteria is occurring within any of the three facilities tested.

Nitrate-miirogen concentrations were not significantly reduced by any of the three facilities
tested. however. the concentration of nitrate in recharged stormwater appears 10 be significantly
lower than nitrate concentrations in the shallow ground water observed during this evaluation.

Backuround concentrations of total lead in the shallow ground water system observed during this
evaluation exceeded the Washington Department of Health Maximum Contaminant Levels
(WAC 246-290. 1991). These concentrations appear to be associated largely with particulates,
and are suspended in the top 15 to 20 feet of the shallow aquifer. Elevated lead concentrations in
stormwater runoil and the shallow yround water system are a persistent problem in the
Lakawood area. These levels may be due to a relatively high wtilization of leaded fuels in older-
madel vehicles, army vehicles, and large trucks.

The performance etfectiveness of the Stormwater Disposal Facilities is determined in large part
by consistency with the Washington Siate Ground Water Quality Standards, Chapter 173-200
Washingion Admunistrative Code. Based upon the limited data collected, SDF Type 3 provides
the yreatest degree of consistency with the criteria for primary and secondary contaminants.

Maintenanee ¢ onsiderayons

Mamntenanes of facilines, particutar]y the Type 3 facility, the grass-lined swale, is critical to the
—n . '—‘—-—’__\—_-N

effectve uperanon of the T~~~
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Abstract

The overall purpose this US EPA funded cooperative research program with the American Society of Civil Engineers
{ASCE) is to develop @ more useful set of data on the effectiveness of individual best management practices (BMPs) used
to reduce poliutant discharges from urban development. BMP perforaance data gathered at a paricular site should not
only be useful for that site, but also be useful for comparing studies of similar and different types of BMPs in other
locations. Almost all BMP effectiveness studies in the past have provided very limited data that is useful for comparing
BMP design and selection among individual BMP types (e.g. sand filters). This paper overviews some of the problems
of past BMP effectiveness studies from the perspective of comparabilily between studies. It suggests some of the ways
that data shouid be collected to make it more useful for assessing factars {such as settling characteristics of inflaw solids
and physical features of the BMP) that might have led to Ihe performance levels achieved. It briefly presents the
database that has been developed by this project, which not only serves as a ool for storing data from existing sludies,
but as a lool for entering and storing data collected from future studies. Discussed are considerations that affect data
lransferabifity, such as effectiveness estimations, statistical testing, etc. It overviews the efforts to establish and analyze
the data base for exisling studies and overviews proposed analyses for the future, when more studies thal have followed
the prolacols are available. The database has specifically pointed out the need for additional BMP performance studies,
as the cument data is very sparse in terms of studies that have recorded enough information to be useful in assessing
BMP type performance.

Introduction

Many studies have assessed the ability of stormwater treatment BMPs (e.9.. wet ponds, grass swales, stormwater
wellands, sand filters, dry detention, elc.) 1o reduce poliutant concentrations and loadings in stormwater, However, in
reviewing and summarizing the information gathered from these individual BMP evaluations, it is apparent that
inconsistent study methods and reporiing make wider-scale assessments difficuit, if not impossible. For example, -
individual studies often included the analysis of different constituents and ulilized different methods for data coliection and
analysis. as well as varying degrees of information on BMP design and inflow characteristics, Just the differences n
manitoring strategies and data evaluation alone contnbute significantly to the range of BMP “effectiveness’that has been
reported. These differences make combining these individual studies almast impossible to assess what design factors
may have coniributed to the variation in performance {Strecker et ai., 1982). Urbonas (1994 and 1995) and Strecker
(1384) summanzed information that should be recorded regarding the physical, climatic, and geologicat parameters that
likely affect the performance of a BMP and considerations regarding sampling and analysis methods.

»

Efficiency, Effectivness, and Performance

in order 1o better clanfy the temminology used to describe the level of trealment achieved and how well a device,
system. or practice meels ils goals, definitions of some ferms often used Joosely in the Jiterature are provided here. These
terms help lo better specify the scope of monitonng studies and related analyses
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The database specfies a chosen set of reporting information, but does not guide users on how lo develop such
informalion. For example, it does not specify in detail what a flow-weighted composile sample is and how it should be
coliected. The next step beyond the EPA protocols and database effort should be a guidance document on monitoring
data collection slrategies and teghniques lo improve their consistency and ultimate transferability, A few of the issues
refated 1o proper guidance are discussed in the next two sections. It should be recognized that, with the development of
the database and the protocals, it will be a number of years (5 to 10) before a significant number of new studies on BMPs
are conducted utilizing the protocols. Therefore, a ngorous evaluation of BMP selection and design factors will need to
take place in the long-lerm future.

Recommended Parameters for Assessing BMP Performance -

In developing a method for quantifying BMP performance, it is helipful to look at the objectives of previous studies
seeking such a goal. BMP performance studies usually are conducted o oblain information regarding one or more of the
following objectives:

« What degree of poliution control does the BMP provide under typical operating conditions?
« « How does performancé vary from pollutant to poliutant?

» How does performance vary with various input concentrations?

+ How does perfermance vary with large or small storm events?

. How does perfermance vary with rainfall intensity?

» How do design varables affect performance?

« How does performance vary with different operational and/or maintenance approaches?

. Does performance improve, decay, or remain the stéble over time?

« How does the BMP's performance compare relative to other BMPg?

« Does the BMP reduce toxicity to acceptable levels?

« Does the BMP cause an improvement in downstream biotic communities?

« Does the BMP have potential downstream negative impacts?

The monitonng eflorts implemented most typically seek o answer a subset of the above questions. This often leaves
larger questions about the performance of the BMP, and the refationship between design and performance, unanswered.
Standardization of BMP data coflection and evaluation methods (i.e., guidance and the ASCE/EPA database) allows this
broader set of questions o be examined.

There has been a very wide variety of paliutants analyzed in BMP and characterization studies, The protocols
established under the EPA-funded cooperalive research program recommend a standard set of constituents for BMP
lesting programs. Table 2 presents the recommended constituents developed from the review of previous studies with
an understanding of costs and likefihood of providing meaningful results. A discussion of how these constiluents were
selected and a detailed description of each can be found in Sttecker (1994).

There are some practical and technical considerations regarding data reporting which would facilitate data
usefulness, including consistent formatting of data, the clear indication of QA/QC resulls, standard comparisons fo water
quality cnteria. repoding of kibutary watershed characteristics, and BMP design information. The last two items are
considered critical for evaluation of what contributed to BMP effectiveness in one location over ancther.

Data Repérting. It is recommended that all constituent concentration data be reported as event mean concentations
(EMCs). These slatistics should be based on use of the jognormal distribution. The NURP and FHWA studies (EPA,
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