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The Natural Resources Defense Council, on behalf of our over 100,000 California
members and activists, appreciates the opportunity to comment on Tentative Order No. 2012-
XX-DWQ, NPDES No. CAS000003, the Draft National Pollutant Discharge Elimination System
(NPDES) Statewide Storm Water Permit Waste Discharge Requirements (WDRS) for State of
California Department of Transportation, revised April 27, 2012 (“Tentative Order”). We have
commented on prior drafts of the Tentative Order,' but are concerned that, in critical aspects, the
Tentative Order remains inconsistent with state and federal law. In particular, the Tentative
Order’s approach to the use of low impact development (“LID”) is highly flawed; the Tentative
Order’s LID provisions are vague and ambiguous and fail to implement the federal maximum
extent practicable standard. The flaws in the LID approach are even more apparent in contrast to
LID provisions requiring retention of the 85" percentile design storm in Municipal Separate
Storm Sewer (“MS4”) permits adopted by the Los Angeles, Santa Ana, San Diego, and San
Francisco Regional Water Quality Control Boards. We strongly encourage the State Water
Resources Control Board (“State Board”) to revise the Tentative Order to address this and other
issues discussed below.

. Standards Governing the Adoption of the Tentative Order by the Regional Board

In considering the Tentative Order, the State Board must not only ensure compliance with
substantive legal standards, but it must also ensure that it complies with well-settled standards
that govern its administrative decision-making. The Tentative Order must be supported by
evidence that justifies the State Board’s decision to include, or not to include, specific
requirements. The State Board would be abusing its discretion if the Tentative Order ultimately
fails to contain findings that explain the reasons why certain control measures and standards have
been selected and others omitted. Abuse of discretion is established if “the respondent has not
proceeded in the manner required by law, the order or decision is not supported by the findings,

! See Letter from NRDC to Charles Hoppin, Chair, and Members of the State Board re:
Comments on Tentative Order No. 2011-XX-DWQ, March 14, 2011, and attached documents.
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or the findings are not supported by the evidence.” (Cal. Code Civ. Proc. § 1094.5(b); see also
Zuniga v. Los Angeles County Civil Serv. Comm’n (2006) 137 Cal.App.4th 1255, 1258 (applying
same statutory standard); Phelps v. State Water Resources Control Bd. (2007) 157 Cal.App.4th
89, 98-99 (“abuse of discretion is established if the court determines that the findings are not
supported by the weight of the evidence”).)

The administrative decision must be accompanied by findings that allow the court
reviewing the order or decision to “bridge the analytic gap between the raw evidence and
ultimate decision or order.” (Topanga Ass’n for a Scenic Cmty. v. County of Los Angeles (1974)
11 Cal.3d 506, 515.) This requirement “serves to conduce the administrative body to draw
legally relevant sub-conclusions supportive of its ultimate decision ... to facilitate orderly
analysis and minimize the likelihood that the agency will randomly leap from evidence to
conclusions.” (Id. at 516.) “Absent such roadsigns, a reviewing court would be forced into
unguided and resource-consuming explorations; it would have to grope through the record to
determine whether some combination of credible evidentiary items which supported some line of
factual and legal conclusions supported the ultimate order or decision of the agency.” (Id. at 517
n.15.) Currently, the Tentative Order’s provisions are not supported by the necessary evidence,
as discussed below, and the State Board has failed to explain its decision not to adopt control
measures and standards that have been adopted by other jurisdictions and proven by scientific
studies to be more effective than the control measures and standards in the Tentative Order. The
lack of substantial evidence to support the Tentative Order renders it unlawful. (See, e.g.,
Bangor Hydro-Elec. Co. v. F.E.R.C. (D.C. Cir. 1996) 78 F.3d 659, 664.)

1. The Tentative Order’s Definition of Maximum Extent Practicable is Inadequate

Section 402(p) of the Clean Water Act (“CWA”) establishes the maximum extent
practicable (“MEP”) standard as a requirement for pollution reduction in stormwater permits.
The Act states that discharges from MS4 systems “shall require controls to reduce the discharge
of pollutants to the maximum extent practicable, including management practices, control
techniques and system, design and engineering methods, and such other provisions as the
Administrator or the State determines appropriate for the control of such pollutants.” We
appreciate that the definition of MEP in the Tentative Order’s Glossary has been strengthened
beyond stating merely that MEP is the “cumulative effect of implementing, evaluating, and
making corresponding changes to a variety of technically appropriate and economically feasible
BMPs, ensuring that the most appropriate controls are implemented in the most effective
manner. . ..” (See, Attachment VI, at 6; Appendix C, at 5 (January 7, 2011 Draft Tentative
Order).) However, we are concerned that reference to the MEP standard contained within the
Tentative Order’s findings remains vague and inadequate.

The Tentative Order states “Compliance with the MEP standard involves applying Best
Management Practices (BMPs) that are effective in reducing or eliminating the discharge of
pollutants to the waters of the United States.” Yet, MEP goes far beyond requiring only that a
project implement minimally effective controls; “the phrase ‘to the maximum extent practicable’
does not permit unbridled discretion. It imposes a clear duty on the agency to fulfill the statutory
command to the extent that it is feasible or possible.” (Defenders of Wildlife v. Babbitt (D.D.C.
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2001) 130 F.Supp.2d 121, 131 (internal citations omitted); Friends of Boundary Waters
Wilderness v. Thomas (8th Cir. 1995) 53 F.3d 881, 885 (“feasible” means “physically
possible”).) Provisions that establish “what the discharger will do to reduce discharges to the
‘maximum extent practicable,’ cross[] the threshold from being an item of procedural
correspondence to being a substantive component of a regulatory regime.” (Environmental
Defense Center, Inc. v. U.S. EPA (9th Cir. 2003) 344 F.3d 832, 853 (discussing minimum
measures in Phase Il general MS4 permits).) Merely stating that MEP involves “effective”
BMPs fails to adequately ensure the rigorous requirements of the MEP standard will be met.

The significance of this requirement has been recognized in a variety of jurisdictions. As
one state hearing board held:

[MEP] means to the fullest degree technologically feasible for the protection of
water quality, except where costs are wholly disproportionate to the potential

benefits . . .. This standard requires more of permittees than mere compliance
with water quality standards or numeric effluent limitations designed to meet such
standards . . . . The term “maximum extent practicable” in the stormwater context

implies that the mitigation measures in a stormwater permit must be more than
simply adopting standard practices.

(North Carolina Wildlife Fed. Central Piedmont Group of the NC Sierra Club v. N.C. Division of
Water Quality (N.C.O.A.H. October 13, 2006) 2006 WL 3890348, Conclusions of Law 21-22
(internal citations omitted).) The North Carolina board further found that the permits in question
violated the MEP standard both because commenters highlighted measures that would reduce
pollution more effectively than the permits’ requirements and because other controls, such as
infiltration measures, “would [also] reduce discharges more than the measures contained in the
permits.” (ld. at Conclusions of Law 19.) The State Board should revise its finding regarding
compliance with MEP accordingly.

IIl.  The Tentative Order’s Project Planning and Design Section is Legally Inadequate

a. LID is a Superior and Practicable Method of Addressing Stormwater

The Tentative Order, as currently drafted, still does not require any specific level of LID?
implementation and would allow less effective (or in many cases, relatively ineffective) flow

2 We advocate the implementation of LID practices because LID practices retain stormwater
onsite through infiltration, harvesting and reuse, or evapotranspiration, thus ensuring that
pollutant loads do not reach receiving waters. Others have advanced interpretations of “LID”
that include the use of treat-and-discharge systems—these systems are not as effective as
retention practices because the discharged water may still contain pollution, even if it is
significantly attenuated. Our interpretation of “LID” is consistent with the U.S. EPA’s: “LID
comprises a set of approaches and practices that are designed to reduce runoff of water and
pollutants from the site at which they are generated. By means of infiltration,
evapotranspiration, and reuse of rainwater, LID techniques manage water and water pollutants at
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through conventional treat-and-discharge techniques to be used to address runoff in place of LID
practices that retain runoff onsite. The Tentative Order expresses a “preference” that projects
“Infiltrate, harvest, and re-use, and/or evapotranspire the storm water runoff.” (Tentative Order
E.2.d.2)b).) The fact sheet flatly acknowledges the lack of any mandate for a project to
implement LID practices, as it states “Not all of the storm water treatment and infiltration
principles identified in the Order are required to be implemented but are listed in order of
preference with the most environmentally protective and effective alternatives listed first.”® The
Tentative Order fails to meet the MEP standard as a result of its lack of any specific numeric
metric for implementation of LID.

As we have noted in our prior comments, the U.S. Environmental Protection Agency
(U.S. EPA) has stated: “Most stormwater runoff is the result of the man-made hydrologic
modifications that normally accompany development. The addition of impervious surfaces, soil
compaction, and tree and vegetation removal result in alterations to the movement of water
through the environment. As interception, evapotranspiration, and infiltration are reduced and
precipitation is converted to overland flow, these modifications affect not only the characteristics
of the developed site but also the watershed in which the development is located. Stormwater
has been identified as one of the leading sources of pollution for all waterbody types in the
United States. Furthermore, the impacts of stormwater pollution are not static; they usually
increase with more development and urbanization.”™ This is particularly the case with discharges

the source and thereby prevent or reduce the impact of development on rivers, streams, lakes,
coastal waters, and ground water.” U.S. Environmental Protection Agency (December 2007)
Reducing Stormwater Costs through Low Impact Development (LID) Strategies and Practices, at
iii (“U.S. EPA LID Study”).

¥ Tentative Fact Sheet, at 17. The Tentative Order does state that “In the event the entire runoff
from an 85" percentile 24-hour storm event cannot be infiltrated, harvested and re-used, or
evapotranspired, the excess volume may be treated by . . . flow-through treatment devices,”
implying that non-retention based practices are permitted only where retention through
infiltration, harvest and re-use, or evapotranspiration are not feasible. (Tentative Order at
E.2.d.2)b).) If this is the Tentative Order’s intent, the language regarding prioritization or
preference for retention based controls in this section should be clarified to make explicit that
onsite retention is required unless technically infeasible, and to remove any ambiguity regarding
conditions under which biofiltration or other flow-through treatment may be implemented to
meet the Permit’s LID requirements. We note in this context as well that the Ventura County
MS4 Permit requires that, for any site meeting that Permit’s LID requirements through
biofiltration practices, the project must biofilter 1.5 times the volume of runoff not retained on-
site and achieve at least equivalent pollutant load reduction as would have been achieved by on-
site retention of the runoff. (Los Angeles Regional Water Quality Control Board, Order No R4-
2010-0108 (July 8, 2010).) The Tentative Order should be revised to similarly require treatment
of 1.5 times the volume not retained in order to meet the CWA’s requirement to reduce the
discharge of pollutants to the MEP.

*U.S. EPA LID Study, at v.
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from highway or road surfaces; concentrations of pollutants in highway runoff frequently
exceed numeric limits designed to protect the health of receiving waters.

LID has been established as a superior and practicable strategy® and, therefore, must be
required. Accordingly, the U.S. EPA has called upon Regional Boards across California to
prioritize the implementation of LID using numeric metrics. Notably, U.S. EPA threatened to
“consider objecting to the [San Francisco Bay region’s MS4] permit” if it did not include
“additional, prescriptive requirements” for LID.” Along with the prioritization of LID
implementation, “EPA’s primary objective for incorporating LID into renewed MS4 permits,
especially for those that represent the third or fourth generation of permits regulating these
discharges, is that the permit must include clear, measurable, enforceable provisions for
implementation of LID . ... [P]ermit[s] should [also] include a clearly defined, enforceable
process for requiring off-site mitigation for projects where use of LID design elements is
infeasible.”® In North Orange County, EPA likewise observed that the MS4 “permit must
include clear, measurable, enforceable provisions for implementation of LID . ... We would not
support replacing [volume retention-based] approaches with qualitative provisions that do not
include measurable goals.”®

Other government agencies in California and around the U.S. have come to the same
conclusions. The California Ocean Protection Council, for instance, strongly endorsed LID by
“resolv[ing] to promote the policy that new developments and redevelopments should be
designed consistent with LID principles” because “LID is a practicable and superior approach . .
. to minimize and mitigate increases in runoff and runoff pollutants and the resulting impacts on
downstream uses, coastal resources and communities.”'® In Washington State, the Pollution
Control Hearings Board has found that LID techniques are technologically and economically
feasible and must, therefore, be required in MS4 permits.™* The National Academy of Sciences
recently issued a comprehensive report with the same recommendation for stormwater
management programs: “Municipal permittees would be required under general state regulations

> See, e.g., California Department of Transportation (“Caltrans”) (June 2003) Caltrans Tahoe Highway
Runoff Characterization and Sand Trap Effectiveness Studies, CTSW-RT-03-054.36.02, at ES-2,
available at http://www.dot.ca.gov/hg/env/stormwater/pdf/CTSW-RT-03-054.pdf.

® California Ocean Protection Council (May 15, 2008) Resolution of the California Ocean
Protection Council Regarding Low Impact Development, at 2.

" Letter from Douglas E. Eberhardt, EPA, to Dale Bowyer, San Francisco Bay Regional Water
Quality Control Board (April 3, 2009), at 1.

%1d. at 1-2.

° Letter from Douglas E. Eberhardt, EPA, to Michael Adackapara, Santa Ana Regional Water
Quality Control Board (February 13, 2009), at 2-3.

19 california Ocean Protection Council (May 15, 2008) Resolution of the California Ocean
Protection Council Regarding Low Impact Development, at 2.

1 pyuget Soundkeeper Alliance et al. v. State of Washington, Dept. of Ecology, et al. (2008)
Pollution Control Hearings Board, State of Washington, No. 07-021, 07-026, 07-027, 07-028,
07-029, 07-030, 07-037, Phase | Final, at 6, 46, 57-58.
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to make [LID] techniques top priorities for implementation in approving new developments and
redevelopments, to be used unless they are formally and convincingly demonstrated to be
infeasible.”*?

Such requirements have, in fact, already been implemented in MS4 permits in key
locations across the country. The Regional Water Quality Control Boards for the Los Angeles,
Santa Ana, and San Diego Regions have all recently adopted MS4 permits that effectively
require new and redevelopment projects to retain onsite the 85™ percentile storm through use of
LID practices that infiltrate, harvest and reuse, or evapotranspire stormwater runoff, unless
technically infeasible to do s0.* The state of West Virginia has adopted a statewide Phase I
MS4 permit that requires projects to retain onsite “the first one inch of rainfall from a 24-hour
storm” event unless infeasible.** EPA recently issued an MS4 permit to the District of Columbia
that requires the first 1.2 inches of stormwater be retained for all new development and
redevelopment over 5,000 square feet; this represents the 90™ percentile storm there.’®

These jurisdictions have recognized the paramount importance of mandating onsite
retention of a certain quantity of stormwater since onsite retention prevents all pollution in that
volume of rainfall from being discharged to receiving waters. In order to achieve equivalent
pollutant load reduction benefits to the use of on-site retention, biofiltration practices would have
to be 100 percent effective at filtering pollutants from runoff, which they are invariably not. As
a result, biofiltration practices are not a proper substitute for LID practices that retain water on-
site.’® This conclusion is borne out by studies by Dr. Richard Horner, which demonstrate that
biotreatment systems using an underdrain attenuate only 57 percent of total suspended solids, 80

12 National Academy of Sciences, Committee on Reducing Stormwater Discharge Contributions
to Water Pollution, National Research Council (2008) Urban Stormwater Management in the
United States, at 500.

13 See, Los Angeles Regional Water Quality Control Board, Order No R4-2010-0108 (July 8,
2010) (Ventura County MS4 Permit. Through use of an Effective Impervious Area limitation,
the Permit effectively requires retention of 95 percent of the 85™ percentile storm); Santa Ana
Regional Water Quality Control Board, Order No. RB8-2009-0030 (May 22, 2009) (North
Orange County MS4 Permit); San Diego Regional Water Quality Control Board, Order No. R9-
2009-0002 (December 16, 2009) (South Orange County MS4 Permit)

14 State of West Virginia (June 22, 2009) Department of Environmental Protection, Division of
Water and Waste Management, General National Pollution Discharge Elimination System Water
Pollution Control Permit, NPDES Permit No. WV0116025 at 13-14.

3 U. S. EPA (2011) Fact Sheet, National Pollutant Discharge Elimination System (NPDES)
Municipal Separate Storm Sewer System (MS4) Permit No. DC0000221 (Government of the
District of Columbia).

18 We note again that the Ventura County MS4 Permit requires that, for any site meeting that
Permit’s LID requirements through biofiltration practices, the project must biofilter 1.5 times the
volume of runoff not retained on-site and achieve at least equivalent pollutant load reduction as
would have been achieved by on-site retention of the runoff. (Los Angeles Regional Water
Quality Control Board, Order No R4-2010-0108 (July 8, 2010).)
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percent of total copper, 62 percent of total zinc, and 78 percent of total phosphorus in runoff
from a site.” Further, data presented in the Draft VVentura County Technical Guidance Manual
estimates pollutant removal efficiency for total suspended solids to be 54-89 percent, and for
total zinc to be 48-96 percent.*® Biofiltration has additionally been shown to be a particularly
ineffective method of pollutant removal for addressing nitrogen or phosphorous, two common
contaminants found in stormwater.'® The Draft Ventura Technical Guidance, for example,
indicate that biofiltration achieves pollutant removal efficiency for total nitrogen at between only
21-54 percent,”® as compared with 100 percent for runoff retained on-site.

Indeed, Caltrans itself has recognized this principle, stating that that “Infiltration basins
and trenches [that retain water onsite] . . . provide the highest level of surface water quality
protection. . . . [and] reduce the total amount of runoff, restoring some of the original hydrologic
conditions of an undeveloped watershed.” Moreover, Caltrans has found that where use of
infiltration BMPs was technically feasible, they “were among the most cost-effective BMPs
tested.”? By definition, Caltrans has found that, where technically feasible, retaining water
onsite through this type of practice is MEP. Under the Clean Water Act, it must be required.

7' R. Horner (2007) Initial Investigation of the Feasibility and Benefits of Low-Impact Site
Design Practices (“LID”) for the San Francisco Bay Area, at 16-19; R. Horner (2007)
Supplementary Investigation of the Feasibility and Benefits of Low-Impact Site Design Practices
(“LID”) for the San Francisco Bay Area, at 3-5. (See Attachments B, C.)
18 \Ventura County Low Impact Development Technical Guidance Manual, July 13, 2011, at D-7,
available at
http://www.waterboards.ca.gov/rwqcb4/water issues/programs/stormwater/municipal/ventura_m
s4/VenturaTGM/Ventura%20Stormwater%20TGM%20Final%207-13-11.pdf.
9 Lawn irrigation has been identified as a “hot spot” for nutrient contamination in urban
watersheds—lawns “contribute greater concentrations of Total N, Total P and dissolved
phosphorus than other urban source areas . . . source research suggests that nutrient
concentrations in lawn runoff can be as much as four times greater than other urban sources such
as streets, rooftops or driveways.” Center for Watershed Protection (March 2003) Impacts of
Impervious Cover on Aguatic Systems at 69; see also H.S. Garn (2002) Effects of lawn fertilizer
on nutrient concentration in runoff from lakeshore lawns, Lauderdale Lakes, Wisconsin. U.S.
Geological Survey Water- Resources Investigations Report 02-4130 (In an investigation of
runoff from lawns in Wisconsin, runoff from fertilized lawns contained elevated concentrations
of phosphorous and dissolved phosphorous). In this regard, we note that as a known source of
pollutants to the MS4, the category of lawn irrigation runoff as a non-stormwater discharge must
be prohibited under 33 U.S.C. § 1342(p)(3)(B)(ii) and 40 C.F.R. § 122.26(d)(2)(iv)(B)(1).
20 \/entura County Low Impact Development Technical Guidance Manual, July 13, 2011, at D-7.
See also, BASMAA (December 1, 2010) Draft Model Bioretention Soil Media Specifications-
MRP Provision C.3.c.iii, at Annotated Bibliography section 3.0 (noting nutrient removal from
synthetic stormwater runoff demonstrated only 55 to 65 percent of total Kjeldahl nitrogen
removal and that only 20 percent of nitrate is removed from the runoff).
Z Caltrans (January 2004) BMP Retrofit Pilot Program, Final Report, CTSW-RT-01-050, at viii.
Id., at ix.
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Instead, however, the Tentative Order is designed such that “Not all of the storm water
treatment and infiltration principles identified in the Order are required to be implemented but
are listed in order of preference.” Thus, whether to use infiltration practices which by Caltrans’
own admission “provide the highest level of surface water protection” and are “among the most
cost-effective practices” is discretionary. As the Tentative Order would instead potentially allow
biofiltration or conventional controls and engineered solutions that are demonstrably inferior to
retention practices,?* this requirement fails to meet the requirements of the MEP standard.

b. The Tentative Order Does Not Contain—Nor Does it Justify the Lack of—
Specific Standards for LID Implementation

Critically, as demonstrated in the EPA comments quoted above, and in the
implementation of standards requiring the implementation of LID practices that retain runoff on-
site unless technically infeasible, the prioritization of LID practices or statement of a preference
for LID is insufficient by itself to meet the MEP standard and must be paired with a measurable
requirement for the implementation of LID. Since its inception, the MS4 permitting program has
been seriously hampered by a pervasive absence of humeric performance standards for the
implementation of best management practices (“BMPs”) such as LID. For this reason, in
December 2007, the State Water Resources Control Board commissioned a report which found
that “[t]he important concept across all of [the] approaches [described in the report] is that the
regulations established a performance requirement to limit the volume of stormwater
discharges.”® The report also noted that “[m]unicipal permits have the standard of Maximum
Extent Practicable (MEP) which lends itself more naturally to specifying and enforcing a level of
compliance for low impact development.”® Another study, completed for the Ocean Protection
Council, recommended the following standard: “Regulated development projects shall reduce the
percentage of effective impervious area to less than five percent of total project area by draining
stormwater into landscaped, pervious areas.”

While we appreciate the fact that the Tentative Order does require some undefined level
of LID implementation, the Tentative Order remains legally insufficient due to the lack of a
mandatory numeric performance requirement for LID at Department and Non-Department
Projects, and the availability of all-encompassing waivers from treatment standards (discussed
below). This is completely contrary to the exhortations of expert agencies and scientists, as
described above, or standards already adopted in numerous MS4 permits, ordinances, and

2% See, R. Horner (2007) Initial Investigation of the Feasibility and Benefits of Low-Impact Site
Design Practices (“LID”) for the San Francisco Bay Area.

24 State Water Resources Control Board (December 2007) A Review of Low Impact Development
Policies: Removing Institutional Barriers to Adoption, at 23 (emphasis added) (hereinafter
“SWRCB LID Report”™).

2 d. at 4.

26 Ocean Protection Council of California (January 2008) State and Local Policies Encouraging
or Requiring Low Impact Development in California, at 27.
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regulations around the country. These problems with the Project Planning and Design
Component need to be remedied before the Tentative Order will meet the Clean Water Act’s
MEP standard for pollutant reduction.

C. The Tentative Order’s Allowance for Complete Waivers from Treatment Control
Requirements violates the Clean Water Act

Federal regulations mandate that MS4 permits impose requirements to reduce the
discharge of stormwater pollution from new development and redevelopment projects. (40
C.F.R. 8 122.26.) The State Water Board—through the Bellflower decision—has gone further
and established the SUSMP hydraulic sizing criteria as a compliance floor for all Priority
Development Projects (or here, Department and Non-Department Projects).?’ A permit cannot
meet the MEP standard if it does not impose these criteria to reduce stormwater pollution, yet
these criteria are exactly what the Tentative Order would allow the Executive Officer of any
Regional Water Board to waive where the Officer finds that “a project will have minimal impact
to water quality.” (Tentative Order | E.2.d.2).a).3).) The CWA requires that discharges from
MS4 systems “shall require controls to reduce the discharge of pollutants to the maximum extent
practicable,” not only from projects with significant impacts to water quality, but from all
projects.”® The waiver provision must be removed or significantly altered for the Tentative
Order to meet the requirements of the Clean Water Act or prior State Board orders.

IV.  The Tentative Order Fails to Include Provisions that Effectively Prohibit all Non-
Stormwater Discharges, as Required by the Clean Water Act

Federal law requires that MS4 permits “shall include a requirement to effectively prohibit
non-stormwater discharges into the storm sewers.” (See, 40 C.F.R. 122.26; Tentative Order {
B.1.) The Tentative Order states that certain enumerated non-stormwater discharges “are
conditionally exempt from [the] prohibition” against non-stormwater discharges into the MS4
system. (Tentative Order § B.2.) But federal regulations under the CWA are clear: when any of
the categories of non-stormwater discharges identified as exempt in the Tentative Order are
identified as sources of pollution, they are disallowed.” Caltrans’ own data indicates that

27 State Water Resources Control Board (2000) Water Quality Order No. 2000-11, at 15-18.

28 We note here as well that the size threshold for new highway facilities has increased from the
sizing of 5,000 square feet of new impervious surface in previous drafts, to one acre in the
current Tentative Order. (Tentative Order | E.2.d.2)a).) This more than 8-fold increase is entirely
unjustified, and the earlier, 5,000 square foot size threshold for compliance should be reinstated.
29 40 C.F.R. § 122.26(d)(2)(iv)(B)(1). While we focuse here on discharge sources identified as
sources of pollution, Section 402(p)(3)(B)(ii) of the CWA requires that permits for discharge
from municipal sewers “effectively prohibit non-stormwater discharges,” and does not create any
authorization for exemption of such discharges. The Clean Water Act’s implementing
regulations under 40 C.F.R. § 122.26(d)(2)(iv)(B)(1) set forth the circumstances under which the
permittee must specifically design a program to “to detect and remove (or require the discharger
to the municipal separate storm sewer to obtain a separate NPDES permit for) illicit discharges
and improper disposal into the storm sewer” of specified non-storm water discharges or flows
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agricultural runoff is a source of pollutants, and so should be “removed” according to federal
regulations.

The Fact Sheet states that the CWA exempts agricultural irrigation water return flows
from the NPDES program.*® While under the Clean Water Act, agricultural return flow sources
cannot be compelled to obtain an NPDES permit, this does not in turn suggest that return flows
should be ignored in the permitting process for unquestioned point sources, such as MS4
systems, that are required to address non-stormwater discharges. Rather, management practices
aimed at achieving the Clean Water Act’s otherwise applicable obligation to reduce the
discharge of pollution to the MEP must be implemented to reduce the discharge of pollution
from these sources.

State and Regional Water Board databases and reports demonstrate significant, ongoing
contamination associated with even “regulated” agricultural runoff. In November 2010, the
Central Coast Regional Water Quality Control Board (“Central Coast Board”) stated that
agricultural discharges (pesticides, sediment, nutrients) are a “major cause of water pollution” in
the Central Coast Region.** While agricultural runoff has been regulated by a conditional waiver
for years, the Central Coast Board still finds agricultural discharges “continue to contribute to
already significantly impaired water quality.”** Similarly, the Central Valley Regional Water
Quality Control Board (“Central Valley Board”) has stated that agricultural discharge “can affect
water quality by transporting constituents of concern” including pesticides, sediment, nutrients,
salts, pathogens, and heavy metals from agricultural fields.>® The Central Valley Board finds that
many water bodies are impaired because of “pollutants from agricultural sources,”* and that
over 60% of regional water quality exceedances occur during irrigation season.®

Agricultural irrigation run-off is not just a pervasive problem for regional boards; it is a
problem for Caltrans, as demonstrated by their own data. In the Caltrans Characterization Study
performed for the Tentative Order, monitoring results indicated that “conventional pollutants,

identified as sources of pollutants. Yet, the requirement of an enforcement program to “detect
and remove . . . illicit discharges,” does not support the construction, seemingly implemented by
the Tentative Order, that certain specified categories of non-stormwater discharges are “exempt .
.. unless” they are identified as a source of pollution. Tentative Order { B.2 (emphasis added).
%0 Tentative Fact Sheet, at 3.
%! Regional Water Quality Control Board, Central Coast Region (2010) Recommendations for
\3/;/ater Code Waiver for Agricultural Discharges, at 7.

Id.
% Regional Water Quality Control Board, Central Valley Region (2010) Draft Program
5nvironmental Impact Report, at 1.

Id.
% state Water Resources Control Board & Central Valley Regional Water Quality Control
Board, “Report to the California State Legislature Joint Legislative Budget Committee on
Reduction of Agricultural Pollution Runoff into the Sacramento-San Joaquin Delta,” p. 2 (2011).
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trace metals, and nutrients were higher in agricultural” areas.>® Caltrans’s own monitoring sites
“exhibited higher concentrations of most conventional pollutants (EC, DOC, TDS, TOC, TSS)”
for agricultural areas than all other land uses.*” Trace metals found in Caltrans’s storm drains
around agricultural areas showed “consistently higher concentrations” than for other land uses.
Nutrient pollution followed the same pattern, as total phosphorus, orthophosphate, and TKN
were “significantly higher” in agricultural areas.® In sum, there is no basis to conclude that
agricultural runoff is not a source of pollutants, and the Tentative Order is required to address
pollution from this source to meet the MEP standard.*
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V. Conclusion

For the aforementioned reasons, the Tentative Order requires substantial revision and is
unlawful under federal and state law, in particular to pass legal muster under the CWA’s MEP
standard. These changes are necessary to ensure the protection of the waters of this state, and we
strongly urge the State Board to reject the Tentative Order as currently drafted, and to provide
staff with clear direction on the modifications that are required, as discussed above.

Sincerely,

“p

Noah Garrison
Project Attorney
Natural Resources Defense Council

% California Department of Transportation (2003) Storm Water Monitoring & Data
Management: Discharge Characterization Study Report, at 67.

7. at 55.

%1d.

.

0 The San Diego Regional Water Quality Control Board has previously eliminated exemptions
for both agricultural irrigation discharges and landscape irrigation discharges. In the case of
agricultural discharges, the Board found them to be “significant sources of pollution.” Water
Quality Ordinances Update: Hearing Before the Board of Supervisors and Orange County Flood
Control District, (2011), available at

http://cams.ocgov.com/Web_Publisher/Agenda02 01 2011 files/images/A10-001604.HTM; see
also, Memo from Catherine George Hagan, San Diego Regional Water Quality Control Board,
to Chairman Wright and Members of the Regional Board (Nov. 5, 2009) re: Regulatory
Authority for Imposing Numeric Effluent Limits on Dry Weather, Non-Storm Water Discharges,
in Municipal Storm Water Permits, at 3-5.
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FACT SHEET

National Pollutant Discharge Elimination System (NPDES)
Municipal Separate Storm Sewer System (MS4)
Permit No. DC0000221 (Government of the District of Columbia)

NPDES PERMIT NUMBER: DC0000221 (Reissuance)
FACILITY NAME AND MAILING ADDRESS:

Government of the District of Columbia
The John A. Wilson Building

1350 Pennsylvania Avenue, N.W.
Washington, D.C. 20004

MS4 ADMINISTRATOR NAME AND MAILING ADDRESS:

Director, District Department of the Environment
1200 First Street, N.E., 6" Floor
Washington, D.C. 20002

FACILITY LOCATION:
District of Columbia’s Municipal Separate Storm Sewer System (MS4)
RECEIVING WATERS:

Potomac River, Anacostia River, Rock Creek, and Stream Segments Tributary
To Each Such Water Body

INTRODUCTION:

Today’s action finalizes reissuance of the District of Columbia Municipal Separate Storm
Sewer System (MS4) Permit. In the Final Permit EPA has continued to integrate the adaptive
management approach with enhanced control measures to address the complex issues associated
with urban stormwater runoff within the corporate boundaries of the District of Columbia, where
stormwater discharges via the Municipal Separate Storm Sewer System (MS4).

Since the United States Environmental Protection Agency, Region I11 (EPA) issued the
District of Columbia (the District) its first MS4 Permit in 2000, the Agency has responded to a
number of legal challenges involving both that Permit (as well as amendments thereto) and the
second-round MS4 Permit issued in 2004. For the better part of ten years, the Agency has
worked with various parties in the litigation, including the District and two non-governmental
organizations, Defenders of Wildlife and Friends of the Earth, to address the concerns of the
various parties. The Agency has engaged in both litigation and negotiation, including formal



mediation.! These activities ultimately led to an enhanced stormwater management strategy in
the District, consisting of measurable outputs for addressing the issues raised during the litigation
and mediation process.

FACILITY BACKGROUND AND DESCRIPTION:

The Government of the District of Columbia owns and operates its own MS4, which
discharges stormwater from various outfall locations throughout the District into its waterways.?

On April 21, 2010 EPA public noticed the Draft Permit. The Draft Fact Sheet published
with that Draft Permit contains more extensive permit background information, and the reader is
referred to that document for the history of the District of Columbia MS4 permit.

The public comment period closed on June 4, 2010. EPA received comments from 21
individual commenters and an additional 53 form letters. The Draft Permit, Draft Fact Sheet, and
comments received on those documents are all available at:
http://www.epa.gov/reg3wapd/npdes/draft_permits.html. The Final Permit reflects many of the
comments received. EPA is simultaneously releasing a responsiveness summary responding to
these comments.

ACTION TO BE TAKEN:

EPA is today reissuing the District of Columbia NPDES MS4 Permit. The Final Permit
replaces the 2004 Permit, which expired on August 18, 2009 and has been administratively
extended since that time. The Final Permit incorporates concepts and approaches developed from
studies and pilot projects that were planned and implemented by the District under the 2000 and
2004 MS4 permits and modifying Letters of Agreement, and implements Total Maximum Daily
Loads (TMDLs) that have been finalized since the prior permit was issued, including the
Chesapeake Bay TMDL. A number of applicable measurable performance standards have been
incorporated into the Final Permit. These and other changes between the 2004 Permit and today's
Final Permit are reflected in a Comparison Document that is part of today's Permit issuance.

WATER QUALITY IN DISTRICT RECEIVING WATERS:

The District’s 2008 Integrated Report to the Environmental Protection Agency and U.S.
Congress Pursuant to Sections 305(b) and 303(d) Clean Water Act® documents the serious water

1 A procedural history of Permit appeals can be viewed at the EPA Environmental Appeals Board web:
http://yosemite.epa.gov/oa/EAB_Web_Docket.nsf/77355beela56a5aa8525711400542d23/b5e5b68e89edabe985257
14f00731c6f!OpenDocument&Highlight=2,municipal.

2 Portions of the District are served by a combined sanitary and storm sewer system. The discharges from
the combined sewer system are not subject to the MS4 permit, but are covered under NPDES Permit No. Xxxx
issued to the District of Columbia Water and Sewer Authority.

3 District Department of the Environment, The District of Columbia Water Quality Assessment, 2008
Integrated Report to the Environmental Protection Agency and U.S. Congress Pursuant to Sections 305(b) and
303(d) Clean Water Act (hereinafter “2008 Integrated Report™).
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quality impairments in the surface waters in and around the District. A number of the relevant
designated uses are not being met, e.g., aquatic life, fish consumption, and full body contact, and
there are a number of specific pollutants of concern that have been identified (for additional
discussion on relevant TMDLSs see Section 4.10 of this Final Fact Sheet).

Commenters on the Draft Permit expressed some frustration over very slow progress or
even lack of progress after a decade of implementation of the MS4 program and even longer for
other water quality programs. EPA appreciates this concern. Although the District’s receiving
waters are affected by a range of discharge sources, discharges from the MS4 are a significant
contributor of pollutants and cause of stream degradation. EPA also recognizes, however, that
stormwater management efforts that achieve a reversal of the ongoing degradation of water
quality caused by urban stormwater discharges entail a long term, multi-faceted approach.

Consistent with the federal stormwater regulations for characterizing discharges from the
MS4 (40 C.F.R. 8122.26(d)(2)(ii1)), the first two permit terms for the District’s MS4 program
required end-of-pipe monitoring to determine the type and severity of pollutants discharging via
the system. The monitoring program was not designed to evaluate receiving water quality per se,
therefore detection of trends or patterns was not reasonably possible. Today’s Final Permit
includes requirements for a Revised Monitoring Program, and one of the objectives for the
program is to use a suite of approaches and indicators to evaluate and track water quality over
the long-term (see discussion of Section 5.1 in this Final Fact Sheet).
There have been identified improvements in some areas. For example the 2008 Integrated Report
noted improvements in the diversity of submerged aquatic vegetation in the Potomac River, as
well as improvements in fish species richness in Rock Creek. Biota metrics are often the best
indicators of the integrity of any aquatic system.

EPA also notes that there are a variety of indirect measures indicative of improvement.
The federal stormwater regulations foresaw the difficulty, especially in the near-term, of
detecting measurable improvement in receiving waters, and relied instead on indirect measures,
such as estimates of pollutant load reductions (40 C.F.R. 8122.26(d)(2)(v)). The District
documents these types of indirect measures in its annual reports, e.g., tons of solids collected
from catch basin clean-outs, amount of household hazardous waste collected, number of trees
planted, square footage of green roofs installed, and many other measures of success.*

EPA believes that documenting trends in water quality, whether improvements, no
change, or even further degradation, is an important element of a municipal water quality
program. Today’s Final Permit recognizes this principle, both in the types of robust measures
required as well as the transition to new monitoring paradigms. EPA encourages all interested
parties to provide the District with input during the development of these program elements.

THIS FACT SHEET:

(http://ddoe.dc.gov/ddoe/frames.asp?doc=/ddoe/lib/ddoe/information2/water.reg.leg/DC IR 2008 Revised 9-9-

2008.pdf
4 District MS4 Annual Reports can be found at: http://ddoe.dc.gov/ddoe/cwp/view,a,1209,9,495855.asp
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This Final Fact Sheet is organized to correspond with the chronological organization and
numbering in today’s Final Permit. Where descriptions or discussions may be relevant to more
than one element of the Final Permit the reader will be referred to the relevant section(s).

To keep today’s Final Fact Sheet of readable length, many of the elements included in the
fact sheet published with the Draft Permit (Draft Fact Sheet) on April 21, 2010 have not been
repeated, but are referenced. Readers are referred to the Draft Fact Sheet published with the
Draft Permit for additional discussion on provisions that have been finalized as proposed.® The
Final Fact Sheet does discuss significant changes since the 2004 Permit (even if discussed in the
Draft Fact Sheet). The Final Fact Sheet also contains additional explanation of the Final Permit
where commenters requested additional clarification. In addition, this Final Fact Sheet explains
modifications to the Final Permit where provisions were changed in response to comments.

In many cases EPA made a number of very simple modifications to the Final Permit, e.g.,
a word, phrase, or minor reorganization, simply for purposes of clarification. These
modifications were not intended to change the substance of the permit provisions, only to clarify
them. Most of those types of edits are not discussed in this Final Fact Sheet, but EPA has
provided a Comparison Document of the Draft and Final Permits for readers who would like that
level of detail.

Many commenters noted that the Draft Permit was not logically organized. EPA agrees.
The major reorganization principles include:

1) There is a new Section 3, Stormwater Management Program (SWMP) Plan consolidating
the various plans, strategies and other documents developed in fulfillment of permit
requirements.

2) All implementation measures, i.e., those stipulating management measures and
implementation policies, are included in Section 4 of today’s Final Permit. This includes
“Source Identification” elements (Section 3 in the Draft Permit) and “Other Applicable
Provisions” elements (Section 8 in the Draft Permit), which included TMDL
requirements.

3) All monitoring requirements are consolidated in Section 5 of the Final Permit.

4) All reporting requirements are consolidated in Section 6 of the Final Permit.

EPA also refers readers to the Responsiveness Summary released today along with the
Final Permit and Final Fact Sheet, for responses to comments and questions received on the
Draft Permit. That document contains additional detailed explanations of the rationale for
changes made to the Draft Permit in the Final Permit.

Finally, EPA made significant effort to avoid appending or incorporating by reference
other documents containing permit requirements into the Final Permit. In the interest of clarity

5 The Permit and Fact Sheet proposed on April 21, 2010 can be viewed at:
http://www.epa.gov/reg3wapd/npdes/draft_permits.html
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and transparency EPA, to the extent possible, has included all requirements directly in the
permit. Thus, EPA reviewed a variety of documents with relevant implementation measures, e.g.,
TMDL Implementation Plans and the 2008 Modified Letter of Agreement to the 2004 permit’,
and translated elements of those plans and strategies into specific permit requirements that are
now contained in the Final Permit. This Fact Sheet provides an explanation of the sources of
provisions that are significant and are a direct result of one of those strategies.

1. DISCHARGES AUTHORIZED UNDER THIS PERMIT

(1.2 Authorized Discharges): The Final Permit authorizes certain non-stormwater
discharges, including discharges from water line flushing. One commenter noted that many of
these discharges, especially from potable water systems, contain concentrations of chlorine that
may exceed water quality standards. EPA agrees, and has therefore clarified that dechlorinated
water line flushing is authorized to be discharged under the Final Permit.

(1.4 Discharge Limitations): Comments on the language in Part 1.4 varied widely.
Some commenters did not believe it was reasonable to require discharges to meet water quality
standards. Other commenters believed this to be an unambiguous requirement of the Clean Water
Act.

Today’s Final Permit is premised upon EPA’s longstanding view that the MS4 NPDES
permit program is both an iterative and an adaptive management process for pollutant reduction
and for achieving applicable water quality standard and/or total maximum daily load (TMDL)
compliance. See generally, “National Pollutant Discharge Elimination System Permit
Application Regulations for Stormwater Discharges,” 55 F.R. 47990 (Nov. 16, 1990).

EPA is aware that many permittees, especially those in highly urbanized areas such as the
District, likely will be unable to attain all applicable water quality standards within one or more
MS4 permit cycles. Rather the attainment of applicable water quality standards as an incremental
process is authorized under section 402(p)(3)(B)(iii) of the Clean Water Act, 33 U.S.C. §
1342(p)(3)(B)(iii), which requires an MS4 permit “to reduce the discharge of pollutants to the
maximum extent practicable” (MEP) “and such other provisions” deemed appropriate to control
pollutants in municipal stormwater discharges. To be clear, the goal of EPA’s stormwater
program is attainment of applicable water quality standards, but Congress expected that many
municipal stormwater dischargers would need several permit cycles to achieve that goal.

Specifically, the Agency expects that attainment of applicable water quality standards in
waters to which the District’s MS4 discharges, requires staged implementation and increasingly
more stringent requirements over several permitting cycles. During each cycle, EPA will
continue to review deliverables from the District to ensure that its activities constitute sufficient
progress toward standards attainment. With each permit reissuance EPA will continue to increase

6 District Department of the Environment, Modification to the Letter of Agreement dated November 27,
2007 for the NPDES Municipal Separate Storm Sewer (MS4) Permit DC0000222 (2008)
http://www.epa.gov/reg3wapd/npdes/pdf/DCMS4/L etter.PDF
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stringency until such time as standards are met in all receiving waters. Therefore today’s Final
Permit is clear that attainment of applicable water quality standards and consistency with the
assumptions and requirements of any applicable WLA are requirements of the Permit, but, given
the iterative nature of this requirement under CWA Section 402(p)(3)(B)(iii), the Final Permit is
also clear that “compliance with all performance standards and provisions contained in the Final
Permit shall constitute adequate progress toward compliance with DCWQS and WLAs for this
permit term” (Section 1.4).

EPA believes that permitting authorities have the obligation to write permits with clear
and enforceable provisions and thus the determination of what is the “maximum extent
practicable” under a permit is one that must be made by the permitting authority and translated
into provisions that are understandable and measurable. In this Final Permit EPA has carefully
evaluated the maturity of the District stormwater program and the water quality status of the
receiving waters, including TMDL wasteload allocations. In determining whether certain
measures, actions and performance standards are practicable, EPA has also looked at other
programs and measures around the country for feasibility of implementation. Therefore today’s
Final Permit does not qualify any provision with MEP thus leaving this determination to the
discretion of the District. Instead each provision has already been determined to be the maximum
extent practicable for this permit term for this discharger.

EPA modified the language in the Final Permit to provide clarity on the expectations
consistent with the preceding explanation. Specifically Section 1.4.2 of the Final Permit requires
that discharges “attain’ applicable wasteload allocations rather than just ‘be consistent” with
them, since the latter term is somewhat ambiguous.

In addition, the general discharge limitation ‘no increase in pollutant loadings from
discharges from the MS4 may occur to receiving waters’ was removed because of the difficulty
in measuring, demonstrating and enforcing this provision. Instead, consistent with EPA’s belief
that the Final Permit must include all of the enforceable requirements that would achieve this
principle, the following discharge limitation is substituted: “comply with all other provisions and
requirements contained in this permit, and in plans and schedules developed in fulfillment of this
permit.”

In addition, EPA made the following modifications: “Compliance with the performance
standards and provisions contained in Parts 2 through 8 of this permit shall constitute adequate
progress towards compliance with DCWQS and WLASs for this permit term” (underlined text
added) (Section 1.4 of the Final Permit). EPA eliminated circularity with the addition of “Parts 2
through 8”, clarifying that this requirement does not circle back to include the statements in 1.4.1
and 1.4.2, but rather interprets them. Also, although WLAs are a mechanism for attainment of
water quality standards, EPA added the specific language “and WLAs” to make this concept
explicit rather than just implicit. In addition this revised language emphasizes that the specific
measures contained in the Final Permit, while appropriate for this permit term, will not
necessarily constitute full compliance in subsequent permit terms. It is the expectation that with
each permit reissuance, additional or enhanced requirements will be included with the objective

6



of ensuring that MS4 discharges do not cause or contribute to an exceedance of applicable water
quality standards, including attainment of relevant WLAs.

2. LEGAL AUTHORITY, RESOURCES, AND STORMWATER PROGRAM
ADMINISTRATION

(2.1 Legal Authority): Several commenters pointed out that there were a number of
requirements in the Draft Permit without clear compliance schedules or deadlines, or with
deadlines that did not correspond well to others in the permit. In the Final Permit, EPA has made
several revisions to address these comments. For example, EPA changed a requirement that
deficiencies in legal authority must be remedied “as soon as possible” to a 120-day requirement
for deficiencies that can be addressed through regulation, and two years for deficiencies that
require legislative action (Section 2.1.1). Also, EPA increased the compliance schedule for
updating the District’s stormwater regulation from twelve months to eighteen months, id., so that
this action could be adequately coordinated with the development of the District’s new offsite
mitigation/payment-in-lieu program (for more discussion see Section 4.1.3 below).

(2.2 Fiscal Resources): One commenter suggested eliminating the reference to the
District’s Enterprise Fund since funding was likely to come from a number of different budgets
within the District. EPA agrees with this comment and has removed this reference.

On the other hand, many commenters noted that the implementation costs of the
District’s stormwater program will be significant. EPA agrees. The federal stormwater
regulations identify the importance of adequate financial resources [40 C.F.R. §122.26(d)(1)(vi)
and (d)(2)(vi)]. In addition, after seeing notable differences in the caliber of stormwater
programs across the country, EPA recognizes that dedicated funding is critical for
implementation of effective MS4 programs.”®° In 2009 the District established, and in 2010
revised, an impervious-based surface area fee for service to provide core funding to the
stormwater program®® (understanding that stormwater-related financing may still come from
other sources as they fulfill multiple purposes, e.g., street and public right-of-way retrofits). In
conjunction with the 2010 rule-making to revise the fee the District issued a Frequently Asked
Questions document** that indicates the intent to restrict this fee to its original purpose, i.e.,
dedicated funding to implement the stormwater program and comply with MS4 permit
requirements. EPA believes this action is essential, and he expects that the District will maintain
a dedicated source of funding for the stormwater program.

7 National Research Council, Urban Stormwater Management in the United States (2009) National
Academy of Sciences http://www.nap.edu/catalog.php?record_id=12465

8 National Association of Flood and Stormwater Agencies, Funded by EPA, Guidance for Municipal
Stormwater Funding (2006) http://www.nafsma.org/Guidance%20Manual%20Version%202X.pdf

9 EPA, Funding Stormwater Programs (2008)
http://www.epa.gov/npdes/pubs/region3_factsheet funding.pdf

10 District of Columbia, Rule 21-566 Stormwater Fees,
http://www.dcregs.dc.gov/Gateway/RuleHome.aspx?RulelD=474056

11 District of Columbia, FAQ Document Changes to the District’s Stormwater Fee (2010)
http://ddoe.dc.gov/ddoe/frames.asp?doc=/ddoe/lib/ddoe/information2/water.reg.leg/Stormwater Fee FAQ 10-5-

10_-final.pdf
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3. STORMWATER MANAGEMENT PROGRAM (SWMP) PLAN

A number of commenters were confused by the wide variety of plans, strategies and other
written documents required by the Draft Permit. A number of commenters were also concerned
about public access to several of these documents.

In today’s Final Permit EPA is clarifying that any written study, strategy, plan, schedule
or other element, existing or new, is part of the District Stormwater Management Program Plan.
It is EPA’s intent that all elements of the program be described in this central ‘Plan’. This does
not mean that the Plan cannot consist of separate documents. EPA understands that stand-alone
elements may aid in implementation in certain situations. However, EPA is clarifying that all
such documents are inherent components of the Plan.

To address the accessibility issue EPA is also requiring that the most current version of
the Plan be posted on the District website. As such, all elements that may be documented in
separate documents and deliverables must be posted at this location (a hyperlink to any element
of the program in a different document is sufficient).

Moreover, today’s Final Permit requires the District to public notice a fully updated Plan
(to include all existing and new elements required by the Final Permit) within three years of the
effective date of this Final Permit, and to then submit that Plan to EPA within four years of the
effective date of the Final Permit. This schedule will enable this evaluation of the Plan to be part
of EPA’s evaluation of the Districts stormwater management program in preparation for the next
reissuance of the permit.

The Final Permit requires the District to develop a number of new initiatives. Many
commenters raised concerns about the rigor and suitability of these new elements in the absence
of a requirement for public input, and in the absence of EPA review and approval. In light of
those concerns EPA reviewed all elements of the Draft Permit, and where appropriate has added
requirements to the Final Permit both for public notice and opportunity to comment and for
submittal to EPA for review and approval. Not every new element has been subjected to this
requirement. However, EPA agrees that the opportunity for the public and EPA to review new
program elements that will become major components of the stormwater management program is
reasonable. Thus, for provisions that EPA believes will be important foundations of the program
in years to come, EPA has added a requirement for public notice and EPA review and approval.
A new Table 1 in the Final Permit summarizes the elements that must now be submitted to EPA
for review and approval.

TABLE 1
Elements Requiring EPA Review and Approval
8



Element Submittal Date (from effective
date of this permit)
Anacostia River Watershed Trash Reduction Calculation 1 year
Methodology (4.10)
Catch Basin Operation and Maintenance Plan (4.3.5.1) 18 months
Outfall Repair Schedule (4.3.5.3) 18 months
Off-site Mitigation/Payment-in-Lieu Program (4.1.3) 18 months
Retrofit Program (4.1.6) 2 years
Consolidated TMDL Implementation Plan (4.10.3) 2 years
Revised Monitoring Program (5.1) 2 years
Revised Stormwater Management Program Plan (3) 4 years
4. IMPLEMENTATION OF STORMWATER CONTROL MEASURES

(4.1 Standard for Long-Term Stormwater Management): One of the fundamental
differences between today’s Final Permit and earlier permits is the inclusion of measurable
requirements for green technology practices, sometimes referred to as “low-impact
development” or “green infrastructure.” These requirements, which include green roofs,
enhanced tree plantings, permeable pavements, and a performance standard to promote practices
such as bioretention and water harvesting, are designed to increase the effectiveness of
stormwater controls by reducing runoff volumes and associated pollutant loads.*>** In past years,
stormwater management requirements in permits did not include clear performance goals,
numeric requirements or environmental objectives. Today’s Final Permit stipulates a specific
standard for newly developed and redeveloped sites, and also emphasizes the use of “green
infrastructure” controls to be used to meet the performance standard. These permit requirements
are intended to improve the permit by providing clarity regarding program performance and
promoting the use of technologies and strategies that do not rely solely on end-of-pipe detention
measures to manage runoff. EPA notes that much of this emphasis is based on changing
paradigms in stormwater science, technology and policy (see discussion below), but also points
out that the groundwork for this framework was laid during the prior permit term, and all of the
green inrastructure elements agreed to in the 2008 Modified Letter of Agreement to the 2004
Permit.

In the natural, undisturbed environment precipitation is quickly intercepted by trees and
other vegetation, or absorbed by soils and humic matter on the surface of the ground where it is

12 The performance of green infrastructure control measures is well-established through numerous studies
and reports, many of which are available at http://cfpub2.epa.gov/npdes/greeninfrastructure/research.cfm#research

13 Jay Landers, Stormwater Test Results Permit Side-by-Side Comparisons of BMPs (2006) Civil
Engineering News http://www.unh.edu/erg/civil_eng_4_06.pdf

14 District Department of the Environment, Modification to the Letter of Agreement dated November 27,
2007 for the NPDES Municipal Separate Storm Sewer (MS4) Permit DC0000222, (2008)
http://www.epa.gov/reg3wapd/npdes/pdf/DCMS4/L etter.PDF
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used by plants, becomes baseflow (shallow groundwater feeding waterways) or infiltrates more
deeply to aquifers. During most storms very little rainfall becomes stormwater runoff where the
landscape is naturally vegetated or in cases where there are permeable soils. Runoff generally
only occurs with larger precipitation events, which constitute a very small proportion of the
storms that occur in Washington, DC. In contrast to natural settings, traditional development
practices cover large areas of the ground with impervious surfaces such as roads, driveways,
sidewalks, and buildings. In addition, the remaining soils are often heavily compacted and are
effectively impervious. Under developed conditions, stormwater runs off or is channeled away
even during small precipitation events. The collective force of the increased stormwater flows
entering the MS4 and discharging through outfalls into receiving streams scours streambeds,
erodes stream banks, and causes large quantities of sediment and other entrained pollutants, such
as metals, nutrients and trash, to enter the water body each time it rains*>*®*’. Stormwater
research generally shows a high correlation between the level of imperviousness in a watershed
and the degree of overall degradation of water quality and habitat. This principle is so well-
settled that EPA has not included individual study results here, but refers interested readers to an
excellent compendium of relevant studies compiled by the Maryland Department of Natural
Resources at http://www.dnr.state.md.us/irc/bibs/effectsdevelopment.html.

To date stormwater management approaches generally have been focused primarily on
flood management, in particular extended detention controls, such as wet ponds or dry detention
basins, or on in-pipe or end-of-pipe treatment systems. Extended detention approaches are
intended to reduce downstream flooding to the extent necessary to protect the public safety and
private and public property. End-of-pipe systems are intended to filter or settle specific
pollutants, but typically do not reduce the large suite of pollutants in storm water, nor do
anything to address degradation attributable to increased discharge volumes. These approaches
occurred largely by default since stormwater permits and regulations, including those with water
quality objectives, did not stipulate specific, measurable standards or environmental objectives.
In addition, water quality was not the primary concern during the early evolution of stormwater
management practices.

There are multiple potential problems with extended detention as a water quality
management practice, including the fact that receiving stream dynamics are generally based on
balances of much more than just discharge rates.'® Stream stability, habitat protection and water
quality are not necessarily protected by the use of extended detention practices and systems. In
fact the use of practices such as wet detention basins often results in continued stream bank

15 National Research Council, Urban Stormwater Management in the United States (2009) National
Academy of Sciences http://www.nap.edu/catalog.php?record_id=12465

16 Schueler, Thomas R., The Importance of Imperviousness (2000) Center for Watershed Protection,
http://yosemite.epa.gov/R10/WATER.NSF/840a5de5d0a8d1418825650f00715a27/159859e0¢556f1¢c988256b7f007
525b9/$FIL E/The%20Importance%200f%20Imperviousness.pdf

17 E. Shaver, R. Horner, J. Skupien, C. May, and G. Ridley. Fundamentals of Urban Runoff Management:
Technical and Institutional Issues — 2nd Edition, (2007) North American Lake Management Society, Madison, WI.
http://www.deq.state.ms.us/mdeq.nsf/0/ASE8B82B89DCDDCE862573530049EEEQ/$file/Fundamentals_full_manu
al_lowres.pdf?OpenElement

18 Low Impact Development Center, A Review of Low Impact Development Policies: Removing
Institutional Barriers to Adoption (2007) http://pepi.ucdavis.edu/mapinfo/pdf/CA LID_Policy Review_Final.pdf
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destabilization and increased pollutant loadings of sediment, phosphorus and other pollutants due
to bank and channel erosion. Numerous studies have documented the physical, chemical and
biological impairments of receiving waters caused by increased volumes, rates, frequencies, and
durations of stormwater discharges, and the critical importance of managing stormwater flows
and volumes to protecting and restoring our nation’s waters**%.

Traditional stormwater management is very heavily focused on extended detention
approaches, i.e., collecting water short-term (usually in a large basin), and discharging it to the
receiving water over the period of one to several days, depending on the size of the storm.
Extended detention practices are first and foremost designed to prevent downstream flooding and
not to protect downstream channel stability and water quality. For decades, water quality
protection has been a secondary goal, or one omitted entirely during the design of these facilities.
Over time it has become apparent through research and monitoring that these traditional
practices do not effectively protect the physical, chemical or biological integrity of receiving
waters?!. Furthermore, operation and maintenance of these systems to ensure they perform as
designed requires a level of managerial and financial commitment that is often not provided,
further diminishing the effectiveness of these practices from a water quality performance
perspective. A number of researchers have documented that extended detention practices fail to
maintain water quality, downstream habitat and biotic integrity of the receiving waters.??24%
As a result, today’s Final Permit shifts the District’s practices from extended detention
approaches to water quality protection approaches based on retention of discharge volumes and
reduced pollutant loadings.

(4.1.1 Standard for Stormwater Discharges from Development): The 2008 National
Research Council Report (NRC Report) on urban stormwater confirmed that current stormwater
control efforts are not fully adequate. Three of the NRC Report’s findings on stormwater
management approaches are particularly relevant:

19 Daren M Carlisle, David M Wolock, and Michael R Meador , Alteration of streamflow magnitudes and
potential ecological consequences: a multiregional assessment, , Front Ecol Environ, (2010)

20 National Research Council, Urban Stormwater Management in the United States (2009) National
Academy of Sciences http://www.nap.edu/catalog.php?record_id=12465

21 EPA, Protecting Water Quality from Urban Runoff (2003) http://www.epa.gov/npdes/pubs/nps_urban-
facts_final.pdf

22 C.R. MacRae, Experience from Morphological Research on Canadian Streams: Is Control of the Two
Year Frequency Runoff Event the Best Basis for Stream Channel Protection? (1997) in Effects of Watershed
Development and Management on Aquatic Ecosystems, ASCE

23 R. Horner, C. May, E. Livingston, D. Blaha, M. Scoggins, J. Tims & J. Maxted, Structural and
Nonstructural BMPs for Protecting Streams (2002) Seventh Biennial Stormwater Research & Watershed
Management Conference http://www.p2pays.org/ref/41/40364.pdf

24 D.B. Booth & C.R. Jackson, Urbanization of Aquatic Systems — Degradation Thresholds, Stormwater
Detention and the Limits of Mitigation (1997) Journal of the American Water Resources Association 22(5)
http://clear.uconn.edu/projects/TMDL/library/papers/BoothJackson_1997.pdf

25 E. Shaver, R. Horner, J. Skupien, C. May, and G. Ridley. Fundamentals of Urban Runoff Management:
Technical and Institutional Issues — 2nd Edition, (2007) North American Lake Management Society, Madison, WI.
http://www.deq.state.ms.us/mdeq.nsf/0/ABE8B82B89DCDDCE862573530049EEEQ/$file/Fundamentals_full_manu
al_lowres.pdf?OpenElement
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1) Individual controls on stormwater discharges are inadequate as the sole solution to
stormwater impacts in urban watersheds;

2) Stormwater control measures such as product substitution, better site design, downspout
disconnection, conservation of natural areas, and watershed and land-use planning can
dramatically reduce the volume of runoff and pollutant loadings from new development;
and

3) Stormwater control measures that harvest, infiltrate, and evapotranspire stormwater are
critical to reducing the volume and pollutant loading of storms.

The NRC Report points out the wisdom of managing stormwater flow not just for the
hydrologic benefits as described above, but because it serves as an excellent proxy for pollutants,
i.e., by reducing the volume of stormwater discharged, the amount of pollutants typically
entrained in stormwater will also be reduced. Reductions in the number of concentrated and
erosive flow events will result in decreased mobilization and transport of sediments and other
pollutants into receiving waters. The NRC Report also noted that it is generally easier and less
expensive to measure flow than the concentration or load of individual pollutant constituents. For
all of these reasons EPA has chosen to use flow volume as the management parameter to
implement policies, strategies and approaches.

The objective of effective stormwater management is to replicate the pre-development
hydrology to protect and preserve both the water resources onsite and those downstream by
eliminating or reducing the amount of both water and pollutants that run off a site, enter the
MS4, and ultimately are discharged into adjacent water bodies. The fundamental principle is to
employ systems and practices that use or mimic natural processes to: 1) infiltrate and recharge,
2) evapotranspire, and/or 3) harvest and use precipitation near to where it falls to earth.

Retaining the volume of all storms up to and including the 95th percentile storm event is
approximately analogous to maintaining or restoring the pre-development hydrology with respect
to the volume, rate, and duration of the runoff for most sites. In the mid-Atlantic region the 95
percentile approach represents a volume that appears to reasonably represent the volume that is
fully infiltrated in a natural condition and thus should be managed onsite to restore and maintain
this pre-development hydrology for the duration, rate and volume of stormwater flows. This
approach also employs and/or mimics natural treatment and flow attenuation methods, i.e., soil
and vegetation, that existed on the site before the construction of infrastructure (e.g., building,
roads, parking lots, driveways). The 95" percentile volume is not a “magic” number; there will
be variation among sites based on site-specific factors when replicating predevelopment
hydrologic conditions. However, this metric represents a good approximation of what is
protective of water quality on a watershed scale, it can be easily and fairly incorporated into
standards, and can be equitably applied on a jurisdictional basis.

In the Draft Permit EPA proposed two sets of performance standards to be implemented
by the District: on-site retention of the 90" percentile volume, or 1.2” for all non-federal
projects, and on-site retention of the 95" percentile volume, or 1.7” for all federal projects.

In determining ‘maximum extent practicable’ for discharges from development involving
12



federal facilities EPA considered several factors in the Draft Permit:

1)

2)

Energy Independence and Security Act (EISA) Section 438 and EPA Guidance?®®:
Entitled “Storm water runoff requirements for federal development projects,” EISA
section 438 provides: “The sponsor of any development or redevelopment project
involving a Federal facility with a footprint that exceeds 5,000 share feet shall use site
planning, design, construction, and maintenance strategies for the property to maintain or
restore, to the maximum extent technically feasible, the predevelopment hydrology of the
property with regard to the temperature, rate, volume, and duration of flow.”

Guidance for federal agencies to implement EISA section 438 has been in place since
December 2009, and sets forth two optional approaches to meeting the statutory
requirements: a performance objective to retain the volume from the 95" percentile storm
on site for any federally sponsored new development or redevelopment project and a site-
specific hydrologic analysis to determine the pre-development runoff conditions and to
develop the site such that the post-development hydrology replicates those conditions “to
the maximum extent technically feasible.”

Executive Orders:

a. Executive Order 13508 - Chesapeake Bay Protection and Restoration: Calling the
Chesapeake Bay a national treasure, E,O. 13508, issued May 12, 2009,
establishes a mandate for federal leadership, action and accountability in restoring
the Bay. Among the provisions of the Executive Order, section 202(c) directs the
strengthening of stormwater management practices at Federal facilities and on
Federal lands within the Chesapeake Bay watershed. In addition, section 501
directs federal agencies to implement controls as expeditiously as practicable on
their own properties. As required by section 502, EPA issued guidance for federal
land management practices to protect and restore the Bay, which includes
guidance for managing existing development, as well as redevelopment, new
development Thus federal agencies have an executive directive to be leaders in
stormwater management in the District and throughout the Chesapeake Bay
watershed.”’

b. Executive Order 13514 - Federal Leadership in Environmental, Energy, and
Economic Performance E.O 13514, issued Oct. 5, 2009, directs the federal
government to “lead by example” and includes a requirement for federal agencies
to implement EPA’s EISA Section 438 guidance (see Sections 2(d)(iv)?® and 14).

26 EPA, Technical Guidance on Implementing the Stormwater Runoff Requirements for Federal Projects

under Section 438 of the Energy Independence and Security Act (2009)
http://www.epa.gov/owow_keep/nps/lid/section438/

27 EPA, Guidance for Federal Land Management in the Chesapeake Bay Watershed, Chapter 3. Urban

and Suburban, (2010) 841-R-10-002 (http://www.epa.gov/owow_keep/NPS/chesbay502/pdf/chesbay chap03.pdf)

28 Sec. 2. Goals for Agencies. In implementing the policy set forth in Section 1 of this order, and

preparing and implementing the Strategic Sustainability Performance Plan called for in Section 8 of this order, the
head of each agency shall: . . . (d) improve water use efficiency and management by: . . . (iv) implementing and
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3) Water Quality: These performance standards are aappropriate as water quality-based
effluent limitations in the Final Permit. In order to meet the necessary water quality
requirements of the Clean Water Act, and to be consistent with the assumptions and
requirements of the wasteload allocations for the Chesapeake Bay TMDL, EPA has
determined that this performance standard is necessary. In fact, the District’s final Phase |
WIP acknowledges reasonable assurance demonstration for meeting its obligations to
implement the Chesapeake Bay TMDL on an expectation that federal new development
and redevelopment projects will achieve a 1.7” stormwater retention objective®.

EPA concluded in the Draft Permit, and maintains in the Final Permit, that in this first
permit in which a performance standard is being required, a retention standard of 1.2” represents
the “maximum extent practicable” (MEP) for the District to implement at this time. In the
District of Columbia area the 90" percentile event volume is estimated at 1.2 inches. This
volume was calculated from 59 years (1948-2006) of rainfall data collected at Reagan National
Airport using the methodology detailed in the Energy Independence and Security Act (EISA)
Section 438 Guidance®. EPA expects that the performance objective shall be accomplished
largely by the use of practices that infiltrate, evapotranspire and/or harvest and use rainwater.

EPA’s MEP determination included evaluating what has been demonstrated to be feasible
in the mid-Atlantic region as well as in other parts of the country. Because on-site retention of
the 90" percentile rainfall event volume and analogous approaches have been successfully
implemented in other locations across the nation as requirements of stormwater permits, state
regulations and local standards 3!3233:34353637.3839 anq ynder a wide variety of climates and

achieving the objectives identified in the stormwater management guidance referenced in Section 14 of this order.
Sec. 14. Stormwater Guidance for Federal Facilities. Within 60 days of the date of this order, the Environmental
Protection Agency, in coordination with other Federal agencies as appropriate, shall issue guidance on the
implementation of Section 438 of the Energy Independence and Security Act of 2007 (42 U.S.C. 17094).

29 District of Columbia Department of Environment, Chesapeake Bay TMDL Watershed Implementation
Plan (2010)
http://ddoe.dc.gov/ddoe/frames.asp?doc=/ddoe/lib/ddoe/tmdl/Final_District of Coluimbia WIP_Bay TMDL.pdf

30 EPA, Technical Guidance on Implementing the Stormwater Runoff Requirements for Federal Projects
under Section 438 of the Energy Independence and Security Act (2009)
http://www.epa.gov/owow_keep/nps/lid/section438/

31 EPA, The Municipality of Anchorage and the Alaska Department of Transportation and Public
Facilities Municipal Separate Storm Sewer System Permit, NPDES No. AKS052558 (2010)
http://yosemite.epa.gov/r10/water.nsf/NPDES+Permits/MS4+requirements+-
+Region+10/$FILE/ATTCZX11/AKS052558%20FP.pdf

32 California Regional Water Quality Control Board Los Angeles Region, Ventura County Municipal
Separate Storm Sewer System Permit, NPDES No. CAS004002 (2009)
http://www.waterboards.ca.gov/losangeles/water_issues/programs/stormwater/municipal/ventura_ms4/Final_Ventur
a_County MS4 Permit Order_N0.09-0057 _01-13-2010.pdf

33 Montana Department of Environmental Quality, General Permit for Stormwater Discharge Associated
with Small Municipal Separate Storm Sewer System, NPDES No. MTR040000 (2010)
http://www.deq.mt.gov/wginfo/mpdes/StormWater/ms4.mcpx

34 Tennessee Department of Environment and Conservation, General Permit for Discharges from Small
Municipal Separate Storm Sewer Systems, NPDES No. TNS000000, (2010)
http://state.tn.us/environment/wpc/stormh2o/finals/tns000000_ms4 phase_ii_2010.pdf
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conditions, EPA considers this performance standard to be proven and therefore “practicable’ at
this point in time. EPA believes that application of this performance standard will result in a
significant improvement to the status quo and that it will provide notable water quality benefits.
This approach will also provide a sound foundation and framework for future management
approaches, strategies, measures and practices as the program evolves over subsequent permit
cycles. In this context, EPA notes that there may be a need to improve upon this standard in the
future, and expects to evaluate implementation success, performance of practices and the overall
program, and water quality in the receiving waters when determining whether or not to modify
this requirement in a future permit cycle.

EPA received a number of comments on these proposed development performance
standards. Many commenters supported this approach. A few were opposed, largely to the
numbers rather than the retention framework. Only one federal agency, the Department of
Defense, to whom the 95" percentile standard would apply, opposed this provision, on the basis
that they should not be subject to the higher standard.

In response to comments EPA revised the Final Permit to require the District to
implement a performance standard of on-site retention of 1.2” for all development projects,
regardless of who owns or operates the development. EPA’s rationale for including a single
performance standard for all development projects is based on the fact that this permit is issued
to the District of Columbia and the MEP determination must be based on what is practicable for
that permittee even though certain property owners discharging to the District’s MS4 may have
the ability as well as the mandate to achieve more. EPA concludes that it would be not be
inappropriate to include the 1.7 performance standard in a permit to a federal permittee. This
permit, however, is being issued to a non-federal permittee.

Therefore today’s Final Permit includes a performance standard for stormwater
discharges from development that disturbs an area of land greater than or equal to 5,000 square
feet. The requirement must be in effect 18 months from today. The Permit requires the design,
construction, and maintenance of stormwater management practices to retain rainfall onsite, and

35 West Virginia Department of Environmental Protection, General Permit for Stormwater Discharges
from Small Municipal Separate Storm Sewer Systems, NPDES WV0116025 (2009)
http://www.dep.wv.gov/WWE/Programs/stormwater/MS4/permits/Documents/WV%20M S4%202009%20General
%20Permit.pdf

36 North Carolina Department of Environment and Natural Resources, General Permit to Construct
Operate and Maintain Impervious Areas and BMPs Associated with a Residential Development Disturbing Less
than 1 Acre, State Permit No. SWG050000 (2008)
http://portal.ncdenr.org/c/document_library/get file?uuid=724171cc-c208-4f39-a68c-
b4cd84022cd9&aroupld=38364

37 State of Maryland, Stormwater Management Act of 2007, Environment Avrticle 4 §201.1 and §203
http://www.mde.state.md.us/programs/Water/StormwaterManagementProgram/Pages/Programs/\WaterPrograms/Sed
imentandStormwater/swm2007.aspx

38 City of Philadelphia, Stormwater Regulations, §600.0 Stormwater Management (2006)
http://www.phillyriverinfo.org/WICL ibrary/StormwaterRegulations.pdf

39 EPA, See Chapter 3, Green Infrastructure Case Studies: Municipal Policies for Managing Stormwater
with Green Infrastructure (2010) http://www.epa.gov/owow/NPS/lid/gi_case_studies_2010.pdf
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prevent the off-site discharge of the rainfall volume from all events less than or equal to the 90th
percentile rainfall event.

The District’s Phase | Watershed Implementation Plan (WIP) for the Chesapeake Bay
TMDL based its proposed nutrient and sediment reductions, and the associated reasonable
assurance demonstration, on these performance standards, i.e., 1.2” for non-federal projects and
1.7” for federal projects. In establishing the Chesapeake Bay TMDL, EPA used the information
in the Bay jurisdictions’ final Phase | WIPs, including that of the District, where possible. Thus
the wasteload allocations (WLAS) in the TMDL*" are based, in part, on the expectation that all
development in the District will be subject to these standards.

EPA notes that all federal facilities still must comply with the EISA requirements. The
District will track the performance of federal development projects subject to the District’s
stormwater regulations, and therefore document those achieving better than 1.2” onsite retention.
However, the District cannot, nor should they be expected to, enforce the EISA requirements.

EPA dropped the option for determination of the predevelopment runoff conditions based
on a full hydrologic and hydraulic analysis of the site. EISA guidance had provided this option to
federal facilities and EPA did not want to provide an a priori limitation to federal projects in the
Draft Permit, but rather provide the District with the flexibility to include it if they determined it
to be administratively feasible. However, since the Final Permit no longer includes an additional
requirement for federal facilities, this provision is no longer necessary to provide federal
facilities options consistent with EISA. With respect to non-federal facilities, in the seventeen
months since the Draft Permit was proposed the District has continued with the process of
finalizing their stormwater regulations, and has determined that inclusion of this option is not
necessary or reasonable, and EPA concurs.

Several commenters raised the issue of costs associated with implementation of the
performance standard. EPA has responded by noting that there are many locations where this
stormwater management framework has already been implemented (see footnote 22), and also
where costs have been well documented to be competitive or instances where infrastructure costs
were less expensive because of avoided costs, e.g., reduced infrastructure, narrower roads and
otherwise fewer impervious surfaces, reduced or eliminated curbs and gutters, no or fewer buried
storm sewers. In addition, where cost-benefit analyses have been conducted, green infrastructure
practices are even more cost effective because of the wide array of additional benefits** that do
not accrue when traditional stormwater management practices are used.*3444:46:47:48:49.5051,52,53,54

40 District of Columbia Department of Environment, Chesapeake Bay TMDL Watershed Implementation
Plan (2010)
http://ddoe.dc.gov/ddoe/frames.asp?doc=/ddoe/lib/ddoe/tmdl/Final_District_of Coluimbia WIP_Bay TMDL.pdf

41 EPA, Chesapeake Bay Total Maximum Daily Load for Nitrogen, Phosphorus and Sediment (2010)
http://www.epa.gov/reg3wapd/tmdl/ChesapeakeBay/tmdlexec.html

42 EPA, Managing Wet Weather with Green Infrastructure website, Benefits:
(http://cfpub2.epa.gov/npdes/home.cfm?program_id=298)

43 LimnoTech, Analysis of the Pollution Reduction Potential of DC Stormwater Standards (2009)

44 EPA, Reducing Stormwater Costs through Low Impact Development Strategies and Practices (2007)
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Several commenters took issue with the inclusion of any numeric performance standard
for discharges from development. As discussed above EPA believes that stormwater discharge
permits should include clear and enforceable standards, and where feasible, numeric limits are
preferred. As discussed above, for the purpose of requiring the permittee to ensure adequate
management of discharges from development, a numeric performance standard is a proven
means of establishing a clear and enforceable requirement. EPA recognizes that there will be
development projects that may not be able to meet the performance standard on site because of
site conditions or site activities that preclude the use of extensive green infrastructure practices.
Thus as proposed in the Draft Permit, the Final Permit requires the District to develop an
alternative means of compliance for development projects under these circumstances (see
discussion of Section 4.1.3 Off-Site Mitigation and/or Fee-in-Lieu for all Facilities).

In July 2010 EPA Region I11 issued Urban Stormwater Approach for the Mid-Atlantic
Region and the Chesapeake Bay Watershed.>® This document provides direction to all NPDES
permitting authorities in the Region and establishes expectations for the next generation of MS4
permits. Based on many of the reasons already articulated in this Final Fact Sheet, EPA directed
states to incorporate performance-based standards into permits and regulations with the objective
of maintaining or restoring a pre-development hydrologic site condition for newly developed and
redeveloped sites. In fact most states with authorized NPDES permit programs in the Chesapeake

http://www.epa.gov/owow/NPS/lid/costs07/

45 Report to Natural Resources Defense Council and Waterkeeper Alliance, Economic Costs, Benefits and
Achievability of Stormwater Regulations for Construction and Development Activities (2008)

46 Meliora Environmental Design LLC, Comparison of Environmental Site Design for Stormwater
Management for Three Redevelopment Sites in Maryland (2008)

47 City of Portland Environmental Services, Cost-Benefit Evaluation of Ecoroofs (2008)
http://www.portlandonline.com/bes/index.cfm?a=261053&c¢=50818

48 Natural Resources Defense Council, Rooftops to Rivers, Green Strategies for Controlling Stormwater
and Combined Sewer Overflows (2006) http://www.nrdc.org/water/pollution/rooftops/rooftops.pdf

49 Riverkeeper, Sustainable Raindrops (2006) http://www.riverkeeper.org/wp-
content/uploads/2009/06/Sustainable-Raindrops-Report-1-8-08.pdf

50 City of Philadelphia Water Department, A Triple Bottom Line Assessment of Traditional and Green
Infrastructure Options for Controlling CSO Events in Philadelphia’s Watersheds (2009)
http://www.epa.gov/npdes/pubs/qgi_phil_bottomline.pdf

51 Richard R. Horner, Investigation of the Feasibility and Benefits of Low-Impact Site Design Practices
for Ventura County, and Initial Investigation of the Feasibility and Benefits of Low-Impact Site Development
Practices for the San Francisco Bay Area, and Supplementary Investigation of the Feasibility and Benefits of Low-
Impact Site Development Practices for the San Francisco Bay Area, (2007)
http://docs.nrdc.org/water/files/wat 09081001b.pdf

52 J. Hathaway and W.F. Hunt. Stormwater BMP Costs. (2007)
www.bae.ncsu.edu/stormwater/PublicationFiles/DSWC.BMPcosts.2007.pdf.

53 Center for Neighborhood Technology and American Rivers, The Value of Green Infrastructure: A
Guide to Recognizing Its Economic, Environmental and Social Benefits (2010) http://www.cnt.org/repository/gi-
values-quide.pdf

54 J. Gunderson, R. Roseen, T. Janeski, J. Houle, M. Simpson. Cost-Effective LID in Commercial and
Residential Development (2011) Stormwater http://www.stormh20.com/march-april-2011/costeffective-lid-
development-1.aspx

55 EPA, Urban Stormwater Approach for the Mid-Atlantic Region and the Chesapeake Bay Watershed
(2010) http://www.epa.gov/reg3wapd/pdf/pdf _chesbay/MS4GuideR3final07 29 _10.pdf
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Bay Watershed have incorporated numeric on-site retention standards into final or draft
regulations or permits.

In addition, this provision is consistent with the 2008 Modified Letter of Agreement to
the 2004 Permit®® in which the District committed to promulgate stormwater regulations that
implement “Low Impact Development”, i.e., measures that infiltrate, evapotranspire and harvest
stormwater.

(4.1.2 Code and Policy Consistency, Site Plan Review, Verification and Tracking):
In Region I11’s Urban Stormwater Approach for the Mid-Atlantic Region and the Chesapeake
Bay Watershed, EPA emphasized the importance of establishing accountability measures around
performance measures. The best standards will not provide the necessary environmental
outcomes if they are not properly implemented, and the only way to ensure proper
implementation is to ensure that stormwater control measures are properly designed and
installed.

Today’s Final Permit requires the District to ensure that all codes and policies are
consistent with the standards in the Final Permit, and to establish and maintain adequate site plan
review procedures, and a post-construction verification process (such as inspections or submittal
of as-builts) to ensure that controls are properly installed.

Ensuring that local codes, ordinances and other policies are consistent with the
requirements of the permit is critical element of success. A number local governments attempting
to implement green infrastructure measures have found their own local policies to be one of the
most significant barriers®’, e.g., parking codes that require over-sized parking lots, plumbing
codes that don’t allow rainwater harvesting for indoor uses, or street design standards that
prohibit the use of porous/pervious surfaces. EPA has published a document, the Water Quality
Scorecard, to assist local governments in understanding and identifying these local policy
barriers and also provides options for eliminating them.>® EPA is not requiring the District to use
the Scorecard or any other specific method, but recommends a systematic assessment of local
policies in the context of the requirements of the Final Permit in order to comply with the
provisions of this Section.

EPA and others have long recognized the importance of site plan review in ensuring that
development projects are designed according to standards and regulations, and a verification
process following construction that projects were constructed as designed and approved.>%%6162

56 District Department of Environment, Modification to the Letter of Agreement dated November 27, 2007
for the NPDES Municipal Separate Storm Sewer (MS4) Permit DC0000222 (2008)
http://www.epa.gov/reg3wapd/npdes/pdf/DCMS4/L etter.PDF

57 National Research Council, Urban Stormwater Management in the United States (2009) National
Academy of Sciences http://www.nap.edu/catalog.php?record_id=12465

58 EPA, Water Quality Scorecard, Incorporating Green Infrastructure Practices and the Municipal,
Neighborhood and Site Scales (2009) http://www.epa.gov/smartgrowth/pdf/2009 1208 wq_scorecard.pdf

59 EPA, Post-Construction Plan Review, Menu of BMPs
http://cfpub.epa.gov/npdes/stormwater/menuofbmps/index.cfm?action=factsheet_results&view=specific&bmp=123
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Most local governments, including the District, already have some form of site plan review and
post-construction verification process for development projects. Today’s Final Permit includes
them as critical accountability elements of the District stormwater program.

In addition, today’s Final Permit requires the District to track volume reductions from all
projects. This is a critical element of determining whether wasteload allocations are being
achieved.

One commenter noted that EPA had not imposed a clear compliance schedule for this
requirement. The Final Permit includes a deadline of the end of the permit term for full
compliance with this requirement, acknowledging that updating codes, ordinances and other
policies may be a time-consuming process that typically requires consultation and support from
elected officials, coordination amongst multiple departments and agencies, e.g., the Office of
Planning, the Department of Transportation and the Department of the Environment, as well as
public involvement.

(4.1.3 Off-Site Mitigation and/or Fee-in Lieu for all Facilities): Today’s Final Permit
requires the District to establish a program for Off-site Mitigation and/or Fee-In-Lieu within 18
months of the effective date of the Final Permit. The Final Permit provides the District flexibility
to develop a program with either one of those elements or both. Specifically the Permit states:

The program shall include at a minimum:

1) Establishment of baseline requirements for on-site retention and for mitigation projects.
On-site volume plus off-site volume (or fee-in-lieu equivalent or other relevant credits)
must equal no less than the relevant volume in Section 4.1.1;

2) Specific criteria for determining when compliance with the baseline requirement for on-
site retention cannot technically be met based on physical site constraints, or a rationale
for why this is not necessary;

3) For a fee-in-lieu program, establishment of a system or process to assign monetary values
at least equivalent to the cost of implementation of controls to account for the difference
in the performance standard, and the alternative reduced value calculated; and

4) The necessary tracking and accounting systems to implement this section, including
policies and mechanisms to ensure and verify that the required stormwater practices on
the original site and appropriate required off-site practices stay in place and are
adequately maintained.

60 Center for Watershed Protection, Managing Stormwater in Your Community, A Guide for Building an
Effective Post-Construction Program (2008) http://www.cwp.org/documents/cat_view/76-stormwater-management-
publications/90-managing-stormwater-in-your-community-a-guide-for-building-an-effective-post-construction-
program.html

61 EPA, MS4 Permit Improvement Guide (2010)
http://www.epa.gov/npdes/pubs/ms4permit_improvement_guide.pdf

62 National Research Council, Urban Stormwater Management in the United States (2009) National
Academy of Sciences http://www.nap.edu/catalog.php?record id=12465
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This provision is included in today’s Final Permit in acknowledgement that meeting the
performance standard in 4.1.1 may be challenging in some situations. The NRC Report noted
that an offset system is critical to situations when on-site stormwater control measures are not
feasible.®® In cases where a full complement of onsite controls is not feasible, offsite practices
should be employed that result in net improvements to watershed function and water quality at
the watershed scale. The Urban Stormwater Approach for the Mid-Atlantic Region and the
Chesapeake Bay Watershed contemplates offsets in MS4 programs.®* EPA has also articulated
expectations in the Chesapeake Bay TMDL that it expects the Bay jurisdictions to account for
growth via offset programs that are consistent with Section 10 and Appendix S of the
Chesapeake Bay TMDL.%®

EPA received numerous comments on this provision. No commenter was opposed to an
offset program per se, but there were various opinions on how it should function. Because there
was so much general interest in how this program would be shaped, EPA is responding to these
comments by requiring the program be subject to public notice followed by submittal to and
review by EPA. EPA believes this provides all of those with an interest in this program the
opportunity to provide meaningful input. EPA will also review the program to ensure that it has
adequate tracking and enforceability components, and meets the water quality objectives of the
Final Permit. It is EPA’s expectation that these mechanisms will be described by the permittee in
the proposed implementation scheme. EPA emphasizes that accountability measures (e.g.,
inspections, maintenance, tracking) will be critical to ensure the success of the program, and
therefore the District’s plan will be closely scrutinized for those measures prior to
implementation.

The Final Permit includes an option for the District to include incentives for other
environmental objectives, e.g., carbon sequestration, in the offset program. As noted, because of
the wide array of opinions EPA feels that consideration of some of these other environmental
objectives deserve a full vetting by the community. The District is not required to include any
incentives or credits along these lines in the program. If it chooses to do so, anything
implemented to achieve those other environmental objectives must be subject to the same level
of site plan review, inspection, and operation and maintenance requirements as stormwater
controls implemented in fulfillment of other permit requirements.

Finally, for the duration of this permit term, the Final Permit exempts District owned and
operated transportation rights-of-way projects from the requirement to mitigate stormwater off-
site or pay into a fee-in-lieu program for development projects where the on-site performance
standard cannot be met. This decision was based on the District request for short-term relief
while the District Department of Transportation develops new stormwater management design,
construction, and operation and maintenance processes, protocols, requirements and

63 National Research Council, Urban Stormwater Management in the United States (2009) National
Academy of Sciences http://www.nap.edu/catalog.php?record_id=12465

64 EPA, Urban Stormwater Approach for the Mid-Atlantic Region and the Chesapeake Bay Watershed
(2010) http://www.epa.gov/reg3wapd/pdf/pdf chesbay/MS4GuideR3final07_29 10.pdf

65 EPA, Chesapeake Bay Total Maximum Daily Load for Nitrogen, Phosphorus and Sediment (2010)
http://www.epa.gov/reg3wapd/tmdl/ChesapeakeBay/tmdlexec.html
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specifications for transportation systems and public rights of way. EPA notes that this exemption
does not apply to other District owned projects.

(4.1.4 Green Landscaping Incentives Program): Green infrastructure regulatory and
incentive programs are becoming common across the country.®®®” Landscaping requirements
that provide flexibility and a suite of options from which to select appropriate green
infrastructure practices and systems, e.g. Seattle’s Green Factor®®, have proven to be quite
popular with developers, land owners and municipal officials.

The green landscaping provision is consistent with the 2008 Modified Letter of
Agreement to the 2004 Permit®® that articulated a long list of specific green infrastructure
measures to be implemented, coupled with the commitment by the District to develop green
infrastructure policies and incentives. Because these green landscaping provisions fill an
important gap in the District’s suite of green infrastructure-related policies, EPA specifically
identified landscaping as an important area for development of incentives.

Other than general support EPA received little comment on this provision, thus the Final
Permit has not been modified from the Draft Permit.

(4.1.5 Retrofit Program for Existing Discharges): Changes in land cover that
occurred when urban and urbanizing areas were developed have changed both the hydrology and
pollutant loadings to receiving waters and have led to water quality problems and stream
degradation. In order to protect and restore receiving waters in and around the District
stormwater volume and pollutant loadings from sites with existing development must be
reduced. Due to historical development practices, most of these areas were developed without
adequate stormwater pollutant reduction or water quality-related controls. To compensate for the
lack of adequate stormwater discharge controls in these areas, EPA is requiring the District to
include retrofit elements in the stormwater management program.’®%:"2

EPA has acknowledged the importance of including retrofit requirements in MS4
permits.”"* The Chesapeake Bay TMDL allocations are founded on the expectation of

66 EPA, Green Infrastructure Incentive Mechanisms, Green Infrastructure Municipal Handbook Series,
(2009) http://www.epa.gov/npdes/pubs/gi_munichandbook_incentives.pdf

67 EPA, Green Infrastructure Case Studies: Municipal Policies for Managing Stormwater with Green
Infrastructure (2010) http://www.epa.gov/owow/NPS/lid/gi_case_studies 2010.pdf

68 City of Seattle, Seattle Green Factor, http://www.seattle.gov/dpd/Permits/GreenFactor/Overview/

69 District Department of Environment, Modification to the Letter of Agreement dated November 27, 2007
for the NPDES Municipal Separate Storm Sewer (MS4) Permit DC0000222 (2008)
http://www.epa.gov/reg3wapd/npdes/pdf/DCMS4/L etter.PDF

70 National Research Council, Urban Stormwater Management in the United States (2009) National
Academy of Sciences http://www.nap.edu/catalog.php?record_id=12465

71 Schueler, Thomas. Urban Subwatershed Restoration Manual No. 1: An Integrated Framework to
Restore Small Urban Watersheds (2005)

72 EPA, Green Infrastructure Retrofit Policies, Managing Wet Weather with Green Infrastructure
Municipal Handbook Series (2008) http://www.epa.gov/npdes/pubs/gi_munichandbook_retrofits.pdf

73 EPA, MS4 Permit Improvement Guide (2010) EPA 833-R-10-001,
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stormwater retrofits in the District (see Section 8 of the TMDL®), based on actions outlined in
the District’s final Phase | WIP developed for the Chesapeake Bay TMDL."®

EPA received quite a few comments on this set of requirements. Some commenters
strongly approved of the retrofit provisions in the Draft Permit, while others expressed concerns.

Today’s Final Permit requires the District to develop performance metrics for retrofits,
using the performance standard in Section 4.1.1 as the starting point, i.e., if projects can meet the
environmental objectives specified in Part 4.1.1 they should. However, understanding the
challenges associated with retrofitting some sites, the Final Permit allows that the performance
metrics for retrofit projects may vary from the performance standard in 4.1.1, e.g., different
requirements may apply to differing sets of circumstances, site conditions or types of projects.
EPA believes the most important first step in a robust retrofit program is to set stringent
environmental objectives, thus the requirement to develop clear and specific performance
standards. EPA fully expects the District to utilize this permit term to develop design,
construction and operation and maintenance protocols to meet the requisite performance
standards.

Several modifications were made to this provision:

1) Because there was so much interest in this provision EPA added a requirement for public
notice.

2) Because there were so many opinions on how this program should function, EPA
removed some of the criteria in the Final Permit to allow the community to shape the
program. In exchange EPA included a requirement that the relevant performance metrics
be submitted to EPA for review and approval.

3) The compliance schedule for development, public notice and submittal to EPA of
performance metrics for a retrofit program has been extended from one year to 18 months
at the request of the District. EPA believes the additional time will allow better
coordination of the offset program with the District’s stormwater regulations (also with
an 18 month compliance schedule), and allow adequate time for a public notice process
and an EPA review.

Also included in the permit is a requirement that the District must work with federal
agencies to document federal commitments to retrofitting their properties. Consistent with
Executive Order 13508 on the Chesapeake Bay, the federal strategies developed pursuant
thereto, and in fulfillment of the Chesapeake Bay TMDL, federal agencies have obligations to

http://www.epa.gov/npdes/pubs/ms4permit_improvement guide.pdf

74 EPA, Urban Stormwater Approach for the Mid-Atlantic Region and the Chesapeake Bay Watershed
(2010) http://www.epa.gov/reg3wapd/pdf/pdf chesbay/MS4GuideR3final07_29 10.pdf

75 EPA, Chesapeake Bay Total Maximum Daily Load for Nitrogen, Phosphorus and Sediment (2010)
http://www.epa.gov/reg3wapd/tmdl/ChesapeakeBay/tmdlexec.html

76 District of Columbia Department of Environment, Chesapeake Bay TMDL Watershed Implementation
Plan (2010)
http://ddoe.dc.gov/ddoe/frames.asp?doc=/ddoe/lib/ddoe/tmdl/Final_District_of Coluimbia WIP_Bay TMDL.pdf
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implement substantive stormwater controls. In order to accurately account for loads from federal
lands that discharge through the District MS4 system, the District needs to be able to track the
pollutant reductions resulting from federal actions. To do so the District will need to identify
federal facilities and properties and work with federal agencies to identify retrofit opportunities
on federal lands and properties and track progress in retrofitting these lands and properties.

In addition, the Final Permit requires the District to make pollutant load and volume
reduction estimates for all retrofit projects for the nine pollutants in Table 4, and by each of the
major District watersheds (Anacostia River, Rock Creek, Potomac River).

The Final Permit requires the District to implement retrofits to manage runoff from
18,000,000 square feet of impervious surfaces during the permit term. Of that total, 1,500,000
square feet must be in transportation rights-of-way. Although these initial drainage area
objectives are not especially aggressive, EPA believes that a strong foundation for the retrofitting
program must first be established. EPA can then set more aggressive drainage area objectives in
subsequent permits. In its comments on the Draft Permit the District contended that the
requirement in the Draft Permit for the retrofitting of 3,600,000 square feet of impervious
surfaces in transportation rights-of-way was more than it could accomplish in a single permit
term. The District suggested 1,500,000 square feet, almost 60% less than what was required in
the Draft Permit would be achievable. In consideration of these comments, the total square
footage of retrofitted impervious surfaces that must be in transportation rights-of-way is
1,500,000 square feet. EPA notes that the total square footage retrofit requirement is unchanged.

EPA believes that this requirement will establish a strong foundation for the implementing a
retrofitting program overall and in transportation rights-of-way, which can be followed in
subsequent permits with more aggressive drainage area objectives. In addition, the Final Permit
includes an additional provision that is intended to enhance the District’s retrofit opportunities
(see next paragraph).

The Final Permit establishes a requirement for the District to adopt and implement
stormwater retention requirements for properties where less than 5,000 square feet of soil is
being disturbed but where the buildings or structures have a footprint that is greater than or equal
to 5,000 square feet and are undergoing substantial improvement. Substantial improvement, as
consistent with District regulations at 12J DCMR § 202, is any repair, alteration, addition, or
improvement of a building or structure, the cost of which equals or exceeds 50 percent of the
market value of the structure before the improvement or repair is started. Although this specific
element was not included in the Draft Permit, it reflects the fact that the District has already
considered this provision in their proposed stormwater regulations, and is consistent with the
overall retrofit approach in the Draft Permit. Both the District and EPA believe this will promote
retrofitting on smaller sites that would not otherwise be subject to the performance standard in
the stormwater regulations.

This section of the Final Permit also requires the District to ensure that every major
renovation/ rehabilitation project for District-owned properties within the inventory of
Department of Real Estate Services (DRES) and Office of Public Education Facilities
Modernization (OPEFM) includes on-site retention measures to manage stormwater. This
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requirement is based in part on EPA’s understanding that these two agencies have control over
most District buildings and renovation projects in the District. This provision was in Section 4.2
Operation and Maintenance of Stormwater Capture Practices of the Draft Permit, and was moved
to Section 4.1.5 of the Final Permit since it is a retrofit requirement rather than a maintenance
requirement.

(4.1.6 Tree Canopy): Several studies have documented the capacity for planting
additional trees in the District and quantified the benefits.”""®"*8° The District commitments to
the tree planting requirements of the Final Permit are documented in the 2008 Modified Letter of
Agreement to the 2004 Permit,®* and the District’s Chesapeake Bay TMDL WIP.%? The number
was derived from the District Urban Tree Canopy Goal® of planting 216,300 trees over the next
25 years, an average of 8,600 trees per year District-wide. Adjusting this number for the MS4
area of the District, the Final Permit requires the District to develop a strategy to plant new trees
at a rate of at least 4,150 annually.

There was some interest from commenters in providing input to the tree canopy strategy,
thus the Final Permit includes a requirement for the District to public notice this strategy. Also,
in response to several comments, EPA has clarified the annual number as a net increase in order
to account for mortality.

(4.1.7 Green Roof Projects): Quite a few studies have documented the water quality
benefits of green roofs.®*#>%® The Green Build-out Model, a project specifically carried out to

77 Casey Trees, The Green Build-out Model: Quantifying the Stormwater Management Benefits of Trees
and Green Roofs in Washington, DC (2007) (http://www.caseytrees.org/planning/greener-
development/gbo/index.php).

78 University of Vermont and the U.S. Forest Service, A Report on Washington D.C.’s Existing and
Potential Tree Canopy (2009) http://www.caseytrees.org/geographic/key-findings-data-resources/urban-tree-canopy-
goals/documents/UnivofVermontUTCReport4-17-09.pdf

79 Casey Trees, et al. See several District tree inventories: http://www.caseytrees.org/geographic/tree-
inventory/community/index.php

80 Casey Trees, The Green Build-out Model: Quantifying the Stormwater Management Benefits of Trees
and Green Roofs in Washington, D.C. (2007) http://www.caseytrees.org/planning/greener-
development/gbo/documents/GBO_Model_Full_Report 20051607.pdf

81 District Department of Environment, Modification to the Letter of Agreement dated November 27, 2007
for the NPDES Municipal Separate Storm Sewer (MS4) Permit DC0000222 (2008)
http://www.epa.gov/reg3wapd/npdes/pdf/DCMS4/L etter.PDF

82 District of Columbia Department of Environment, Chesapeake Bay TMDL Watershed Implementation
Plan (2010)
http://ddoe.dc.gov/ddoe/frames.asp?doc=/ddoe/lib/ddoe/tmdl/Final_District of Coluimbia WIP_Bay TMDL.pdf

83 Casey Trees, Urban Tree Canopy Goal website: http://www.caseytrees.org/geographic/key-findings-
data-resources/urban-tree-canopy-goals/index.php

84 EPA, Green Roofs for Stormwater Runoff Control (2009)
http://www.epa.gov/nrmrl/pubs/600r09026/600r09026.pdf

85 E. Oberndorfer et al, Green Roofs as Urban Ecosystems: Ecological Structures, Functions, and
Services (2007) BioScience 57(10):823-833 http://www.bioone.org/doi/full/10.1641/B571005

86 M. Hathaway, W.F. Hunt, G.D. Jennings, A Field Study of Green Roof Hydrologic and Water Quality
Performance (2008) Transactions of American Society of Agricultural and Biological Engineers, Vol. 51(1): 37-44
http://www.bae.ncsu.edu/people/faculty/jennings/Publications/ASABE%20Hathaway%20Hunt%20Jennings.pdf
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evaluate the potential in the District for using green roofs and other green infrastructure measures
to reduce flows and pollutants from the District’s wet weather systems, documented significant
opportunities for green roof implementation.®’

The District commitments to green roof implementation are documented in the 2008
Modified Letter of Agreement to the 2004 Permit,? and the District Chesapeake Bay TMDL
Watershed Implementation Plan.®® The District is required to evaluate the feasibility of installing
green roofs on District-owned buildings, and to install at least 350,000 square feet of green roof
during the permit term.

(4.2 Operation and Maintenance of Retention Practices): Operation and
maintenance, required pursuant to 40 C.F.R. 122.26(d)(2)(iv)(A)(1) and (3), is critical for the
continued performance of stormwater control measures.”** EPA has consistently noted the
importance of operation and maintenance in regulatory guidance.’**** Today’s Final Permit
requires the District to ensure adequate maintenance of all stormwater control measures, both
publicly and privately owned and operated.

The District has two years from the effective date of the Final Permit to develop and
implement operation and maintenance protocols for all District owned and operated stormwater
management practices. The District is also required to provide regular and ongoing training to all
relevant contractors and employees.

The District is required to develop operation and maintenance mechanisms to ensure that
stormwater practices are maintained and operated to meet the objectives of the program and that
they continue to function over multiple permit cycles to provide the water quality benefits
intended by design. Such mechanisms may include deed restrictions, ordinances and/or
maintenance agreements to ensure that all non-District owned and operated stormwater control
measures are adequately maintained. In addition the District must develop and/or refine

87 Casey Trees, The Green Build-out Model: Quantifying the Stormwater Management Benefits of Trees
and Green Roofs in Washington, D.C. (2007) http://www.caseytrees.org/planning/greener-
development/gbo/documents/GBO_Model_Full_Report 20051607.pdf

88 District Department of Environment, Modification to the Letter of Agreement dated November 27, 2007
for the NPDES Municipal Separate Storm Sewer (MS4) Permit DC0000222 (2008)
http://www.epa.gov/reg3wapd/npdes/pdf/DCMS4/L etter.PDF

89 District of Columbia Department of Environment, Chesapeake Bay TMDL Watershed Implementation
Plan (2010)
http://ddoe.dc.gov/ddoe/frames.asp?doc=/ddoe/lib/ddoe/tmdl/Final_District_of Coluimbia WIP_Bay TMDL.pdf

90 National Research Council, Urban Stormwater Management in the United States (2009) National
Academy of Sciences http://www.nap.edu/catalog.php?record_id=12465

91 EPA Website: Stormwater Control Operation and Maintenance.
http://www.epa.gov/owow/NPS/ordinance/stormwater.htm

92 EPA, MS4 Permit Improvement Guide (2010) EPA 833-R-10-001,
http://www.epa.gov/npdes/pubs/ms4permit_improvement_guide.pdf

93 EPA, MS4 Program Evaluation Guidance (2007) EPA-833-R-07-003,
http://www.epa.gov/npdes/pubs/ms4quide_withappendixa.pdf

94 EPA, Urban Stormwater Approach for the Mid-Atlantic Region and the Chesapeake Bay Watershed,
(2010) http://www.epa.gov/reg3wapd/pdf/pdf chesbay/MS4GuideR3final07_29_10.pdf
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verification mechanisms, such as inspections, and an electronic inventory system to ensure the
long-term integrity of stormwater controls in the District.

In addition the District is required to develop a Stormwater Management Guidebook and
associated training within eighteen months of the effective date of the Final Permit. This
requirement is based on commitments in the 2008 Modified Letter of Agreement to the 2004
Permit®™. Completion of the Guidebook has been delayed pending finalization of the District’s
revised stormwater regulations. However EPA expects Guidebook completion to parallel
finalization of the District’s revised stormwater regulations, which incorporate the standards and
requirements of the Final Permit.

(4.3 Management of District Government Areas): Requirements in this section of the
Final Permit largely continue provisions in the 2004 Permit. EPA received few comments on
most elements of this section of the Draft Permit. The following revisions were made:

1) The District now must notify not only public health agencies within 24-hours in the event
of a sanitary sewer overflow, but also ensure adequate public notification procedures
within that same time period (Section 4.3.1 of the Final Permit). EPA emphasizes that
this provision in no way authorizes sanitary sewer overflow discharges either directly or
via the MS4. Those discharges are expressly prohibited.

2) Within 18 months of the effective date of the Final Permit, the District shall complete,
public notice and submit to EPA for review and approval a plan for optimal catch basin
inspections, cleaning and repairs. The District shall fully implement the plan upon EPA
approval. This revision is based on comments that the catch basin maintenance provisions
on the Draft Permit were vague and not within the context of a comprehensive plan
(Section 4.3.5.1 of the Final Permit).

3) Section 3.2 of the Draft Permit required the District to update its outfall inventory. One
commenter noted that the District’s 2006 Outfall Survey had already essentially
accomplished this, and that meanwhile many of these outfalls were in severe disrepair,
thus contributing to increased sediment loading to receiving waters. EPA agrees this is a
serious concern, and has thus modified the Final Permit to require the District to
undertake the following: within 18 months of the effective date of the Final Permit, and
consistent with the 2006 Outfall Survey, the District shall complete, public notice and
submit to EPA for review and approval an outfall repair schedule to ensure that
approximately 10% of all outfalls needing repair are repaired annually, with the overall
objective of having all outfalls in good repair by 2022 (Section 4.3.5.3 of the Final
Permit).

4) Consistent with the District’s Enhanced Street Sweeping and Fine Particle Removal
Strategy,®® an additional element has been included in Table 3, Street Sweeping. The

95 District Department of Environment, Modification to the Letter of Agreement dated November 27, 2007
for the NPDES Municipal Separate Storm Sewer (MS4) Permit DC0000222 (2008)
http://www.epa.gov/reg3wapd/npdes/pdf/DCMS4/L etter.PDF

96 District Department of the Environment, Municipal Separate Storm Sewer System Program
Annual Report (2010)
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table now documents that environmental hotspots in the Anacostia River Watershed will
now be swept at least two times per month from March through October.

(4.6 Management of Construction Activities): Requirements in this Section of the
Final Permit largely continue provisions in the 2004 Permit. Several commenters suggested that
these provisions needed to be significantly improved, including specifying more stringent
effluent limitations, in order to address the impairments attributable to sediment.

While permitting authorities have a fair amount of latitude to modify many elements of a
permit based on public comments, inclusion of a de novo numeric effluent limitation, when
neither the Draft Permit nor the Draft Fact Sheet suggested such an option would require further
public notice. Therefore, this Final Permit does not include a numeric effluent limitation for
sediment discharged in stormwater from active construction sites.

However, EPA agrees that construction activities cause serious water quality problems,
and has revised this section to require more robust oversight of construction stormwater controls.
A significant cause of water quality problems caused by construction activities is the failure of
construction site operators to comply with existing regulations. Thus, EPA expects increased
inspections and enforcement activity to result in improved compliance and therefore reduced
sediment loads.”” Therefore the Final Permit includes construction site inspection frequency
requirements to ensure compliance with the District erosion and sediment requirements.

(4.8 Flood Control Projects): Requirements in this Section of the Final Permit largely
continue provisions in the 2004 Permit. EPA received few comments on this section. The
following revision was made: a start date of six months after the effective date of the Final
Permit was added for the requirement to collect data on the percentage of impervious surface
area located in flood plain boundaries for all proposed development.

(4.10 Total Maximum Daily Load (TMDL) Wasteload Allocation (WLA) Planning
and Implementation): There are several TMDLs with wasteload allocations that either directly
or indirectly affect the District’s MS4 discharges. The following are those that EPA has
determined to be relevant for purposes of implementation via the Final Permit:

1. TMDL for Biochemical Oxygen Demand (BOD) in the Upper and Lower Anacostia
River (2001)

2. TMDL for Total Suspended Solids (TSS) in the Upper and Lower Anacostia River

(2002)

TMDL for Fecal Coliform Bacteria in the Upper and Lower Anacostia River (2003)

TMDL for Organics and Metals in the Anacostia River and Tributaries (2003)

TMDL for Fecal Coliform Bacteria in Kingman Lake (2003)

TMDL for Total Suspended Solids, Oil and Grease and Biochemical Oxygen Demand in

Kingman Lake (2003)

o0k w

97 EPA, Office of Enforcement and Compliance Assurance Accomplishments Report (2008)
http://www.epa.gov/compliance/resources/reports/accomplishments/oeca/fy08accomplishment.pdf
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TMDL for Fecal Coliform Bacteria in Rock Creek (2004)

TMDL for Organics and Metals in the Tributaries to Rock Creek (2004)

0. TMDL for Fecal Coliform Bacteria in the Upper, Middle and Lower Potomac River and
Tributaries (2004)

10. TMDL for Organics, Metals and Bacteria in Oxon Run (2004)

11.  TMDL for Organics in the Tidal Basin and Washington Ship Channel (2004)

12. TMDL for Sediment/Total Suspended Solids for the Anacostia River Basin in Maryland
and the District (2007) [pending resolution of court vacature, Anacostia Riverkeeper, Inc.
v. Jackson, No. 09-cv-97 (RCL)]

13. TMDL for PCBs for Tidal Portions of the Potomac and Anacostia Rivers in the District
of Columbia, Maryland and Virginia (2007)

14.  TMDL for Nutrients/Biochemical Oxygen Demand for the Anacostia River Basin in
Maryland and the District (2008)

15.  TMDL for Trash for the Anacostia River Watershed, Montgomery and Prince George’s
Counties, Maryland and the District of Columbia (2010)

16.  TMDL for Nitrogen, Phosphorus and Sediment for the Chesapeake Bay Watershed

(2010)

o

On July 25, 2011, in connection with a challenge by the Anacostia Riverkeeper and other
environmental organizations, the U.S. District Court for the District of Columbia vacated EPA's
approval of a total maximum daily load (TMDL) for sediment in the Anacostia River. While the
court ruled in EPA's favor on a number of issues of significant importance to the TMDL program
and that the TMDL adequately would achieve the designated aquatic life use, the court held that
EPA's decision record did not adequately support EPA's determination that the TMDL would
lead to river conditions that would support the primary (swimming) and secondary (boating)
contact recreation and aesthetic designated uses. Based on its holding regarding the recreational
and aesthetic uses, the court vacated the TMDL, but stayed its vacatur for one year to give EPA
sufficient time to address the court's concerns. This TMDL is included in the above list (#12),
because EPA expects this vacatur to be resolved within the time frame for TMDL efforts
outlined in this permit. However, District planning and implementation efforts on this TMDL are
not required until such time as the legal challenge is resolved and the TMDL is established.

Most EPA developed TMDLs for the District, as well as all District developed and EPA
approved TMDLs can be found at the following website:
http://www.epa.gov/reg3wapd/tmdl/dc_tmdl/index.htm.

The Chesapeake Bay TMDL for nitrogen, phosphorus and sediment is available at:
http://www.epa.gov/reg3wapd/tmdl/ChesapeakeBay/tmdlexec.html.

The District also has a number of TMDL-related documents on its website:
http://ddoe.dc.gov/ddoe/cwp/view,a,1209,q,495456.asp.

In addition, the tidal Anacostia River is listed as impaired for TSS and BOD, and the
Upper Potomac River is listed as impaired for pH. TMDL establishment by EPA is pending for
both.
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As part of permit reissuance EPA has reviewed several existing TMDL implementation
plans, including those for the Potomac River, Anacostia River and Rock Creek. EPA has
identified the relevant implementation actions from those Plans and included them as
requirements of the Final Permit, e.g., green roofs, tree plantings. This approach provides more
clarity for the District and the general public, and is also consistent with the obligation of
NPDES permit writers to articulate enforceable provisions in permits to implement TMDL
WLA:S.

EPA took the same approach with the Anacostia River Watershed Trash TMDL® (Trash
TMDL) (Part 4.10.1 of the Final Permit), which was finalized in September 2010. This TMDL
was well-developed with quantifiable information about the sources and causes of impairment.
The Trash TMDL assigned a specific WLA to MS4 discharges: removal of 103,188 pounds of
trash annually. The Final Permit requires the District to attain this WLA as a specific single-year
measure by the fifth year of this permit term. The Final Permit provision is based on the annual
trash WLA for the District MS4. In the TMDL, annual WLAs were divided by 365 days to
obtain daily WLAs. Given the fact that the daily and annual WLAs are congruent with each
other, use of the annual WLA as the permit metric is consistent with the assumptions and
requirements of the TMDL and is a more feasible measure for monitoring purposes.

Because the Anacostia River Watershed Trash TMDL provided a solid foundation for
action, EPA determined the implementation requirements and included them in the Final Permit
rather than require the District to develop a separate implementation plan. The Permit requires
the District to determine a method for estimating trash reductions and submit that to EPA for
review and approval within one year of the effective date of the Final Permit. In addition, the
District must annually report the trash prevention/removal approaches utilized, and the overall
total weight (in pounds) of trash captured for each type of approach.

On December 29, 2010, the U.S. Environmental Protection Agency established the
Chesapeake Bay TMDL to restore clean water in the Chesapeake Bay Watershed. The TMDL
identifies the necessary reductions of nitrogen, phosphorus and sediment from Delaware,
Maryland, New York, Pennsylvania, Virginia, West Virginia and the District of Columbia that,
when attained, will allow the Bay to meet applicable water quality standards. EPA based the
TMDL allocations, where possible, on information provided by the Bay jurisdictions in their
final Phase | WIPs. The TMDL requires the Bay jurisdictions to have in place by 2017 the
necessary controls to attain 60% of the reductions called for in the TMDL, and to have all
controls in place by 2025. EPA has committed to hold jurisdictions accountable for results along
the way, including ensuring that NPDES permits contain provisions and limits that are consistent
with the assumptions and requirements of the relevant WLAs.

98 Maryland Department of the Environment and District of Columbia Department of Environment, Total
Maximum Daily Loads of Trash for the Anacostia River Watershed, Montgomery and Prince George’s Counties,
Maryland and the District of Columbia (2010) http://www.epa.gov/reg3wapd/pdf/AnacostiaTMDL Portfolio.pdf

99 EPA, Chesapeake Bay Total Maximum Daily Load for Nitrogen, Phosphorus and Sediment (2010)
http://www.epa.gov/reg3wapd/tmdl/ChesapeakeBay/tmdlexec.html

29



http://www.epa.gov/reg3wapd/tmdl/ChesapeakeBay/tmdlexec.html
http://www.epa.gov/reg3wapd/pdf/AnacostiaTMDLPortfolio.pdf

The District’s final Phase | Chesapeake Bay WIP proposed very aggressive targets for
pollutant reductions in its MS4 program.

Pollutant of % Reductions in Urban Runoff Reductions in Urban Runoff Loads
Concern Loads by 2025 from 2009 Baseline by 2025 from 2009 Baseline
Total Nitrogen 17 29,310 Ibs/yr
Total Phosphorus 33 7,740 lbs/yr
Sediment 35 2,192 tons/yr

These numbers are from the District’s final input deck to the Chesapeake Bay Model in association with the final
Phase | WIP.

The Final Permit requires a very robust set of measures, based on a determination that
these measures are necessary to ultimately achieve the specified reductions. EPA took a similar
approach with the Chesapeake Bay TMDL as it did with the aforementioned TMDLs, and
incorporated specific implementation measures into the Final Permit. Although EPA did not
finalize the Chesapeake Bay TMDL until December 2010, EPA had a reasonably clear
understanding of what would be needed even prior to publishing the Draft Permit because of the
significant amount of data, modeling output and other information available in advance of its
finalization, as well as many months of ongoing discussions with the District about the elements
of its final Phase | WIP.*® Based on the final TMDL , EPA is assured that the Final Permit is
consistent with the assumptions and requirements of the WLASs in the TMDL.

In partial fulfillment of attaining the Chesapeake Bay WLAs, the Final Permit contains: a
new performance standard for development, a requirement for an offset program for
development, numeric requirements for tree plantings and green roof installation, numeric
requirements for retrofits, and a variety of other actions. The relevant sections of this Final Fact
Sheet discuss those provisions more fully.

There will be two additional permit terms prior to 2025 during which the District will
implement many additional and/or more robust measures to attain its Bay TMDL WLA:s.
Provisions, targets and numeric thresholds in this Final Permit are not necessarily the ones that
will be included in subsequent permits. EPA believes, however, that the 2011 Final Permit sets
the foundation for a number of actions and policies upon which those future actions will be
based.

Section 4.10.2 of the Final Permit requires the District to implement and complete the
proposed replacement/rehabilitation, inspection and enforcement, and public education aspects
of the strategy for Hickey Run to satisfy the applicable oil and grease TMDL wasteload
allocations. In addition, the District is required to install end-of-pipe management practices at
four identified outfalls to address oil and grease and trash in Hickey Run no later than the end of
this permit term. Implementation requirements to attain these WLAS were initiated during prior

100 District of Columbia Department of Environment, Chesapeake Bay TMDL Watershed Implementation
Plan (2010)
http://ddoe.dc.gov/ddoe/frames.asp?doc=/ddoe/lib/ddoe/tmdl/Final_District of Coluimbia WIP_Bay TMDL.pdf
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permit terms. The requirements of today’s Final Permit are intended to bring the District to the
concluding stages of attaining the Hickey Run oil and grease and trash WLAs.

The 2003 District of Columbia TMDL for oil and grease in the Anacostia River noted
that the waterbody was no longer impaired by oil and grease. In particular data from Hickey Run,
which provided the basis for listing the Anacostia River as an impaired water body, had
demonstrated consistent compliance with applicable water quality standards for oil and grease:
for twenty-one samples taken in Hickey Run between January and December 2002, no values
exceeded the 10mg/L standard, and only one sample exceeded a 5 mg/L detection limit value.
The 2003 TMDL further concluded that on-going implementation activities, which included
public education and automobile shop enforcement actions, caused a significant decrease in
ambient pollutant concentrations.’®* The Final Permit includes a provision for additional controls
on oil and grease in Hickey Run should monitoring during this permit term indicate it is
necessary. However, per the demonstration noted above, EPA believes it likely this may not be
necessary.

One commenter indicated that the shift from an aggregate numeric effluent limit for four
outfalls into Hickey Run in the 2004 permit to a management practice-based approach in the
Draft Permit violated the Clean Water Act's prohibition against backsliding, section 402(0)(1) of
the CWA, 33 U.S.C. § 1342(0)(1) (“[A] Permit may not be renewed, reissued, or modified ...
subsequent to the original issuance of such Permit, to contain effluent limitations which are less
stringent than the comparable effluent limitations in the previous Permit”). In response, EPA
notes that a non-numeric effluent limitation is not automatically less stringent than a numeric
effluent limitation. A different (numeric or non-numeric) effluent limitation only violates the
anti-backsliding prohibition if it can be fairly compared to the prior numeric limit and found to
be less stringent than that requirement. See e.g., Communities for a Better Environment v. State
Water Resources Control Bd., 132 Cal. App. 4th 1313 (August 29, 2005) (finding that no
backsliding had occurred where the effluent limit in existing permit was not “comparable” to
WQBEL in previous permit). In this case EPA 1) notes that additional controls on oil and grease
may not be needed (as explained above), and 2) has determined regardless that compliance with
the performance standards in the Final Permit will result in improved water quality protections
for the District MS4 receiving streams more effectively than did the previous numeric effluent
limitations (see discussions in relevant sections).

Section 4.10.3 of today’s Final Permit requires the District to develop a Consolidated
TMDL Implementation Plan (Consolidated Plan) for all TMDL wasteload allocations assigned to
District MS4 discharges. All applicable WLAs must be considered in this plan, though the
TMDLs listed at the beginning of this Section form the basis for District action to meet this
requirement. EPA has evaluated these TMDLSs along with existing water quality data and has
concluded that E. coli, total nitrogen, total phosphorus, total suspended solids, copper, lead, zinc
and trash are critical pollutants of concern for District waters, and should be the focus of
implementation measures as well as of a revised monitoring program (see Section 5.1 for a

101 District of Columbia, Final Total Maximum Daily Load for Oil and Grease in the Anacostia River
(2003) http://www.epa.gov/reg3wapd/tmdl/dc_tmdl/AnacostiaRiver/AnacoatiaOilReport.pdf
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discussion of the latter).

The rationale for a Consolidated Plan is to allow for more efficient implementation of
control measures. In many cases TMDLs have been developed on a stream segment basis, which
is not always the most logical framework for implementation of controls. In addition, the
solutions for reducing many pollutants and/or improving water bodies will be the same
stormwater control measures and/or policies, and it would be wasteful of resources and
duplicative to have separate implementation plans under those circumstances.

The Final Permit requires the Consolidated Plan to include:

1) Specified schedules for attaining applicable wasteload allocations for each TMDL; such
schedules must includes numeric benchmarks that specify annual pollutant load
reductions and the extent of control actions to achieve these numeric benchmarks.

2) Interim numeric milestones for TMDLs where final attainment of applicable wasteload
allocations requires more than one permit cycle. These milestones shall originate with the
third year of this permit term and every five years thereafter.

3) Demonstration using modeling of how each applicable WLA will be attained using the
chosen controls, by the date for ultimate attainment.

4) The Consolidated TMDL Implementation Plan elements required in this section will
become enforceable permit terms upon approval of such Plans, including the interim and
final dates in this section for attainment of applicable WLAs.

5) Where data demonstrate that existing TMDLSs are no longer appropriate or accurate, the
Plan shall include recommended solutions, including, if appropriate, revising or
withdrawing TMDLs.

Some of the applicable TMDLs developed within the District were based on limited or
old data. In those cases the District may choose to reevaluate these waters and impairments to
determine if revising or withdrawing the TMDL, or other action, would be appropriate.

The District has two years from the date of Final Permit issuance to develop, public
notice and submit the Consolidated Plan to EPA for review and approval. EPA believes the
required elements (1-5, above) will ensure clarity and enforceability, but also encourages
interested parties to participate in the public process. EPA added this public notice requirement
to the Final Permit because of the significant interest expressed by commenters on District
TMDLs.

Section 4.10.4, Adjustments to TMDL Implementation Strategies, requires the District to
make mid-course improvements to implementation measures and policies whenever data indicate
insufficient progress towards attaining any relevant WLA. The District must adjust its
management programs to compensate for the inadequate progress within 6 months, and
document the modifications in the Consolidated TMDL Implementation Plan. The Plan
modification shall include a reasonable assurance demonstration of the additional controls to
achieve the necessary reductions, i.e., quantitatively linking sources and causes to discharge
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quality. In addition, annual reports must include a description of progress as evaluated against all
implementation objectives, milestones and benchmarks, as relevant.

Finally, with respect to any new or revised TMDL that may be approved during the
permit term, the Final Permit makes allowances for reopening the permit to address those WLAS
(see Section 8.19 of the Final Permit: Reopener Clause for Permits), if necessary. EPA believes
that reopening the permit will not typically be necessary since the Final Permit requires the
District to update the Consolidated Plan within six months for any TMDL approved during the
permit term with wasteload allocations assigned to District MS4 discharges, and also to include a
description of revisions in the next regularly scheduled annual report.

(4.11 Additional Pollutant Sources): Requirements in this Section of the Final Permit
largely continue provisions in the 2004 Permit. EPA notes that the provisions of this section were
mostly included in Section 3 of the Draft Permit.

S. MONITORING AND ASSESSMENT OF CONTROLS

(5.1 Revised Monitoring Program): As included in the Draft Permit, the monitoring
requirements for the District’s stormwater program have been significantly updated from the last
permit cycle. This revision reflects the fact that the District has already performed broad
monitoring of a variety of parameters over the last two permit cycles. The Phase | stormwater
regulations require representative sampling for the purpose of discharge characterization in the
first permit term, or initial years of the program (40 C.F.R. §122.26(d)(1)(iv)(E)). The District
now has a decade worth of this type of data, and it is timely to update the monitoring program to
more effectively evaluate the effectiveness of the program, and to more effectively and
efficiently use the District’s funds for this purpose. As noted in the National Research Council’s
report Urban Stormwater Management in the United States *®, the quality of stormwater from
urbanized areas has been well-characterized. Continuing the standard end-of-pipe monitoring
typical of most MS4 programs has produced data of limited usefulness because of a variety of
shortcomings (as detailed in the report). The NRC Report strongly recommends that MS4
programs modify their evaluation metrics and methods to include biological and physical
monitoring, better evaluations of the performance/effectiveness of controls and overall programs,
and an increased emphasis on watershed scale analyses to ascertain what is actually going on in
receiving waters. The report also emphasizes the link between study design and the ability to
interpret data, e.g., having enough samples to ensure that conclusions are statistically significant.

Consistent with these goals, the Final Permit requires the District to develop a Revised
Monitoring Program to meet the following objectives:

1) Make wet weather loading estimates of the parameters in Table 4 from the MS4 to
receiving waters. Number of samples, sampling frequencies and number and locations of

102 National Research Council, Urban Stormwater Management in the United States (2009) National
Academy of Sciences http://www.nap.edu/catalog.php?record id=12465
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sampling stations must be adequate to ensure data are statistically significant and
interpretable.

2) Evaluate the health of the receiving waters, to include biological and physical indicators
such as macroinvertebrates and geomorphologic factors. Number of samples, frequencies
and locations must be adequate to ensure data are statistically significant and
interpretable for long-term trend purposes (not variation among individual years or
seasons).

3) Any additional necessary monitoring for purposes of source identification and wasteload
allocation tracking. This strategy must align with the Consolidated TMDL
Implementation Plan required in Part 4.10.3 For all pollutants in Table 4 monitoring
must be adequate to determine if relevant WLASs are being attained within specified
timeframes in order to make modifications to relevant management programs, as
necessary.

The Final Permit requires the District to public notice the Revised Monitoring Program,
and to submit it to EPA for review and approval within two years of the effective date of the
Final Permit.

EPA also significantly refined the list of required pollutant analytes/parameters for which
monitoring is required from over 120 to 9:

(Table 4 from the Final Permit)
Monitoring Parameters
Parameter

E. coli

Total nitrogen

Total phosphorus

Total Suspended Solids
Cadmium

Copper

Lead

Zinc

Trash

These parameters are those for which relevant stormwater wasteload allocations exist, or
(in the case of cadmium) where monitoring data indicate that the pollutant is occurring in
discharges at concentrations and frequencies to consider it a pollutant of concern. End-of-pipe
analytical monitoring is an expensive undertaking, and EPA feels strongly that the District’s
water quality-related evaluations will be much more robust and actionable with an enhanced
focus on true pollutants of concern, along with the elimination of analytes for which monitoring
routinely shows non-detect concentrations, and/or those to which notable water quality problems
have not been linked.

One modification has been made to this list for the Final Permit from the Draft Permit.
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The Draft Permit required evaluation of Trash reductions in the relevant sections for the
Anacostia River Watershed Trash TMDL (4.10.1), but failed to include it in Table 4 (Table 3 of
the Draft Permit). EPA has added trash as a monitoring parameter to this table to correct that
oversight.

(5.2 Interim Monitoring): During the interim period from the effective date of the
Final Permit until EPA approves the Revised Monitoring Program, the Final Permit requires the
District to largely continue the monitoring program established and updated under the 2000 and
2004 permits, except the monitoring program is only required for the list of monitoring
parameters in Table 4, which has been reduced to the nine parameters as discussed above.

EPA received several comments and questions on the interim monitoring requirements.
Individual responses are included in the Responsiveness Summary published with the Final
Permit and this Final Fact Sheet. EPA chose to not modify the interim monitoring provisions for
the Final Permit because: 1) they are largely an extension of the same requirements and methods
already approved and established under prior permits, which will ensure that data collected
during the interim monitoring period are comparable to data collected during the past decade,
thus providing “apples to apples” comparisons in data interpretation; and 2) EPA believes that
the District’s monitoring-related resources are more effectively spent developing a robust revised
program, rather than revising the interim program.

(5.4 Area and/or Source Identification Program): The Final Permit provides that
“[t]he permittee shall continue to implement a program to identify, investigate, and address areas
and/or sources within its jurisdiction that may be contributing excessive levels of pollutants to
the MS4 and receiving waters, including but not limited to those pollutants identified in Table 4
herein.” This is identical in substance to section 5.5 in the Draft Permit and essentially continues
the requirements from the 2004 MS4 Permit. EPA received a comment that this provision has
been inadequate to identify sources contributing pollutants to MS4 discharges. EPA recognizes
that this provision is general, but believes that the District’s ongoing practices are sufficient
during the interim monitoring period. EPA notes that the Final Permit requires the Revised
Monitoring Program to include any additional necessary monitoring for purposes of source
identification and wasteload allocation tracking. The public will have a chance to comment on
the proposed objectives and methods in Plan, and EPA will review and approve this Plan.
Therefore there will be several opportunities to ensure that the District has robust methods for
identify additional pollutant inputs to District MS4 discharges.

(5.7 Reporting of Monitoring Results): In response to several comments, and because
of the potential availability of electronic reporting in the future, EPA made several modifications
to this Section of the Final Permit. When available the District may submit monitoring data
through NetDMR, a national tool for regulated Clean Water Act permittees to submit discharge
monitoring reports (DMRs) electronically via a secure Internet application to EPA. See
http://www.epa.gov/netdmr/. However, if this system is not available to the National Marine
Fisheries Service, then the District must continue to submit hard copies. The Final Permit
eliminates the requirement for the District to submit monitoring reports to itself. This section
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clarifies (consistent with Section 6.2) that all monitoring results from a given year be
summarized in the following annual report.

6. REPORTING REQUIREMENTS

Permit reporting is required pursuant to 40 C.F.R. § 122.41(l). EPA has made a number
of minor edits to this section primarily for the purposes of: maintaining consistency with other
Sections of the Final Permit (as those provisions necessitated changes in reporting, the Final Fact
Sheet discusses those changes in association with the relevant Section); eliminating redundancy;
and to provide clarification.

(6.2 Annual Reporting): Consistent with comments from a number of commenters
regarding public access to documents, today’s Final Permit requires the District to post each
Annual Report on its website at the same time the Report is submitted to EPA.

The separate ‘Reporting on Funding’ in the Draft Permit has been eliminated in the Final
Permit because it was largely redundant with other reporting requirements, and because it was
beyond the scope of what is needed from the District. The Final Permit requires annual reporting
on projected costs and budget for the coming year as well as expenditures and budget for the
prior year, including (i) an overview of the District's financial resources and budget, (ii) overall
indebtedness and assets, (iii) sources for funds for stormwater programs, and (iv) a
demonstration of adequate fiscal capacity to meet the permit requirements. However, EPA has
concluded that additional detail would be superfluous. In addition, beyond a demonstration of
basic budget considerations as outlined in the Final Permit, how the District chooses to allocate
resources to comply with the permit is an internal decision.

EPA has also included a provision for an Annual Report Meeting in this permit in order
to improve communication between the District and the Agency. This meeting will provide an
opportunity for EPA to obtain more in-depth knowledge of the District’s program, and should
also enhance feed-back on the program. The permit requires the District to convene the first
Annual Report Meeting within 12 months of issuance of the permit. If both parties agree that this
first meeting was successful, the Annual Report meeting shall be extended for the duration of the
permit term.

7. STORMWATER MODEL

The Stormwater Model and associated Geographical Information System are tools used
by the District to help track and evaluate certain components of the water quality program. The
Final Permit requires the use and maintenance of this system as a component of the District’s
Stormwater Management Program. There were no modifications to this Section between the
Draft Permit and the Final Permit.
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8. STANDARD PERMIT CONDITIONS FOR NPDES PERMITS

The provisions in Part 8 are requirements generally applicable to all NPDES permits,
pursuant to 40 C.F.R. § 122.41, as well as other applicable conditions pursuant to § 122.49 and
specific statutory or regulatory provisions as noted in the permit. No changes were made to this
section of the permit.

9. PERMIT DEFINITIONS

Most changes to this section from the Draft Permit consist of minor clarifications. In
addition, several terms were eliminated from this section because they do not appear elsewhere
in the Final Permit: “goal’, ‘internal sampling station’, ‘significant spills’, and ‘significant
materials’. The definition of ‘MS4 Permit Area’ was removed because it is already defined in
Part 1.1.

A definition of “development” was added to clarify that development is “the undertaking
of any activity that disturbs a surface area greater than or equal to 5,000 square feet.” The
definition further clarifies that the relevant performance standard for development applies to
projects that commence after 18 months from the effective date of the Final Permit or as soon as
the District’s stormwater regulations go into effect, whichever is sooner.

The definition of ‘green roof” was modified to allow for the fact that some types of
ecoroofs may be constructed without vegetation or soil media.

The definition of “retrofit” was modified to focus on environmental outcomes, i.e.,
reductions in discharge volumes and pollutant loads and improvements in water quality, rather
than implementation of conveyance measures.

The definition of “predevelopment hydrology” was enhanced to clarify that the phrase
refers to a “stable, natural hydrologic site condition that protects or restores to the degree
relevant for that site, stable hydrology in the receiving water, which will not necessarily be the
hydrologic regime of that receiving water prior to any human disturbance in the watershed.” This
definition is consistent with several seminal publications on the topic including Urban
Stormwater Management in the United States'®*and references therein, Technical Guidance on
Implementing the Stormwater Runoff Requirements for Federal Projects under Section 438 of the
Energy Independence and Security Act'®, and Guidance for Federal Land Management in the
Chesapeake Bay Watershed'®, issued in fulfillment of Part 502 of E.O. 13508.

103 National Research Council, Urban Stormwater Management in the United States (2009) National
Academy of Sciences http://www.nap.edu/catalog.php?record_id=12465

104 EPA, Technical Guidance on Implementing the Stormwater Runoff Requirements for Federal Projects
under Section 438 of the Energy Independence and Security Act (2009)
http://www.epa.gov/owow _keep/nps/lid/section438/

105 EPA, Guidance for Federal Land Management in the Chesapeake Bay Watershed, Chapter 3. Urban
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RELATIONSHIP TO NON-POINT SOURCE PROGRAM:

It should be noted that the measures required by the Permit are separate from those projects
identified in the District’s EPA-approved Non-Point Source Management Plan as being funded
wholly or partially by funds pursuant to Section 319(h) of the Clean Water Act. See Section 3 of
Permit (“These Permit requirements do not prohibit the use of 319(h) funds for other related
activities that go beyond the requirements of this Permit, nor do they prohibit other sources of
funding and/or other programs where legal or contractual requirements preclude direct use for
stormwater permitting activities.”).

ADMINISTRATIVE RECORD:

Copies of the documents that comprise the administrative record for the Permit are
available to the public for review at the Martin Luther King, Jr. Public Library, which is located
at 901 G Street, N.W. in Washington, D.C. An electronic copy of the proposed and final Permits
and proposed and Final Fact Sheets are also available on the EPA Region I11 website,
http://www.epa.gov/reg3wapd/npdes/draft_permits.html. For additional information, please
contact Ms. Kaitlyn Bendik, Mail Code 3WP41, NPDES Permits Branch, Office of Permits and
Enforcement, EPA Region 111, United States Environmental Protection Agency, 1650 Arch
Street, Philadelphia, Pennsylvania 19103-2029.

and Suburban, EPA841-R-10-002, (2010)
(http://www.epa.gov/owow keep/NPS/chesbay502/pdf/chesbay chap03.pdf)
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INITIAL INVESTIGATION OF THE
FEASIBILITY AND BENEFITS
OF LOW-IMPACT SITE DESIGN PRACTICES (“LID”)
FOR THE SAN FRANCISCO BAY AREA

Richard R. Horner?

ABSTRACT

The Clean Water Act NPDES permit that regulates municipal separate storm sewer systems
(MS4s) in the San Francisco Bay Area, California will be reissued in 2007. The draft permit
includes general provisions related to low impact development practices (LID) for certain kinds
of development and redevelopment projects. Using six representative development project
case studies, based on California building records, the author investigated the practicability and
relative benefits of LID options for the majority of the region having soils potentially suitable for
infiltration either in their natural state or after amendment using well recognized LID techniques.
The results showed that (1) LID site design and source control techniques are more effective
than conventional best management practices (BMPs) in reducing runoff rates; and (2) in each
of the case studies, LID methods would reduce site runoff volume and pollutant loading to zero
in typical rainfall scenarios.

T Richard R. Horner, Ph.D., Research Associate Professor, University of Washington
Departments of Civil and Environmental Engineering and Landscape Architecture;
Adjunct Associate Professor, University of Washington Center for Urban Horticulture

INTRODUCTION
The Assessment in Relation to Municipal Permit Conditions

This purpose of this study is to investigate the relative water quality and water reuse benefits of
three levels of storm water treatment best management practices (BMPs): (1) basic “treat-and-
release” BMPs (e.g., drain inlet filters, CDS units), (2) commonly used BMPs that expose runoff
to soils and vegetation (extended-detention basins and biofiltration swales and filter strips), and
(3) low impact development (LID) practices. The factors considered in the investigation are
runoff volume, pollutant loading, and the availability of water for infiltration or other reuse. In
order to assess the differential impact of storm water reduction approaches on these factors,
this study examines six case studies typical of development covered by the proposed Municipal
Regional Urban Runoff Phase | NPDES Stormwater Permit (MRP).

This report covers locations in the Bay Area most amenable to soil infiltration of stormwater
runoff, those areas having soils in Natural Resources Conservation Service (NRCS) Hydrologic
Soil Groups A, B, or C as classified by the Natural Resources Conservation Service
(http://websoilsurvey.nrcs.usda.gov/app/WebSoilSurvey.aspx). Depending on site-specific
conditions, A and B soils would generally effectively infiltrate water without modification,
whereas C soils could require organic amendments according to now standard LID methods.
This report does not cover locations with group D soils, which are generally not amenable to
infiltration, again depending on the specific conditions on-site. A subsequent report will
examine options in these locations, which include other LID techniques (e.g., roof runoff
harvesting for irrigation or gray water supply) and state-of-the-art conventional stormwater




management practices. A minority but still substantial fraction of the Bay Area has group D
soils (39.3, 68.0, 18.3, and 50.1 percent of the mapped areas of Alameda, Contra Costa, San
Mateo, and Santa Clara Counties, respectively). Regarding any mapped soil type, it is
important to keep in mind that soils vary considerably within small distances. Characteristics at
specific locations can deviate greatly from those of the major mapped unit, making infiltration
potential either more or less than may be expected from the mapping.

Low impact development methods reduce storm runoff and its contaminants by decreasing their
generation at sources, infiltrating into the soil or evaporating storm flows before they can enter
surface receiving waters, and treating flow remaining on the surface through contact with
vegetation and soil, or a combination of these strategies. Soil-based LID practices often use
soil enhancements such as compost, and thus improve upon the performance of more
traditional basins and biofilters. The study encompassed vegetated swales (channels for
conveyance at some depth and velocity), vegetated filter strips (surfaces for conveyance in thin
sheet flow), and bioretention areas (shallow basins with a range of vegetation types in which
runoff infiltrates through soit either to groundwater or a subdrain for eventual surface discharge).
Application of these practices in a low impact site design mode requires either determination
that existing site soils can support runoff reduction through infiltration or that soils will be
amended using accepted LID techniques to attain this objective. Finally, the study further
broadened implementation options to include water harvesting (collection and storage for use
in, for example, irrigation or gray water systems), roof downspout infiltration trenches, and
porous pavements.

The investigation also considered whether typical development patterns and local conditions in
the Bay Area would enable LID implementation as required by a new standard proposed for the
2007 Ventura County Municipal Storm Water Permit. This standard requires management of
effective impervious area (EIA), limiting it to 5%, as well as other impervious area (what might
be termed Not-Connected Impervious Area, NCIA), and pervious areas.

Where treatment control BMPs are required to manage runoff from a site, Volume or Flow
Hydraulic Design Bases commonly used in California were assumed to apply. The former basis
applies to storage-type BMPs, like ponds, and requires capturing and treating either the runoff
volume from the 85th percentile, 24-hour rainfall event for the location or the volume of annual
runoff to achieve 80 percent or more volume treatment. The calculations in this analysis used
the 85th percentile 24-hour rainfall event basis. The Flow basis applies to flow-through BMPs,
like swales, and requires treating the runoff flow rate produced from a rain event equal to at
least 0.2 inches per hour intensity (or one of two other approximately equivalent options).

Scope of the Assessment

With respect to each of the six development case studies, three assessments were undertaken:
a baseline scenario incorporating no stormwater management controls; a second scenario
employing conventional BMPs; and a third development scenario employing LID stormwater
management strategies.

To establish a baseline for each case study, annual stormwater runoff volumes were estimated,
as well as concentrations and mass loadings of four pollutants: (1) total suspended solids
(TSS), (2) total recoverabie copper (TCu), (3) total recoverable zinc (TZn), and (4) total
phosphorus (TP). These baseline estimates were based on the anticipated land use and cover
with no stormwater management efforts.

Two sets of calculations were then conducted using the parameters defined for the six case
studies. The first group of calculations estimated the extent to which basic BMPs reduce runoff
volumes and pollutant concentrations and loadings, and what impact, if any, such BMPs have
on recharge rates or water retention on-site.



The second group of calculations estimated the extent to which commonly used soil-based
BMPs and LID site design strategies ameliorate runoff volumes and pollutant concentrations
and loadings, and the effect such techniques have on recharge rates. When evaluating LID
strategies in the context of the EIA concept employed in the draft Ventura County MS4 permit, it
was presumed that EIA would be limited to three percent. It was also assumed that pervious
surfaces on a site receiving runoff from other areas on the site would be sized and prepared to
manage (through infiltration or storage) the volume directed there in addition to precipitation
falling directly on those areas. The assessment of basins, biofiltration, and low impact design
practices analyzed the expected infiltration capacity of the case study sites. It also considered
related LID techniques and practices, such as source reduction strategies, that could work in
concert with infiltration to serve the goals of: (1) preventing increase in annual runoff volume
from the pre- to the post-developed state, (2) preventing increase in annual pollutant mass
loadings between the two development states, and (3) avoiding exceedances of the Water
Quality Control Plan for the San Francisco Bay Basin (Basin Plan) criteria for copper and zinc.

The results of this analysis show that:

* A full-range of typical development categories common in the Bay Area, from single
family residential to restaurants, housing developments, and commercial uses like
office buildings, can feasibly implement standard LID techniques to achieve no
stormwater discharge during rain events equal to, and in some cases greater than,
design storm conditions. This conclusion is based on an analysis that used actual
building records in California and annual rainfall records in two rainfall zones in the Bay
Area to show that site conditions support this level of performance. In addition, site
conditions typical at a wide range of development projects are more than sufficient to
attain compliance with a three percent EIA limit, as is being contemplated in other MS4
re-issuance proceedings in California presently.

e Developments implementing no post-construction BMPs result in storm water runoff
voiume and pollutant loading that are substantially increased, and recharge rates that
are substantially decreased, compared to pre-development conditions.

+ Developments implementing basic post-construction treatment BMPs achieve reduced
pollutant loading compared to developments with no BMPs, but stormwater runoff
volume and recharge rates are similar to developments with no BMPs.

s Developments implementing traditional basins and biofilters, and even more so low
impact post-construction BMPs, achieve significant reduction of pollutant loading and
runoff volume as well as greatly enhanced recharge rates compared to both
developments with no BMPs and developments with basic treatment BMPs.

This report covers the methods employed in the investigation, data sources, and references for
both. It then presents the results, discusses their consequences, draws conclusions, and
makes recommendations relative to the feasibility of utilizing low-impact development practices
in Bay Area developments.



CASE STUDIES

Six case studies were selected to represent a range of urban development types considered to
be representative of the Bay Area. These case studies involved: a multi-family residential
complex (MFR), a relatively small-scale (23 homes) single-family residential development (Sm-
SFR), a restaurant (REST), an office building (OFF), a relatively large (1000 homes) single-
family residential development (Lg-SFR), and a single home (SINGLE)."

Parking spaces were estimated to be 176 sq ft in area, which corresponds to 8 ft width by 22 ft
length dimensions. Code requirements vary by jurisdiction, with the tendency now to drop
below the traditional 200 sq ft average. About 180 sq ft is common, but various standards for
full- and compact-car spaces, and for the mix of the two, can raise or lower the average.2 The
176 sq ft size is considered to be a reasonable value for conventional practice.

Roadways and walkways assume a wide variety of patterns. Exclusive of the two SFR cases,
simple, square parking lots with roadways around the four sides and square buildings with
walkways also around the four sides were assumed. Roadways and walkways were taken to
be 20 ft and 6 ft wide, respectively.

Single-family residences were assumed each to have a driveway 20 ft wide and 30 ft long. It
was further assumed that each would have a sidewalk along the front of the lot, which was
calculated to be 5749 sq ft in area. Assuming a square lot, the front dimension would be 76 ft.
A 40-ft walkway was included within the property. Sidewalks and walkways were taken to be 4
ft wide. For each case study the total area for all of these impervious features was subtracted
from the total site area to estimate the pervious area, which was assumed to have conventional
landscaping cover (grass, small herbaceous decorative plants, bushes, and a few trees).

! Building permit records from the City of San Marcos in San Diego County provided data on total site
areas for the first four case studies, including numbers of buildings, building footprint areas (including
porch and garage for Sm-SFR), and numbers of parking spaces associated with the development projects.
While the building permit records made no reference to features such as roadways, walkways, and
landscaping normally associated with development projects, these features were taken into account in the
case studies using assumptions described herein. Larger developments and redevelopment were not
represented in the sampling of building permits from the San Marcos database. To take these types of
projects into account in the subsequent analysis, the Lg-SFR scenario scaled up all land use estimates
from the Sm-SFR case in the ratio of 1000:23. The single home case (SINGLE) was derived from Bay
Area records obtained at hitp://www.ppic.org/content/other/706 EHEP web_only appendix.pdf, which
showed 8000 f® as a rough average for a single home Iot in the region. As with the other cases, these
hypotheticai developments were assumed to have roadways, walkways, and landscaping, as described
herein.

2 J. Gibbons, Parking Lots, NONPOINT EDUCATION FOR MUNICIPAL OFFICERS, Technical Paper No. 5 (1999)
(hitp://nemo.uconn.edu/tools/publications/tech papers/tech paper_5.pdf).




Table 1 summarizes the characteristics of the six case studies. The table also provides the
recorded or estimated areas in each land use and cover type.

Table 1. Case Study Characteristics and Land Use and Land Cover Areas

MFR? Sm-SFR? REST® OFF? Lg-SFR? SINGLE®
No. buildings 11 23 1 1 1000 1
Total area (ft") 476,982 132,227 33,669 92,612 5,749,000 8,000
Roof area (ft") 184,338 34,949 3,220 7,500 1,519,522 2114
No. parking
spaces 438 - 33 37 - -
Parking area
() 77,088 - 5808 6512 - -
Access road
area (ft)) 22,212 - 6097 6456 - -
Walkway area
(ft)) 33,960 10,656 1362 2078 463,289 518
Driveway area
() - 13,800 - - 600,000 835
Landscape
area (ft) 159,384 72,822 17,182 70,066 3,166,190 4533

* MFR—multi-family residential; Sm-SFR-small-scale single-family residential; REST—restaurant; OFF—office
building; Lg-SFR—Ilarge-scale single-family residential; SINGLE-—single-family home

METHODS OF ANALYSIS
Annual Stormwater Runoff Volumes

Annual surface runoff volumes produced were estimated for both pre- and post-development
conditions for each case study site. Runoff volume was computed as the product of annual
precipitation, contributing drainage area, and a runoff coefficient (ratio of runoff produced to
rainfall received). For impervious areas the following equation was used:

C =(0.009) / + 0.05

where / is the impervious percentage. This equation was derived by Schueler (1987) from
Nationwide Urban Runoff Program data (U.S. Environmental Protection Agency 1983). With /=
100 percent for fully impervious surfaces, C is 0.95.

The basis for pervious area runoff coefficients was the Natural Resource Conservation
Service’s (NRCS) Urban Hydrology for Small Watersheds (NRCS 1986, as revised from the
original 1975 edition). This model estimates storm event runoff as a function of precipitation
and a variable representing land cover and soil, termed the curve number (CN). Larger events
are forecast to produce a greater amount of runoff in relation to amount of rainfall because they
more fully saturate the soil. Therefore, use of the model to estimate annual runoff requires
selecting some event or group of events to represent the year. The 85th percentile, 24-hour
rainfall event was used in the analysis here for the relative comparison between pre- and post-
development and applied to deriving a runoff coefficient for annual estimates, recognizing that
smaller storms would produce less and larger storms more runoff.

A memorandum titled Rainfall Data Analysis and Guidance for Sizing Treatment BMPs
(http://www.cccleanwater.org/construction/Publications/CCCWPBasinSizingMemoF INAL _4-20-
05.pdf) prepared for the Contra Costa Clean Water Program demonstrated a linear relationship
between unit basin storage volume for 80 percent capture (which is related to the 85th




percentile event) and mean annual precipitation. Rainfail for Bay Area 85th percentile, 24-hour
events could thus be determined from locations where events have been established in direct
proportion to mean annual rainfall.

In order to obtain appropriate regional estimates of annual precipitation, rainfall records were
obtained from a number of sites in the four counties, plus the city of Vallejo, covered by the
permit.3 The mean annual range is from 13.73 to 24.30 inches, with quantities close to either
14 or 20 inches predominating. The study was performed for both of these rainfall totals.
These figures were used in conjunction with 85th percentile, 24-hour event amounts of 0.75 for
Los Angeles and 0.92 for Santa Rosa (http:/ci.santa-
rosa.ca.us/pworks/other/SW/SRSWManualFinalDraft. pdf), respectively, and mean annual totals
of 12 and 31 inches for the respective cities to estimate 85 percentile, 24-hour event quantities
of 0.77 and 0.82 inch for the 14 and 20-inch Bay Area rainfall zones, respectively.

Pre- and post-development runoff quantities were computed with selected CN values and the
0.77- and 0.82-inch rainfalls. The CN choices based on tabulated data in NRCS (1986) and
professional judgment were 83 before development and 86 after land modification. Estimate
runoff amounts were then divided by the rainfall totals to obtain runoff coefficients. The results
were about the same for the two rainfall zones at 0.07 and 0.12 before and after development,
respectively. Finally, total annual runoff volumes were estimated based on the two average
annual precipitation figures.

Stormwater Runoff Poliutant Discharges

Annual pollutant mass discharges were estimated as the product of annual runoff volumes
produced by the various land use and cover types and pollutant concentrations typical of those
areas. Again, the 0.75-inch precipitation event was used as a basis for volumes. Stormwater
pollutant data have typically been measured and reported for general land use types (e.g.,
single-family residential, commercial). However, an investigation of low impact development
practices of the type this study sought to conduct demands data on specific land coverages.
The literature offers few data on this basis. Those available and used herein were assembled
by a consultant to the City of Seattle for a project in which the author participated. They appear
in Attachment A (Herrera Environmental Consultants, Inc. undated).

Pollutant concentrations expected to occur typically in the mixed runoff from the several land
use and cover types making up a development were estimated by mass balance; i.e., the
concentrations from the different areas of the sites were combined in proportion to their
contribution to the total runoff.

The Effect of Conventional Treatment BMPs on Runoff Volume, Pollutant Discharges, and
Recharge Rates

The first question in analyzing how BMPs reduce runoff volumes and pollutant discharges was,
What BMPs are being employed in Bay Area developments under the permit now in force?
These county permits provide regulated entities with a large number of choices and few fixed
requirements regarding the selection of stormwater BMPs. (See Contra Costa County NPDES
Municipal Stormwater Permit, Order No. 99-058; see also Santa Clara County NPDES
Municipal Stormwater Permit, Order No. 01-024, at C.3.a.). Clean Water Program Available
options presumably include manufactured BMPs, such as drain inlet inserts (Dlls) and
continuous deflective separation (CDS) units. Developments may also select such non-

° hitp:/Mww.census.gov/stablccdb/cit7 140a.td,

http://www.acwd.org/dms _docs/76d0b026b60d97830492079a48b1cb88.pdf,
http:/iwww.ci.berkely.ca.us/aboutberkeley/weather.html, http://www.usbr.gov/dataweb/dams/ca10168.htm,
http://www.redwoodcity.org/about/weather.html.




proprietary devices as extended-detention basins (EDBs) and biofiltration swales and filter
strips. EDBs hold water for two to three days for solids settlement before releasing whatever
does not infiltrate or evaporate. Biofiltration treats runoff through various processes mediated
by vegetation and soil. In a swale, runoff flows at some depth in a channel, whereas a filter strip
is a broad surface over which water sheet flows. Each of these BMP types was applied to each
case study, although it is not clear that these BMPs, in actuality, have been implemented
consistently within the Bay Area to date.

The principal basis for the analysis of BMP performance was the California Department of
Transportation’s (CalTrans, 2004) BMP Retrofit Pilot Program, performed in San Diego and Los
Angeles Counties. One important result of the program was that BMPs with a natural surface
infiltrate and evaporate (probably, mostly infiltrate) a substantial amount of runoff, even if
conditions do not appear to be favorable for an infiltration basin. On average, the EDBs,
swales, and filter strips lost 40, 50 and 30 percent, respectively, of the entering fiow before the
discharge point. Dlls and CDS units do not contact runoff with a natural surface, and therefore
do not reduce runoff volume.

The CaiTrans program further determined that BMP effluent concentrations were usually a
function of the influent concentrations, and equations were developed for the functional
relationships in these cases. BMPs generally reduced influent concentrations proportionately
more when they were high. In relatively few situations influent concentrations were constant at
an “irreducible minimum” level regardless of inflow concentrations.

In analyzing the effects of BMPs on the case study runoff, the first step was to reduce the runoff
volumes estimated with no BMPs by the fractions observed to be lost in the pilot study. The
next task was estimating the effluent concentrations from the relationships in the CalTrans
report. The final step was calculating discharge pollutant loadings as the product of the reduced
volumes and predicted effluent concentrations. As before, typical pollutant concentrations in the
mixed runoff were established by mass balance.

Estimating Infiltration Capacity of the Case Study Sites

Infiltrating sufficient runoff to maintain pre-development hydrologic characteristics and prevent
pollutant transport is the most effective way to protect surface receiving waters. Successfully
applying infiltration requires soils and hydrogeological conditions that will pass water sufficiently
rapidly to avoid overly-lengthy ponding, while not allowing percolating water to reach ground-
water before the soil column captures pollutants.

The study assumed that infiltration would occur in surface facilities and not in below-ground
trenches. The use of trenches is certainly possible, and was judged to be an approved BMP by
CalTrans after the piiot study. However, the intent of this investigation was to determine the
ability of pervious areas to manage the site runoff. This was accompliished by determining the
infiltration capability of the pervious areas in their original condition for each development case
study, and further assessing the pervious areas’ infiltration capabilities if soils were modified
according to low impact development practices.

The chief basis for this aspect of the work was an assessment of infiltration capacity and
benefits for Los Angeles’ San Fernando Valley (Chralowicz et al. 2001). The Chralowicz study
posited providing 0.1-0.5 acre for infiltration basins to serve each 5 acres of contributing
drainage area. At 2-3 ft deep, it was estimated that such basins could infiltrate 0.90-1.87 acre-
ft/'year of runoff in San Fernando Valley conditions. Soils there are generally various loam
textures with infiltration rates of approximately 0.5-2.0 inches/hour. Loams are also common
formations in the portion of the Bay Area covered by this report, those areas with Hydrologic



Soil Groups A, B, and C,* thus making the conclusions of the San Fernando Valley study
applicable for these purposes. This information was used to estimate how much of each case
study site’s annual runoff would be infiltratable, and if the pervious portion would provide
sufficient area for infiltration. For instance, if sufficient area were available, the infiltration
configuration would not have to be in basin form but could be shallower and larger in surface
area. This study’s analyses assumed the use of bioretention areas rather than traditional
infiltration basins.

Volume and Pollutant Source Reduction Strategies

As mentioned above, the essence of low impact development is reducing runoff probiems
before they can develop, at their sources, or exploiting the infiltration and treatment abilities of
soils and vegetation. If a site’s existing infiltration and treatment capabilities are inadequate to
preserve pre-development hydrology and prevent runoff from causing or contributing to
violations of water quality standards, then LID-based source reduction strategies can be
implemented, infiltration and treatment capabilities can be upgraded, or both.

Source reduction can be accomplished through various LID techniques. Soil can be upgraded
to store runoff until it can infiltrate, evaporate, or transpire from plants through compost addition.
Soil amendment, as this practice is known, is a standard LID technique.

Upgraded soils are used in bioretention cells that hold runoff and effect its transfer to the
subsurface zone. This standard LID tool can be used where sufficient space is available. This
study analyzed whether the six development case study sites would have sufficient space to
effectively reduce runoff using bioretention cells, assuming the soils and vegetation could be
amended and enhanced where necessary.

Conventional pavements can be converted to porous asphalt or concrete or replaced with
concrete or plastic unit pavers or grid systems. For such approaches to be most effective, the
soils must be capable of infiltrating the runoff passing through, and may require renovation.

Source reduction can be enhanced by the LID practice of water harvesting, in which water from
impervious surfaces is captured and stored for reuse in irrigation or gray water systems. For
example, runoff from roofs and parking lots can be harvested, with the former being somewhat
easier because of the possibility of avoiding pumping to use the water and fewer pollutants.
Harvesting is a standard technique for Leadership in Energy and Environmental Design (LEED)
buildings.” Many successful systems of this type are in operation, such as the Natural
Resources Defense Council office (Santa Monica, CA), the King County Administration Building
(Seattle, WA), and two buildings on the Portland State University campus (Portland, OR). This
investigation examined how water harvesting could contribute to stormwater management for
case study sites where infiltration capacity, available space, or both appeared to be limited.

¢ http://gis.ca.gov/catalog/BrowseCatalog.epl?id=108,
http.//websoilsurvey.nrcs.usda.gov/app/WebSoilSurvey.aspx

® New Buildings Institute, Inc., Advanced Buildings (2005)
(hitp://www.poweryourdesign.com/LEEDGuide.pdf).




RESULTS OF THE ANALYSIS
1. “Base Case” Analysis: Development without Stormwater Controls
Comparison of Pre- and Post-Development Runoff Volumes

Table 2 presents a comparison between the estimated runoff volumes generated by the
respective case study sites in the pre- and post-development conditions, assuming
implementation of no stormwater controls on the developed sites. On sites dominated by
impervious land cover, most of the infiltration that would recharge groundwater in the
undeveloped state is expected to be lost to surface runoff after development. This greatly
increased surface flow would raise peak flow rates and volumes in receiving water courses,
raise flooding risk, and transport pollutants. Only the office building, the plan for which retained

substantial pervious area, would lose less than 40

recharge.

percent of the site’s pre-development

Table 2. Pre- and Post-Development without BMPs: Distribution of Surface Runoff Versus

Recharge to Groundwater (annual volume in acre-ft)

Distribution MFR® Sm-SFR? REST® OFF?® Lg-SFR® | SINGLE®

14 Inches/Year Rainfall:
Precipitation® 12.8 3.54 0.90 2.47 154 0.21
Pre-development runoff° 0.89 0.25 0.07 0.17 10 0.02
Pre-development
recharg.;pd 11.9 3.29 0.83 2.30 144 0.19
Post-development
impervious runoff® 8.07 1.51 0.42 0.57 66 0.09
Post-development
pervious runoff® 0.51 0.24 0.06 0.23 10 0.01
Post-development total
runoff® 8.58 1.75 0.48 0.80 76 0.10
Post-development
recharge’ 4.22 1.79 0.42 1.67 78 0.11
Post-development
recharge loss 7.68 1.50 0.41 0.65 66 0.08
(% of pre-development) (65%) (46%) (49%) (27%) (45%) (41%)
20 Inches/Year Rainfall:
Precipitation® 18.2 5.06 1.29 3.54 220 0.30
Pre-development runoff® 1.28 0.35 0.10 0.24 15 0.03
Pre-development
rechgged 16.9 4.71 1.19 3.30 205 0.27
Post-development
impervious runoff® 11.5 2.16 0.60 0.82 94 0.13
Post-development

ervious runoff® 0.73 0.34 0.08 0.33 15 0.01
Post-development total
runoff® 12.2 2.50 0.68 1.15 109 0.14
Post-development
recharggd 6.0 2.56 0.61 2.39 111 0.16
Post-development
recharge loss 10.9 2.15 0.58 0.91 94 0.11
(% of pre-development) (65%) (46%) (49%) (27%) (45%) (41%)

# MFR—multi-family residential; Sm-SFR—small-scale single-family residential; REST—restaurant; OFF—office
building; Lg-SFR—large-scale single-family residential; SINGLE—single family home

Volume of precipitation on totai project area

© Quantity of water discharged from the site on the surface
d Quantity of water infiltrating the soil; the difference between precipitation and runoff




Pollutant Concentrations and Loadings

Table 3 presents the pollutant concentrations from the literature and loadings calculated as
described for the various land use and cover types represented by the case studies.
Landscaped areas are expected to release the highest TSS concentration, although relatively
low TSS mass loading because of the low runoff coefficient. The highest copper concentrations
and loadings are expected from parking lots. Roofs, especially commercial roofs, top the list for
both zinc concentrations and loadings. Landscaping would issue by far the highest phosphorus,
although access roads and driveways would contribute the highest mass loadings. With
expected concentrations being equal in the two rainfall zones, mass loadings in the 20
inches/year zone would be higher than those in the 14 inches/year zone in the same proportion
as the ratio of rainfall quantities.

Table 3. Pollutant Concentrations and Loadings for Case Study Land Use and Cover Types

Land Use Concentrations Loadings
Lbs. Lbs. Lbs. Lbs.
TSS TCu TZn TP TSS/ TCu/ TZn/ TP/
(mg/L) | (mg/L) | (mg/L) | (mg/L) acre- acre- acre- acre-
year year year year

14 Inches/Year
Rainfall:
Residential roof 25 0.013 0.159 0.1 75 0.039 0.477 0.330
Commercial roof 18 0.014 0.281 0.14 54 0.042 0.844 0.420
Access
road/driveway 120 0.022 0.118 0.66 360 0.066 0.354 1.981
Parking 75 0.036 0.097 0.14 225 0.108 0.291 0.420
Walkway 25 0.013 0.059 0.1 75 0.039 0.177 0.330
Landscaping 213 0.013 0.059 2.04 81 0.005 0.022 0.774
20 inches/Year
Rainfall:
Residential roof 25 0.013 0.159 0.1 107 0.056 0.683 0.472
Commercial roof 18 0.014 0.281 0.14 77 0.060 1.207 0.601
Access
road/driveway 120 0.022 0.118 0.66 515 0.094 0.507 2.834
Parking 75 0.036 0.097 0.14 322 0.155 0.417 0.601
Walkway 25 0.013 0.059 0.11 107 0.056 0.253 0.472
Landscaping 213 0.013 0.059 2.04 135 0.008 0.037 1.291

The Basin Plan freshwater acute criteria for copper and zinc are 0.013 mg/L and 0.120 mg/L.,
respectively (http://www.swrcb.ca.gov/rwgcb2/basinplan/web/BP_CH3.html).  All developed
land uses are expected to discharge copper at or above the criterion, based on the mass
balance calculations using concentrations from Table 3. Any surface release from the case
study sites would just meet or violate the criterion at the point of discharge, although dilution by
the receiving water would lower the concentration below the criterion at some point. Even if
copper mass loadings are reduced by BMPs, any surface discharge would equal or exceed the
criterion initially, but it would be easier to dilute below that level. In contrast, runoff from land
covers other than roofs would not violate the acute zinc criterion. Because of this difference,
the evaluation considered whether or not the zinc criterion would be exceeded in each analysis,
whereas there was no point in this analysis for copper. There are no equivalent water quality
criteria for TSS and TP; hence, their concentrations were not further analyzed in the different
scenarios.
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Table 4 shows the overall loadings, as well as zinc concentrations, expected to be delivered
from the case study developments should they not be fitted with any BMPs. As Table 4 shows,
all cases are forecast to exceed the 0.120 mg/L acute zinc criterion. Because of its size, the
large residential development dominates the mass loading emissions.

Table 4. Case Study Pollutant Concentration and Loading Estimates without BMPs

MFR? Sm-SFR® REST? OFF¢ Lg-SFR® SINGLE?
14 inches/
Year Rainfall:
TZn (mg/L) 0.127 0.123 0.128 0.133 0.123 0.121
Lbs. TSS/year 1254 328 119 230 14249 20
Lbs. TCu/year 0:44 0.070 0.030 0.043 3.04 0.004
Lbs. TZn/year 2.94 0.576 0.165 0.286 25.04 0.034
Lbs. TP/year 6.24 2.27 0.68 1.69 98.55 0:14
20 Inches/
Year Rainfall:
TZn (mg/L) 0.127 0.123 0.128 0.133 0.123 0.121
Lbs. TSS/year 1864 501 180 360 21781 30
Lbs. TCu/year 0.63 0.102 0.043 0.063 4.44 0.006
Lbs. TZn/year 4,22 0.833 0.238 0.417 36.2 0.050
Lbs. TP/year 9.60 3.55 1.05 2.71 154 0.22

? MFR—multi-family residential; Sm-SFR—smail-scale single-family residential; REST—restaurant;
OFF—office building; Lg-SFR—large-scale single-family residential; SINGLE—single-family home

2, “Conventional BMP” Analysis: Effect of Basic Treatment BMPs
Effect of Basic Treatment BMPs on Post-Development Runoff Volumes

The current set of regional permits allows regulated parties to select from a range of BMPs in
order to treat or infiltrate a given quantity of annual rainfall. The administrative draft of the
proposed MRP is also non-specific regarding the role of LID in satisfying permit conditions. The
range of BMPs includes drain inlet inserts, CDS units, and other manufactured BMPs, detention
vaults, and sand filters, all of which isolate runoff from the soil; as well as basins and biofiltration
BMPs built in soil and generally having vegetation. Treatment BMPs that do not permit any
runoff contact with soils discharge as much stormwater runoff as equivalent sites with no BMPs,
and hence yield zero savings in recharge. As mentioned above, the CalTrans (2004) study
found that BMPs with a natural surface can reduce runoff by substantial margins (30-50 percent
for extended-detention basins and biofiltration).

With such a wide range of BMPs in use, runoff reduction ranging from 0 to 50 percent, and a
lack of clearly ascertainable requirements, it is not possible to make a single estimate of how
much recharge savings are afforded by maximal implementation of the current permits or the
Municipal Regional Permit (MRP), if issued as now proposed. We made the following
assumptions regarding implementation of BMPs. Assuming natural-surface BMPs perform at
the average of the three types tested by CalTrans (2004), i.e., 40 percent runoff reduction, the
estimate can be bounded as shown in Table 5. The table demonstrates that allowing free
choice of BMPs without regard to their ability to direct water into the ground forfeits substantial
groundwater recharge benefits when hardened-surface BMPs are selected. Use of soil-based
conventional BMPs could cut recharge losses from half or more of the full potential to about
one-quarter to one-third or less, except with the highly impervious commercial development.
This analysis shows the wisdom of draining impervious to pervious surfaces, even if those
surfaces are not prepared in any special way. But as subsequent analyses showed, soil
amendment can gain considerably greater benefits.
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Table 5. Pre- and Post-Development with Conventional BMPs: Distribution of Surface Runoff

Versus Rechége to Groundwater (annual volume in acre-ft)

Distribution MFR? Sm-SFR? REST" OFF® Lg-SFR® SINGLE®
14 Inches/Year
Rainfall:
Precipitation” 12.8 3.54 0.90 247 154 0.21
Pre-development
runcff® 0.89 0.25 0.07 0.17 10 0.02
Pre-development
rechagcled 11.9 3.29 0.83 2.30 144 0.19
Post-development
impervious runoff® 4.84-8.07 0.90-1.51 0.25-0.42 0.34-0.57 39-66 0.05-0.09
Post-development
pervious runoff® 0.30-0.51 0.14-0.24 0.04-0.06 0.13-0.23 6.3-10 0.006-0.01
Post-development
total runoff® 5.15-8.58 1.05-1.75 0.29-0.48 0.48-0.80 46-76 0.06-0.10
Post-development
recharged' N 4.22-7.60 1.79-2.49 0.42-0.62 1.67-2.00 78-108 0.11-0.15
Post-deveiopment
recharge loss
(% of pre- 4.29-7.68 0.80-1.50 0.80-0.41 0.30-0.65 34-66 0.05-0.08
development) © (36-65%) (24-46%) (26-49%) (13-27%) (24-45%) (24-41%)
20 Inches/Year
Rainfall:
Precipitation” 18.2 5.06 1.29 3.54 220 0.30
Pre-development
runoff® 1.28 0.35 0.10 0.24 15 0.03
Pre-development
recharge’ 16.9 4.71 1.19 3.30 205 0.27
Post-development
impervious runo 6.92-11.5 1.29-2.16 0.35-0.60 0.49-0.82 56-94 0.08-0.13
Post-deveiopment
pervious runoff® 0.44-0.73 0.20-0.34 0.05-0.08 0.19-0.33 9.0-15 0.006-0.01
Post-development
total runoff® 7.36-12.2 1.50-2.50 0.41-0.68 0.68-1.15 65-109 0.08-0.14
Post-development
rechagqu' ¢ 6.0-10.8 2.56-3.56 0.61-0.88 2.39-2.86 111-155 0.16-0.22
Post-deveiopment
recharge loss
(% of pre- 6.1-10.9 1.14-2.15 0.31-0.58 0.44-0.91 49-94 0.07-0.11
development) ® (36-65%) (24-46%) (26-49%) (13-27%) (24-45%) (24-41%)

3 MFR—multi-family residential; Sm-SFR—small-scale single-family residential, REST—restaurant; OFF—office
building; |.g-SFR—Ilarge-scale single-family residential, SINGLE—single-family home. Ranges represent 40 percent
runoff volume reduction, with full site coverage by BMPs having a natural surface, to no reduction, with BMPs isolating

runoff from soil.

® volume of precipitation on total project area

¢ Quantity of water discharged from the site on the surface

4 Quantity of water infiltrating the soil; the difference between precipitation and runoff ° Ranging from the quantity with

hardened bed BMPs to the quantity with soil-based BMPs
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Effect of Basic Treatment BMPs on Pollutant Discharges

Table 6 presents estimates of zinc effluent concentrations and mass loadings of the various
pollutants discharged from four types of conventional treatment BMPs. The loading reduction
results show the CDS units always performing below 50 percent reduction for all pollutants
analyzed, and most often in the vicinity of 20 percent, with zero copper reduction.

Table 6. Pollutant Concentration and Mass Loading Reduction Estimates with Conventional BMPs

MFR® Sm-SFR? REST® OFF® Lg-SFR® SINGLE?

Effluent
Concentrations:
CDS TZn (mg/L)a 0.095 0.095 0.098 0.102 0.095 0.094
EDB TZn (mg/L)a 0.085 0.086 0.084 0.084 0.086 0.084
Swale TZn (mg/L) 0.055 0.054 0.055 0.056 0.054 0.053
Filter strip TZn ;

| (mg/L) 0.039 0.039 0.039 0.041 0.039 0.038
Mass Loading
Reductions—14
inches/Year
Rainfall:
CDS 7SS '
reduction 156.7% 19.9% 22.0% 24.0% 19.9% 20.2%
CDS TCu
reduction 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
CDS TZn reduction 22.7% 22.4% 22.9% 23.1% 22.4% 22.5%
CDS TP reduction 30.6% 41.5% 40.7% 45.9% 41.5% 42.0%
EDB TSS
reduction 68.1% 73.7% 79.0% 81.1% 73.7% 74.3%
EDB TCu
reduction 61.9% 55.7% 66.2% 63.0% 55.7% 55.8%
EDB TZn reduction 59.7% 59.6% 60.4% 61.9% 59.6% 59.8%
EDB TP reduction 61.9% 69.7% 69.1% 72.9% 69.7% 70.1%
Swale TSS
reduction 68.8% 71.1% 73.1% 73.9% 71.1% 71.3%
Swale TCu
reduction 72.5% 68.5% 78.2% 73.3% 68.5% 68.5%
Swale TZn
reduction 78.4% 78.1% 84.3% 78.8% 78.1% 78.2%
Swale TP
reduction 66.3% 70.7% 67.2% 76.2% 70.7% 71.1%
Filter strip TSS
reduction 69.9% 75.4% 80.6% 82.6% 75.4% 76.0%
Filter strip TCu
reduction 74.4% 69.1% 78.2% 75.4% 69.1% 69.1%
Filter strip TZn
reduction 78.3% 77.9% 78.4% 78.7% 77.9% 78.1%
Filter strip TP
reduction 48.4% 53.1% 63.7% 59.8% 53.1% 53.5%
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Table 6 continued

MFR® Sm-SFR? REST® OFF° Lg-SFR* SINGLE?
Mass Loading
Reductions—20
Inches/Year
Rainfall:
CDS TSS
reduction 18.8% 25.0% 26.3% 30.5% 25.0% 25.4%
CDS TCu
reduction 0.7% 1.9% 1.1% 3.0% 1.9% 2.0%
CDS TZn reduction 23.1% 23.3% 23.6% 24.7% 23.3% 23.4%
CDS TP reduction 35.4% 46.6% 44.8% 51.8% 46.6% 47.1%
EDB TSS
reduction 68.8% 74.6% 79.6% 81.6% 74.6% 75.1%
EDB TCu
reduction 61.8% 55.6% 66.0% 62.7% 55.6% 55.7%
EDB TZn reduction 59.6% 59.3% 60.2% 61.5% 59.3% 59.6%
EDB TP reduction 63.0% 70.4% 69.7% 73.4% 70.4% 70.7%
Swale TSS
reduction 69.1% 71.4% 73.6% 74.1% 71.4% 71.6%
Swale TCu
reduction 72.5% 68.4% 77.9% 73.1% 68.4% 68.5%
Swale TZn
reduction 78.3% 78.0% 84.1% 78.6% 78.0% 78.1%
Swale TP
reduction 67.6% 71.9% 68.2% 77.1% 71.9% 72.3%
Filter strip TSS
reduction 70.6% 76.3% 81.2% 83.1% 76.3% 76.8%
Filter strip TCu
reduction 74.4% 69.0% 78.0% 75.1% 69.0% 69.1%
Filter strip TZn
reduction 78.2% 77.8% 78.3% 78.5% 77.8% 77.9%
Filter strip TP
reduction 49.9% 54.6% 66.3% 61.0% 54.6% 55.0%

# MFR—multi-family residential; Sm-SFR—small-scale single-family residential; REST—restaurant;
OFF—office building; Lg-SFR—Iarge-scale single-family residential; SINGLE—single family home;
CDS— continuous deflective separation unit; EDB—extended-detention basin

When treated with extended-detention basins, swales, or filter strips, effluents from each
development case study site are expected to fall below the Basin Plan acute zinc criterion.
These natural-surface BMPs, if fully implemented and well maintained, are predicted to prevent
the pollutant masses generated on the six case study development sites from reaching a
receiving water in both rainfall zones, which do not differ appreciably. Only total phosphorus
reduction falls below 50 percent for three case studies. Otherwise, mass loading reductions
range from about 60 to above 80 percent for the EDB, swale, and filter strip. These data
indicate that draining impervious to pervious surfaces, even if those surfaces are not prepared
in any special way, pays water quality as well as hydrologic dividends.

3. LID Analysis

(a) Hydrologic Analysis

The LID analysis repeats the analysis above, focusing here on the performance of LID
techniques in reducing or eliminating runoff from the six development case studies. In addition

to assessing the total runoff that would be expected, the analysis aiso considered whether LID
techniques would be sufficient to attain compliance with a performance standard being
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considered by the Los Angeles Regional Water Quality Control Board for Ventura County,
California. This standard limits EIA (Effective Impervious Area) to five percent (but our analysis
further assumed EIA would be ultimately reduced to three percent). All runoff from NCIA (Not-
Connected Impervious Area) was assumed to drain to vegetated surfaces.

One goal of this exercise was to identify methods that reduce runoff production in the first place.
It was hypothesized that implementation of source reduction techniques could allow all of the
case study sites to infiltrate substantial proportions, or all, of the developed site runoff,
advancing the hydromodification mitigation objective of the Draft Permit. When runoff is
dispersed into the soil instead of being rapidly collected and conveyed away, it recharges
groundwater, supplementing a resource that maintains dry season stream flow and wetlands.
An increased water balance can be tapped by humans for potable, irrigation, and process water
supply. Additionally, runoff volume reduction would commensurately decrease pollutant mass
loadings.

Accordingly, the analysis considered the practicability of more than one scenario. In one option,
all roof runoff is harvested and stored for some beneficial use. A second option disperses runoff
into the soil via roof downspout infiltration trenches. The former option is probably best suited to
cases like large commercial and office buildings, while distribution in the soil would fit best with
residences and relatively small commercial developments. The analysis was repeated with the
assumptions of harvesting OFF roof runoff for some beneficial use and dispersing roof runoff
from the remaining four cases in roof downspout infiltration systems.

Expected Infiltration Capacities of the Case Study Sites

The first inquiry on this subject sought to determine how much of the total annual runoff each
property is expected to infiltrate, since infiltration is a basic (although not exclusive) LID
technique. Based on the findings of Chralowicz et al. (2001), it was assumed that an infiltration
zone of 0.1-0.5 acres in area and 2-3 ft deep would serve a drainage catchment area in the size
range 0-5 acres and infiltrate 0.9-1.9 acre-ftlyear. The conclusions of Chralowicz et al. (2001)
were extrapolated to conservatively assume that 0.5 acre would be required to serve each
additional five acres of catchment, and would infiltrate an incremental 1.4 acre-ft/year (the
midpoint of the 0.9-1.9 acre-ftlyear range). According to these assumptions, the following
schedule of estimates applies:

Pervious Area Available for Infiltration Catchment Served acres Infiltration Capacity
0.5 acres 0-5 acres 1.4 acre-ft/year
1.0 acres 5-10 acres 2.8 acre-ftlyear
1.5 acres 10-15 acres 4.2 acre-ft/year
(Etc.)

As a formula, infiltration capacity = 2.8 x available pervious area. To app‘iy the formula
conservatively, the available area was reduced to the next lower 0.5-acre increment before
multiplying by 2.8.

As shown in Table 7, in both rainfall zones all six of the sites have adequate or greater capacity
to infiltrate the full annual runoff volume expected from NCIA and pervious areas where EIA is
limited to three percent of the total site area. Indeed, five of the six development types have
sufficient pervious area to infiltrate all runoff, including runoff from EIA areas. These results are
based on infiltrating in the native soils with no soil amendment. For any development project at
which infiltration-oriented BMPs are considered, it is important that infiltration potential be
carefully assessed using site-specific soils and hydrogeologic data. In the event such an
investigation reveals a marginal condition (e.g., hydraulic conductivity, spacing to groundwater)
for infiltration basins, soils could be enhanced to produce bioretention zones to assist infiltration.
Notably, the five case studies with far greater than necessary infiltration capacity would offer
substantial flexibility in designing infiltration, allowing ponding at less than 2-3 ft depth.
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Table 7. Infiltration and Runoff Volume (With 3 Percent EIA and All NCIA Draining to Pervious

Areas)

MFR®

Sm-SFR?

REST®

OFF®

Lg-SFR®

SINGLE®

14 Inches/Year
Rainfall:

EIA runoff (acre-
ft/year)

0.36

0.10

0.03

0.07

44

0.01

NCIA + pervious
area runoff (acre-
ft/year)

8.20

1.64

0.45

0.73

71.3

0.08

Total runoff
(acre-ft/year)

8.56

1.74

0.48

0.80

75.7

0.09

Pervious area
available for
infiltration (acres)

3.66

1.67

0.39

1.61

72.7

0.10

Estimated
infiltration
capacitg/ (acre-
ft/year)

9.8

4.2

14

4.2

203

0.28

Infiltration
potential®

>100%

>100%

>100%

>100%

>100%

>100%

20 Inches/Year
'Rainfall:

EIA runoff (acre-
ft/year)

0.52

0.14

0.04

0.10

6.2

0.01

NCIA + pervious
area runoff (acre-
ft/year)

2.34

0.64

1.04

101.7

0.14

Total runoff
(acre-ft/year)

12.2

248

0.68

1.14

108.0

0.15

Pervious area
available for
infiltration (acres)

3.66

1.67

0.39

1.61

72.7

0.10

Estimated
infiltration
capacitgl (acre-
ft/year)

9.8

4.2

14

4.2

203

0.28

Infiltration
potential®

84%

>100%

>100%

>100%

>100%

>100%

3 MFR—multi-family residential; Sm-SFR—small-scale single-family residential; REST—restaurant;
OFF—office building; Lg-SFR—large-scale single-family residential; SINGLE-—single family home;

b Based on Chralowicz et al. (2001) according to the schedule described above
© Compare runoff production from NCIA + pervious area (row 3) with estimated infiltration capacity (row 6)

As Table 7 shows, each of the six case study sites have the capacity to infiltrate all or
substantially all of the runoff produced onsite annually by draining impervious surfaces to
pervious areas on native soils or, in some soil regimes, soils amended with organic matter. If
these sites were designed as envisioned in this analysis, no runoff discharge is expected in
storms as large as, and probably larger than, the design storm event—using infiltration only.
Discharge would be anticipated only with exceptionally intense, large, or prolonged rainfall that
saturates the ground at a faster rate than water can infiltrate or evaporate. Even runoff from the
area assumed to be EIA could be infiltrated in most cases based on the amount of pervious
area available in typical development projects. Therefore, this analysis shows that the EIA
performance standard being considered for Ventura County, California, or one more stringent,
can be met readily in development projects occurring on A, B, and C soils in the San Francisco
Bay Area.
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Additional Source Reduction Capabilities of the Case Study Sites: Water Harvesting Example

As noted, infiltration is one of a wide variety of LID-based source reduction techniques. Where
site conditions such as soil quality or available area limit a site’s infiltration capacity, other
source LID measures can enhance a site’s runoff retention capability. For example, soil
amendment, which improves infiltration, is a standard LID technique. Water harvesting is
another. Such practices can also be used where infiltration capacity is adequate, but the
developer desires greater flexibility for land use on-site. Table 8 shows the added LID
implementation flexibility created by subtracting roof runoff by harvesting it or efficiently directing
it into the soil through downspout dispersion systems, further demonstrating the feasibility and
robust performance of LID options for reducing or eliminating runoff in most expected
conditions. Specifically, all development types studied could readily infiltrate and/or retain all
expected annual precipitation.

Table 8. Infiltration and Runoff Volume Reduction Analysis Including Roof Runoff Harvesting or
Disposal in Infiltration Trenches (Assuming 3 Percent EIA and All NCIA Draining to Pervious Areas)

MFR® Sm-SFR® REST® OFF® Lg-SFR® SINGLE®

14
Inches/Year
Rainfall:

EIA runoff

(acre-ftfyear) 0.36 0.10 0.03 0.07 4.4 0.01

Roof runoff
(acre-ft/year)
Other NCIA +
pervious area 3.52 0.75 0.37 0.54 32.7 0.04
runoff (acre-
ft/year)

4.68 0.89 0.08 0.19 38.5 0.05

Total runoff

(acre-ftiyear) 8.56 1.74 0.48 0.80 75.6 0.10

Pervious area
available for

infiltration 3.66
(acres)

1.67 0.39 1.61 72.7 0.10

Estimated

infiltration 9.8 4.2 1.4 4.2 203 0.28
capacntg' (acre-

ft/year)

Infiltration

capacity® >100% >100% >100% >100% >100% >100%

20
Inches/Year
Rainfall:

EIA runoff
(acre-ft/lyear)
Roof runoff
(acre-ft/year)
Other NCIA +
pervious area

runoff (acre- 5.03 1.07 0.52 0.76 46.7 0.06
ft/year)
Total runoff

(acre-ft/year) 12.2
Pervious area
available for
infiltration
(acres)

0.52 0.14 0.04 0.10 6.2 0.01

6.67 1.27 0.12 0.28 55.1 0.08

2.48 0.68 1.14 108.0 0.15

3.66 1.67 0.39 1.61 72.7 0.10
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Table 8 continued

MFR® Sm-SFRC REST® OFF° Lg-SFR® _|_SINGLE®
Estimated
infiltration 9.8 42 1.4 4.2 203 0.28
capacug/ (acre-
ft/year)
'C';fgtargitt‘sc“ >100% >100% >100% >100% >100% >100%

2 MFR—multi-family residential; Sm-SFR—small-scale single-family residential; REST—restaurant;
OFF—office building; Lg-SFR—Iarge-scale single-family residential; SINGLE—single family home;

® Based on Chralowicz et al. (2001) according to the schedule described above

¢ Comparison of runoff production from NCIA + pervious area (row 3) with estimated infiltration capacity (row 6)

Effect of Full LID Approach on Recharge

Table 9 shows the recharge benefits of preventing roofs from generating runoff and infiltrating
as much as possible of the runoff from the remainder of the case study sites. The data show
that LID methods offer significant benefits relative to the baseline (no stormwater controls) in all
cases. These benefits are particularly impressive in developments with relatively high site
imperviousness, such as in the MFR case.

Table 9. Comparison of Water Captured Annually (in acre-ft) from Development Sites for Beneficial
Use with a Full LID Approach Compared to Development With No BMPs

MFR® Sm-SFR® REST® OFF® Lg-SFR® SINGLE?

14 Inches/Year
Rainfall:
Pre-development
rechargeb
(acre-f) 11.9 3.29 0.83 2.30 144 0.19

No BMPs—

Post-
development
recharge®
(acre-ft) 4.22 1.79 0.42 1.67 78 0.11

Post-

development
recharge lost
(acre-ft) 7.68 1.50 0.41 0.65 66 0.08

Post-
development %
recharge lost 65% 46% 49% 27% 45% 41%

Full LID
approach—

Post-
development
runoff capture
(acre-ft)° 11.9 3.29 0.83 2.30 144 0.19

Post-

development
recharge lost
(acre-ft) 0 0 0 0 0 0

Post-
development %
recharge lost 0% 0% 0% 0% 0% 0%
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Table 9 continued

MFR® Sm-SFR® REST® OFF® Lg-SFR® SINGLE®

20 Inches/Year
Rainfall:
Pre-development
recharge®
(acre-ft) 16.9 4.71 1.19 3.30 205 0.27

No BMPs—
Post-
development
recharge®
(acre-ft) 6.0 2.56 0.61 2.39 111 0.16
Post-
development
recharge lost
(acre-ft) 10.9 2.15 0.58 0.91 94 0.11
Post-
development %
recharge lost 65% 46% 49% 27% 45% 41%
Full LID
approach—
Post-
development
runoff capture
(acre-ft)° 16.9 4.71 1.19 3.30 205 0.27
Post-
development
recharge lost
(acre-ft) 0 0 0 0 0 0
Post-
development %
recharge lost 0% 0% 0% 0% 0% 0%

a MFR—multi-family residential; Sm-SFR—smail-scale single-family residential; REST—restaurant; OFF—office
building; Lg-SFR—large-scale single-family residential; SINGLE—-Single family home

® Quantity of water infiltrating the soil; the difference between precipitation and runoff

¢ \Water either entirely infiltrated in BMPs and recharged to groundwater or partiaily harvested from roofs and partially
infiltrated in BMPs. EIA was not distinguished from the remainder of the development, because these sites have the
potential to capture all runoff.

(b) Water Quality Analysis

It was assumed that any site discharges would be subject to treatment control. For purposes of
the analysis, treatment control was assumed to be provided by conventional sand filtration.
This choice is appropriate for study purposes for two reasons. First, sand filters can be instalied
below grade, and land above can be put to other uses. Pervious area should be reserved for
receiving NCIA drainage, and using sand filters would not draw land away from that service or
other site uses. A second reason for the choice is that sand filter performance data equivalent
to the data used in analyzing other conventional BMPs are available from the CalTrans (2004)
work. Sand filters may or may not expose water to soil, depending on whether or not they have
a hard bed. This analysis assumed a hard bed, meaning that no infiltration would occur and
thus there would be no additional recharge in sand filters. Performance would be even better
than shown in the analytical results if sand filters were built in earth.
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Pollutant Discharge Reduction Through LID Techniques

The preceding analyses demonstrated that in each of the six case studies, all stormwater
discharges could be eliminated at least under most meteorological conditions by dispersing
runoff from impervious surfaces to pervious areas. Therefore, poliutant additions to receiving
waters would also be eliminated.

SUMMARY AND CONCLUSIONS

This paper demonstrated that common Bay Area residential and commercial development types
subject to the Municipal NPDES Permit are likely, without stormwater management, to reduce
groundwater recharge from the pre-development state by approximately half in most cases to a
much higher fraction with a large ratio of impervious to pervious area. With no treatment, runoff
from these developments is expected to exceed Basin Plan acute copper and zinc criteria at the
point of discharge and to deliver large pollutant mass loadings to receiving waters.

Conventional soil-based BMP solutions that promote and are component parts of low impact
development approaches, by contrast, regain about 30-50 percent of the recharge lost in
development without stormwater management in Bay Area locations having NRCS Hydrologic
Soil Groups A, B, and C. It is expected the soil-based BMPs generally would release effluent
that meets the acute zinc criterion at the point of discharge, although it would still exceed or just
barely meet the copper limit. Excepting phosphorus, it was found that these BMPs would
capture and prevent the movement to receiving waters of the majority of the pollutant loadings
considered in the analysis.

It was found that by draining all site runoff to pervious areas with A, B, or C soil types, runoff
can be eliminated entirely in most development categories. It follows that a three percent
Effective Impervious Area standard can be met in typical developments, as well. This result
was reached assuming the use of native soils or well recognized soil enhancement techniques
(typically, with compost). Draining impervious surfaces onto these soils, in connection with
limiting directly connected impervious area to three percent of the site total area, should
eliminate storm runoff from some development types and greatly reduce it from more highly
impervious types. Adding roof runoff elimination to the LID approach (by harvesting or directing
it to downspout infiltration trenches) provides an additional tool, increasing flexibility and
confidence that no discharge in most meteorological conditions is a feasible performance
expectation. Even in the development scenarios involving the highest relative proportion of
impervious surface, losses of rainfall capture for beneficial uses could be reduced from the
untreated scenario when draining to pervious areas was supplemented with water harvesting.
These results demonstrate the basic soundness of the concept of using LID techniques to
reduce stormwater pollution in the Bay Area, and further show that limiting directly connected
impervious area and draining the remainder over pervious surfaces, as contemplated by some
Regional Water Boards in California, is also feasible.
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SUPPLEMENTARY INVESTIGATION OF THE
FEASIBILITY AND BENEFITS
OF LOW-IMPACT SITE DESIGN PRACTICES (“LID")
FOR THE SAN FRANCISCO BAY AREA

Richard R. Horner'

ABSTRACT

The Clean Water Act NPDES permit that regulates municipal separate storm sewer systems (MS4s) in
the San Francisco Bay Area, California will be reissued in 2007. The draft permit includes general
provisions related to low impact development practices (LID) for certain kinds of development and
redevelopment projects. Using eight representative development project case studies, based on
California building records, the author investigated the practicability and relative benefits of LID options
for the portion of the region having soils potentially limiting to infiltration. The principal LID option
applicable in this situation is roof runoff harvesting, supplement by dispersion of the roof water in single-
home sites. Other site runoff would be treated by conventional stormwater best management practices
(BMPs), as specified in the permit. The results showed that effectively managing roof runoff and treating
the remainder with conventional BMPS can: (1) reduce annual runoff volumes by almost half to more
than 3/4, depending on land use characteristics, with much of the water saved available for a beneficial
use; and (2) decrease mass loadings of pollutants to receiving waters by 63 to over 90 percent,
depending on pollutant and land use.

" Richard R. Horner, Ph.D., Research Associate Professor, University of Washington
Departments of Civil and Environmental Engineering and Landscape Architecture;
Adjunct Associate Professor, University of Washington Center for Urban Horticulture

INTRODUCTION

Background

A report titled Initial Investigation of the Feasibility and Benefits of Low-Impact Development Practices
(“LID") for the San Francisco Bay Area used six representative development project case studies, based
on California building records, to investigate the practicability and relative benefits of LID options for the
majority of the region having soils potentially suitable for infiltration either in their natural state or after
amendment using well recognized LID techniques. The results demonstrated that: (1) LID site design
and source control techniques are more effective than conventional best management practices (BMPSs)
in reducing runoff rates; and (2) in each of the case studies, LID methods would reduce site runoff volume
and pollutant loading to zero in typical rainfall scenarios.

For a broad regional assessment of relatively large scale use of soil-based, infiltrative LID practices, the
initial report covered areas having soils in Natural Resources Conservation Service (NRCS) Hydrologic
Soil Groups A, B, or C as classified by the Natural Resources Conservation Service
(http://websoilsurvey.nrcs.usda.gov/app/WebSoilSurvey.aspx). Depending on site-specific conditions, A
and B soils would generally effectively infiltrate water without modification, whereas C soils could require
organic amendments according to now standard LID methods. This supplementary report covers
locations with group D soils, which are generally not amenable to infiltration, again depending on the
specific conditions on-site. A minority but still substantial fraction of the Bay Area has group D soils (39.3,
68.0, 18.3, and 50.1 percent of the mapped areas of Alameda, Contra Costa, San Mateo, and Santa
Clara Counties, respectively). Regarding any mapped soil type, it is important to keep in mind that soils
vary considerably within small distances. Characteristics at specific locations can deviate greatly from
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those of the major mapped unit, making infiltration potential either more or less than may be expected
from the mapping. The soil survey data are regarded as appropriate for use in broad-scale assessments
such as underlie this and the initial report, but once site-specific implementation begins, it is important to
verify site conditions.

General Assessment Methods

The assessment for group D soils reported herein emphasizes the use of LID practices appropriate in
areas with relatively restrictive soils to the greatest possible extent, supplemented by conventional
stormwater management practices implemented at fully practicable, high levels of effectiveness. The
assessment was performed in a manner analogous to the analysis for the other soil groups and as
described in the initial report. To recap briefly, with respect to each of several development case studies,
three assessments were undertaken: a baseline scenario incorporating no stormwater management
controls; a second scenario employing conventional BMPs; and a third development scenario employing
LID stormwater management strategies. In each assessment, annual stormwater runoff volumes were
estimated, as well as concentrations and mass loadings (the products of concentrations times flow
volumes) of four pollutants: (1) total suspended solids (TSS), (2) total recoverable copper (TCu), (3) total
recoverable zinc (TZn), and (4) total phosphorus (TP). The results of the second and third assessments
were expressed in terms of the extent to which the management practices would reduce pollutant
concentrations and loadings and runoff volumes, converting stormwater discharge a potential beneficial
use (direct consumption or, in the case of group A, B, C soil areas, groundwater recharge).

Six case studies were selected to represent a range of urban development types considered to be
representative of the Bay Area. These case studies involved: a multi-family residential complex (MFR), a
relatively small-scale (23 homes) single-family residential development (Sm-SFR), a restaurant (REST),
an office building (OFF), a relatively large (1000 homes) single-family residential development (Lg-SFR),
and a single home (SINGLE). The land cover types for these various land uses were derived from
building permit and other public records from the Bay Area or elsewhere in California.

Adaptation of Methods for Areas with Group D Soils

A key LID technique in a setting with soils relatively restrictive to infiltration is water harvesting, which can
be applied at larger scales in commercial and light industrial developments and at smaller residential
scales using cisterns or rain barrels. Harvesting has been successful in reducing runoff discharged to the
storm drain system and conserving water in applications at all scales. For example, in downtown Seattle
the King County Government Center collects enough roof runoff to supply over 60 percent of the toilet
flushing and plant irrigation water requirements, saving approximately 1.4 million gallons of potable water
per year (http://www.psat.wa.gov/Publications/LID_studies/rooftop_rainwater.htm,
http://dnr.metrokc.gov/dnrp/ksc _tour/features/features.htm). A much smaller public building in Seattle,
the Carkeek Environmental Learning Center, drains roof runoff into a 3500-gallon cistern to supply toilets
(http://www.harvesth20.com/seattle.shtml). Collecting drainage from individual dwellings for household
use is a standard technique around the world, particularly in areas deficient in rainfall and without
affordable alternative sources.

An additional general category of LID practices for poorly infiltrating locations, applicable especially at
single homes and other relatively small-scale developments, is runoff dispersion for storage in vegetation
and soil until evapotranspiration and some infiltration occurs. Section C.3.c of the California Regional
Water Quality Control Board San Francisco Bay Region "Administrative Draft" NPDES Municipal Regional
Stormwater Permit (“the Permit”) requires all single-family home projects that create and/or replace 5,000
square feet or more of impervious surface to implement one or more stormwater lot-scale BMPs from a
selection of: (1) diverting roof runoff to vegetated areas; (2) directing paved surface runoff flow to
vegetated areas; and/or (3) installing driveways, patios, and walkways with pervious material such as
pervious concrete or pavers. Another way of distributing and dissipating roof runoff used successfully in
varied soils in the state of Washington is the downspout dispersion system, consisting of a splash block
or gravel-filled trench serving to spread roof runoff over a vegetated area (Washington Department of
Ecology 2005 [Volume I, Section 3.1.2]).
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The basis of the group D soils assessment was harvesting roof runoff to the maximum possible degree,
supplemented in smaller-scale developments by runoff dispersion methods. The report asserts that,
through these LID BMPs, it is practicable to prevent the entrance of any roof runoff into the municipal
storm drain system in any soils setting in the Bay Area. In group D soils, infiltration likely cannot be relied
upon to reduce runoff from other portions of developments, such as walkways, driveways, parking lots,
access roads, and landscaping. Some water loss would undoubtedly occur, especially through
evapotranspiration and at least some infiltration of runoff generated on or directed to landscaping. The
analysis presented in this report does not take account of these losses and hence is somewhat
conservative in estimating benefits.

As required by the Permit, any runoff not attenuated by harvest, evapotranspiration, or infiltration would
be subject to quantity and quality controls. The analysis assumes that extended-detention basins (EDBS)
with water residence times up to 72 hours would provide this control. EDBs are one of several general-
purpose, conventional stormwater BMPs available for this service, others being wet ponds, constructed
wetlands, sand or other media filters, and biofiltration swales and filter strips. The California Department
of Transportation (Caltrans, 2004) tested the performance of all of these practices in its BMP Retrofit Pilot
Program, conducted in San Diego and Los Angeles Counties. The initial report investigating LID for A, B,
and C soils presented estimates of benefits for EDBs, swales, and filter strips, along with continuous
deflective separation (CDS) units, a practice that effectively captures only large particulate pollutants. For
brevity, this follow-up report focuses on just EDBs as the supplement to LID. In performance, EDBs tend
to fall between swales and filter strips for total suspended solids, slightly lower than the other two BMP
types for metals, and either between the two or comparable to swales for total phosphorus.

These practices were applied to the same six case studies used in the initial analysis and described in
Table 1 of the first report. Two additional case studies were defined for the assessment reported here: a
sizeable commercial retail installation (COMM) and an urban redevelopment (REDEV). The hypothetical
COMM scenario consists of a building with a 2-acre footprint and 500 parking spaces. Parking spaces
were estimated to be 176 sq ft in area, which corresponds to 8 ft width by 22 ft length dimensions. A
simple, square parking lot with roadways around the four sides and a square building with walkways also
around the four sides were assumed. Roadways and walkways were taken to be 20 ft and 6 ft wide,
respectively. The REDEV case was taken from an actual project in Berkeley involving a remodel of an
existing structure, built originally as a corner grocery store with apartments above and a large side yard,
and the addition of a new building on the same site to create a nine-unit, mixed-use, urban infill project.
Table 1 summarizes the characteristics of these two case studies. The table also provides the recorded
or estimated areas in each land use and cover type.

Table 1. Characteristics and Land Use and Land Cover Areas of Added Case Studies
COMM? REDEV?

No. buildings 1 1

Total area (ft%) 226,529 5,451
Roof area (ft°) 87,120 3,435

No. parking spaces 500 2 uncovered
Parking area (ft?) 88,000 | 316 uncovered
Access road area (ft%) | 23,732 -
Walkway area (ft%) 7,084 350
Driveway area (ft") - 650
Landscape area (ft®) | 20,594 700

& COMM—retail commercial; REDEV—commercial/residential infill

The assessment for group D soils employed the same methods as the earlier analysis to estimate annual
stormwater runoff volumes and pollutant discharges. Please refer to the initial report for details on those



methods. The Natural Resource Conservation Service (NRCS, 1986) methodology cited in that report
was applied to estimate that infiltration in group D soils would be roughly 60 percent of the amount
through landscaping or the bed of a conventional BMP in C soils, which were the basis for establishing
runoff coefficients in the first analysis. While that initial analysis was performed for both 14- and 20-inch
average annual runoff zones, typical of different Bay Area locations, this supplementary work covered
only the former condition. This simplification was made in the interest of brevity in this report, given that
the first analysis showed almost no difference in conclusions between the two situations.

RESULTS OF THE ANALYSIS

Table 2 provides a comprehensive summary of the results. Rows shaded in gray compare runoff and
pollutant discharges with and without treatment by CDS units, which can capture relatively large solids
but have no mechanisms for dissolved substances and the finer particles. Having no soil contact and
very limited residence time for evaporation, this BMP cannot reduce runoff volume at all. It can achieve
some substantial reductions in TSS and TP for land uses relatively high in landscaped area but little
removal of metals, especially copper.

The blue-shaded rows show the performance of conventional EDBs. In the group D soils considered in
this analysis, they were estimated to reduce annual runoff volumes by 13-23 percent, the higher values
for land uses with relatively small impervious footprints (OFF and REST). These BMPs can capture the
majority of the long-term mass loading of most pollutants from most land uses in these soils, falling below
50 percent in reducing metals in stormwater flowing from residential developments.

Rows shaded in green present the results of applying LID BMPs appropriate for group D soils, roof runoff
harvesting supplemented by dispersion in single-home land uses, plus treating the remaining runoff with
EDBs. Comparing annual runoff volumes with and without LID, it can be seen that removing roof runoff
from the storm drain system affords very significant benefits in reducing surface discharge and putting
much of that water to productive use. Compared to directing all site runoff to EDBSs, LID is expected to
reduce volume by almost 10 times in the REDEV case, by about five times for the various residential land
uses, 3.6 times for the large commercial development, and around twice for the OFF and REST cases.
This management strategy can recover over 3/4 of the stormwater that would otherwise go down the
drain in the intense redevelopment case, approximately 2/3 for the multi- and single-family residential
cases, over half in the COMM development, and almost half in the office and restaurant cases with
relatively small roof footprints.

Reduction of volume translates to decreases in pollutant loadings also. The combination of LID and EDB
treatment is estimated to raise copper and zinc reductions to about 70 to over 90 percent in all except the
developments with relatively low roof proportions (60-65 percent in these cases). TSS predictions come
in at a quite consistent 75-82 percent across land uses. Total phosphorus estimates are a similarly
consistent 63-71 percent, a bit higher in the highly impervious REDEV case.

Effectively managing roof runoff gives a way out of the dilemma posed by group D soils in the Bay Area.
The analysis has demonstrated that harvesting this runoff stream, supplemented by ground dispersion
techniques with sufficient space, shows strong promise to reduce the majority of flow inputs to municipal
storm drain systems while conserving water. Moreover, this strategy can also stem the majority of solids,
copper, zinc, and phosphorus transport to receiving waters.



Table 2. Runoff Volume and Pollutant Loading Reductions with Conventional and Low-Impact Development (LID) Best Management Practices
(BMPs) for Eight Land Use Case Studies in Hydrolo

ic Group D Soils

COMM? OFF® REST® REDEV? MFR? Lg-SFR? Sm-SFR? SINGLE
Total annual runoff with no BMPs (ac-ft) 5.29 0.80 0.47 0.12 8.57 75.66 1.74 0.10
Total annual runoff with CDS units® 5.29 0.80 0.47 0.12 8.57 75.66 1.74 0.10
(reduction) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%)
Total annual runoff with EDBs” 4.43 0.63 0.36 0.11 7.48 65.27 1.50 0.09
(reduction) (16.3%) (21.3%) (23.2%) (8.1%) (12.7%) (13.7%) (13.7%) (13.3%)
Total annual runoff with LID® (reduction) 2.22 0.44 0.28 0.03 2.80 26.72 0.61 0.04

(58.0%) (45.0%) (40.4%) (78.9%) (67.3%) (64.8%) (64.8%) (65.7%)
CDS TSS reduction” ° 19.4% 44.8% 33.9% 22.1% 27.1% 37.1% 37.1% 37.7%
CDS TCu reduction” © 0.4% 11.0% 4.2% 0.9% 2.7% 7.3% 7.3% 7.6%
CDS TZn reduction” ° 25.3% 29.1% 25.5% 25.5% 24.1% 25.6% 25.6% 25.9%
CDS TP reduction” © 25.9% 63.7% 54.3% 35.7% 46.7% 57.6% 57.6% 58.2%
EDB TSS reduction™ © 64.7% 78.1% 74.9% 66.5% 62.8% 70.3% 70.3% 70.9%
EDB TCu reduction” ° 57.9% 51.6% 56.4% 53.2% 51.4% 43.5% 43.5% 43.6%
EDB TZn reduction” ° 57.6% 49.6% 48.9% 58.1% 48.5% 47.7% 47.7% 48.0%
EDB TP reduction” ° 44.4% 67.6% 63.3% 52.8% 56.3% 64.4% 64.4% 64.7%
LID + EDB TSS reduction” © ° 74.6% 80.3% 77.0% 81.5% 79.4% 81.3% 81.3% 81.8%
LID + EDB TCu reduction” *° 71.9% 60.3% 62.2% 82.3% 73.8% 68.9% 68.9% 69.5%
LID + EDB TZn reduction *° 79.7% 65.1% 60.9% 92.3% 78.9% 76.4% 76.4% 77.0%
LID + EDB TP reduction™ *® 63.1% 69.8% 66.0% 75.2% 69.4% 70.8% 70.8% 71.1%

% COMM—retail commercial; OFF—office building; REST—restaurant; REDEV—commercial/residential redevelopment; MFR—multi-family residential; Lg-SFR—large-scale single-
family residential; Sm-SFR—small-scale single-family residential; SINGLE—single family home

® CDS— continuous deflective separation; EDBs—extended-detention basins; reduction—comparison with no BMPs

¢ TSS—total suspended solids; TCu—total recoverable copper; TZn—total recoverable zinc; TP—total phosphorus

¢ LID + EDB—roof runoff harvesting for COMM, OFF, REST, REDEV, AND MFR; harvesting supplemented by dispersion of roof runoff for Lg-SFR, Sm-SFR, and SINGLE; treatment
of remaining runoff by EDBs
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December 1, 2010

Bruce Wolfe, Executive Officer

California Regional Water Quality Control Board
San Francisco Bay Region

1515 Clay Street, Suite 1400

Oakland, CA 94612

Subject: Model Bioretention Soil Media Specifications—MRP Provision C.3.c.iii.(3)

Dear Mr. Wolfe:

This letter and attachments are submitted on behalf of all 76 permittees subject to the
requirements of the Municipal Regional Stormwater NPDES Permit (MRP).

Provision C.3.c.1ii.(3) requires the permittees, collaboratively or individually, to
submit a report containing the following information:
* Proposed soil media specifications for biotreatment systems;
* Proposed soil testing methods to verify a long-term infiltration rate of 5-10
inches/hour;
* Relevant literature and field data showing the feasibility of the minimum design
specifications;
* Relevant literature, field, and analytical data showing adequate pollutant
removal and compliance with the Provision C.3.d hydraulic sizing criteria; and
* Guidance for the permittees to apply the minimum specifications in a consistent
and appropriate manner.

The permittees have worked diligently since the MRP was adopted in October 2009
to develop this information. The work has been carried out collaboratively among
the permittees and in cooperation with your staff.

In April 2010 the permittees sponsored a roundtable discussion of bioretention soils.
The roundtable included members of your staff, consultants, permittee staff, and
representatives of the building industry. This diverse group included soil scientists
and soils engineers with expertise in soil testing and construction of bioretention
facilities. The meeting was facilitated by Sandi Potter of your staff.

Based on that discussion, BASMAA retained WRA, Inc., to develop regional
guidance for bioretention soil. WRA was directed to use as a starting point guidance
they had previously developed for the Contra Costa Clean Water Program (CCCWP).
The CCCWP published its guidance in February 2009 as Appendix B to their
Stormwater C.3 Guidebook. Contra Costa permittees have overseen construction of
many bioretention facilities using this guidance and have had the opportunity to see
the facilities perform through at least one full rainy season. The “soil” is a mix of 60-
70% sand meeting a size gradation consistent with ASTM C33 for fine aggregate and
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30-40% compost meeting the standards developed by the US Composting Council. The sand
and compost are readily available from Bay Area suppliers, and at least two companies currently
provide and advertise their own versions of the bioretention “soil” mix. For the regional
guidance, WRA has recommended some minor improvements and clarifications to the Contra
Costa guidance.

The permittees are pleased to make this guidance available to permittee staff and the land
development community. However, we believe the MRP should continue to allow, as it does
now, room for experimentation and innovation with bioretention soils, as long as that
experimentation and innovation is within the bounds of the minimum requirements needed to
achieve effective stormwater treatment.

MRP Provision C.3.c.i.(2)(b)(vi) currently provides that: “Bioretention systems shall be designed
to have a surface area no smaller than what is required to accommodate a 5-inch-per-hour
stormwater runoff surface loading rate.” This existing permit requirement sets the minimum
square footage of the bioretention facility. For a facility this size to successfully treat the design
runoff flow, the soil media must infiltrate runoff at a rate of at least 5 inches per hour. Thus, the
essential characteristic of the bioretention soil is already established within the permit.

Accordingly, we recommend that the Regional Water Board take no action with regard to
bioretention soil specifications, as the current MRP language is already adequate to the purpose.
However, if the permit is to be amended to explicitly incorporate a bioretention soil objective,
we recommend the following:

“Soils for bioretention facilities must be sufficiently permeable to infiltrate runoff at a
minimum rate of 5 inches per hour during the life of the facility, and must provide sufficient
retention of moisture and nutrients to support healthy vegetation.”

The guidance developed by WRA on behalf of the permittees meets this objective, and the
guidance is clearly feasible to implement, but it would be incorrect (and counterproductive) to
suggest this guidance is the only means and method by which the objective can be achieved.

Similarly, WRA’s report includes proposed testing methods for verification of alternative
bioretention soil mixes. Although this information will be useful to permittee staff, some
permittees have already indicated a preference for fewer or different tests to estimate the long-
term infiltration rate.

WRA’s report also includes guidance on soil installation, the use of mulch, water conservation,
and other topics of interest to designers and operators of bioretention facilities. This information
is outside the scope of permit requirements, but will be useful to permittee staff and land
development professionals.

We thank your staff for their helpful and attentive participation in the April roundtable and other
discussions leading to this submittal.

December 1, 2010 2
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We certify under penalty of law that this document was prepared under our direction or
supervision in accordance with a system designed to assure that qualified personnel properly
gather and evaluate the information submitted. Based on our inquiry of the person or persons
who manage the system, or those persons directly responsible for gathering the information, the
information submitted is, to the best of our knowledge and belief, true, accurate, and complete.
We are aware that there are significant penalties for submitting false information, including the
possibility of fine and imprisonment for knowing violations.
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James Scanlin, Alameda Countywide Clean Water Program
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Tom Dalziel, Contra Costa Clean Water Program
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Kevin Cullen, Fairfield-Suisun Urban Runoff Management Program
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Matt Fabry, San Mateo Countywide Water Pollution Prevention Program
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Adam Olivieri, Santa Clara Valley Urban Runoff Pollution Prevention Program

Lance Barnett, Vallejo Sanitation and Flood Control District
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INTRODUCTION

Recently the San Francisco Bay Regional Water Quality Control Board issued the Municipal
Regional Stormwater Permit. The Bay Area Stormwater Management Agencies Association
(BASMAA) engaged WRA to provide guidance and specification for bioretention soils to assist
stormwater agencies at the associated municipalities in meeting the requirements of the permit.

This report provides model soil guidance and specification with the goal of providing a long-term
infiltration rate of 5 to 10 inches per hour, providing stormwater treatment and supporting plant
health. The guidance and specification is provided such that Permittees can apply the minimum
specifications in a consistent and appropriate manner.

This report is organized into two parts. Part 1 provides the justification for recommendations
made for the Regional Bioretention Soil Mix Guidance to better meet the requirements of the
Municipal Regional Stormwater Permit. Part 2 provides guidance and a draft Model
Specification for Bioretention Soil.

PART 1 - JUSTIFICATION
1.0 COMPOST

Compost has been a focus of many bioretention soil mixes because it has been shown to
increase water holding capacity and attenuate pollutants from stormwater.

1.1 Compost Particle Size

Fines play an important role in bioretention facilities. Cation exchange capacity (CEC) is known
to improve the removal of metals in bioretention soils (Jurries 2003). CEC refers to the quantity
of negative charges in soil. The negative charges attract positively charged ions, or cations,
hence the name ‘cation exchange capacity’. In addition to metals, many essential plant
nutrients exist in the soil as cations. The primary factor determining CEC is the clay and organic
matter content of the soil. Fines will raise the CEC of a soil and thus the pollutant removal
capacity as well as the nutrient availability for plant health.

However, there is mixed information on how fines relate to permeability. In part this is due to the
different ways the fine fraction of a soil may be characterized. Some research indicates that
hydraulic conductivity of bioretention soil mixes is correlated to percent passing the 200 sieve
(0.003"), i.e. fines. Curtis Hinman’s bioretention soil mix review and recommendations for
Western Washington states that fines passing the 200 sieve should ideally be between 2 and 4
percent to produce a bioretention soil mix with a long-term infiltration rate of between 1 and 12
inches per hour (Hinman 2009). In contrast, Scott Wikstrom of the City of Walnut Creek states
that the mineralogy and particle size of the fines is critical to the degree of impact they will have
on permeability. Although both silt and clay pass the 200 sieve, his experience is that silt will
have minimal impact while highly plastic clay will have a significant effect on permeability. In
practice, he has observed that the bioretention soils formulated using Contra Costa County’s
specification are more likely to easily meet the minimum standard 5 inches per hour than they
are to fail (Personal Communication 2010). Current Contra Costa guidance only specifies 0O -
5% passing the 200 sieve size for the fine aggregate and has no specification for compost
particle gradation.

A third hypothesis is proposed by Frank Shields of Soil Control Lab. He points to particle size
gradation, not particle size distribution, as determining a soil's infiltration rate (Personal
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Communication 2010). He has implied that to limit the risk of compost plugging the bioretention
soil mix, we should target the correct gradation. Perhaps both size and gradation are important
to consider. Screening compost to remove fines effectively creates an ‘open graded’ compost.
‘Open graded’ refers to a gradation that contains only a small percentage of aggregate particles
in the small range relative to the overall mix. This results in more air voids because there are
not enough small particles to fill in the voids between the larger particles. Open graded
aggregate is used to create pervious concrete, for example.

Anecdotally, in mixing soils to meet the Contra Costa County performance specification for
infiltration rate, Rob Hawkins of LH Voss Landscape Materials in Dublin and Stockton, California
has experienced problems when using whole compost that was not screened to remove some
fines. His company uses a blend of different compost types to create a custom coarse compost.
He provided analytical testing results for his bioretention soil mix conducted from earlier this
year. Particle size distribution test results show that his bioretention mix contains over 12%
passing the 200 sieve size. Yet, the percolation rate using the ‘dirt bong’ method developed by
Contra Costa County, was between 14 and 72 inches per hour. More recently, his compost
blend has been the following blend: 1/3 BFI ‘whole compost,” 1/3 Zanker wood fines (screened
compost with particle sizes between ¥1” to ¥2") and 1/3 recycled redwood fencing in its
bioretention soil mix. He will provide particle size analysis and infiltration rate testing of his new
blend as soon as it becomes available in the next few weeks.

Screening whole compost will reduce percentages of fine particles in the compost but this
screened ‘coarse’ compost is only available from some suppliers. Adding to the lack of clear
information on this topic, compost is not routinely tested for particle size distribution to below the
size 10 sieve (0.079”). Earl Boyd of Lyngso Garden Materials in Redwood City, California
stocks ‘Verma Green’ compost that is a coarser blend than their premium compost. Boyd stated
that Verma Green compost has less than 10% passing the 200 sieve (Personal communication
2010). If used with ASTM C33 fine aggregate which has a maximum of 5% passing the 200
sieve, the overall bioretention soil mix would therefore have more than 5% passing the 200
sieve size. However, without comprehensive testing of compost and ASTM C33 blends, we
may not have a clear answer about how the permeability relates to fines.

In summary, existing literature suggests that fines in the overall mix should include fines in the
range 2 — 4% but even within this range, the permeability will vary from 1 to 12 inches per hour.
Scott Wikstrom suggests that fines in the range of 6-12% may produce an acceptable infiltration
rate. This hypothesis is confirmed by the analytical testing provided by LH Voss Materials.
Compost is widely available with fines in the range of 8 - 12%. Municipalities have observed that
previously constructed biofiltration basins are meeting the minimum infiltration rate specification
without limiting the fines in compost.

1.2 Nutrient Leaching from Compost

Compost amended soils are generally good or very good at retaining metals, hydrocarbon,
organics, and bacteria (Davis 2006, Hinman 2009). Total phosphorous and total nitrogen
removal in bioretention is good compared to other stormwater treatment practices; however,
phosphate and nitrate reduction is variable in bioretention basins with underdrains (Davis 2006,
Chi-hsu 2005, Hunt 2003, Hunt 2006). Until recently, loadings of nitrogen and phosphorous to
San Francisco Bay have not been a high-priority regulatory concern; however, the State Water
Resources Control Board, supported by USEPA Region IX is implementing an Estuarine
Nutrient Numeric Endpoint Project.



Hinman (2009) and Hunt (2006) suggest that the design of bioretention facilities is at the heart
of the issue of nutrient export rather than compost or media design.Hinman suggests that depth
of media should be 24” to 36” to minimize export of phosphorous (2009). Current specification
requires a minimum depth of 18". Recent research by Hunt (2006) also suggests that a
laboratory analysis for bio-available phosphorous may correlate with phosphorous export from
bioretention areas. Biosolids and manure composts can be higher in bio-available phosphorous
than compost derived from yard or plant waste. Accordingly, biosolids or manure compost in
bioretention areas are not recommended to reduce the possibility of exporting bio-available
phosphorous in effluent.

Hunt’s studies (2006) indicate that bioretention designs with underdrains do not reduce nitrate-
nitrogen levels sufficiently, as such bioretention facilities are constructed without any zone
designed to be saturated and anaerobic. For nitrate-nitrogen to be converted to nitrogen gas,
thus enhancing total nitrogen removal, an anaerobic zone is necessary (Hunt 2003, Hunt 2006).
An elevated underdrain, allowing for a saturated zone beneath the drain, may improve nitrate
removal more consistently than changing the bioretention soil mix.

Because design changes are beyond the scope of this report, we researched ways to minimize
nitrate export from bioretention soils. Compost is intermediate between soil organic matter and
fertilizers in its release rates of nitrate in the first season of application (Claassen and Young
2010). However, diversity in the types and sources of raw organic solid waste combined with
the various processing procedures used to produce composted materials results in different
physical and chemical properties in the composted products (Frank Shields, personal
communication 2010). It is therefore difficult to generalize nutrient leaching from compost with
the variety of sources of composted materials.

However, one recent study by CalTrans has identified some trends in compost and leaching.
They propose that organic carbon, phosphorous and metal leaching losses steadily decline as
compost ages; but that losses of nitrogen-rich compounds peak with mature compost (4 weeks
old) and then decline with curing (except nitrate, which remains at very low levels). In addition,
potassium increases with compost age, as does nitrate slightly. (Claassen and Young 2010).

In contrast, Frank Shields of Soil Control Lab states that while compost age and texture may
generally relate to nutrient leaching, he hypothesizes that these factors will not always predict
leaching potential. He explains that it is possible to estimate nitrate leaching potential by
evaluating compost for its stability. He therefore provides some background on how nitrate is
released from compost: Young compost that has not been cured contains many different forms
of organic matter. Many of these types are readily available to soil organisms (fats, oils,
polysaccharides, etc) and some are not (lignin, cellulose, proteins). As organisms consume
carbon they must also consume nitrogen. The bio-available forms of carbon are consumed first
and nitrogen is not released. As the consumption of carbon slows the compost may then begin
to leach nitrates. With cured or aged compost, all the bio-available forms of carbon have
already been consumed. Such compost is therefore said to be ‘stable.” Stable composts will
release nitrogen at a slow and steady rate (Shields, personal communication, 2010). Current
specification already requires that compost be stable because this is a basic requirement for
certification by the US Composting Council.

Shields further recommends that the Carbon to Nitrogen (C:N) ratio should be evaluated. Some
composts are stable but are high in nitrogen (such as those from grass clippings or chicken
manure). A C:N ratio below 10:1 can supply nitrogen even if it is stable. Hinman (2009)
recommends a C:N ratio of between 20:1 and 25:1 for compost used in bioretention basins.



Soil and Compost Lab states that a compost with a C:N ratio above 20:1 can deplete nitrogen
from the soil (Broadmoor 2010). Therefore, a compost with a C:N ratio of between 15:1 and
25:1 may balance the need for nitrogen for plant health with the desire to limit nitrate leaching.

Claassen and Young state that compost only boosts nutrient export temporarily. In the long-
term (perhaps three or four years), most plant-based composts appear to develop similar rates
of nitrogen release that are generally similar to soil organic matter (Claassen and Young 2010).
By specifying compost that is stable, peaks in nitrogen export should be minimized. The
specification should therefore balance the need for added nutrients for plants while they are
getting established and the need to limit exporting nutrients.

In summary, nutrient export from bioretention soil media appears to be an issue related more to
the design of the bioretention areas rather than the media itself. Greater depths of treatment
media and anaerobic areas appear to be promising developments in the design of bioretention
facilities that could limit nutrient export more predictably than in changing the compost
specification.

1.3 Inert Materials in Compost

Current specifications for inert materials in compost range from a maximum of 0.1% by weight in
Alameda County to 1% by weight in Contra Costa County. Frank Shields of Soil Control Lab
suggests that his visual assessment test is more appropriate because the inert materials are an
aesthetic issue (for example, glass, plastics and paper) more than one of function. Dan Cloak,
in working with Contra Costa County, comments that he has not encountered problems with
trash in bioretention soils (Personal communication 2010). This suggests that the current
specifications are already stringent enough to eliminate composts from green waste sources
which tend to have high percentage of inert materials.

1.4 Recommendations for Guidance

Particle Size: Fines in compost may cause clogging of the bioretention soil mix. In contrast,
fines offer enhanced metals retention, fertility, and water-holding capacity. Current
specifications require that the aggregate component to have between 0-5% fines. Contra Costa
County has not experienced problems with the infiltration rate of bioretention soils as currently
specified but there may be some risk of low infiltration rate if compost with a high percentage of
fines is used.

We recommend one of three options:
* No change to the specification OR

e Provide a required particle size gradation for the compost component including a
maximum of 10% passing the 200 sieve OR

e Require the overall mix to have between 2% and 5% passing the 200 sieve as
recommended in Western Washington.

Nutrient Leaching: Nutrient leaching may be unavoidable without changes to the design of
bioretention facilities such as increased media depth and raising the underdrain. However, we
identified some guidance to limit leaching of nutrients from compost. We recommend that
guidance continue to specify compost certified by the US Composting Council certified to




ensure stability. In addition, we recommend that the C:N ratio of compost be specified between
15:1 and 25:1.

Inert Materials: We recommend specifying a performance level of “no visual impact” from inert
materials. Each municipality can interpret the specification as desired to avoid high content of
inert materials in compost.

2.0 SOIL ADDITIVES
2.1 Water Retention and Cationic Exchange Capacity in Bioretention Soils

Cation exchange capacity (CEC) is known to improve the removal of metals in bioretention soils
(Jurries 2003). CEC refers to the quantity of negative charges in soil existing on the surfaces of
clay and organic matter. The negative charges attract positively charges ions, or cations, hence
the name ‘cation exchange capacity’. In addition to metals, many essential plant nutrients exist
in the soil as cations. A high CEC can indicate a more fertile soil. As discussed earlier, the
primary factor determining CEC is the clay and organic matter content of the soil.

Water-holding capacity helps to improve plant survival during dry periods and reduce irrigation
needs. Water is held in soil in two ways: as a thin coating on the outside of soil particles and in
the pore spaces. Soil water in the pore spaces can be divided into two different forms:
gravitational water and capillary water. Gravitational water generally moves quickly downward in
the soil due to the force of gravity. Capillary water is the most important for plant growth
because it is held by soil particles against the force of gravity. Soil texture is related to water-
holding capacity with loams and silt loams having the greatest available water for plants. Clays
hold water very tightly so less is available to plants and sands hold very little water so even less
is available to plants. Composted organic material is the most common soil amendment
because it offers improved water holding capacity and supplies nutrients for soil.

2.2 Perlite and Vermiculite Blends

Vermiculite and perlite are both mined materials that are quickly heated to expand the mineral.
Recently, perlite and vermiculite have been utilized in stormwater treatment facilities. Perlite
improves drainage and wicks water well. Vermiculite has a tremendous water holding capacity
but can drown roots when used alone. Perlite dries out quickly between rain events or
waterings. Vermiculite and perlite are often used together in horticultural applications because
of these complimentary attributes.

Granular perlite is sometimes used as a filter media for stormwater treatment. El Dorado
County Department of Transportation is currently researching the effectiveness of perlite filters
for stormwater as compared to fine sand filters for areas where infiltration is not feasible
(Kooyman and Wigart 2009). Perlite is used in proprietary stormwater treatment systems
including Aqua Filter. Preliminary small scale tests with perlite show effectiveness of reducing
turbidity in stormwater between 40% and 90% (Kooyman and Wigart 2009). It is unclear if
perlite, when included in a soil mix would have the same effectiveness. It seems that it would
perform similarly to the sand component of the bioretention soil mix.

Additionally, vermiculite is commonly used to treat waste waters from mining activities to
remove waterborne heavy metals. Vermiculite may be attractive for use in watersheds that are
known to have a problem with heavy metals. Research is not available regarding the benefits
vermiculite offers in reducing heavy metals within watersheds that have lower levels of heavy



metals typical of runoff from urban areas as compared to runoff from areas with contaminated
soils or mining areas.

In summary, perlite appears to be equivalent to the sand component in the engineered
bioretention soil mix. Vermiculite may improve water-holding capacity of a soil, but without
further study it is difficult to prescribe the proper amount to include in the mix. Furthermore, the
drawbacks of perlite and vermiculite are that these minerals do not contain nutrients needed for
plant growth. Costs may also exceed that of compost.

2.3 Calcined Clay

Eliminating fines from the soil mix is likely to increase the infiltration rate as discussed under
Section 1.1. On the other hand fine particles increase the cation exchange capacity of a soll
which in turn increases metals retention. Fines also improve fertility and water-holding capacity
by slowing the drainage through the media. Further study on the use of calcined clay was
therefore suggested during the April 2010 roundtable discussion as a way to ensure that fines
are not eliminated from the bioretention soil mix.

Calcined clay is clay that has been heated to drive out volatile materials. It is commonly used in
potting soil mixes and as a garden bed amendment. In heavy clay soils and compacted soils, it
can improve aeration, as well as water and nutrient holding capacity. Calcined clay has high
levels of calcium and sulfur but doesn’t have additional nutrient value for plants.

As discussed earlier, the primary factor determining CEC is the clay and organic matter content
of the soil. Higher quantities of clay and organic matter beget higher CEC. Calcined clay is
sometimes added to sand-based fields to increases CEC. No research exists on the use of
calcined clay in bioretention soils. .

2.4 Recommendations for Guidance

Limited research exists on these soil amendments for use in bioretention soil mixes. It is also
unclear that they provide greater benefits than compost alone, and they will have an
unpredictable effect on the infiltration rate of the bioretention soil mix. Compost is proven to
improve water holding capacity, increase CEC, and to support plant health, and has been
studied to provide some measure of predictability in infiltration. At this time, the existing
research does not warrant adding vermiculite, perlite or calcined clay to the bioretention soil
mix.

3.0 NON-FLOATING MULCH MATERIAL

Generally, soft woods like fir and pine trees are less dense than water. Wood chip mulch made
from softwoods will float because the specific gravity is less than that of water. Some hardwood
trees are very dense and will float less or even sink.  Locally, only Mountain mahogany
(Cercocarpus betuloides) will sink in water, but not likely to be available commercially
(Armstrong 2010). Some oaks and acacias are also very dense and only barely float, but these
materials are also unlikely to be commercially available as mulch. The most common material
for commercially available wood chip mulch is pine and fir.

Shredded redwood bark mulch does not float because the fibrous strands tend to stick together
and to the soil surface. Unfortunately, some fire departments will not allow shredded bark
mulches due to the perceived fire hazard.



Some success has been noted in surface mulching with compost. The City of Seattle
recommends mulching with compost because it is less likely to float than wood chips. The
University of Maine Cooperative extension recommends two types of mulch: Super Humus
brand of compost and Erosion Control mulch. Super Humus is commercially available from
local soil products suppliers.

In-organic mulches such as pea gravel, are also non-floating. However, they only provide some
of the benefits of mulch. Organic mulches add organic matter and nutrients for plant health.

We therefore recommend that the guidance specify applying non-floating mulch, such as compost,
or other non-floating mulch as specified by the landscape-architect and approved by the local jurisdiction,
as mulch within bioretention basins and wood chips adjacent to basins (above the maximum
water line).

4.0 METHODS FOR EVALUATION OF ALTERNATE MIXES

Alternative mixes should be required to meet performance criteria if they do not fulfill the
prescriptive ‘recipe’ for bioretention soil. We recommend that municipalities be discouraged
from using alternative mixes because the specifications are fine tuned to produce a bioretention
soil that achieves the desired performance in infiltration rate and fertility. However, if it is
necessary to include alternative options we recommend that alternate mixes are evaluated for
infiltration rate and certified for appropriate fertility.

Infiltration tests should be conducted by a qualified geotechnical soil testing laboratory. Field
infiltration rates will differ from permeability rates measured in the laboratory. Variables during
construction can have a significant influence on as-constructed and long-term infiltration rates.
However, laboratory permeability testing is a relative indicator of the overall drainage
performance of a particular aggregate compost mix. As discussed at the April 14, 2010, soil
specifications roundtable meeting, the objectives of onsite infiltration testing can be met alternatively by
reviewing the soil mix, overseeing installation, and observing the functioning of the facility. The soil
should be required to have a percolation rate between 5 and 12 inches per hour to provide
adequate drainage but not be too fast draining to support plants.

The following tests are suggested:

e Moisture — density relationships (compaction tests) should be conducted on a minimum
of two samples of bioretention soil. We recommend compacting the bioretention soil to
85 to 90 percent of the maximum dry density (ASTM D1557). This level of relative
compaction of bioretention soil mixes should be similar to field conditions.

e Constant head permeability — testing in accordance with ASTM D2434 should be
conducted with a 6-inch mold and vacuum saturation. Municipalities should require at
least two samples be tested.

e Particle size analysis — patrticle size analysis on the mixed bioretention soil should be
provided.

Due to the expense associated with laboratory testing, the suggested testing may discourage
developers from using alternative mixes. The above tests cost about $900. If the alternative
mix fails, retesting will be required.



Fertility is also an important aspect of the bioretention soil. Rather than specifying performance
benchmarks for all the various elements that contribute to soil fertility (pH, salinity, nitrate,
ammonium nitrogen, phosphate phosphorous, potassium, calcium, magnesium, sodium,
copper, zinc, manganese, iron, sulfate, and boron, etc), we recommend that alternative soil
mixes should be certified as appropriate for plants by a qualified soil analysis laboratory or
landscape architect. The qualified expert should submit a signed letter certifying that the
bioretention soil will support the selected species of plants.

PART 2 — GUIDANCE AND SPECIFICATIONS

The following text is based on the guidance found in Appendix B of Contra Costa County Clean
Water Program’s Stormwater C.3 Guidebook, 4" Edition. Bold and underlined text indicates
additions to the specifications.

SOILS FOR BIORETENTION FACILITIES
Soils for bioretention areas must meet two objectives:

» Be sufficiently permeable to infiltrate runoff at a minimum rate of 5" per hour during the
life of the facility, and

« Have sufficient moisture retention to support healthy vegetation.

Achieving both objectives with an engineered soil mix requires careful specification of soil
gradations and a substantial component of organic material (typically compost).

The San Francisco Regional Water Board has developed specifications for a bioretention soll
mix. Local soil products suppliers have expressed interest in developing ‘brand-name’ mixes
that meet these specifications. At their sole discretion, municipal construction inspectors may
choose to accept test results and certification for a ‘brand-name’ mix from a soil supplier.
Updated soil and compost test results may be required; tests must be conducted within 120
days prior to the delivery date of the bioretention soil to the project site.

Typically, batch-specific test results and certification will be required for projects installing more
that 100 cubic yards of bioretention soil.

SOIL SPECIFICATION
Bioretention soils should meet the following criteria.

1. General Requirements
Bioretention soil shall achieve a long-term, in-place infiltration rate of at least 5 inches
per hour. Bioretention soil shall also support vigorous plant growth.

Bioretention Soil shall be a mixture of fine sand, and compost, measured
on a volume basis:

60%-70% Sand
30%-40% Compost



1.1. Submittals
The applicant must submit to the municipality for approval:

A. A sample of mixed bioretention soil.

B. Certification from the soil supplier or an accredited laboratory that the
Bioretention Soil meets the requirements of this guideline specification.

C. Grain size analysis results of the fine sand component performed in
accordance with ASTM D 422, Standard Test Method for Particle Size
Analysis of Soils.

D. Quality analysis results for compost performed in accordance with Seal
of Testing Assurance (STA) standards, as specified in Section 1.4.

E. Organic content test results of mixed Bioretention Soil. Organic content
test shall be performed in accordance with by Testing Methods for the
Examination of Compost and Composting (TMECC) 05.07A, “Loss-On-
Ignition Organic Matter Method".

F. Grain size analysis results of compost component performed in
accordance with ASTM D 422, Standard Test Method for Particle
Size Analysis of Soils.

G. A description of the equipment and methods used to mix the sand and
compost to produce Bioretention Soil.

H. Provide the following information about the testing laboratory(ies)
name of laboratory(ies) including

1) contact person(s)
2) address(es)

3) phone contact(s)
4) e-mail address(es)

5) qualifications of laboratory(ies), and personnel including date of
current certification by STA, ASTM, or approved equal

1.2. Sand for Bioretention Soil
A. General

Sand shall be free of wood, waste, coating such as clay, stone dust,
carbonate, etc., or any other deleterious material. All aggregate passing
the No. 200 sieve size shall be non-plastic.

B. Sand for Bioretention Soil Texture
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Sand for Bioretention Soils shall be analyzed by an accredited lab using
#200, #100, #40, #30, #16. #8, #4, and 3/8 inch sieves (ASTM D 422 or
as approved by municipality), and meet the following gradation:

Sieve Size Percent Passing (by weight)

Min Max
3/8 inch 100 100
No. 4 90 100
No. 8 70 100
No. 16 40 95
No. 30 15 70
No. 40 5 55
No. 100 0 15
No. 200 0 5

Note: all sands complying with ASTM C33 for
fine aggregate comply with the above
gradation requirements.

1.3. Composted Material

Compost shall be a well decomposed, stable, weed free organic matter
source derived from waste materials including vard debris, wood wastes

or other organic materials not including manure or biosolids meeting the

standards developed by the US Composting Council (USCC). The product
shall be certified through the USCC Seal of Testing Assurance (STA)
Program (a compost testing and information disclosure program).

A. Compost Quality Analysis

Before delivery of the soil, the supplier shall submit a copy of lab
analysis performed by a laboratory that is enrolled in the US
Composting Council’'s Compost Analysis Proficiency (CAP) program
and using approved Test Methods for the Evaluation of Composting
and Compost (TMECC). The lab report shall verify:

1) Feedstock Materials shall be specified and include one or
more of the following: landscape/yard trimmings, grass
clippings, food scraps, and agricultural crop residues.

2) Organic Matter Content: 35% - 75% by dry wt.
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3) Carbon and Nitrogen Ratio: C:N < 25:1 and C:N >15:1

4) Maturity/Stability: shall have a dark brown color and a soil-
like odor. Compost exhibiting a sour or putrid smell, containing
recognizable grass or leaves, or is hot (120F) upon delivery or
rewetting is not acceptable. In addition any one of the following
is required to indicate stability:

a. Oxygen Test < 1.3 O2 /unit TS /hr

b. Specific oxy. Test < 1.5 O2 / unit BVS /
c. Respiration test < 8 C / unit VS / day

d. Dewar test < 20 Temp. rise (°C) e.

e. Solvita® > 5 Index value

5) Toxicity: any one of the following measures is sufficient to
indicate non-toxicity.

a. NH4- : NO3-N < 3

b. Ammonium < 500 ppm, dry basis

c. Seed Germination > 80 % of control
d. Plant Trials > 80% of control

e. e. Solvita® > 5 Index value

6) Nutrient Content: provide analysis detailing nutrient content
including N-P-K, Ca, Na, Mg, S, and B.

a. Total Nitrogen content 0.9% or above preferred.

b. Boron: Total shall be <80 ppm; Soluble shall be <2.5
ppm

7) Salinity: Must be reported; < 6.0 mmhos/cm

8) pH shall be between 6.5 and 8. May vary with plant species.

B. Compost for Bioretention Soil Texture

Compost for Bioretention Soils shall be analyzed by an accredited

lab using #200, 1/4 inch, 1/2 inch, and 1 inch sieves (ASTM D 422 or

as approved by municipality), and meet the following gradation:
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Sieve Size Percent Passing (by

weight)

Min Max
linch 99 100
1/2 inch 90 100
1/4 inch 40 920
No. 200 2 10

C. Bulk density: shall be between 500 and 1100 dry Ibs/cubic yard
D. Moisture Content shall be between 30% - 55% of dry solids.

E. Inerts: compost shall be relatively free of inert ingredients, including
glass, plastic and paper, < 1 % by weight or volume.

F. Weed seed/pathogen destruction: provide proof of process to
further reduce pathogens (PFRP). For example, turned windrows must
reach min. 55C for 15 days with at least 5 turnings during that period.

G. Select Pathogens: Salmonella <3 MPN/4grams of TS, or Coliform
Bacteria <10000 MPN/gram.

H. Trace Contaminants Metals (Lead, Mercury, Etc.) Product must
meet US EPA, 40 CFR 503 regulations.

I. Compost Testing

The compost supplier will test all compost products within 120
calendar days prior to application. Samples will be taken using the
STA sample collection protocol. (The sample collection protocol can
be obtained from the U.S. Composting Council, 4250 Veterans
Memorial Highway, Suite 275, Holbrook, NY 11741 Phone: 631-737-
4931, www.compostingcouncil.org). The sample shall be sent to an
independent STA Program approved lab. The compost supplier will
pay for the test.

13



VERIFICATION OF ALTERNATIVE BIORETENTION SOIL MIXES

Bioretention soils not meeting the above criteria may be evaluated on a case by

case basis.

Alternative bioretention soil must meet the following specification:

“Soils for bioretention facilities must be sufficiently permeable to infiltrate runoff at a
minimum rate of 5 inches per hour during the life of the facility, and must provide

sufficient retention of moisture and nutrients to support healthy vegetation.”

The following guidance is offered to assist municipalities with verifying that alternative

soil mixes meet the specification:

1.

General Requirements

Bioretention soil shall achieve a long-term, in-place infiltration rate of at least 5

inches per hour. Bioretention soil shall also support vigorous plant growth.

1.1. Submittals

The applicant must submit to the municipality for approval:

A. A sample of mixed bioretention soil.

B. Certification from the soil supplier or an accredited laboratory
that the Bioretention Soil meets the requirements of this guideline

specification.

C. Certification from an accredited geotechnical testing laboratory
that the Bioretention Soil has an infiltration rate between 5 and 12
inches per hour as tested according to Section 1.2.

E. Organic content test results of mixed Bioretention Soil. Organic
content test shall be performed in accordance with by Testing
Methods for the Examination of Compost and Composting (TMECC)
05.07A, “Loss-On-lgnition Organic Matter Method”.

F. Grain size analysis results of mixed bioretention soil performed
in accordance with ASTM D 422, Standard Test Method for Particle
Size Analysis of Soils.

G. A description of the equipment and methods used to mix the
sand and compost to produce Bioretention Soil.

H. Provide the following information about the testing laboratory(ies)
name of laboratory(ies) including

1) contact person(s)

2) address(es)

3) phone contact(s)

14



4) e-mail address(es)

5) qualifications of laboratory(ies), and personnel including
date of current certification by STA, ASTM, or approved equal

1.2. Bioretention Soil

A. Bioretention Soil Texture

Bioretention Soils shall be analyzed by an accredited lab using #200,
and 1/2" inch sieves (ASTM D 422 or as approved by municipality),
and meet the following gradation:

Sieve Size Percent Passing (by

weight)

Min Max
1/2 inch 97 100
No. 200 2 3

B. Bioretention Soil Permeability testing

Bioretention Soils shall be analyzed by an accredited geotechnical
lab for the following tests:

1. Moisture — density relationships (compaction tests) shall
be conducted on bioretention soil. Bioretention soil for the
permeability test shall be compacted to 85 to 90 percent of

the maximum dry density (ASTM D1557).

2. Constant head permeability testing in accordance with
ASTM D2434 shall be conducted on a minimum of two
samples with a 6-inch mold and vacuum saturation.

MULCH FOR BIORETENTION FACILITIES

Mulch is not required by this guidance but is recommended for the purpose of retaining
moisture, preventing erosion and minimizing weed growth. It should be noted that projects
subject to the State’s Model Water Efficiency Landscaping Ordinance (or comparable local
ordinance) will be required to provide at least two inches of mulch. Aged mulch, also called
compost mulch, reduces the ability of weeds to establish, keeps soil moist, and replenishes soil
nutrients. Aged mulch can be obtained through soil suppliers or directly from commercial
recycling yards. Apply 1" to 2" of composted mulch, once a year, preferably in June following
weeding.
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Compared to green wood chip or bark mulch, aged mulch has somewhat less of a tendency to
float into overflow inlets during intense storms. Bark or wood chip mulch may be used on the
side slopes of basins above the maximum water line. The project landscape architect may also
specify another type of non-floating mulch, subject to approval by the local jurisdiction.
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INTRODUCTION

Recently the San Francisco Bay Regional Water Quality Control Board issued the Municipal
Regional Stormwater Permit. The Bay Area Stormwater Management Agencies Association
(BASMAA) engaged WRA to provide guidance and specification for bioretention soils to assist
stormwater agencies at the associated municipalities in meeting the requirements of the permit.

This report provides guidance for the installation of bioretention soils with the goal of preserving
the integrity of the soil media to support a long-term infiltration rate of 5 to 10 inches per hour,
provide stormwater treatment and support plant health.

INSTALLATION OF BIORETENTION SOILS
The following section provides considerations for proper bioretention soil installation.

Prior to Installing Bioretention Soil:

e Is the contractor familiar with constructing bioretention systems?
e Plan how inspections will be handled as part of the construction process.
« Verify soil meets specification prior to delivering and or placing in the facility.

* Prevent over-compaction of native soils in the area of the basin. Delineate the facility
area and keep construction traffic off. Protect soils with fencing, plywood, etc.

e Provide erosion control in the contributing drainage areas of the facility. Stabilize
upslope areas.

* Facilities should not be used as sediment control facilities.

« Drainage should be directed away from bioretention facilities until upslope areas are
stabilized, if possible. The concentration of fines could prevent post-construction
infiltration.

e If drainage is to be allowed through the facility during construction, leave or backfill at
least 6” above the final grade. Temporarily cover the underdrain with plastic or fabric.
Line or mulch the facility.

e Ideally, bioretention facilities should remain outside the limit of disturbance until
construction of the bioretention begins to prevent soil compaction by heavy equipment.
Protect bioretention areas with silt fence or construction fencing.

« Verify installation of underdrain is correct prior to placing soil.

Soil Mixing and Placement:

Do not excavate, place soils, or amend soils during wet or saturated conditions.
e Operate equipment adjacent to (not in) the facility.

* If machinery must operate in the facility, use light weight, low ground-contact pressure
equipment.
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It may be necessary to rip or scarify the bottom soils to promote greater infiltration or
excavate any sediment that may have built up during construction.

Consider the time of year and site working area when determining whether to mix
bioretention soil on-site or to import pre-mixed soil.

If mixing bioretention media onsite, use an adjacent impervious area or on plastic
sheeting.

Place soil in 12" lifts with machinery adjacent to the facility. If working within the facility,
to avoid over-compacting, place first lifts at far end from entrance and place backwards
toward entrance.

Do not place or work bioretention soil if it is saturated or raining

Allow bioretention soil lifts to settle naturally, boot pack (walk around to firm) lifts to
achieve 85% compaction effort. After all lifts are placed, wait a few days to check for
settlement, and add additional media as needed.

An alternative to boot compaction is to settle bioretention soils by lightly watering until
soils are just saturated. Allow soil to dry between lifts. It may take a day or more to dry
adequately between lifts. Soil cannot be worked when saturated so this method should
be used with caution. Allow for extra time to let soils dry between each lift. After all lifts
are placed, wait a few days to check for settlement, and add additional media as
needed.

Verify bioretention soil elevations before applying mulch or installing plants.

Other Considerations:

Protect adjacent trees.

Protect adjacent infiltration systems including swales, soils and porous pavement from
sediment.
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INTRODUCTION

Recently the San Francisco Bay Regional Water Quality Control Board issued the Municipal
Regional Stormwater Permit. The Bay Area Stormwater Management Agencies Association
(BASMAA) engaged WRA to provide guidance and specification for bioretention soils to assist
stormwater agencies at the associated municipalities in meeting the requirements of the permit.

The following bibliography provides a summary of existing literature, field and analytical data
prepared in conjunction with the preparation of Regional Bioretention Soil Guidance.

1.0 COMPOST

Claassen, V. and Young, T. 2010. Model Guided Specification for Using Compost to Promote
Establishment of Vegetation and Improvement in Stormwater Quality. California
Department of Transportation (CalTrans). Available online:
http://www.dot.ca.gov/hg/LandArch/research/erosion_control.htm

This study establishes parameters for compost use on slopes based on performance criteria
including soil type, climate, slope length and steepness, aspect, and location. The research
addresses how compost affects water quality and erosion, and if compost improves the
establishment of permanent vegetation cover. Results indicate that in many cases, degraded,
nutrient-poor soils can be regenerated with yard waste compost amendment with minimal risk of
nutrient loss, especially if the composts are incorporated into the slope surface and covered with
a mulch layer. Finer and more aged composts leach nitrogen at slightly higher rates than non-
aged composts. However, more aged composts are more likely to retain heavy metals.

Surface application of compost decreases nutrient loss.

Faucette, L.B. et. al. 2005. “Evaluation of stormwater from compost and conventional erosion
control practices in construction activities.” Soil and Water Conservation Society.
November 2005 vol. 60 no. 6 288-297.

The use of surface applied organic amendments has been shown to reduce runoff and erosion,
however, with the exception of animal manure, little research has focused on nutrient loss from
these amendments. Four types of compost blankets, hydroseed, silt fence, and a bare soil
(control) were applied in field test plots. Treatments were seeded with common bermuda grass.
A rainfall simulator applied rainfall at an average rate equivalent to a 50 yrhrstorm event
(7.75 cm hr1). After three months, the compost generated five times less runoff than
hydroseed with silt fence, and after one year, generated 24 percent less runoff. All treatments
proved better than the control at reducing solids loss. Materials high in inorganic nitrogen (N)
released greater amounts of nitrogen in storm runoff; however, these materials showed reduced
N loss over time. Hydroseeding generated significantly higher total phosphorus (P) and
dissolved reactive P loads compared to compost in storm runoff during the first storm event.

Stenn, H. 2010. Building Soil: Guidelines and Resources for Implementing Soil Quality and
Depth BMP T5.13 in WDOE Stormwater Management Manual for Western Washington.
Seattle Public Utilities: Seattle. Available at:
http://www.buildingsoil.org/tools/Soil_BMP_Manual.pdf

The guide describes techniques for construction site soil handling, reducing soil compaction,
and amending site soils with compost to meet BMP T5.13 “Post Construction Soil Quality and



Depth” in the WA Dept. of Ecology’s Stormwater Management Manual for Western Washington.
This guide also includes field inspection techniques, WA suppliers of compost and soil testing
laboratories, and specification language in APWA and CSI formats.

2.0 SOIL AMENDMENTS

Kooyman, Steve and Wigart, Russ, 2009. Urban Stormwater fine sediment filtration using
granular perlite. El Dorado County Department of Transportation.

Perlite can be used as an alternative to fine sand for stormwater filtration to reduce turbidity.

Paul, J. L. et. al. 1971. “Effects of Organic and Inorganic Amendments on the Hydraulic
Conductivity of Three Sands Used for Turfgrass Soils” California Turfgrass Culture.
Volume 21, No. 2. p.9-13. Accessed from University of California Riverside Turf
Research Facility: http://ucrturf.ucr.edu/publications/CTC/ctc21_2.pdf

Calcined clay-I (CC-I) : montmorillonite clay is calcined at high temperatures to make porous,
mechanically strong particles of mainly very coarse sand-fine gravel texture. Calcined clay-2
(CC-2) : an unspecified mineral is calcined to produce a porous, more or less spherical particle
which falls mostly in the textural class of medium sand. Vermiculite (V) : the material was an
industrial chemical grade (No. 1) of expanded mineral. While the particle size consisted mainly
of very coarse and coarse sand sizes, particles were readily deformed and compressed by
compacting forces. In this study, calcined clay acted in the same way as sand. Depending on
the gradation of the sand and the particle size of the calcined clay, hydraulic conductivity was
either increased or decreased. Vermiculite decreased hydraulic conductivity the most of the
amendments studied. In addition, appreciable changes in hydraulic conductivity were not
observed until 30-40% of the amendment was added to the sand.

3.0 POLLUTANT REMOVAL

Davis et. al. 2006. “Water Quality Improvement through Bioretention Media: Nitrogen and
Phosphorous Removal.” Water Environment Research. Vol. 78, No. 3: pp.284-293.

High nutrient inputs and eutrophication continue to be one of the highest priority water quality
problems. This work provides an in-depth analysis on removal of nutrients from a synthetic
stormwater runoff by bioretention. Results have indicated good removal of phosphorus (70 to
85%) and total Kjeldahl nitrogen (55 to 65%). Nitrate reduction was poor (,20%) and, in several
cases, nitrate production was noted. Variations in flowrate (intensity) and duration had a
moderate affect on nutrient removal. Mass balances demonstrate the importance of water
attenuation in the facility in reducing mass nutrient loads. Captured nitrogen can be converted to
nitrate between storm events and subsequently washed from the system. Analysis on the fate of
nutrients in bioretention suggests that accumulation of phosphorus and nitrogen may be
controlled by carefully managing growing and harvesting of vegetation. Water Environ. Res., 78,
284 (2006).



Hsieh, Chi-hsu and Davis, Allen P., 2005. “Evaluation and Optimization of Bioretention Media
for Treatment of Urban Storm Water Runoff.” Journal of Environmental Engineering.
November: pp. 1521-1531.

The objective of this study is to provide insight on media characteristics that control bioretention
water management behavior. Eighteen bioretention columns and six existing bioretention
facilities were evaluated employing synthetic runoff. In columns, the runoff infiltration rate
through different media mixtures ranged from 0.28 to 8.15 cm/min at a fixed 15 cm head. For
pollutant removals, the results showed excellent removal for oil/grease _ 96% . Total lead
removal _from 66 to _98% decreased when the total suspended solids level in the effluent
increased _removed from 29 to _96% . The removal efficiency of total phosphorus ranged
widely _4-99% _ , apparently due to preferential flow patterns, and both nitrate and ammonium
were moderate to poorly removed, with removals ranging from 1 to 43% and from 2 to 49%,
respectively. Two more on-site experiments were conducted during a rainfall event to compare
with laboratory investigation. For bioretention design, two media design profiles are proposed;
_96% TSS, _96% O/G, _98% lead, _70% TP, _9% nitrate, and _20% ammonium removals are
expected with these designs.

Hunt, William F. 1ll, 2003. Pollutant Removal Evaluation and Hydraulic Characterization for
Bioretention Stormwater Treatment Devices. Pennsylvania State University. Available
online:
http://www.psparchives.com/publications/our_work/stormwater/lid/bio_docs/bio_docs.ht
m

Current bioretention designs do not reduce nitrate-nitrogen levels sufficiently, as bioretention is
constructed without any zone designed to be saturated. For nitrate-nitrogen to be converted to
nitrogen gas, thus enhancing total nitrogen (TN) removal, an anaerobic zone may be necessary.
This research determined the effect of an anaerobic layer within bioretention devices on the
concentrations and loadings of TN, nitrate-nitrogen (NO3-N), and other nutrient and pollutant
species in stormwater runoff including ammonia-nitrogen (NH3-N), total kjeldahl nitrogen (TKN),
total phosphorus (TP), ortho-phosphate (Ortho-P), zinc (Zn), iron (Fe), copper (Cu), lead (Pb),
and total suspended solids (TSS). Results from the laboratory experiment showed high removal
rates for TN (mean efficiencies ranging from 70% to 85%) and NO3-N (over 90%). The
presence of an intentional anaerobic zone and the anaerobic zone’s thickness did not have a
significant impact (p<0.10) on the microcosm’s nutrient removal abilities. There was a significant
impact (p<0.10) when comparing hydraulic retention times of 2 and 4 days. The longer retention
time had significantly lower TN and NO3-N concentrations.

Hunt, W.F. et al. 2006. “Evaluating Bioretention Hydrology and Nutrient Removal at Three Field
Sites in North Carolina.” Journal of Irrigation and Drainage Engineering.
November/December: 600-608.

Three bioretention field sites in North Carolina were examined for pollutant removal abilities and
hydrologic performance. The cells varied by fill media type or drainage configuration. The field
studies confirmed high annual total nitrogen mass removal rates at two conventionally drained
bioretention cells _40% reduction each_. Nitrate-nitrogen mass removal rates varied between
75 and 13%, and calculated annual mass removal of zinc, copper, and lead from one
Greensboro cell were 98, 99, and 81%, respectively. All high mass removal rates were due to a
substantial decrease in outflow volume. The ratio of volume of water leaving the bioretention cell
versus that which entered the cell varied from 0.07 _summer_ to 0.54 winter_. There was a
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significant _p_0.05_ change in the ratio of outflow volume to inflow volume when comparing
warm seasons to winter. Cells using a fill soil media with a lower phosphorus index _P-index_,
Chapel Hill cell C1 and Greensboro cell G1, had much higher phosphorus removal than
Greensboro cell G2, which used a high P-index fill media. Fill media selection is critical for total
phosphorus removal, as fill media with a low P-index and relatively high CEC appear to remove
phosphorus much more readily.

4.0 BIOFILTER MEDIA DESIGN & SPECIFICATIONS

Burge, K. et. al. 2007. “Finding the Right Bioretention Soil Media” 13th International Conference
on Rainwater Cathcment Systems. Available at:
http://www.hidro.ufcg.edu.br/twiki/pub/ChuvaNet/13thinternationalConferenceonRainwat
erCatchmentSystems/Burge.pdf

This paper describes the soil media characteristics that are critical to the successful functioning
of a bioretention system and outlines the methodology behind the development of the
Guideline Specifications for Soil Media in Bioretention Systems (FAWB, 2006).

Hinman, Curtis, 2009. Bioretention Soil Mix Review and Recommendations for Western
Washington. Puget Sound Partnership. Available online:
http://www.psparchives.com/publications/our_work/stormwater/BSMResults-
Guidelines%20Final.pdf

The soil mix used in bioretention systems is central for determining flow control and water
quality treatment performance. The purpose of this study is to provide bioretention soil mix
(BSM) guidelines that: 1) meet performance objectives; 2) include materials readily available in
the Puget Sound region; 3) include materials that aggregate and compost suppliers can provide
with adequate quality control and consistency; and 4) are affordable. The focus of this study is
on the aggregate component of the BSM. Four candidate aggregate samples were collected
from various suppliers and locations around Puget Sound. Laboratory analysis was conducted
to determine aggregate gradation, as well as the organic matter content, hydraulic conductivity,
cation exchange capacity, and available phosphorus of a specified aggregate compost
bioretention soil mix. Hydraulic conductivity of bioretention soil mixes is strongly correlated to
percent mineral aggregate passing the 200 sieve and that the fines should be less than five and
ideally between two and four percent. Organic matter content and associated available
phosphorus and nitrogen cycling in these mixes may lead to phosphate and nitrate exported in
under-drain effluent. Current research shows variable nitrate and phosphate retention and
additional work is needed to study methods to optimize bioretention soil mixes for phosphate
and nitrate retention and removal capability.

Jurries, Dennis, 2003. Biofilters (Bioswales, Vegetative Buffers, & Constructed Wetlands) for
Storm Water Discharge Pollution Removal. State of Oregon Department of
Environmental Quality. Available at:
http://www.deq.state.or.us/wg/stormwater/docs/nwr/biofilters.pdf

Compilation of available information on the design and use of biofilters. Clays and organic
matter have highest cation exchange capacities. Organic matter has twice the rate of cation
exchange capacity as clay.
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5.0 HYDRAULIC SIZING CRITERIA

Colwell, S. and Fowler J. 2009. Technical Memorandum re: Updated SPU Bioretention Soil —
Modeling Inputs and Water Quality Treatment. Seattle Public Utilities. Available at:
http://www.seattle.gov/util/groups/public/ @spu/@usm/documents/webcontent/spu02 01

9972.pdf

This memorandum provides SPU’s recommendations and justifications for modeling inputs for
the bioretention soil and discusses how it meets Washington State Department of Ecology’'s
(Ecology) requirements for treatment. Infiltration rate is highly variable for designed bioretention
soils. A long-term correction factor of infiltration rate is recommended to be 2 for catchment
areas containing less than 5000 sf of pollution generating surface or less than 10,000 sf
impervious surface.

Herrera Environmental Consultants, 2007 “First Controlled Infiltration Test for High Point Phase
| Block-Scale Monitoring Project” Seattle Public Utilities. Courtesy of Tracy Tackett
(SPU NDS Program Manager)

Results of field study of infiltration and treatment performance of large-scale bioretention system
project in Seattle. Design infiltration rate for the bioretention soil mix was 2” per hour and field
tested rate was 4.2” per hour.

Herrera Environmental Consultants, 2007 “Results from Second Controlled Infiltration Test for
High Point Phase | Block-Scale Monitoring Project” Seattle Public Utilities. Courtesy of
Tracy Tackett (SPU NDS Program Manager)

Results of field study of infiltration and treatment performance of large-scale bioretention system
project in Seattle. Design infiltration rate for the bioretention soil mix was 2" per hour and field
tested rate was 6.1" per hour. Differences from the first and second test are attributed to rainfall
event occurring just prior to test 1.

Mcmullen, Chad, 2007. Technical Memorandum: Bioretention Specification Development.
Seattle Public Utilites. Provided courtesy Tracy Tackett of Seattle Public Utilites.

This memorandum provides grain size analysis for hydraulic capacity of several available
aggregates in Western Washington. Compaction, organic content and permeability testing was
performed on aggregate-compost mixtures. Provides draft bioretention soil specification for
SPU.

6.0 BIOFILTER SOIL SPECIFICATIONS

Alameda Countywide Clean Water Program, 2007. “Soil Specifications for Stormwater
Treatment Measures,” Alameda County.

Alameda’s soil specification to help applicants specify soils that will provide suitable growing
conditions for appropriate plantings and meet the percolation requirements. Target percolation
rate is 5 to 10 inches per hour.

Seattle Public Utilites 2008. “SPU Bioretention Soil Specification” courtesy of Tracy Tackett
(SPU NDS Program Manager)
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Specification for bioretention soil with infiltration rate of 5 in/hour (to be confirmed with Tracy).
Specification geared towards locally available materials to Seattle that can be installed by
contractors or homeowners.

7.0 LAB SOIL TEST RESULTS
To be provided with final draft.
8.0 PLANTS

Bornstein, C., Fross, D., and O’Brien, B. 2005. California Native Plants for the Garden
Cachuma Press: Solvang.

Plant recommendations, plant care, nursery resources.

CalTrans 2001. “Advisory Guide to Plant Species Selection for Erosion Control.” Cal Trans,
District 5.

Hardcopy format of a geographic information system (GIS) that combines state and district-level
climatalogical, geological, topographical, and plant biogeographical data to define ecologically
meaningful subdistrict Plant climate Zones. These climate zones form the foundation for rapid
access to lists of plant species for revegetation that are both ecologically appropriate for a
project site and useful in minimizing erosion, primarily on slopes up to 2:1 H:V.

Harlow, Nora 2004. Plants and Landscapes for Summer-Dry Climates. East Bay Municipal
Utility District.

Plant recommendations for the Bay Area.

Los Angeles County Public Works 2004. “LA River Masterplan: Landscaping Guidelines and
Plant Palettes.” County of Los Angeles.

Landscape design guidelines for the LA River corridor. Includes plant list of plants that should
never be planted along the river and suggested plant lists, plants by plant communities and info
about each plant such as estimated water needs, height, spread, and frequency of occurrence.

San Mateo County 2007. “Appendix B: Plant List and Planting Guidance for Landscape-Based
Stormwater Measures” San Mateo Countywide Water Pollution Prevention Program: C.3
Technical Guidance. Accessed from:
http://www.flowstobay.org/bs_new_development.php

Summary: Guidance for planting techniques and selection of appropriate plant materials for
stormwater measures.

SVR Design Company 2006. “High Point Community Site Drainage Technical Standards”
Prepared for Seattle Public Utilities. Accessed from:
http://www.svrdesign.com/high _pt.html

Suggested plant list for various BMPs.
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9.0 BIORETENTION SOILS INSTALLATION

SVR Design Company 2006. “High Point Community Right of Way and Open Space
Landscape Maintenance Guidelines” Prepared for Seattle Public Utilities. Accessed
from: http://www.svrdesign.com/high_pt.html

Materials recommendations and trouble shooting.

Lancaster, Alice, 2009. “Bioretention: Design and Construction” Presentation at Low Impact
Development Workshop. City of San Francisco.

Construction sequencing, prevention of compaction, erosion control, contractor training, and
public relations.

Hinman, Curtis, 2009. “Low Impact Development Technical Workshop Series: Bioretention Soil
Mixes.” Presentation at Low Impact Development Workshop. City of San Francisco.

Construction recommendations specific to installing bioretention soils.
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E.7 VEG-4 Filter Strip

Sizing Methodology

The flow capacity of a vegetated filter strips (filter strips) is a function of the
longitudinal slope (parallel to flow), the resistance to flow (e.g., Manning’s
roughness), and the width and length of the filter strip. The slope shall be small
enough to ensure that the depth of water will not exceed 1 inch over the filter strip.
Similarly, the flow velocity shall be less than 1 ft/sec. Procedures for sizing filter
strips are summarized below. A filter strip sizing example is also provided.

Step 1: Calculate the design flow rate

The design flow is calculated based on the stormwater quality design flow rate,
SQDF, as described in Section E.1.

Step 2: Calculate the minimum width

Determine the minimum width (i.e. perpendicular to flow) allowable for the filter
strip and design for that width or larger.

Whin = (SQDF) 7/ (Qa,min) (Equation E-35)
Where

Whin = minimum width of filter strip

SQDF = stormwater quality design flow (cfs)

Qa,min = minimum linear unit application rate, 0.005 cfs/ft

Step 3: Calculate the design flow depth

The design flow depth (dy) is calculated based on the width and the slope (parallel to
the flow path) using a modified Manning’s equation as follows:

d; =12*[SQDF *n,, /1.49W,;,s*°]°° (Equation E-36)
Where:

ds = design flow depth (inches)

SQDF = stormwater quality design flow (cfs)

W rib = width (perpendicular to flow = width of impervious surface
contributing area (ft))

S = slope (ft/ft) of strip parallel to flow, average over the whole
width
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Nwg = Manning’s roughness coefficient (0.25-0.30)

If dr is greater than 1 inch (0.083 ft), then a shallower slope is required, or a filter
strip cannot be used.

Step 4: Calculate the design velocity

The design flow velocity is based on the design flow, design flow depth, and width of

the strip:

Vwg = SQDF/ (df Wrrib) (Equation E-37)
Where:

i st = design flow depth (ft) (d«/12)

SQDF = stormwater quality design flow (cfs)

W trib = width (perpendicular to flow = width of impervious surface

contributing area (ft))
Step 5: Calculate the desired length of the filter strip

Determine the required length (L) to achieve a desired minimum residence time of 7
minutes using:

L =60t,V,, (Equation E-38)
Where:
L = minimum allowable strip length (ft)
thr = hydraulic residence time (s)
Vg = design flow velocity (fps)
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Sizing Worksheet

Step 1: Calculate the design flow

1-1. Enter Project area (acres), Aproject Adesign = acres
1-2. Enter impervious fraction, Imp (e.g. 60% =

0.60) Imp =

1-3. Determine pervious runoff coefficient using

Table E-1, C, Co=

1-4. Calculate runoff coefficient,

C =0.95*imp + Cp (1-imp) C=

1-5. Enter design rainfall intensity (in/hr), i 1= in/hr
1-6. Calculate water quality design flow (cfs),

SQDF=CiA SQDF = cfs
Step 2: Calculate the minimum width

2-1. Enter the stormwater quality design flow (cfs),

SQDF SQDF = cfs
2-2. Enter the minimum linear unit application rate

(0005 CfS/ft), qa,min qa,minz CfS/ft
2-3. Calculate the minimum width of filter strip (ft),

Whiin Wmin= ft
Step 3: Calculate the design flow depth

3-1. Enter filter strip longitudinal slope, s (ft/ft) s= ft/ft
3-2. Enter Manning roughness coefficient (0.25-

030), an an -

3-3. Enter width of impervious surface contributing

area (perpendicular to flow), W (ft) W= ft
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Step 3: Calculate the design flow depth

3-4. Calculate average depth of water using
Manning equation (inches),

dr=12* [SQDF*Nwq/1.49Wirip 05106

df=

inches

3-5. If df > 1" (0.083 ft), go back step 3-1 and
decrease the slope

3-6. If the slope cannot be changed due to
construction constraints, go to step 3-3 and
increase the width perpendicular to flow.

Step 4: Calculate the design velocity

4-1. Enter depth of water (ft), drn= d¢/12

df:

ft

4-2. Enter width of strip (ft), W

ft

4-3. Calculate design flow velocity (ft/s),

qu = SQDF/(df,ﬁW)

ft/s

4-4. If the Vug >1 ft/s, go back to step 3-1 and
decrease the slope.

Step 5: Calculate the length of the filter strip

5-1. Enter desired residence time (minimum 7
minutes), t

min

5-2. Enter design flow velocity (ft/s), Vwg

ft/s

5-3. Calculate length of the filter strip (ft),

L = 60tVug

ft

5-4. If L < 4 ft, go to step 3-1 and increase the slope

Technical Guidance Manual for E-67
Stormwater Quality Control Measures 2011

July 13, 2011




APPENDIX E: BMP SIZING WORKSHEETS

Design Example
Step 1: Determine water quality design Flow

For this design example, a 10-acre site with Type 4 soil and 60% total imperviousness is
considered. Flow-based sizing Method 1 is used, as described in Section E.1.

Step 1: Calculate the design flow

1-1. Enter Project area (acres), Aproject Adesign = 10 acres

1-2. Enter impervious fraction, Imp (e.g. 60% =
0.60) Imp= 0.60

1-3. Determine pervious runoff coefficient using
Table E-1, C, Cp= 0.05

1-4. Calculate runoff coefficient,

C =0.95*imp + Cp (1-imp) C= 0.59

1-5. Enter design rainfall intensity (in/hr), i i= 0.2 in/hr

1-6. Calculate water quality design flow (cfs),

SQDF=CiA SQDF = 1.18 cfs

Step 2: Calculate the minimum widlth of filter strip

Determine the minimum width (i.e. perpendicular to flow) allowable for the filter strip and
design for that width or larger.

Step 2: Calculate the minimum width

2-1. Enter the stormwater quality design flow (cfs), SQDF SQDF = 1.18 cfs

2-2. Enter the minimum linear unit application rate
(0005 CfS/ft), qaymin qa’min: 0005 CfS/ft

2-3. Calculate the minimum width of filter strip (ft),
WminZSQDF/Qa,min Whin= 240 ft

Step 3: Calculate the Design Flow Depth

A slope of 3% was assumed for the filter strip (2-4% recommended). The design water depth
should not exceed 1 inch. For this design example a manning’s coefficient of 0.27 was used.
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Step 3: Calculate the design flow depth

3-1. Enter filter strip longitudinal slope, s (ft/ft) s= 0.03 ft/ft

3-2. Enter Manning roughness coefficient (0.25-
0.30), Nuyq Nwg=  0.27

3-3. Enter width of strip (=impervious surface
contributing area perpendicular to flow), at least
Whnin (ft). W W = 240 ft

3-4. Calculate average depth of water using
Manning equation (inches), di= 051

dr=12* [SQDF*Nuwg/1.49Ws05]0

3-5. If df > 1" (0.083 ft), go back step 3-1 and
decrease the slope

3-6. If the slope cannot be changed due to
construction constraints, go to step 3-3 and
increase the width perpendicular to flow.

Step 4: Calculate the Design Velocity

The designed flow velocity should not exceed 1 foot/second across the filter strip.

Step 4: Calculate the design velocity

4-1. Enter depth of water (ft), drn= df/12 di= 0.043 ft

4-2. Enter width of strip (ft), W W= 240 ft

4-3. Calculate design flow velocity (ft/s),

qu = SQDF/(df,ﬁW) qu = 011 ft/S

4-4. If the Vwg >1 ft/s, go back to step 3-1 and
decrease the slope.

Step 5: Calculate the Length of the Filter Strip

The filter strip should be at least 4 feet long (in the direction of flow) and accommodate a
minimum residence time of 7 minutes to provide adequate water quality treatment.
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Step 5: Calculate the length of the filter strip

5-1. Enter desired residence time (minimum 10
minutes), t t= 10 min

5-2. Enter design flow velocity (ft/s), Vwg Vwg= 011  ft/s

5-3. Calculate length of the filter strip (ft),

L = 60tVug L= 66 ft

5-4. If L < 4 ft, go to step 3-1 and increase the slope
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E.8 TCM-1 Dry Extended Detention Basin

Sizing Methodology

Dry extended detention (ED) basins are basins designed such that the stormwater
quality design volume, SQDV, is detained for 36 to 48 hours. This allows sediment
particles and associated pollutants to settle and be removed from stormwater.
Procedures for sizing extended detention basins are summarized below. A sizing
example is also provided.

Step 1: Calculate the design volume

Dry extended detention facilities shall be sized to capture and treat the water quality
design volume (see Section E.1).

Step 2: Calculate the volume of the active basin

The total basin volume shall be increased an additional 20% of the stormwater
quality design volume to account for sediment accumulation, at a minimum. If the
basin is designed only for water quality treatment then the basin volume would be
120% of the stormwater quality design volume, SQDV. Freeboard is in additional to
the total basin volume. Calculate the volume of the active basin, Va:

Va=1.20*SQDV (Equation E-39)

Step 3: Determine detention basin location and preliminary geometry based on site
constraints

Based on site constraints, determine the basin geometry and the storage available by
developing an elevation-storage relationship for the basin. The cross-sectional
geometry across the width of the basin shall be approximately trapezoidal with a
maximum side slope of 4:1 (H:V) on interior slopes and 3:1 (H:V) on exterior slopes
unless specifically permitted by Ventura County (see Side Slopes below). Shallower
side slopes are necessary if the basin is designed to have recreational uses during dry
weather conditions.

1) Calculate the width of the basin footprint, Wi, as follows:

W, = Aot (Equation E-40)
Ltot
Where:
Aot = total surface area of the basin footprint (ft2)
Ltot = total length of the basin footprint (ft)
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2) Calculate the length of the active volume surface area including the internal berm
but excluding the freeboard, Lay-tot:

Lav - tot = Lot — 2Zd1o (Equation E-41)
Where:
Z = interior side slope as length per unit height

dro = freeboard depth

3) Calculate the width of the active volume surface area including the internal berm
but excluding freeboard, Way-tot:

Way - tot =Wrot — 2Zdt (Equation E-42)

4) Calculate the total active volume surface area including the internal berm and
excluding freeboard, Aay-tot:

Aav - tot = Lav - tot X Wav - tot (Equation E-43)

5) Calculate the area of the berm, Aperm:

Aberm = Wherm X Lberm (Equation E-44)
Where:

Wherm = width of the internal berm

Lberm = length of the internal berm

6) Calculate the surface area excluding the internal berm and freeboard, Aay:
Aav = Aav = tot = Aberm (Equation E-45)
Step 4: Determine Dimensions of Forebay

5-15% of the basin active volume, V,, is required to be within the active volume of the
forebay.

1) Calculate the active volume of forebay, Vi:

Vax %V,
VvV, = ——1 Equation E-46
1 100 (Eq )
Where:
%V = percent of V, in forebay (%)
Va = active volume (ft3)
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2) Calculate the surface area for the active volume of forebay, Au:
Vv
A = d—l (Equation E-47)
1

Where:
di = average depth for the active volume of forebay (ft)

3) Calculate the length of forebay, L::

Au
L =— Equation E-48
17 We (Eq )
Where:
W, = width of forebay (ft)

Step 5: Determine Dimensions of Cell 2
Cell 2 will consist of the remainder of the basin’s active volume.
1) Calculate the active volume of Cell 2, V>:
V2=Va-V1 (Equation E-49)
Where:

Va total basin active volume (ft3)

Vi = volume of forebay (ft3)

2) Calculate the surface area, A2, for the active volume of Cell 2:

A= Aav— A (Equation E-50)
Where:
Aav = basin surface area excluding berm and freeboard (ft2)

A = surface area of forebay (ft2)

3) Calculate the average depth, d., for the active volume of Cell 2:

d2=— (Equation E-51)
Az

4) Calculate the length of Cell 2, L;:
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Lo=— (Equation E-52)

W, = width of Cell 2 (ft)

5) Verify that the length-to-width ratio of Cell 2 at half of d; is at least 1.5:1 with =

2:1 preferred. If the length-to width ratio is less than 1.5:1, modify input
parameters until a ratio of at least 1.5:1 is achieved. If the input parameters
cannot be modified as a result of site constraints, another site for the basin
should be chosen. Calculate the length-to width, LWmiq2, ratio of Cell 2 at half of

d>follows:
LWhid2 = Lnis2 (Equation E-53)
Whid 2
Where:
Whidz = W2 - Zd; and (Equation E-54)
Lmid2 = L2 - Zd> (Equation E-55)
Whnidz = width of Cell 2 at half of d» (ft)
Lmid2 = length of Cell 2 at half of d. (ft)
Z = interior side slope as length per unit height (H:V)

Step 6: Ensure Design Requirements and Site Constraints are achieved

Check design requirements and site constraints. Modify design geometry until
requirements are met. If the chosen site for the basin is inadequate to meet the
design requirements, choose a new location or alternative treatment BMP.

Step 7: Size Outlet Structure

The total drawdown time for the basin should be 36-48 hours. The outlet structure
shall be designed to release the bottom 50% of the detention volume (half-full to
empty) over 24-32 hours, and the top half (full to half-full) in 12-16 hours. A primary
overflow should be sized to pass the peak flow rate from the developed capital design
storm. See Section 6 for outlet structure sizing methodologies.

Step 8: Determine Emergency Spillway Requirements

For online basins, an emergency overflow spillway should be sized to pass flows
greater than the design peak runoff discharge rate for the 100-yr, 24-hr storm in
order to prevent overtopping of the walls or berms in the event that a blockage of the
riser occurs. For offline basins, an emergency spillway or riser should be sized to pass
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the 100-yr, 24-hr post-development peak storm water runoff discharge rate directly
to the downstream conveyance system or another acceptable discharge point. For
sites where the emergency spillway discharges to a steep slope, an emergency
overflow riser, in addition to the spillway should be provided.

Technical Guidance Manual for E-75 July 13, 2011
Stormwater Quality Control Measures 2011



APPENDIX E: BMP SIZING WORKSHEETS

Sizing Worksheet

Step 1: Determine water quality design volume

1-1. Enter Project area (acres), Aproject A= acres
1-2. Enter the maximum allowable percent of the
Project area that may be effective impervious area Yoallowable = %
(refer to permit), ranges from 5-30%, Yaiiowable
1-3. Determine the maximum allowed effective
impervious area (ac), ElAaiiowable = ElAaiowable= acres
(Aproject)*(%allowable)
1-4. Enter Project impervious fraction, Imp (e.g. Imp=
60% = 0.60) P=
1-5. Determine the Project Total Impervious area TIA= ACres
(acres), TIA=Aproject*Imp -
1-6. Determine the total area from which runoff A = acres
must be retained (acres), Aretain=TIA-ElAaiiowable retain =
1-7. Determine pervious runoff coefficient using Co=
Table E-1, C, P
1-8. Calculate runoff coefficient,
C=

C =0.95*imp + Cp (1-imp)
1-9. Enter design rainfall depth of the storm (in), P; Pi= in
1-10. Calculate rainfall depth (ft), P = Pi/12 P= ft
1-11. Calculate water quality design volume (ft2),

SQDV = ft3
SQDV=43560¢C*P*Aetain
Step 2: Calculate the volume of the active basin
2-1. Calculate basin active volume (includes water
quality design volume + sediment storage volume)
(ft3), Va=1.20 x SQDV Va= ft3
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Step 3: Determine Detention Basin Location and Preliminary Geometry

Based on Site Constraints

3-1. Based on site constraints, determine the basin geometry and the storage available by
developing an elevation-storage relationship for the basin. For this simple example,

assume a trapezoidal geometry for cell 1 (forebay) and cell 2.

3-2. Enter the total surface area of the basin

footprint based on site constraints (ft2), At Aot = ft2

3-3. Enter the length of the basin footprint based on

site constraints (ft), Lot Lot = ft

3-4. Calculate the width of the basin footprint (L:W

=151 mln) (ft), Wiot = Aot / Ltot Wiot = ft

3-5. Enter interior side slope as length per unit

height (H:V, min=3), Z Z=

3-6. Enter desired freeboard depth (ft), dm (min: 2 ft

on-line; 1 ft offline) di = ft

3-7. Calculate the length of the active volume

surface area including the internal berm but

excluding freeboard, Lay-tot = Ltot - 2Zd Lav-tot = ft

3-8. Calculate the width of the active volume surface

area including the internal berm but excluding

freeboard, Way-tot = Whot - 2Zd1s Way-tot = ft

3-9. Calculate the total active volume surface area

including the internal berm and excluding

freeboard, Aav-tot = Lav-tot X Wav-tot Aav-tot = ft2

3-10. Enter the width of the internal berm (6 ft

min), Whoerm Wierm = ft

3-11. Enter the length of the internal berm (ft), Loerm

= Way-tot Lberm = ft

3-12. Calculate the area of the berm (ft?),

Averm = Wherm X Lberm Aberm = ft2

3-13. Calculate the surface area excluding the

internal berm and freeboard (ft2), Aav = Aav-tot - Aberm A = ft2
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Step 4: Determine Dimensions of forebay

4-1. Enter the percent of V. in forebay (5-15%

required), %V %V1 = %

4-2. Calculate the active volume of forebay,

Vi = (Va® %V1)/100 Vi = ft

4-3. Enter a desired average depth for the active

volume of forebay, d; di= ft

4-4. Calculate the surface area for the active volume

of forebay, A1 =V1/ di A= ft2

4-5. Enter the width of forebay, Wi = Way-tot = Lberm W, = ft

4-6. Calculate the length of forebay (Note: inlet and

outlet should be configured to maximize the

residence time), L1 = A/ W1 L= ft

Step 5: Determine Dimensions of Cell 2

5-1. Calculate the active volume of Cell 2,

Vo=Va-Vi Vo = ft3

5-2. Calculate the surface area of the active volume

of Cell 2, Ax = Aav - As A= ft2

5-3. Calculate the average depth for the active

volume of Cell 2,d2=V2/ Az dz= ft

5-4. Enter the width of Cell 2,

W2=W1=Way-tot = Lberm W, = ft

5-5. Calculate the length of Cell 2, L, = A2/ W» L= ft

5-6. Calculate the width of Cell 2 at half of da,

Whid2z = W2 - Zd> Whidz = ft

5-7. Calculate the length of Cell 2 at half of d>,

Lmidz = L2 - Zd> Lmiaz = ft
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5-8. Verify that the length-to-width ratio of Cell 2 at
half of d; is at least 1.5:1 with > 2:1 preferred. If the
length-to-width ratio is less than 1.5:1, modify input
parameters until a ratio of at least 1.5:1 is achieved.
If the input parameters cannot be modified as a
result of site constraints, another site for the basin
should be chosen, LWmid2 = Lmid2/ Wmid2 LWid2 =

Step 6: Ensure Design Requirements and Site Constraints are Achieved

6-1. Check design requirements and site constraints. Modify design geometry until
requirements are met. If the chosen site for the basin is inadequate to meet the design
requirements, choose a new location or alternative treatment BMP.

Step 7: Size Outlet Structure

7-1. The total drawdown time for the basin should be 36-48 hours. The outlet structure
shall be designed to release the bottom 50% of the detention volume (half-full to empty)
over 24-32 hours, and the top half (full to half-full) in 12-16 hours. A primary overflow
should be sized to pass the peak flow rate from the developed capital design storm. See
Section 6 for outlet structure sizing methodologies.

Step 8: Determine Emergency Spillway Requirements

8-1. For online basins, an emergency overflow spillway should be sized to pass flows
greater than the design peak runoff discharge rate for the 100-yr, 24-hr storm in order to
prevent overtopping of the walls or berms in the event that a blockage of the riser occurs.
For offline basins, an emergency spillway or riser should be sized to pass the 100-yr, 24-hr
post-development peak storm water runoff discharge rate directly to the downstream
conveyance system or another acceptable discharge point. For sites where the emergency
spillway discharges to a steep slope, an emergency overflow riser, in addition to the
spillway should be provided.
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Design Example
Step 1: Determine water quality design volume

For this design example, a 10-acre residential development with a 60% total impervious area
is considered. The 85t percentile storm event for the project location is 0.75 inches.

Step 1: Determine water quality design volume

1-1. Enter Project area (acres), Aproject A= 10 acres

1-2. Enter the maximum allowable percent of the
Project area that may be effective impervious area
(refer to permit), ranges from 5-30%, %aiiowable Yoallowable = 5

1-3. Determine the maximum allowed effective
impervious area (ac), ElAaiowable =
(Aproject)*(%allowable) ElAaiowabe= 0.5 acres

1-4. Enter Project impervious fraction, Imp (e.g.
60% = 0.60) Imp= 0.6

1-5. Determine the Project Total Impervious area
(acres), TIA=Aproject*ImMp TIA= 6 acres

1-6. Determine the total area from which runoff
must be retained (acres), Aretain=T lA-ElAaliowable Aretain = 5.5 acres

1-7. Determine pervious runoff coefficient using
Table E-1, Cp Cp= 0.05

1-8. Calculate runoff coefficient,

C =0.95*imp + C,, (1-imp) C= 0.59
1-9. Enter design rainfall depth of the storm (in), P; Pi= 0.75 in
1-10. Calculate rainfall depth (ft), P = Pi/12 P= 0.06 ft

1-11. Calculate water quality design volume (ft2),

SQDV=43560¢C*P*Aretain SQDV= 8500 ft
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Step 2: Calculate Volume of the Active Basin and the Forebay Basin

Step 2: Calculate the design volume of the active basin

2-1. Calculate basin active design volume (includes
water quality design volume + sediment storage
volume), Va = 1.20*SQDV

Va=

10,000 ft3

Step 3: Determine Detention Basin Location and Preliminary Geometry Based

on Site Constraints

The detention basin in this example has an internal berm separating the forebay (Cell 1) and
the main basin (Cell 2). The internal berm elevation is 2 ft below the elevation of the SUSMP
volume within the entire basin. The berm length is equal to the width of the basin when

filled to the active design volume.

on Site Constraints

Step 3: Determine Detention Basin Location and Preliminary Geometry Based

3-1. Based on site constraints, determine the basin
geometry and the storage available by developing an
elevation-storage relationship for the basin. For this
simple example, assume a trapezoidal geometry for
cell 1 (forebay) and cell 2.

3-2. Enter the total surface area of the basin

footprint based on site constraints, Aot Awt= 8,000 ft2
3-3. Enter the length of the basin footprint based on

site constraints, Lt (L:W = 1.5:1 min) Lt= 200 ft
3-4. Calculate the width of the basin footprint,

Wiot = Atot / Lot Wiot = 40 ft
3-5. Enter interior side slope as length per unit

height (min=3),Z Z= 3

3-6. Enter desired freeboard depth, ds, (min: 2 ft on-

line; 1 ft offline) di = 2 ft
3-7. Calculate the length of the active volume surface

area including the internal berm but excluding

freeboard,

Lav-tot = Ltot - 2Zdm Lav-tot = 188 ft
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Step 3: Determine Detention Basin Location and Preliminary Geometry Based

on Site Constraints

3-8. Calculate the width of the active volume surface
area including the internal berm but excluding
freeboard,

Wav-tot = Whot - 2Zd10 Way-tot = 28 ft
3-9. Calculate the total active volume surface area

including the internal berm and excluding

freeboard,

Aav-tot = Lav-tot ® Way-tot Aav-tot = 5,300 ft2
3-10. Enter the width of the internal berm (6 ft min),

Wberm Wberm = 6 ft
3-11. Enter the length of the internal berm, Loerm =

Wav—tot Lberm = 28 ft
3-12. Calculate the area of the berm, Averm = Wheerm ®

Lberm Aberm = 170 ft2
3-13. Calculate the surface area excluding the

internal berm and freeboard, Aav = Aav-tot - Aberm Ay = 5,130 ft2

Step 4: Calculate Dimensions of Cell 1

Calculate the dimensions of the forebay (Cell 1) based on the active design volume for Cell 1
(25% of V,) and a desired average depth, d:. The width of the forebay, W4, is equivalent to the

length of the berm, Lyerm, and the width of Cell 2, W5.

Step 4: Determine Dimensions of forebay

4-1. Enter the percent of V, in forebay (5-15%

required), %V: %V1 = 25 %
4-2. Calculate the active volume of forebay
(including sediment storage), Vi = (Va* %V1)/100 Vi= 2500 ft3
4-3. Enter a desired average depth for the active
volume of forebay, d; d, = 5 ft
4-4. Calculate the surface area for the active volume
of forebay, A1 =Vi/ d; A= 500 ft2
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4-5. Enter the width of forebay, W1 = Wq-tot = Lberm W, = 28 ft
4-6. Calculate the length of forebay (Note: inlet and

outlet should be configured to maximize the

residence time),

L1 = A1/ W1 L1 = 18 ft

Step 5: Calculate the Dimensions of Cell 2

Calculate the dimensions of the main basin (Cell 2) based on the active design volume for
Cell 2 and a desired average depth, d.. A calculation of the length, Lmid2, and width, Wmiq2, at
half basin depth, d2, is conducted in order to verify that the length-to-width ratio at half d is

greater than 1.5:1.

Step 5: Calculate the dimensions of Cell 2

5-1. Calculate the active volume of Cell 2, V2 = V, -

Vi V.= 7,500 ft3
5-2. Calculate the surface area of the active volume

of Cell 2, Ao = Aav - As A= 4,630 ft2
5-3. Calculate the average depth of the active

volume of Cell 2, d>=V2/ A, d;= 1.6 ft
5-4. Enter the width of Cell 2, W2 = W1 = Way-tot =

Lberm W, = 28 ft
5-5. Calculate the length of Cell 2, L, = A2/ W» L= 166 ft
5-6. Calculate the width of Cell 2 at half of d2, Wmiq2

=W, - Zd> Whidz = 23 ft
5-7. Calculate the length of Cell 2 at half of d2, Lmida2

= Lz - Zdz Lmid2 = 161 ft
5-8. Verify that the length-to-width ratio of Cell 2 at

half of d; is at least 1.5:1 with > 2:1 preferred. If the

length-to-width ratio is less than 1.5:1, modify input

parameters until a ratio of at least 1.5:1 is achieved.

If the input parameters cannot be modified as a

result of site constraints, another site for the basin

should be chosen, LWhid2 = Lmid2/ Wmid2 LWhig2 = 7
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Step 6: Ensure Design Requirements and Site Constraints are Achieved

Check design requirements and site constraints. Modify design geometry until requirements
are met. If the chosen site for the basin is inadequate to meet the design requirements,
choose a new location or an alternative treatment BMP.

Step 7: Size Outlet Structure

The total drawdown time for the basin should be 36-48 hours. The outlet structure shall be
designed to release the bottom 50% of the detention volume (half-full to empty) over 24-32
hours, and the top half (full to half-full) in 12-16 hours. A primary overflow should be sized
to pass the peak flow rate from the developed capital design storm. See Section 6 for outlet
structure sizing methodologies.

Step 8: Determine Emergency Spillway Requirements

For online basins, an emergency overflow spillway should be sized to pass flows greater than
the design peak runoff discharge rate for the 100-yr, 24-hr storm in order to prevent
overtopping of the walls or berms in the event that a blockage of the riser occurs. For offline
basins, an emergency spillway or riser should be sized to pass the 100-yr, 24-hr post-
development peak storm water runoff discharge rate directly to the downstream conveyance
system or another acceptable discharge point. For sites where the emergency spillway
discharges to a steep slope, an emergency overflow riser, in addition to the spillway should
be provided.
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E.9 TCM-2 Wet Detention Basin

Sizing Methodology

Wet Detention basins may be designed with or without extended detention above the
permanent pool. The extended detention portion of the wet detention basin above
the permanent pool, if provided, functions like a dry extended detention (ED) basin
(see VEG-5: Dry Extended Detention Basin). If there is no extended detention
provided, wet detention basins shall be sized to provide a minimum wet pool volume
equal to the stormwater quality design volume plus an additional 5% for sediment
accumulation. If extended detention is provided above the permanent pool, the
sizing is dependent of the functionality of the basin; the basin may function as water
guality treatment only or water quality plus peak flow attenuation.

If and the basin is designed for water quality treatment only, then the permanent
pool volume shall be a minimum of 10 percent of the stormwater quality design
volume and the surcharge volume (above the permanent pool) shall make up the
remaining 90 percent. If extended detention is provided above the permanent pool
and the basin is designed for water quality treatment and peak flow attenuation, then
the permanent pool volume shall be equal to the water quality treatment volume, and
the surcharge volume shall be sized to attenuate peak flows in order to meet the peak
runoff discharge requirements. The extended detention portion of the wet detention
basin above the permanent pool, if provided, functions like a dry extended detention
(ED) basin (see VEG-5: Dry Extended Detention Basin).

Step 1: Calculate the design volume

Wet detention basins shall be sized with a permanent pool volume equal to the SQDV
volume (see Section 2 and Appendix E).

Step 2: Determine the active design volume for the wet detention basin without
extended detention

The active volume of the wet detention basin, Va,, shall be equal to the SQFV plus an
additional 5% for sediment accumulation.

V, = 1.05x SQDV (Equation E-56)

Step 3: Determine pond location and preliminary geometry based on site
constraints

Based on site constraints, determine the pond geometry and the storage available by
developing an elevation-storage relationship for the pond. Note that a more natural
geometry may be used and is in many cases recommended; the preliminary basin
geometry calculations should be used for sizing purposes only.

1) Calculate the width of the pond footprint, Wi, as follows:
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W, = ﬁ—::: (Equation E-57)
Where:

Aot = total surface area of the pond footprint (ft?)

Lot = total length of the pond footprint (ft)

7) Calculate the length of the active volume surface area including the internal berm
but excluding the freeboard, Lay-tot:

Lav - tot = Ltot = 2Zdt (Equation E-58)
Where:

Z = interior side slope as length per unit height

dm = freeboard depth

8) Calculate the width of the active volume surface area including the internal berm
but excluding freeboard, Way-tot:

Wy - tot =Wt — 2Zdt (Equation E-59)

9) Calculate the total active volume surface area including the internal berm and
excluding freeboard, Aay-tot:

av - tot = Lav - tot XWav - tot (Equation E-GO)

10) Calculate the area of the berm, Aperm:

Aberm = Wherm X Lberm (Equation E-61)
Where:

Wherm = width of the internal berm

Lberm = length of the internal berm

11) Calculate the active volume surface area excluding the internal berm and
freeboard, Awg:

Awg = Awg = tot = Aberm (Equation E-62)
Step 4: Determine Dimensions of Forebay

The wet detention basin shall be divided into two cells separated by a berm or baffle.
The forebay shall contain between 5 and 10 percent of the total volume. The berm or
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baffle volume shall not count as part of the total volume. Calculate the active volume
of forebay, Vi:

Va x %V
V,=———1 Equation E-63
1 100 (Eq )
Where:
%V1 = percent of SQDV in forebay (%)

1) Calculate the surface area for the active volume of forebay, A::

V
A = d—l (Equation E-64)
1
Where
(o} = average depth fo rhte active volume of forebay (ft)

2) Calculate the length of forebay, Li. Note, inlet and outlet should be configured to
maximize the residence time.

A
L =— Equation E-65
1T W (Eq )

Where:
W, = width of forebay (ft), Wi = Way-tot = Lberm
Step 5: Determine Dimensions of Cell 2
Cell 2 will consist of the remainder of the basin’s active volume.
3) Calculate the active volume of Cell 2, V-:
V2=Va-V1 (Equation E-66)

4) The minimum wetpool surface area includes 0.3 acres of wetpool per acre-foot of
permanent wetpool volume. Calculate Aminz:

acres

Aminz = (V2 0.3 ) (Equation E-67)

acre—feet
5) Calculate the actual wetpool surface area, Az:
A= Aw— A (Equation E-68)

Verify that A, is greater than Amin2. If Az is less than Aminz, then modify input
parameters to increase A, until it is greater than Aminz. If site constraints limit this
criterion, then another site for the pond should be chosen.
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6) Calculate the top length of Cell 2, L:

A
Lo=— Equation E-69
s (Eq )
Where
W2 = Width Of Ce” 2 (ft), W2 = W1 = qu-’[ot = Lberm

7) Verify that the length-to-width ratio of Cell 2 is at least 1.5:1 with > 2:1 preferred.
If the length-to-width ratio is less than 1.5:1, modify input parameters until a ratio
of at least 1.5:1 is achieved. If the input parameters cannot be modified as a result
of site constraints, another site for the pond should be chosen.

LW = L (Equation E-70)

2
8) Calculate the emergent vegetation surface area, Aev:

Az *%Aey

A= ———— Equation E-71

e 100 (Eq )
Where:
%Aey = percent of surface area that will be planted with emergent
vegetation

9) Calculate the volume of the emergent vegetation shallow zone (1.5 — 3 ft), Veu:

Vev = Aev® dev (Equation E-72)
Where:
dev = average depth of the emergent vegetation shallow zone (1.5 — 3 ft)

10) Calculate the length of the emergent vegetation shallow zone, Ley:

Aev
= Equation E-73
Satvry (Eq )
Where
Wey = width of the emergent vegetation shallow zone (ft), Wey = W>

11) Calculate the volume of the deep zone, Vgeep:
Vdeep =V2—Ve (Equation E-74)

12) Calculate the surface area of the deep (>3 ft) zone, Ageep:
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Adeep = A2 — Aev (Equation E-75)
13) Calculate the average depth of the deep zone (4-8 ft), dgeep:

_ Vdeep

Odeep = (Equation E-76)

Adeep
14) Calculate length of the deep zone, Lgeep:

Adeep

deep

(Equation E-77)

Ldeep =

Where:
Woeep = width of the deep zone (ft), Waeep = W2
Step 6: Ensure design requirements and site constraints are achieved

Check design requirements and site constraints. Modify design geometry until
requirements are met. If the chosen site for the basin is inadequate to meet the
design requirements, choose a new location for the BMP.

Step 7: Size Outlet Structure

For extended detention wet detention basin, outlet structures shall be designed to
provide 12 to 48 hour emptying time for the water quality volume above the
permanent pool.

The basin outlet pipe shall be sized, at a minimum, to pass flows greater than the
stormwater quality design peak flow for off-line basins or flows greater than the peak
runoff discharge rate for the 100-year, 24-hr design storm for on-line basins.

Step 8: Determine Emergency Spillway Requirements

For online basins, an emergency overflow spillway should be sized to pass flows
greater than the design peak runoff discharge rate for the 100-yr, 24-hr storm to
prevent overtopping of the walls or berms in the event that a blockage of the riser
occurs. For offline basins, an emergency spillway or riser should be sized to pass the
water quality design storm. For sites where the emergency spillway discharges to a
steep slope, an emergency overflow riser, in addition to the spillway should be
provided.
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Sizing Worksheet

Step 1: Determine water quality design volume
1-1. Enter drainage area, A A= acres
1-2. Enter the maximum allowable percent of the
Project area that may be effective impervious area Yoallowable = %
(refer to permit), ranges from 5-30%, Yaiiowable
1-3. Determine the maximum allowed effective EIA _ ACres
imperViOUS area, ElAaIIowabIe = (Aproject)*(%allowable) allowable
1-4. Enter Project impervious fraction, Imp (e.g. Imp=
60% = 0.60) P=
1-5. Determine the Project Total Impervious area, TIA= ACres
TIAZAproject*I mp
1-6. Determine the total area from which runoff A = acres
mUSt be I’etalned, Aretain:TIA'EIAallowable retain =
1-7. Determine pervious runoff coefficient using C. =
Table E-1, C, p
1-8. Calculate runoff coefficient,

C=
C =0.95*imp + Cp (1-imp)
1-9. Enter design rainfall depth of the storm, P; (in) Pi= in
1-10. Calculate rainfall depth, P = Pi/12 P= ft
1-11. Calculate water quality design volume, SQDV = _ 5
43560°P*Aretain*C SQDV= ft
Step 2: Determine active design volume for the wet pond without extended
detention
2-1. Calculate the active design volume (without
extended detention), V.= 1.05*SQDV Va= ft3
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Step 3: Determine Pond Location and Preliminary Geometry Based on Site

Constraints

3-1. Based on site constraints, determine the pond

geometry and the storage available by developing an

elevation-storage relationship for the pond. For this

simple example, assume a trapezoidal geometry for

cell 1 (forebay) and cell 2.

3-2. Enter the total surface area of the pond

footprint based on site constraints, Aot Aot = ft2

3-3. Enter the length of the pond footprint based on

site constraints, Lot Lot = ft

3-4. Calculate the width of the pond footprint,

Wiot = Atot / Lot Wiot = ft

3-5. Enter interior side slope as length per unit

height (min=3), Z Z=

3-6. Enter desired freeboard depth, ds, (1 ft min) di = ft

3-7. Calculate the length of the water quality volume

surface area including the internal berm but

excluding freeboard, Lay-tot = Ltot - 2Zd Lav-tot = ft

3-8. Calculate the width of the water quality volume

surface area including the internal berm but

excluding freeboard, Way-tot = Whot - 2Zd#, Way-tot = ft

3-9. Calculate the total water quality volume surface

area including the internal berm and excluding

freeboard, Aav-tot = Lav-tot ® Wav-tot Aav-tot = ft2

3-10. Enter the width of the internal berm (6 ft

min), Whoerm Wperm = ft

3-11. Enter the length of the internal berm,

Lberm = Way-tot Lberm = ft

3-12. Calculate the area of the berm,

Aberm = Whoerm ® Loerm Aberm = ft2
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3-13. Calculate the water quality volume surface
area excluding the internal berm and freeboard,
Aav = Aav-tot - Aberm Aa = ft2
Step 4: Determine Dimensions of forebay
4-1. Enter the percent of V, in forebay (5-10%
required), %V %V: = %
4-2. Calculate the active volume of forebay (includes
sediment storage volume), Vi = (Va* %V,) /100 V= ft3
4-3. Enter desired average depth of forebay (5-9 ft
i . . ft
including sediment storage of 1 ft), d; di =
4-4. Calculate the surface area for the active volume
of forebay, A1 =Vi/ di A= ft2
4-5. Enter the width of forebay, Wi = Way-tot = Lberm W, = ft
4-6. Calculate the length of forebay (Note: inlet and
outlet should be configured to maximize the
residence time), L1 = A/ W1 L;= ft
Step 5: Determine Dimensions of Cell 2
5-1. Calculate the active volume of Cell 2, Vo =Va -V, V, = ft3
5-2. Determine minimum wetpool surface area,
Aminz = V20.3 Amin2 = ft2
5-3. Determine actual wetpool surface area,
Ao = A — AL A= ft2
5-4.
- If Ay is greater than Amin2 then move on to
step 5-5.
« If Azis less than Aminz, then modify input

parameters to increase A, until it is greater

than Anmin2. If site constraints limit this

criterion, then another site for the pond

should be chosen.
5‘5. Enter Width Of Ce“ 2, W2 = W]_ = Wa\/-tot = Lberm W2 = ft
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5-6. Calculate top length of Cell 2, Lo= A2/ W> L= ft

5-7. Verify that the length-to-width ratio of Cell 2 is

at least 1.5:1 with > 2:1 preferred. If the length-to-

width ratio is less than 1.5:1, modify input

parameters until a ratio of at least 1.5:1 is achieved.

If the input parameters cannot be modified as a

result of site constraints, another site for the pond

should be chosen, LW2= L,/ W: LW, =

5-8. Enter percent of surface area that will be

planted with emergent vegetation (25-75%), %Aey %Aey = %

5-9. Calculate emergent vegetation surface area,

Aev = (A2* %Ae)/100 Aev = ft2

5-10. Enter average depth of emergent vegetation

shallow zone (1.5 — 3 ft), dev ey = ft

5-11. Calculate volume of emergent vegetation

shallow zone (1.5 — 3 ft), Vev = Aev ® dev Vey = ft3

5-12. Enter width of emergent vegetation shallow

Zone, Wev = W2 Wevz ft

5-13. Calculate length of emergent vegetation

shallow zone, Ley = Aev / Wey Ley = ft

5-14. Calculate volume of deep zone,

Vdeep =V2—Ve Vdeep = ft3

5-15. Calculate surface area of deep (>3 ft) zone,

Adeep =Ax— Aev Adeep = ft2

5-16. Calculate average depth of deep zone (4 - 8 ft),

ddeep = Vdeep/ Adeep ddeep = ft

5-17. Enter width of deep zone, Waeep = W2 Weeep = ft

5-18. Calculate length of deep zone,

I—deep = Adeep / Weeo Ldeep = ft
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Step 6: Ensure Design Requirements and Site Constraints are Achieved

6-1. Check design requirements and site constraints. Modify design geometry until
requirements are met. If the chosen site for the basin is inadequate to meet the design
requirements, choose a new location for the BMP.

Step 7: Size Outlet Structure

7-1. The basin outlet pipe shall be sized, at a minimum, to pass flows greater than the
stormwater quality design peak flow for off-line basins or flows greater than the peak
runoff discharge rate for the 100-year, 24-hr design storm for on-line basins.

Step 8: Determine Emergency Spillway Requirements

8-1. For online basins, an emergency overflow spillway should be sized to pass flows
greater than the design peak runoff discharge rate for the 100-yr, 24-hr storm to prevent
overtopping of the walls or berms in the event that a blockage of the riser occurs. For
offline basins, an emergency spillway or riser should be sized to pass the water quality
design storm. For sites where the emergency spillway discharges to a steep slope, an
emergency overflow riser, in addition to the spillway should be provided.
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Design Example

Wet detention basin siting requires the following considerations prior to construction: (1)
availability of base flow — wet detention basins require a regular source of water if water
level is to be maintained, (2) surface space availability — large footprint area is required, and
(3) compatibility with flood control — basins must not interfere with flood control functions
of existing conveyance and detention structures.

The wet detention basin in this example does not have extended detention. An internal berm
separates the forebay (Cell 1) and the main basin (Cell 2). The berm is at the elevation of the
active volume design surface which is also the permanent wetpool elevation.

Step 1: Determine Water Quality Design Volume

For this design example, a 20-acre residential development with a 60% total impervious area
is considered. The 85t percentile storm event for the project location is 0.75 inches.

Step 1: Determine water quality design volume

1-1. Enter drainage area, A A= 20 acres

1-2. Enter the maximum allowable percent of the
Project area that may be effective impervious area
(refer to permit), ranges from 5-30%, Yaiiowable Yoallowable = 5

1-3. Determine the maximum allowed -effective
imperViOUS area, ElAaIIowabIe:(Aproject)*(%allowable) ElAaiowane= 1.0 acres

1-4. Enter Project impervious fraction, Imp (e.g.
60% = 0.60) Imp= 0.6

1-5. Determine the Project Total Impervious area,
TIA=Aproject* IMp TIA= 12 acres

1-6. Determine the total area from which runoff
must be retained, Aretain=T IA-ElAaiiowable Aretain= 11 acres

1-7. Determine pervious runoff coefficient using
Table E-1, C, Co= 0.05

1-8. Calculate runoff coefficient,

C =0.95*imp + C, (1-imp) C= 0.59

1-9. Enter design rainfall depth of the storm, P; (in) Pi= 0.75 in

1-10. Calculate rainfall depth, P = Pi/12 P= 0.06 ft
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1-11. Calculate water quality design volume,

SQDV = 43560¢P*Aretain*C SQDV = 17,000 ft

Step 2: Determine Active Design Volume for a Wet Detention Basin without
Extended Detention

If there is no extended detention provided, wet detention basins shall be sized to provide a
minimum wet pool volume equal to the water quality design volume plus an additional 5%
for sediment accumulation.

Step 2: Determine Active Design Volume for a Wet Detention Basin without
Extended Detention

2-1. Calculate the active design volume (without
extended detention), V. = 1.05*SQDV Va= 17,800 ft3

Step 3: Determine Pond Location and Preliminary Geometry Based on Site
Constraints

A total footprint area and total length available for the basin is provided. This step calculates
the total active volume surface area which is equivalent to the permanent wetpool surface
area. This step also calculates the dimensions of the internal berm.

Step 3: Determine Pond Location and Preliminary Geometry Based on Site
Constraints

3-1. Based on site constraints, determine the pond
geometry and the storage available by developing an
elevation-storage relationship for the pond. For this
simple example, assume a trapezoidal geometry for
cell 1 (forebay) and cell 2.

3-2. Enter the total surface area of the pond
footprint based on site constraints, Aot Awt= 7,500 ft2

3-3. Enter the length of the pond footprint based on
site constraints, Lot Lot= 150  ft

3-4. Calculate the width of the pond footprint, Wiet =

Atot/ Ltot Wiot = 50 ft

3-5. Enter interior side slope as length per unit

height (min=3), Z Z= 3
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Step 3: Determine Pond Location and Preliminary Geometry Based on Site
Constraints

3-6. Enter desired freeboard depth, ds (1 ft min) dip = 2 ft

3-7. Calculate the length of the water quality volume
surface area including the internal berm but
excluding freeboard, Lav-tot = Liot - 2Zds» Lav-tot = 138 ft

3-8. Calculate the width of the water quality volume
surface area including the internal berm but
excluding freeboard, Way-tot = Whot - 2Zdsp Way-tot = 38 ft

3-9. Calculate the total water quality volume surface
area including the internal berm and excluding
freeboard, Aav-tot = Lav-tot ® Wav-tot Aot = 4,940 ft2

3-10. Enter the width of the internal berm (6 ft
min), Wherm Wperm = 6 ft

3-11. Enter the length of the internal berm, Loerm =
Wav—tot Lberm = 38 ft

3-12. Calculate the area of the berm,

Averm = Whoerm ® Lberm Aperm = 230 ft2

3-13. Calculate the water quality volume surface
area excluding the internal berm and freeboard,

Aav = Aav-tot - Aberm Aav

4,710 ft?

Step 4: Determine Dimensions of forebay

It should be assumed that the forebay should be 5-10% of the total active design volume, V..

Step 4: Determine Dimensions of Cell 1

4-1. Enter the percent of V, in forebay (5-10% required),

%V1 %V = 20 %
4-2. Calculate the active volume of forebay (includes

sediment storage volume), Vi = (Va* %V1) /100 Vi= 3560 ft3
4-3. Enter desired average depth of forebay (5-9 ft ft
including sediment storage of 1 ft), d: di= 8
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4-4. Calculate the surface area for the active volume of

forebay, A1 =V1/ d; A= 440 ft2
4-5. Enter the width of forebay, Wi = Way-tot = Lberm W = 38 ft
4-6. Calculate the length of forebay (Note: inlet and outlet

should be configured to maximize the residence time),

Li=A1/ W1 L= 12 ft

Step 5: Determine Dimensions of Cell 2

Verify that the surface area and length-to-width ratio of Cell 2 meet the design criteria.
Calculate volumes, depths and surface areas for the emergent vegetation shallow zone and

the deep zone.

Step 5: Determine Dimensions of Cell 2

5-1. Calculate the active volume of Cell 2, Vo =Va - V;

Vo= 14,200 ft3

5-2. Determine minimum wetpool surface area, Aminz =
V2°0.3

Amin2= 4,270 ft2

5-3. Determine actual wetpool surface area, Az = Aav — As

A= 4270 ft?

5-4. If A, is greater than Aminz then move on to step 5-5. If
Az is less than Amin2, then modify input parameters to
increase A, until it is greater than Aminz. If site constraints
limit this criterion, then another site for the pond should be
chosen.

5‘5. Enter Wldth Of Ce“ 2, W2 = W]_ = Wa\/-tot = Lberm W2 = 38 ft
5-6. Calculate top length of Cell 2, L= A2/ W- L= 110 ft
5-7. Verify that the length-to-width ratio of Cell 2 is at least

1.5:1 with > 2:1 preferred. If the length-to-width ratio is less

than 1.5:1, modify input parameters until a ratio of at least

1.5:1 is achieved. If the input parameters cannot be

modified as a result of site constraints, another site for the

pond should be chosen, LW,;= L,/ W, LW, = 2.9

5-8. Enter percent of surface area that will be planted with

emergent vegetation (25-75%), %Aey %Aey = 25 %
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Step 5: Determine Dimensions of Cell 2

5-9. Calculate emergent vegetation surface area,

Aev = (AZ d %Aev)/loo Aev = 1,070 ft2

5-10. Enter average depth of emergent vegetation shallow
zone (1.5 —3 ft), dev ev = 2 ft

5-11. Calculate volume of emergent vegetation shallow zone
(15 - 3 ft), Vev = Aev d dev Vev = 2,130 ft3

5-12. Enter width of emergent vegetation shallow zone,

Wev = W2 Wev: 38 ft
5-13. Calculate length of emergent vegetation shallow zone,

Lev = Aev / Wey Ley = 56 ft
5-14. Calculate volume of deep zone, Vgeep = V2 — Vev Vaeep = 13,100  ft8

5-15. Calculate surface area of deep (>3 ft) zone,

Adeep = A2 — Aev Adeep = 3,200 ft2

5-16. Calculate average depth of deep zone (4 - 8 ft),

ddeep = Vdeep/ Adeep ddeep = 4.1 ft
5-17. Enter width of deep zone, Waeep = W2 Woeep = 28 ft
5-18. Calculate length of deep zone, Laeep = Adeep / Waeeo Ldeep = 114 ft

Step 6: Ensure Design Requirements and Site Conditions are Achieved

Check design requirements and site constraints. Modify design geometry until requirements
are met. If the chosen site for the basin is inadequate to meet the design requirements,
choose a new location for the BMP.

Step 7: Size Outlet Structure

The basin outlet pipe shall be sized, at a minimum, to pass flows greater than the stormwater
guality design peak flow for off-line basins or flows greater than the peak runoff discharge
rate for the 100-year, 24-hr design storm for on-line basins.

Step 8: Determine Emergency Spillway Requirements

For online basins, an emergency overflow spillway should be sized to pass flows greater than
the design peak runoff discharge rate for the 100-yr, 24-hr storm to prevent overtopping of
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the walls or berms in the event that a blockage of the riser occurs. For offline basins, an
emergency spillway or riser should be sized to pass the water quality design storm. For sites
where the emergency spillway discharges to a steep slope, an emergency overflow riser, in
addition to the spillway should be provided.
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E.10 TCM-3 Constructed Wetland

Sizing Methodology

In most cases, the constructed treatment wetland permanent pool shall be sized to be
greater than or equal to the stormwater quality design volume. If extended detention
is provided above the permanent pool and the wetland is designed for water quality
treatment only, then the permanent pool volume shall be a minimum of 80 percent
of the stormwater quality design volume and the surcharge volume (above the
permanent pool) shall make up the remaining 20 percent and provide at least 12
hours of detention. If extended detention is provided and the basin is designed for
water quality treatment and peak flow attenuation, then the permanent pool volume
shall be equal to the water quality treatment volume and the surcharge volume shall
be sized to attenuate peak flows to meet the peak runoff discharge requirements. The
extended detention portion of the wetland above the permanent pool, if provided,
functions like a dry extended detention (ED) basin (see VEG-5: Dry Extended
Detention Basin).

Step 1: Calculate the design volume

Constructed wetlands shall be sized to be greater than or equal to the SQDV volume
(see Section 2 and Appendix E).

Step 2: Determine the Wetland Location, Wetland Type and Preliminary Geometry
Based on Site Constraints

Based on site constraints, determine the wetland geometry and the storage available
by developing an elevation-storage relationship for the wetland. The equations
provided below assume a trapezoidal geometry for cell 1 (Forebay) and cell 2, and
assumes that the wetland does not have extended detention.

1) Calculate the width of the wetland footprint, Wi, as follows:

W, = Aot (Equation E-78)
Lot
Where:
Avot = total surface area of the wetland footprint (ft2)
Ltot = total length of the wetland footprint (ft)

12) Calculate the length of the water quality volume surface area including the
internal berm but excluding the freeboard, Lwg-tot:

qu -tot = Ltot — 2Zd (Equation E-79)
Where:
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Z = interior side slope as length per unit height
do = freeboard depth

13) Calculate the width of the water quality volume surface area including the internal
berm but excluding freeboard, Wuwg-tot:

qu - tot =Wt — 2Zdto (Equation E-80)

14) Calculate the total water quality volume surface area including the internal berm
and excluding freeboard, Awg-tot:

Awg - tot = Lwg - tot X Wwg - tot (Equation E-81)

15) Calculate the area of the berm, Aperm:

Aberm = Wherm X Lberm (Equation E-82)
Where:

Wherm = width of the internal berm

Lberm = length of the internal berm

16) Calculate the water quality surface area excluding the internal berm and
freeboard, Awg:

Awg = Awg = tot = Aberm (Equation E-83)
Step 3: Determine Dimensions of Forebay
30-50% of the SQDV is required to be within the active volume of forebay.
1) Calculate the active volume of forebay, Vi:

_ SQDV x %V,

Equation E-84
100 (Eq )

Vl

Where:
%V = percent of SQDV in forebay (%)

2) Calculate the surface area for the active volume of forebay, As:
V .
A = d_l (Equation E-85)
1

Where:

di = average depth fo rhte active volume of forebay (2 -4 ft) (ft)
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3) Calculate the length of forebay, Li. Note, inlet and outlet should be configured to
maximize the residence time.

A
L =— Equation E-86
17 Wa (Eq )

Where:
W, = width of forebay (ft), Wi = Wav-tot = Lberm
Step 4: Determine Dimensions of Cell 2
Cell 2 will consist of the remainder of the basin’s active volume.
1) Calculate the active volume of Cell 2, V>:
V2=SQDV -V: (Equation E-87)
2) Calculate the surface area of Cell 2, A:
Az = Awg— A (Equation E-88)
3) Calculate the top length of Cell 2, L:

_ A

Lo=—
W2

(Equation E-89)

Where:
W- = width of Cell 2 (ft), W2 = W1 = Wug-tot = Lberm

4) Verify that the length-to-width ratio of Cell 2, LW,, is at least 3:1 with > 4:1
preferred. If the length-to-width ratio is less than 3:1, modify input parameters
until a ratio of at least 3:1 is achieved. If the input parameters cannot be modified
as a result of site constraints, another site for the pond should be chosen.

LW = ﬁ (Equation E-90)

2

5) Calculate the very shallow zone surface area, Avs:

Az e %A
Ay = 2= D0 (Equation E-91)
100
Where:
%Avs = percent of surface area of very shallow zone

6) Calculate the volume of the shallow zone, Vys:
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Vs = Aus @ dvs (Equation E-92)
Where:
dvs = average depth of the very shallow zone (0.1 — 1 ft)

7) Calculate the length of the very shallow zone, Lys:

A
Lus = — (Equation E-93)
VS
Where:
Wys = width of the very shallow zone (ft), Wys = W

8) Calculate the surface area of the shallow zone, As:

_ Aze % As
100

As (Equation E-94)

Where:
%As = percent of surface area of shallow zone
9) Calculate the volume of the shallow zone, Vs:
Vs = Aseds (Equation E-95)
Where:
ds = average depth of shallow zone (1 - 3 ft)

10) Calculate length of the shallow zone, Ls:

As
Ls=— Equation E-96
m (Eq )
Where:

W; = width of the shallow zone (ft), Ws = W,
11) Calculate the surface area of the deep zone, Adeep:

Adeep = A2 — Avs - As (Equation E-97)
12) Calculate the volume of the deep zone, Veep:

Vieep =V 2—=Vis - Vs (Equation E-98)

13) Calculate the average depth of the deep zone (3-5 ft), dgeep:
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_ Vdeep

ddeep -

(Equation E-99)

deep
14) Calculate length of the deep zone, Lgeep:

Adeep

deep

Ldeep = (Equation E-100)

Where:
Wdeep = width of the deep Zzone (ft), Wdeep =W
Step 5: Ensure design requirements and site constraints are achieved

Check design requirements and site constraints. Modify design geometry until
requirements are met. If the chosen site for the basin is inadequate to meet the
design requirements, choose a new location or alternative treatment BMP.

Step 6: Size Outlet Structure

For wetlands with detention, the outlet structures shall be designed to provide 12
hours emptying time for the water quality volume or the required detention
necessary for achieving the peak runoff discharge requirements if the extended
detention is designed for flow attenuation.

The wetland outlet pipe shall be sized, at a minimum, to pass flows greater than the
stormwater quality design peak flow for on-line basins or flows greater than the peak
runoff discharge rate for the 100-year, 24-hr design storm for on-line basins.

Step 7: Determine Emergency Spillway Requirements

For online basins, an emergency overflow spillway should be sized to pass flows
greater than the design peak runoff discharge rate for the 100-yr, 24-hr storm in
order to prevent overtopping of the walls or berms in the event that a blockage of the
riser occurs. For offline basins, an emergency spillway or riser should be sized to pass
the 100-yr, 24-hr post-development peak storm water runoff discharge rate directly
to the downstream conveyance system or another acceptable discharge point. For
sites where the emergency spillway discharges to a steep slope, an emergency
overflow riser, in addition to the spillway should be provided.
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Sizing Worksheet

Step 1: Determine water quality design volume

1-1. Enter drainage area, A

acres

1-2. Enter the maximum allowable percent of the
Project area that may be effective impervious area
(refer to permit), ranges from 5-30%, Yaiiowable

Yallowable =

%

1-3. Determine the maximum allowed effective
impervious area, ElAaiiowable = (Aproject)*(%allowable)

ElAaiiowable=

acres

1-4. Enter Project impervious fraction, Imp (e.g.
60% = 0.60)

Imp=

1-5. Determine the Project Total Impervious area,
TIAZAproject*I mp

TIA=

acres

1-6. Determine the total area from which runoff
must be retained, Arctain=T |A-ElAaiiowable

Avretain =

acres

1-7. Determine pervious runoff coefficient using
Table E-1, Cp

1-8. Calculate runoff coefficient,

C =0.95*imp + Cp (1-imp)

1-9. Enter design rainfall depth of the storm, P; (in)

1-10. Calculate rainfall depth, P = Pi/12

1-11. Calculate water quality design volume, SQDV =
43560P*Aetain*C

Geometry Based on Site Constraints

Step 2: Determine Wetland Location, Wetland Type and Preliminary

2-1. Based on site constraints, determine the
wetland geometry and the storage available by
developing an elevation-storage relationship for the
wetland. For this simple example, assume a
trapezoidal geometry for cell 1 (forebay) and cell 2.
The wetland does not have extended detention.

Technical Guidance Manual for E-106
Stormwater Quality Control Measures 2011

July 13, 2011



APPENDIX E: BMP SIZING WORKSHEETS

2-2. Enter the total surface area of the wetland
footprint based on site constraints, Aot

Aot =

ft2

2-3. Enter the length of the wetland footprint based
on site constraints, Lot

Ltot=

2-4. Calculate the width of the wetland footprint,
Wiot = Atot / Lot

Whiot =

2-5. Enter interior side slope as length per unit
height (min=3), Z

2-6. Enter desired freeboard depth, dmw

dm =

ft

2-7. Calculate the length of the water quality volume
surface area including the internal berm but
excluding freeboard, Lwg-tot = Lot - 2Zdso

qu—tot =

2-8. Calculate the width of the water quality volume
surface area including the internal berm but
excluding freeboard, Wwg-tot = Whot - 2Zd1,

qu—tot =

2-9. Calculate the total water quality volume surface
area including the internal berm and excluding
freeboard, Awg-tot = Lwg-tot ®* Wug-tot

Awq—tot =

ft2

2-10. Enter the width of the internal berm (6 ft
min),Wberm

Wherm =

ft

2-11. Enter the length of the internal berm, Lperm =
qu—tot

Lberm =

ft

2-12. Calculate the area of the berm, Aberm = Whoerm ®
I—berm

Aberm =

ft2

2-13. Calculate the water quality volume surface
area excluding the internal berm and freeboard, Awq
= Awq—tot - Aberm

Awq =

ft2

Step 3: Determine Dimensions of forebay

3-1. Enter the percent of SQDV in forebay (30-50%
required), %V,

%V1 =

%

3-2. Calculate the active volume of forebay (includes
water quality volume + sediment storage volume),

ft3

Technical Guidance Manual for E-107
Stormwater Quality Control Measures 2011

July 13, 2011



APPENDIX E: BMP SIZING WORKSHEETS

V1= (SQDV e %V,) /100

3-3. Enter desired average depth of forebayl (2-4 ft ft

including sediment storage of 1 ft), d; di=

3-4. Calculate the surface area for the water quality

volume of forebay, A1 =Vi1/ d; A= ft2

3-5. Enter the width of forebay, W1 = Woay-tot = Lberm W = ft

3-6. Calculate the length of forebay (Note: inlet and

outlet should be configured to maximize the

residence time), Ly = A1/ W1 L= ft

Step 4: Determine Dimensions of Cell 2

4-1. Calculate the active volume of Cell 2, V>, = SQDV

-V Vo= ft3

4-2. Calculate surface area of Cell 2, Az = Awg - As A = ft2

4'3. Entel’ Width Of Ce” 2, W2 = Wl = qu-tot = Lberm W2 - ft

4-4. Calculate top length of Cell 2, Lo= A2/ W2 L= ft

4-5. Verify that the length-to-width ratio of Cell 2 is

at least 3:1 with > 4:1 preferred. If the length-to-

width ratio is less than 3:1, modify input parameters

until a ratio of at least 3:1 is achieved. If the input

parameters cannot be modified as a result of site

constraints, another site for the pond should be

chosen, LW2=L,/W: LW, =

4-6. Enter percent of surface area of very shallow

zone, %Avs %A = %

4-7. Calculate very shallow zone surface area, Avs =

(AZ hd %Avs)/ 100 Avs = ftZ

4-8. Enter average depth of very shallow zone (0.1 -

1ft), dvs dvs = ft

4-9. Calculate volume of very shallow zone, Vs = Avs

d dvs Vvs = ft3

4-10. Enter width of very shallow zone, Wys =W, Wys= ft
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4-11. Calculate length of very shallow zone, Lys = Avs

/ W Lvs = ft

4-12. Enter percent of surface area of shallow zone,

%As %As = %
4-13. Calculate surface area of shallow zone, As = (A2

* %A;)/100 As = ft2
4-14. Enter average depth of shallow zone (1 - 3 ft),

ds ds = ft

4-15. Calculate volume of shallow zone, Vs= Ase ds Vs = fts
4-16. Enter width of shallow zone, Ws = W, W= ft

4-17. Calculate length of shallow zone, Ls = As / W;s Ls= ft

4-18. Calculate surface area of deep zone, Ageep = A2 -

Avs - As Adeep = ft2
4-19. Calculate volume of deep zone, Vgeep = V2 - Vys -

Vs Vdeep = ft3
4-20. Calculate average depth of deep zone (3 - 5 ft),

ddeep = Vdeep/ Adeep ddeep = ft

4-21. Enter width of deep zone, Wgeep = W2 Woeep = ft

4-22. Calculate length of deep zone, Ldeep = Adeep /
Wdeeo Ldeep = ft

Step 5: Ensure Design Requirements and Site Constraints are Achieved

5-1. Check design requirements and site constraints. Modify design geometry until
requirements are met. If the chosen site for the wetland is inadequate to meet the design
requirements, choose a new location for the wetland or select an alternative treatment
BMP.
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Step 6: Size Outlet Structure

6-1. The wetland outlet pipe shall be sized, at a minimum, to pass flows greater than the
stormwater quality design peak flow for off-line basins or flow from the capital storm for
on-line basins.

Step 7: Determine Emergency Spillway Requirements

7-1. For online basins, an emergency overflow spillway should be sized to pass flows
greater than the design peak runoff discharge rate for the 100-yr, 24-hr storm in order to
prevent overtopping of the walls or berms in the event that a blockage of the riser occurs.
For offline basins, an emergency spillway or riser should be sized to pass the 100-yr, 24-
hr post-development peak storm water runoff discharge rate directly to the downstream
conveyance system or another acceptable discharge point.
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Design Example

Wetland siting requires the following considerations prior to construction: (1) availability of
base flow — stormwater wetlands require a regular source of water to support wetland biota,
(2) slope stability — stormwater wetlands are not permitted near steep slope hazard areas,
(3) surface space availability — large footprint area is required, and (4) compatibility with
flood control — basins must not interfere with flood control functions of existing conveyance
and detention structures.

The wetland in this example does not have extended detention. An internal berm separates
the forebay (Cell 1) and the main basin (Cell 2). The berm is at the elevation of the active
volume (SQDV plus sediment storage volume) design surface which is also the permanent
wetpool elevation.

Step 1: Determine Water Quality Design Volume

For this design example, a 20-acre residential development with a 60% total impervious area
is considered. The 85t percentile storm event for the project location is 0.75 inches.

Step 1: Determine water quality design volume

1-1. Enter drainage area, A A= 20 acres

1-2. Enter the maximum allowable percent of the
Project area that may be effective impervious area
(refer to permit), ranges from 5-30%, Yaiiowable Yoallowable = 5

1-3. Determine the maximum allowed effective
imperViOUS area, ElAaIIowabIe=(Aproject)*(%allowable) ElAaiowane= 1.0 acres

1-4. Enter Project impervious fraction, Imp (e.g.
60% = 0.60) Imp= 0.6

1-5. Determine the Project Total Impervious area,
TIA=Aproject*IMp TIA= 12 acres

1-6. Determine the total area from which runoff
must be retained, Arctain=T |A-ElAaiiowable Aretain = 11 acres

1-7. Determine pervious runoff coefficient using
Table E-1, Cp Cp= 0.05

1-8. Calculate runoff coefficient,

C = 0.95*imp + Cp (1-imp) C= 0.59
1-9. Enter design rainfall depth of the storm, P; (in) Pi= 0.75 in
Technical Guidance Manual for E-111 July 13, 2011

Stormwater Quality Control Measures 2011



APPENDIX E: BMP SIZING WORKSHEETS

1-10. Calculate rainfall depth, P = Pi/12 P= 0.06 ft

1-11. Calculate water quality design volume,

SQDV = 43560¢P*Aretain*C SQDV = 17,000 ft

Step 2: Determine Pond Location and Preliminary Geometry Based on Site
Constraints

A total footprint area and total length available for the wetland is provided. This step
calculates the total active volume surface area which is equivalent to the permanent wetpool
surface area. This step also calculates the dimensions of the internal berm.

Step 2: Determine Wetland Location, Wetland Type and Preliminary
Geometry Based on Site Constraints

2-1. Based on site constraints, determine the
wetland geometry and the storage available by
developing an elevation-storage relationship for the
wetland. For this simple example, assume a
trapezoidal geometry for cell 1 (forebay) and cell 2.
The wetland does not have extended detention.

2-2. Enter the total surface area of the wetland
footprint based on site constraints, Aot Awot= 7,500 ft2

2-3. Enter the length of the wetland footprint based
on site constraints, Lot Lot = 200 ft

2-4. Calculate the width of the wetland footprint,

Wiot = Atot / Ltot Wiot = 38 ft
2-5. Enter interior side slope as length per unit

height (min=3), Z Z= 3

2-6. Enter desired freeboard depth, dmw dg = 2 ft

2-7. Calculate the length of the water quality volume
surface area including the internal berm but
excluding freeboard, Lwg-tot = Ltot - 2Zdm Lwg-tot = 188 ft

2-8. Calculate the width of the water quality volume
surface area including the internal berm but
excluding freeboard, Wwg-tot = Whot - 2Zd1y Wug-tot = 26 ft
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Geometry Based on Site Constraints

Step 2: Determine Wetland Location, Wetland Type and Preliminary

2-9. Calculate the total water quality volume surface
area including the internal berm and excluding

freeboard, Awq—tot = qu—tot ® qu—tot Awq—tot = 4,900 ft2
2-10. Enter the width of the internal berm (6 ft
min), Whoerm Wherm = 6 ft
2-11. Enter the length of the internal berm,
Lberm = qu—tot Lberm = 26 ft
2-12. Calculate the area of the berm,
Averm = Wherm ® Lberm Aperm = 160 ft2
2-13. Calculate the active volume surface area
excluding the internal berm and freeboard,
Awq = Awq—tot - Aberm Awq = 4,740 ft?
Step 3: Determine Dimensions of Forebay
It should be assumed that the forebay should be 30-50% of the SQDV.
Step 3: Determine Dimensions of forebay
3-1. Enter the percent of SQDV in forebay (30-50%
required), %V %V: = 30 %
3-2. Calculate the active volume of forebay
(including sediment storage), Vi = (SQDV
%V1)/100 Vi= 5100 ft3
3-3. Enter desired average depth of forebay (2-4 ft ft
including sediment storage of 1 ft), d: di= 4
3-4. Calculate the surface area for the water quality
volume of forebay, A1 =V:/ d: A= 1,275 ft2
3-5. Enter the width of forebay, W1 = Way-tot = Lberm W, = 38 ft
3-6. Calculate the length of forebay (Note: inlet and
outlet should be configured to maximize the
residence time), L1 = A/ W1 L;= 34 ft
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Step 4: Determine Dimensions of Cell 2

Verify that the surface area and length-to-width ratio of Cell 2 meet the design criteria.
Calculate volumes, depths and surface areas for the very shallow, shallow and deep zones.

Step 4: Determine Dimensions of Cell 2

4-1. Calculate the active volume of Cell 2, V, = SQDV - V; V.= 11,900 ft3

4-2. Calculate surface area of Cell 2, Az = Awg - As A= 3,460  ft2

4'3. Entel’ Width Of Ce” 2, W2 = Wl = qu-tot = Lberm W2 = 26 ft

4-4. Calculate top length of Cell 2, Lo= A2/ W> L= 130 ft

4-5. Verify that the length-to-width ratio of Cell 2 is at least

3:1 with > 4:1 preferred. If the length-to-width ratio is less

than 3:1, modify input parameters until a ratio of at least 3:1

Is achieved. If the input parameters cannot be modified as a

result of site constraints, another site for the pond should

be chosen, LW2=L,/ W LW, = 5

4-6. Enter percent of surface area of very shallow zone, %Aus %A = 15 ft?

4-7. Calculate very shallow zone surface area, Ass = (A2 *

%Avs)/100 Avs = 520 ft?

4-8. Enter average depth of very shallow zone (0.1 - 1 ft), dvs dvs = 1 ft

4-9. Calculate volume of very shallow zone, Vs = Avs ® dvs Vs = 520 ft3

4-10. Enter width of very shallow zone, Wys =W Wy = 26 ft

4-11. Calculate length of very shallow zone, Lvs = Avs / Ws Lvs = 20 ft

4-12. Enter percent of surface area of shallow zone, %As %A = 55

4-13. Calculate surface area of shallow zone, As = (A2 »

%As)/100 As= 1,900 ft2

4-14. Enter average depth of shallow zone (1 - 3 ft), ds ds = 3 ft

4-15. Calculate volume of shallow zone, Vs= As* ds Vs= 5700 ft3

4-16. Enter width of shallow zone, Ws = W, Ws = 26 ft

4-17. Calculate length of shallow zone, Ls = As / W;s Ls= 220 ft
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Step 4: Determine Dimensions of Cell 2

4-18. Calculate surface area of deep zone, Adeep = Az - Avs - As Adeep = 1,040 ft?

4-19. Calculate volume of deep zone, Vdeep = V2 - Vs - Vs Vaeep= 5,680  ft3
4-20. Calculate average depth of deep zone (3 - 5 ft), daeep =

Vdeep/ Adeep ddeep = 5 ft

4-21. Enter width of deep zone, Wgeep = W2 Woeep = 26 ft

4-22. Calculate length of deep zone, Ldeep = Adeep / Waeeo Ldeep = 40 ft

Step 5: Ensure Design Requirements and Site Conditions are Achieved

Check design requirements and site constraints. Modify design geometry until requirements
are met. If the chosen site for the wetland is inadequate to meet the design requirements,
choose a new location for the wetland or select an alternative treatment BMP.

Step 6: Size Outlet Structure

6-1. The wetland outlet pipe shall be sized, at a minimum, to pass flows greater than the
stormwater quality design peak flow for off-line basins or flow from the capital storm for on-
line basins.

Step 7: Determine Emergency Spillway Requirements

For online basins, an emergency overflow spillway should be sized to pass flows greater than
the design peak runoff discharge rate for the 100-yr, 24-hr storm in order to prevent
overtopping of the walls or berms in the event that a blockage of the riser occurs. For offline
basins, an emergency spillway or riser should be sized to pass the 100-yr, 24-hr post-
development peak storm water runoff discharge rate directly to the downstream conveyance
system or another acceptable discharge point.
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E.11 TCM-4 Sand Filters

Sizing Methodology

A sand filter is designed with two parts: (1) a temporary storage reservoir to store
runoff, and (2) a sand filter bed through which the stored runoff must percolate.
Usually the storage reservoir is simply placed directly above the filter, and the floor
of the reservoir pond is the top of the sand bed. For this case, the storage volume
also determines the hydraulic head over the filter surface, which increases the rate of
flow through the sand.

Two methods are available for sizing sand filters: a simple method and a routing
modeling method. The simple method uses standard values to define filter hydraulic
characteristics for determining the sand surface area. This method is useful for
planning purposes, for a first approximation to begin iterations in the detailed
method, or when use of the detailed computer model is not desired or not available.
The simple method very often results in a larger filter than the routing method.

Background

Sand filter design is based on Darcy’s law:

Q = KiA (Equation E-101)
Where:

Q = water quality design flow (cfs)

K = hydraulic conductivity (fps)

A = surface area perpendicular to the direction of flow (ft2)

i = hydraulic gradient (ft/ft) for a constant head and constant
media depth, computed as follows:

i = h+l
| (Equation E-102)
Where:
h = average depth of water above the filter (ft), defined for this
design as d/2
d = maximum storage depth above the filter (ft)
I = thickness of sand media (ft)
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Darcy’s law underlies both the simple and the routing methods of design. The
filtration rate V, or more correctly, 1/V, is the direct input in the sand filter design.
The relationship between the filtration rate V and hydraulic conductivity K is
revealed by equating Darcy’s law and the equation of continuity, Q = VA.
Specifically:

Q=KiA and Q=VA

So, VA = KiA

Or: V =Ki (Equation E-103)
Where,

Vv = filtration rate (ft/s)

Note that V + K. That is, the filtration rate is not the same as the hydraulic
conductivity, but they do have the same units (distance per time). K can be equated
to V by dividing V by the hydraulic gradient i, which is defined above.

The hydraulic conductivity K does not change with head nor is it dependent on the
thickness of the media, only on the characteristics of the media and the fluid. A
design hydraulic conductivity of 1 inch per hour (2 feet per day) used in this simple
sizing method is based on bench-scale tests of conditioned rather than clean sand
(KCSWDM, 2005) and represents the average sand bed condition as silt is captured
and held in the sand bed.

Unlike the hydraulic conductivity, the filtration rate V changes with head and media
thickness, although the media thickness is constant in the sand filter design.

Simple Sizing Method

The simple sizing method does not route flows through the filter. It determines the
size of the filter based on the simple assumption that inflow is immediately
discharged through the filter as if there were no storage volume. An adjustment
factor (0.7) is applied to compensate for the greater filter size resulting from this
method. Even with the adjustment factor, the simple method generally produces a
larger filter size than the routing method.

Step 1. Determine the water quality design volume

Sand filters should be sized to capture and treat the stormwater quality design
volume (see Section E.1).

Step 2: Determine maximum storage depth of water

Determine the maximum water storage depth (d) above the sand filter. This depth is
defined as the depth at which water begins to overflow the reservoir pond, and it
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depends on the site topography and hydraulic constraints. The depth is chosen by
the designer, but shall be 6 feet or less.

Step 3: Calculate the sand filter area

Determine the sand filter area using the following equation:

V. RL )
e m (Equation E-104)

Where,

Ast = surface area of the sand filter bed (ft2)

Vg = water quality design volume (ft3)

R = routing adjustment factor (use R =0.7)

L = sand bed depth (ft)

K = design hydraulic conductivity (use 2 ft/day)

t = drawdown time (use 1 day)

h = average depth of water above the filter (ft), (use d/2 with d

from Step 1)

Routing Method

A continuous runoff model, such as US EPA’s Storm Water Management Model
(SWMM) Model, can be used to optimally size a sand filter. A continuous simulation
model consists of three components: a representative long term period of rainfall
data (= 20 years or greater) as the primary model input; a model component
representing the tributary area to the sand filter that takes into account the amount
of impervious area, soil types of the pervious area, vegetation, evapotranspiration,
etc.; and a component that simulates the sand filter. Using this method, the filter
should be sized to capture and treat the WQ design volume from the post-
development tributary area.

The continuous simulation model routes predicted tributary runoff to the sand filter,
where treatment is simulated as a function of the infiltrative (flow) capacity of the
sand filter and the available storage volume above the sand filter. In a continuous
runoff model such as SWMM, the physical parameters of the sand filter are
represented with stage-storage-discharge relationships. Due to the computational
power of ordinary desktop computers, long-term continuous simulations generally
take only minutes to run. This allows the modeler to run several simulations for a
range of sand filter sizes, varying either the surface area of the filter (and resulting
flow capacity) or the storage capacity above the sand filter, or both. Sufficient
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continuous model simulations should be completed so that results encompass the
WQ design volume capture goal.

Model results should be plotted for both varying storage depths above the filter and
for varying filter surface area (and resulting flow capacity) while keeping all other
parameters constant. The resulting relationship of percent capture as a function of
sand filter flow and storage capacity can be used to optimally size a sand filter based
on site conditions and restraints.

In addition to continuous simulation modeling, routing spreadsheets and/or other
forms of routing modeling that incorporate rainfall-runoff relationships and
infiltrative (flow) capacities of sand filters may be used to size facilities. Alternative
sizing methodologies should be prepared with good engineering practices.
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Sizing Worksheet

Step 1: Determine water quality design volume

1-1. Enter Project area (acres), Aproject

Aproject =

acres

1-2. Enter the maximum allowable percent of the
Project area that may be effective impervious area
(refer to permit), ranges from 5-30%, Y%aiiowable

Yoaliowable =

%

1-3. Determine the maximum allowed effective
impervious area (ac), ElAaiowable =
(Aproject)*(%allowable)

ElAaiowable=

acres

1-4. Enter Project impervious fraction, Imp (e.g.
60% = 0.60)

Imp=

1-5. Determine the Project Total Impervious area
(acres), TIA=Aproject*Imp

TIA=

acres

1-6. Determine the total area from which runoff
must be retained (acres), Aretain=T |A-El Aaliowable

Avretain =

acres

1-7. Determine pervious runoff coefficient using
Table E-1, C,

1-8. Calculate runoff coefficient,

C =0.95*imp + Cp (1-imp)

1-9. Enter design rainfall depth of the storm (in), P;

1-10. Calculate rainfall depth (ft), P = Pi/12

1-11. Calculate water quality design volume (ft3),

SQDV:43560 L4 C*P*Aretain

SQDV=

ac-ft

Step 2: Determine maximum storage depth
of water

2-1. Determine the maximum storage depth (max 6
ft) of water above the sand filter, d (ft)
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Step 3: Calculate sand filter area

3-1. Enter water quality design volume, SQDV SQDV = ft3
3-2. Enter routing adjustment factor (use R =0.7),

R R=

3-3. Enter thickness of sand filter (min. 2 ft, 3 ft

preferred), L L= ft

3-4. Enter design hydraulic conductivity of media

(use 2 ft/day), Kges K= ft/day
3-5. Enter drawdown time, t t= day

3-6. Calculate average depth of water above the
filter, h=d/2 h= ft

3-7. Calculate sand filter area,

As = (SQDV*RL)/(Kt (h+L)) Ag=  ft2

Step 4: Determine filter dimensions

4-1. Sand filter area, Ast Ast = ft2
4-2. Enter geometric configuration, LR:W ratio

(2:1 or greater), Lr Lr =

4-3. Select the width of the sand filter, W W = ft
4-4. Calculate the length of the sand filter, L=WLg L= ft

4-5. Calculate rate of filtration, rwq = Ki ; where
- h+l
I Fwg = ft/d

Step 5: Calculate filter longitudinal underdrain collection pipe

5-1. Calculated filtered flow rate,

Qr = rugAs/86400 Q= cfs

5-2. Enter minimum slope for energy gradient, Se Se=
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5-3. Enter Hazen-Williams coefficient for plastic, C C=

5-4. Enter pipe diameter (6” min.), D D= in
5-5. Calculate pipe hydraulic radius, R, =D/48 Rh = ft
5-6. Calculate velocity at the outlet of the pipe,

Vp = 1.318CR10.63S:0.54 Vp = ft/s
5-7. Calculate pipe capacity, Qcap =0.257(D/12)?V, Qeap = cfs

Step 7: Provide conveyance capacity for filter clogging

7-1. The sand filters should be placed off-line, but an emergency overflow must still be

provided in the event the filter becomes clogged.
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Design Example

Step 1: Determine water quality design volume

For this design example, a 10-acre site with soil type 4 and 60% total impervious area is
considered. The 85% percentile storm event for the project location is 0.75 inches.

Step 1: Determine water quality design volume

1-1. Enter Project area (acres), Aproject Aproject = 10 acres
1-2. Enter the maximum allowable percent of the

Project area that may be effective impervious area

(refer to permit), ranges from 5-30%, %aiiowable Yoallowable = 5

1-3. Determine the maximum allowed effective

impel’ViOUS area (ac), ElAaiiowable = (Aproject)*(%allowable) ElAaiiowable= 0.5 acres
1-4. Enter Project impervious fraction, Imp (e.g. 60%

=0.60) Imp= 0.6

1-5. Determine the Project Total Impervious area

(acres), TIA=Aproject*Imp TIA= 6 acres
1-6. Determine the total area from which runoff must

be retained (acres), Aretain=TIA-ElAaliowable Arein = 5.5 acres
1-7. Determine pervious runoff coefficient using Table

ﬂ: CP Cp = 005

1-8. Calculate runoff coefficient,

C =0.95*imp + Cp (1-imp) C= 0.59

1-9. Enter design rainfall depth of the storm (in), P; Pi= 0.75 in
1-10. Calculate rainfall depth (ft), P = Pi/12 P= 0.06 ft
1-11. Calculate water quality design volume (ft3),

SQDV=43560C*P*Aretain SQDV= 0.20 ac-ft
Step 1a: Determine maximum storage depth of water

Determine the maximum storage depth of water above the sand filter.
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Step la: Determine maximum storage depth of water

la-1. Determine the maximum storage depth (max 6 ft) of
water above the sand filter, d (ft)

Step 2: Calculate Sand Filter Area

A sand filter is designed with two components: (1) temporary storage reservoir to store
runoff, and (2) a sand filter bed through which the stored runoff must percolate getting

treatment.

The simple sizing method does not rout flows through the filter. The size of the filter is
determined based on the simple assumption that inflow is immediately discharged through
the filter. The adjustment factor, R, is applied to compensate for the greater filter size

resulting from this method.

Step 2: Calculate sand filter area

2-1. Enter water quality design volume, SQDV SQDV = 0.20 ac-ft
2-2. Enter routing adjustment factor (use R =0.7), R = 0.7

2-3. Enter thickness of sand filter (min. 2 ft, 3 ft

preferred), L L= 2 ft

2-4. Enter design hydraulic conductivity (use 2 ft/day), K K= 2 ft/day
2-5. Enter drawdown time (use 1 day), t t= 2 day
2-6. Calculate average depth of water above the filter,

h=d/2 h= 3 ft

2-7. Calculate sand filter area,

Asi= (SQDV*RL)/(Kt (h+L)) As= 0.014 acre
Step 3: Determine Filter Dimensions

Step 3: Determine filter dimensions

3-1. Sand filter area in ft2, Ast(reety=Ast(acre) *43,560 Ass= 610 ft?
3-2. Enter geometric configuration, LR:W ratio (2:1 min.),

Lr Lr=

3-3. Calculate the width of the sand filter, W W= 18 ft
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Step 3: Determine filter dimensions

3-4. Calculate the length of the sand filter, L L= 36 ft
3-5. Calculate rate of filtration, rwg = Ki, where
j=htl

I fwg= 2.3 ft/d
Step 4: Calculate Filter Longitudinal Underdrain Collection Pjpe
All underdrain pipes must be 6 inches or greater to facilitate cleaning.
Step 5: Calculate filter longitudinal underdrain collection pipe
5-1. Calculated filtered flow rate, Qr = rwqAst/86400 Q= 0.01 cfs
5-2. Enter minimum slope for energy gradient, Se Se= 0.005
5-3. Enter Hazen-Williams coefficient for plastic, C C= 140
5-4. Enter pipe diameter (6” min), D D= 6 in
5-5. Calculate pipe hydraulic radius, Rn =D/48 Rh= 0.13
5-6. Calculate velocity at the outlet of the pipe,
Vp= 1.318CRi0-635¢0-54 Vp= 29 ft/s
5-7. Calculate pipe capacity, Qcap =0.257(D/12)?V, Qcp = 0.57 cfs

Step 5: Provide Conveyance Capacity for Filter Clogging

The sand filters should be placed off-line, but an emergency overflow must still be provided

in the event the filter becomes clogged.
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F.1 Flow Splitter Introduction

Flow splitters must be provided for off-line facilities to divert the water quality design
flow to the BMP and bypass higher flows. In most cases, it is a designer's choice
whether storm water treatment BMPs described in this manual are designed as on-
line or off-line; exceptions are vegetated strip filters, permeable pavement, and
building BMPs which are designed on-line.

A crucial factor in designing flow splitters is to ensure that low flows are delivered to
the treatment facility up to the water quality design flow rate. Above this rate,
additional flows remain in the storm drain or are diverted to a bypass drain with
minimal increase in head at the flow splitter structure to avoid surcharging the water
quality facility under high flow conditions.

Flow splitters are typically manholes or vaults with baffles. In place of baffles, the
splitter mechanism may be a half tee section with a solid top and an orifice in the
bottom of the tee section. A full tee option may also be used (see "Design Criteria"
below). Two possible design options for flow splitters are shown in the figures in this
Appendix. Other equivalent designs that achieve the result of splitting low flows, up
to the WQ design flow, into the WQ treatment facility and divert higher flows around
the facility are also acceptable.

Flow splitters may be modeled using standard level pool routing techniques, as
described in the Handbook of Applied Hydrology (Ven te Chow; 1964) and
elsewhere. The stage/discharge relationship of the outflow pipes shall be determined
using backwater analysis techniques. Weirs shall be analyzed as sharp-crested weirs.

Design Criteria

1) A flow splitter shall be designed to deliver the required water quality design flow
rate to the storm water treatment facility.

17) The top of the weir shall be located at the water surface for the design flow.
Remaining flows enter the bypass line.

18) The maximum head shall be minimized for flow in excess of the water quality
design flow. Specifically, flow to the treatment facility at the flood control design
storm water surface shall not increase the design water quality design flow by
more than 10%.

19) Example designs are shown in the figures in this Appendix. Equivalent designs
are also acceptable.

20)Special applications, such as roads, may require the use of a modified flow
splitter. The baffle wall may be fitted with a notch and adjustable weir plate to
proportion runoff volumes other than high flows.
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F.2

21) For ponding facilities, backwater effects must be included in designing the height
of the standpipe in the manhole.

22) Ladder or step and handhold access shall be provided. If the weir wall is higher
than 36 inches, two ladders, on the either side of the wall, are required.

Material Requirements

1) The splitter baffle shall be installed in a standard manhole or vault. The baffle
wall shall be made of material resistant to corrosion (minimum 4-inch thick
reinforced concrete, Type 302 or Type 316 stainless steel plate, or equivalent).

23) The minimum clearance between the top of the baffle wall and the bottom of the
manhole or vault cover shall be 4 feet; otherwise, dual access points shall be
provided.

24) All metal parts shall be corrosion resistant. Examples of preferred materials
include aluminum, stainless steel, and plastic. Zinc and galvanized materials are
not permitted because of aquatic toxicity. Painting metal parts shall not be
allowed because of poor longevity.
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BIO-1 Bioretention Checklist

L] Has the bioretention facility been sized to treat the water quality design
volume, SQDV (see worksheet)?

L] Does the bioretention have a maximum ponding depth of 18 in.?

L] Is the planting soil depth at least 2 feet?

] Has an underdrain been provided if native soil permeability is less than 0.5
in/hr and infiltration is not possible/allowed?

L] Has a gravel drainage layer been provided if native soil permeability is
greater than 0.5 in/hr and infiltration is possible/allowed?

] Does the bioretention ponding depth drain below the planting soil in less
than 48 hours?

L] Is the gravel drainage layer sized to adequately meet the maximum
drawdown time of 96 hours?

] Has the bioretention facility been properly sized as recommended in the
manual?

L] Does the flow entrance meet specifications (dispersed, low velocity flow;
dispersed flow across pavement; flow spreading trench; cuts or wheel slots
for parking lots)?

L] Does the pipe flow entrance include erosion protection material to dissipate
flow energy?

L] Is the flow path unblocked by trees and shrubs?

[] Is the underdrain at least 6 inches in diameter?

L] Is the underdrain pipe made of accepted material (slotted PVC pipe
conforming to ASTM C 3034 or equivalent HDPE pipe conforming to
AASHTO 252M)?

L] Does the slotted pipe have correct sizing and spacing of slots?

[] Is the underdrain sloped at 0.5% or more?

L] Are rigid observation pipes connected to underdrain every 250 to 300 feet
of installed pipe?

] Do the observation pipe wells/clean outs extend 6 inches above top
elevation of bioretention facility mulch and are they capped as required?
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L] Does the gravel underdrain bedding consist of the correct aggregate?

[

If geotextile fabric is placed between the planting media and gravel layer,
does it meet the specifications outlined in the manual?

] Does the gravel underdrain bedding extend at least 6 inches below the
underdrain pipe (if needed) and does it provide 1 foot depth around top and
sides of pipe?

L] Does the underdrain drain freely to the accepted discharge point?

L] Is an overflow device consisting of vertical PVC pipe included in design?

] Has the overflow device been installed at the 18-inch ponding depth?

[] Is the overflow riser at least 6 inches in diameter?

] Has the inlet to the riser been positioned at least 6 inches above the planting
media and capped with a spider cap?

] If bioretention is close to roads or infrastructure, have infiltration pathways
been restricted with geomembrane (at least 30 mm) or clay liners?

L] Is planting soil composed of correct aggregate (60-70% sand; 30-40%
compost) and free of stones, stumps and roots?

L] Does compost have acceptable characteristics?

L] Is constructed bioretention facility covered with well-aged mulch, free of
seeds, weeds, soil and roots, and at least 2-3 inches thick?

] Is all bioretention vegetation tolerant of summer drought, ponding
fluctuations, and saturated soil conditions for 48 to 72 hours?

L] Have an adequate number of different plant species been incorporated into
the bioretention (It is recommended that 3 tree, 3 shrub, and 3 herbaceous
groundcover species be included)?

L] Have native plants been used to the maximum extent practicable?
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BIO- 2 Planter Box Checklist

L] Is the planter box tributary area less than 15,000 ft2?

L] Is the groundwater level at least 2 feet below the bottom of the planter box?

] Is there adequate relief between land surface and stormwater conveyance
system to permit vertical percolation?

] Is the planter box located in an area with adequate sunlight to support
selected vegetation?

L] Is the planter box sized to treat the water quality design volume, Vwq (see
worksheet)?

L] Does the planter box have a maximum ponding depth of 12 inches?

L] Is the planting soil depth at least 2 feet (3 feet preferred)?

L] Does the ponded water drain below the planting soil in less than 48 hours?

L] Has the distance between the downspouts and the overflow outlet been
maximized?

] Has the planter box been sized the same as a Bioretention facility with
planter box parameters?

L] Has the planter box been constructed with an appropriate non-leaching
permanent material?

] Has the planter box structure been adequately sealed to ensure that water
exits only via the underdrain?

[] Has an underdrain been provided?

] If the entrance to the planter box is piped, has erosion protection been
included in the design (erosion protection includes rock, splash blocks,
etc.)?

L] Is the entrance flow path unimpeded by woody plants (trees, shrubs)?

[] Is the underdrain at least 6 inches in diameter?

L] Is the underdrain pipe made of accepted material (slotted PVC pipe
conforming to ASTM C 3034 or equivalent HDPE pipe conforming to
AASHTO 252M)?

L] Does the slotted pipe have correct sizing and spacing of slots?

[] Is the underdrain sloped at 0.5% or more?
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] Are rigid observation pipes connected to underdrain every 250 to 300 feet
of installed pipe?

L] Do the observation pipe wells/clean outs extend 6 inches above top
elevation of the planter box mulch and are they capped as required?

L] Does the gravel underdrain bedding consist of the correct aggregate?

] Does the gravel underdrain bedding extend at least 6 inches below the
underdrain and does it provide 1 foot depth around top and sides of pipe?

] If geotextile fabric is used in the underdrain design, does it meet minimum
materials requirements?

L] Is the underdrain elevated from the bottom of the planter box by 6 inches?

L] Does the underdrain drain freely to the intended discharge point?

L] Is an overflow device consisting of vertical PVC pipe included in design?

[] Is the overflow riser at least 6 inches in diameter?

] Is the inlet to the riser 6 inches above planting soil and capped with a spider
cap?

] Has a waterproof barrier consisting of a 30 mil geomembrane or equivalent
been provided to protect foundations from moisture?

L] Is planting soil composed of correct aggregate (60-70% sand; 30-40%
compost) and gradation, and free of stones, stumps and roots?

L] Does compost have acceptable characteristics (see planting/storage media)?

[] Is planter box covered with well-aged mulch, free of seeds, weeds, grass
clippings, bark, soil and roots, and at least 2-3 inches thick?

[] Do all soil minerals meet requirements?

L] Is all planter box vegetation tolerant of summer drought, ponding
fluctuations, and saturated soil conditions for 48 to 72 hours?

] Have an adequate number of different plant species been incorporated into
the planter box design (It is recommended that 3 tree, 3 shrub, and 3
herbaceous groundcover species be included)?

L] Have native plants been used to the maximum extent practicable?

L] Have only slow-release fertilizers been included in the design?

L] Have arrangements been made to replace planter box mulch layer annually?
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L] Have low-maintenance plants been selected for design?

L] Has an effort been made to ensure that no treated wood or galvanized metal
is used anywhere within the planter box design?
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BIO-3 Proprietary Biotreatment Device Checklist

L] Has the proprietary biotreatment device been selected from the list
provided in the manual of from another Ventura County- approved list?

] Has the vendor been contacted for the latest design guidance on cartridge
selection?

] Has the proprietary biotreatment device been installed as directed by the
vendor?

L] Have appropriate maintenance and operation arrangements been made to
ensure upkeep of the device?

[] Has the biotreatment device been sized to capture and treat the water
quality design flow?
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BIO-4 Vegetated Swale Checklist

L] Does the climate provide adequate conditions for maintaining a vegetative
cover? Has adequate vegetation been chosen given the climate?

L] Is the grade in the area shallow so as to not allow ponding?

L] Is the swale compatible with existing flood control functions?

L] Has the swale been designed with a depth of one foot or less?

L] Is the overall depth from the top of the side walls to the bottom of the swale
at least 12 inches?

[] Is the swale bottom width at least 2 feet?

L] Is the swale bottom width no greater than 10 feet, or 16 feet with a dividing
berm?

] If the swale is required to convey flood flows in addition to the water quality
design flow, has the swale been designed for the flood control design storm
and does it include 2 feet of freeboard?

L] Have gradual meandering bends been incorporated into the design?

L] Is the longitudinal slope (in direction of flow) between 1% and 6%?

L] Has an underdrain been provided if soils are poorly drained and
longitudinal slope is less than 1.5%7? Has a soils report been provided if this
is the case?

] If the longitudinal slope is greater than 6%, have appropriate check dams
with vertical drops of 12 inches or less been provided in the design to reduce
the slope?

L] Is the horizontal slope at the bottom of the swale flat to discourage
channeling?

L] Has the swale been designed so that the water depth does not exceed 4
inches or 2/3 the height of vegetation (2 inches in frequently mowed turf
swales?

] Does the swale length provide a minimum hydraulic residence time of 7
minutes?

L] If soil and slope conditions require it, has an acceptable low flow drain been
installed?

L] Has the swale been designed to convey the SQDF?
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] Has the swale been sized as recommended in Chapter 6 (also see worksheet,
Appendix E)?

L] Has the swale been designed as a flow-through channel or has a high-flow
bypass been incorporated into the design for flows higher than the water
quality design flow?

] Has inflow been directed towards the upstream end of the swale or, at a
minimum, evenly over the length of the swale?

] If the swale is online, has it been designed to convey flows up to the post-
development 100 year 24 hour storm, with freeboard, and velocities below 3
ft/s?

L] If the swale is off-line, has it been designed to convey the water quality

design flow rate using a flow splitter with velocities below 1 ft/s?

] If check dams are incorporated in the design, have flow spreaders been
added at the toe of each vertical drop?

L] If curb cuts are used, has pavement been placed 1 — 2 inches above the
elevation of the vegetated area?

] Is the swale inflow designed to function long term with minimal
maintenance?

L] Has flow spreading at the inlet of the swale been achieved by a leveled
anchored flow spreader or similar method?

] Does the flow spreader project a minimum of 2 inches above the ground
surface with appropriately spaced notches and extend horizontally beyond
facility to prevent erosion

] If an underdrain is required, does it meet appropriate criteria (PVC or
equivalent, correct slot spacing and sizing, 6 inches minimum in diameter,
sloped at 0.5%)?

L] Is there gravel bedding at least 6 inches below and 1 foot to the top and sides
of the underdrain?

L] If a geotextile is included in the design, does it meet requirements?
L] Does gravel drainage layer meet recommended criteria?
] Does swale divider, if included, meet criteria (minimum height of 1 inch
above flow, slopes no steeper than 2H:1V, stable foundation)?
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] Has swale soil been amended with compost if organic content is less than
10%?
L] Have appropriate, hardy and native plants been used to the maximum

extent practical?

L] Is vegetative cover at least 4 inches in height (ideally 6 inches)?
L] Has the swale been located away from trees that may drop leaves or provide
insufficient sunlight?
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BIO-5 Vegetated Filter Strip Checklist

L] Is the slope of the filter strip designed to avoid both erosive flows and
ponding?

] Has the strip been designed to evenly distribute flow across width and
promote sheet flow?

L] Does the width of the filter strip extend across the full width of the tributary
area?

L] Is the upstream boundary of the filter located contiguous to developed area?

L] If filter strip is used for water quality purposes, is the length between 15 and
150 feet (25 feet preferred)? If the strip is used for pretreatment, is it at least
4 feet in length?

L] Is the slope of the strip parallel to the direction of flow between 2% and 6%?

L] Is the lateral slope (perpendicular to flow) of the strip 4% or less?

L] Is grading across strip even?

L] Has the top of the strip been installed 2 to 5 inches below any adjacent
pavement (a beveled transition is also acceptable)?

] Are the top and toe of the slope as flat as possible (graded flat for engineered
filter strips) to encourage sheet flow and prevent erosion?

L] Has the design flow been calculated using the SQDF (see worksheet)?

] Has the design flow depth been calculated using a modified Manning's
equation (see worksheet)?

L] Have the design velocity and length been calculated using the design flow
and design flow depth as recommended (see worksheet)?

] Has a flow spreader been implemented to uniformly distribute contributing
flow along width of filter strip?

L] If a gravel flow spreader is used, is it at least 6 inches deep, 12 inches wide
and a minimum or 1 inch below the paved surface?

L] Has the gravel flow spreader been leveled even where ground is not level?

L] If the gravel flow spreader is placed along a roadway, have LA county design
specifications been consulted and implemented?

Technical Guidance Manual for G-11 July 13, 2011

Stormwater Quality Control Measures 2011



APPENDIX G: DESIGN CRITERIA CHECKLISTS

] If a notched curb spreader and through-curb spreader are used, have they
been used in conjunction with a gravel spreader?

L] Have curb port/interrupted curb openings been spaced at intervals of at
least every 6 feet?

] Do the curb port/interrupted curb openings have a width of at least 11
inches?
L] Does 15% or more of the curb length consist of open ports and does each

port discharge no more than 10% of the flow?

] Have energy dissipaters (such as a riprap pad) been used if a sudden slope
drop occurs?

] Has access been provided at the upper edge of filter strip for mowing
equipment and to enable maintenance of spreader?

] Is the design water depth 1 inch or less?

[

Does the design velocity not exceed 1 foot per second?

] If the organic content of the filter strip soil does not exceed 10%, has the soil
been amended with at least 2 inches of well-rotted acceptable compost at a
depth of 6 inches?

] Is filter strip uniformly graded and densely vegetated with erosion-resistant
grasses (preferably native or adapted species)?

L] Has irrigation been provided to establish grasses?
] Have maintenance arrangements been made to maintain grass at a height of
2 to 4 inches?
L] Have trees and shrubs been limited along the filter strip?
[] Has an effort been made to ensure that no treated wood or galvanized metal
is used anywhere within the design?
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BIO-6 Green Roof Checklist

L] Is the roof shallow enough to support a green roof (<25% slope)?

] Are the roof supports sufficient to support additional weight of soil, water,
vegetation, and a drainage layer (if needed) [a licensed structural engineer
should be consulted]?

L] Has an appropriate waterproof membrane been placed below the green
roof?

] Has an appropriate drainage layer been incorporated in the design (if
required)?

] Has an appropriate soil mix been used in the design to allow for drainage,
support vegetative growth, and that is not excessively heavy when wet?

] Has vegetation been carefully selected to improve aesthetics, resist erosion,
withstand extreme environments, and tolerate drought without the need for
fertilizers and pesticides and without a lot of maintenance requirements
(see Appendix H for a recommended plant list)?

L] Have native plants been chosen to the maximum extent practical?

L] If trees or shrubs are incorporated, has an adequate soil depth been
provided and is the additional soil depth supported by the roof structure?

L] Has irrigation been provided to establish vegetation?

[] Does vegetation cover 90% of the total area?

] Is the green roof located in an area without excessive shade to avoid poor
vegetative growth?

L] Is there an appropriate drain pipe or gutter to convey any runoff from roof
to a stormwater BMP or stormwater conveyance system?
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FILT-1 Sand Filter Checklist

L] Has sand filter been located away from trees and areas that could contribute
eroded sediment?

[] If there is a chance for sediment to be present in flow to be treated, has
pretreatment been provided?

L] Does site have adequate relief to permit vertical percolation through sand
filter and into conveyance system?

] Has pretreatment (vegetated swale or filter strip, hydrodynamic separator)
been adequately provided to reduce the sediment load entering the filter?

[] Has the sand filter been sized to capture the SQDV?

] Has the sand filter been designed with a 1.5:1 length to width ratio or
greater?

L] Is the filter bed depth at least 2 feet (3 feet preferred)?

L] Is the depth of water storage over the filter bed 6 feet or less?

L] Is the overflow structure designed to pass the water quality design storm?

] Has the sizing of the filter been determined using the adapted Darcy’s Law
equation recommended in the sizing methodology section in Chapter 6 (also
see worksheet, Appendix E)?

L] Does the sand meet the recommended specifications (0.2-0.35 mm
diameter, Cu < 3, ASTM C 33 size gradation, etc.)?

] Has an underdrain been employed in the design? [Examples: central
underdrain w/lateral pipes, longitudinal pipes, single pipe for small filters]

L] Is the underdrain placed in an 8 inch minimum gravel backfill or drain rock
bed?

L] Are all underdrain pipes and connectors 6 inches or greater with clean-out
risers of equal diameter?

] Have clean-out risers been placed at the terminal ends of all pipes and
extend to the surface of the filter?

L] Has a valve box been provided for access to the clean-outs and is it water
tight?

] Are underdrain pipes laid with perforations downward, and are perforations
at least ¥z inch in diameter?
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] Are all lateral collection pipes within 9 feet or less of each other
(perpendicular distance)?

L] Have all pipes been placed with a minimum slope of 0.5%?

] Is the invert of the underdrain outlet above the seasonal high groundwater
level?

] Is gravel backfill present around the underdrain pipe at least 6 inches below
and to the sides of the pipe and 8 inches above the pipe?

[] Does the bottom gravel have a diameter of at least 2 times the size of the
perforated openings to the drainage system and meet other specifications
(specific gravity of 2.5 or more, rounded, free of debris)?

] Has an appropriate geotextile layer (see underdrain section) or 2-inch
transition layer been placed between the sand layer and the drain rock/
gravel backfill layer?

] Has a flow spreader been installed at the inlet along one side of the filter
(long side of the filter if L: W is 2:1 or greater; 20% of perimeter for curved
or irregular shape)?

] Has erosion protection been provided along the first foot of the sand bed
adjacent to the flow spreader (i.e. geotextile weighted with sand bags;
quarry spalls)?

] Has no topsoil, clay, or sod (except sod grown in sand) has been added to
the sand filter bed?

L] Has vegetation been selected properly (i.e. must withstand drought, heavy
saturation, etc.)?

L] Are no permanent structures built on top of the sand filter bed?

L] No large shrubs or trees should be planted in sand filter bed or within 15
feet of inlet or outlet pipes

L] Have native plants been used to the maximum extent practicable?

L] Has an emergency overflow structure been provided?

] Are interior side slopes above water quality design depth no steeper than 3:1
H:V?

L] Are exterior side slopes no steeper than 2:1 H:V?

] If pond walls are vertical retaining walls, do they meet recommended
specifications (see side slopes section)?
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] Do embankments meet appropriate criteria [top width or 20 feet,
constructed on native consolidated soil, in accordance with standard
specifications, proper excavation, constructed of appropriate compacted

soil]?

L] Are maintenance access roads/ramps to filter provided?

] Have trees and shrubs been planted further than 10 feet away from inlet and
outlet pipes (50 feet for ‘water-seeking’ plants such as willows and poplars)?

L] Have prohibited non-native plants been removed from the site?

[] Has an effort been made to ensure that no treated wood or galvanized metal
is used anywhere within the planter box design?
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FILT-2 Cartridge Media Filter

L] Has the vendor been contacted for the latest design guidance on cartridge
selection?

] Has the cartridge media filter been provided with a system to completely
drain the system and prevent vector annoyances?

L] Has the cartridge media filter been sized to capture and treat the SQDF?

] Have site considerations been taken into account when sizing the cartridge
media filter and selecting features (often vendor websites offer assistance
with this)?
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INF-1 Infiltration Trench Checklist

L] Has the infiltration trench been located away from steep slopes (>25%)?

[] Is the infiltration trench set back from structures and leach fields?

] Is there at least 10 feet or vertical separation between the bottom of the
infiltration trench and the shallow groundwater table?

L] Is the depth to bedrock adequate to provide proper infiltration?

L] Has the site been checked to ensure that no preexisting contamination is
present?

] Does the site have low sediment loading rates to prevent infiltration trench
clogging?

L] Has a soil assessment report been completed, which determines the
suitability of the site for an infiltration trench, recommends a design
infiltration rate, identifies the high depth to groundwater table surface
elevation, and examines how the stormwater runoff will move in the soil?

L] Has a geotechnical investigation and report been provided if needed?

[] Has the infiltration trench been located at a site that does not receive run off
from sites that store or use chemicals or hazardous waste outside?

] Has the infiltration trench been set back from existing septic system drain
fields and drinking water wells?

L] Has pretreatment been provided with a vegetated swale, filter strip, sand
filter or proprietary device?

[] Is the trench at least 2 feet wide and 3 to 5 feet deep?

L] Is the longitudinal slope of the trench 3% or less?

] Is the top layer of the media filter gravel/choking stone/geotextile fabric if
flow is sheet flow and 12 inches of surface soil if flow enters through an
underground pipe?

] Is middle layer of media filter 3-5 feet of washed 1.5 to 3 in. gravel with void
space of 30 to 40%?

[] Is bottom layer of media filter 6” of clean, washed sand?

[] Have one or more observation wells been installed?
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[] Do observation wells consist of recommended slotted 4-6 inch diameter
PVC well screen capped with lockable, above-ground lid?

L] Has the infiltration trench been sized to capture and infiltrate the SUSMP
defined water quality design volume?

[] Has the infiltration trench been designed to infiltrate all runoff within 72
hours?

L] Has the maximum depth of runoff, ponding depth/trench depth and

infiltrating surface area been calculated using recommended design
equations (see sizing methodology section/worksheet)?

[] Is the bottom of the infiltration bed native soil, over-excavated to at least
one foot in depth and replaced uniformly (with 2-4 inches of coarse sand
amendments) without compaction?

] Has all vertical piping been classified correctly (see drainage section in
manual)?
L] Has an observation well been incorporated into the design to ensure that the

72 hour maximum drawdown time is met?

] Has an overflow route been provided to safely convey flows that overtop the
facility or in the case that the facility becomes clogged?

L] Has the overflow channel been designed to safely convey flows from peak
design storm to a downstream conveyance system or acceptable discharge
point?

L] Has the infiltration trench been kept free of vegetation, and is all existing

vegetation surrounding the trench been planted away from trench to avoid
drip lines overhanging the facility?

] Is there safe maintenance access provided to the site for both wet and dry
conditions?
L] Has an access road along the length of the trench been provided if there is

no existing road or parking lot that can be used for maintenance access?

L] Has access to “operate a backhoe at ‘arms length™ been provided?
L] Was the entire area draining to the facility stabilized before construction
began?
] Have you ensured that the infiltration trench is not hydraulically connected
to the storm water conveyance system?
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] If heavy construction material was used to compact subgrade (not
recommended), has the infiltrative capacity of the soil been restored via
tilling or aerating prior to placing the infiltration bed?

L] Were the exposed subgrade soils inspected by a civil engineer prior to
construction to confirm suitable soil conditions for the infiltration facility?
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INF-2 Drywell Checklist

L] Has the drywell been located away from steep slopes (>25%)?

L] Is the drywell set back from structures and leach fields?

] Is there at least 10 feet or vertical separation between the bottom of the
drywell and the shallow groundwater table?

L] Is the depth to bedrock adequate to provide proper infiltration?

L] Has the site been checked to ensure that no preexisting contamination is
present?

] Does the site have low sediment loading rates to prevent drywell from
clogging?

L] Has pretreatment been provided for all non-rooftop runoff flowing to the
drywell?

] Has a geotechnical investigation and report been provided to ensure site
meets specifications for an infiltration facility (including soil infiltration
rate, groundwater separation, and no steep slopes)?

L] Has a soil assessment report been completed, which determines the
suitability of the site for an drywell, recommends a design infiltration rate,
identifies the high depth to groundwater table surface elevation, and
examines how the stormwater runoff will move in the soil?

L] Has the drywell been located at a site that does not receive run off from sites
that store or use chemicals or hazardous waste outside?

] Has the drywell been set back from existing septic system drain fields and
drinking water wells?

L] Has pretreatment been provided to prevent sediment and other large
particulates?

] Is the surface area of the drywell large enough to infiltrate the storage
volume in 72 hours based on maximum allowable depth?

L] Is the top layer of the media filter gravel/choking stone/geotextile fabric if
flow is sheet flow and 12 inches of surface soil if flow enters through an
underground pipe (pipe should be fitted with a screen)?

L] Is middle layer of media filter 3-5 feet of washed 1.5 to 3 in. gravel with void
space of 30 to 40%?

[] Is bottom layer of media filter 6” of clean, washed sand?
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[] Have one or more observation wells been installed?

Do observation wells consist of recommended slotted 4-6 inch diameter
PVC well screen capped with lockable, above-ground lid?

[

] Has the drywell been sized to capture and infiltrate the SUSMP defined
water quality design volume?

] Has the drywell been designed to infiltrate all runoff within 72 hours?

] Has a long term percolation rate of 10% of the measured percolation rate
been used in design (due to occlusion and particulate accumulation)?

] Has the maximum depth of runoff, ponding depth/trench depth and
infiltrating surface area been calculated using recommended design
equations (see sizing methodology section/worksheet)?

[] Is the bottom of the infiltration bed native soil, over-excavated to at least
one foot in depth and replaced uniformly (with 2-4 inches of coarse sand
amendments) without compaction?

] Has all vertical piping been classified correctly (see drainage section in
manual)?

L] Has an observation well been incorporated to ensure that the 72 hour
maximum drawdown time is met?

] Has an overflow route been provided to safely convey flows that overtop the
facility or in the case that the facility becomes clogged?

L] Has the overflow channel been designed to safely convey flows from peak
design storm to a downstream conveyance system or acceptable discharge
point?

] Has the drywell been kept free of vegetation, and is all existing vegetation
surrounding the trench been planted away from trench to avoid drip lines
overhanging the facility?

] Is there safe maintenance access provided to the site for both wet and dry
conditions?

[] Has maintenance access been provided?

] Was the entire area draining to the facility stabilized before construction
began?

L] Have you ensured that the infiltration trench is not hydraulically connected
to the storm water system?
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] If heavy construction material was used to compact subgrade (not
recommended), has the infiltrative capacity of the soil been restored via
tilling or aerating prior to placing the infiltration bed?

L] Were the exposed subgrade soils inspected by a civil engineer prior to
construction to confirm suitable soil conditions for the infiltration facility?
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INF-3 Proprietary Infiltration BMPs Checklist

L] Has the infiltration facility been located away from steep slopes (>25%)?

[] Is the infiltration facility set back from structures and leach fields?

] Is there at least 10 feet or vertical separation between the bottom of the
infiltration facility and the shallow groundwater table?

L] Is the depth to bedrock adequate to provide proper infiltration?

] Has the site been checked to ensure that no preexisting contamination is
present?

] Does the site have low sediment loading rates to prevent infiltration facility
clogging?

L] Has pretreatment been provided to prevent premature failure (If infiltration
facility fails, complete construction is required)?

L] Has infiltration facility been designed to receive runoff only from sections of
the site that have been stabilized?

L] If infiltration facility fails, complete construction is required

] Has a geotechnical investigation and report been provided to ensure site
meets specifications for an infiltration facility (including soil infiltration
rate, groundwater separation, and no steep slopes)?

] Has a soil assessment report been completed, which determines the
suitability of the site for an infiltration trench, recommends a design
infiltration rate, identifies the high depth to groundwater table surface
elevation, and examines how the stormwater runoff will move in the soil?

[] Has the infiltration trench been located at a site that does not receive run off
from sites that store or use chemicals or hazardous waste outside?

L] Has the infiltration BMP been sized to capture and treat the water quality
design volume?

] Has a long term percolation rate of 10% of the measured percolation rate
been used in design (due to occlusion and particulate accumulation)?

L] Have the recommended sizing guidelines set by the vendor been referenced
and used for selection and use of infiltration facility?
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INF-4 Permeable Pavement Checklist

L] Has the permeable pavement been located away from steep slopes
(>25%)?

L] Is the permeable pavement set back from structures and leach fields?

L] Is there at least 10 feet or vertical separation between the bottom of the
permeable pavement and the shallow groundwater table?

L] Is the depth to bedrock adequate to provide proper infiltration?

L] Has the site been checked to ensure that no preexisting contamination is
present?

L] Does the site have low sediment loading rates to prevent infiltration
trench clogging?

L] Has the permeable pavement been designed to receive runoff only from
sections of the site that have been stabilized?

] Has a geotechnical investigation and report been provided to ensure site
meets specifications for an infiltration facility (including soil infiltration
rate, groundwater separation, and no steep slopes)?

L] Has a soil assessment report been completed, which determines the
suitability of the site for an infiltration trench, recommends a design
infiltration rate, identifies the high depth to groundwater table surface
elevation, and examines how the stormwater runoff will move in the
soil?

L] Has the permeable pavement been located at a site that does not receive
run off from sites that store or use chemicals or hazardous waste
outside?

L] Has the run off been assessed for necessity of pretreatment?

L] If pretreatment is required, has it been provided to treat run on before it
reaches permeable pavement?

L] Has the infiltration BMP been sized to capture and treat the water
guality design volume?

] Have the infiltration capabilities of the site been assessed (i.e. full,
partial, or no infiltration allowed)?

[] If no infiltration is allowed, has an underdrain been prohibited?
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] If permeable pavement is located on a site with a slope greater than 2%,
has the area been terraced to prevent lateral flow through subsurface?

L] Has the permeable pavement been designed to infiltrate flows through
four different layers (incl. top wearing layer, stone reservoir, and
transition layers) of material (or through a similar system)?

] Has the depth of each layer (and void space), along with the hydrology,
hydraulics, and structural requirements of the site been determined and
approved by a licensed civil engineer?

] If proprietary permeable pavement is used (i.e. concrete or other
pavers), have the design requirements and installation steps been
obtained from the vendor and referenced in the selection and
construction of the permeable pavement?

L] Has the permeable pavement been designed to drain in less than 72
hours and allowed to dry out periodically?

] Has a long term percolation rate of 10% of the measured percolation rate
been used in design (due to occlusion and particulate accumulation)?

L] Has an overflow mechanism been included in the pavement design?

] If the overflow mechanism employed is perimeter control, have controls
such as a perimeter vegetated swale, perimeter Bioretention, storm drain
inlets, or other acceptable control been implemented?

] If the overflow mechanism employed are overflow pipes, have the pipes
been connected to the underdrain, are they located away from vehicular
traffic, and is the top of the pipe fitted with a screen?

L] Has the pavement been laid close to level with bottom of base layers
level to ensure uniform infiltration?

L] Are site materials stored away from permeable pavement?

L] Has landscaping and stabilization of adjacent areas been completed
before installation of pavement?
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GS-1 Hydrodynamic Separation Device Checklist

L] Has the vendor been contacted for the latest model and design guidance
prior to selection of device?
] Has the device been sized to capture and treat the water quality design flow
rate?
L] Has the vendor been contacted for sizing and installation guidance?
L] Has periodic maintenance been scheduled and budgeted for?
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GS-2 Catch Basin Insert Checklist

L] Has the vendor been contacted for the latest model and design guidance
prior to selection of device?
] Has the insert been sized to capture and treat the water quality design flow
rate?
L] Has the vendor been contacted for sizing and installation guidance?
L] Has periodic maintenance been scheduled and budgeted for?
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APPENDIX H: STORMWATER CONTROL MEASURES ACCESS AND MAINTENANCE
AGREEMENTS

(Long Form)
Recorded at the request of:

City of

After recording, return to:

City of

City Clerk

Stormwater Treatment Device Access and Maintenance Agreement

OWNER:

PROPERTY ADDRESS:

APN:

THIS AGREEMENT is made and entered into in ,
California, this___day of , by and between
, hereinafter referred to as “Owner” and the CITY OF____

, @ municipal corporation, located in the County of Ventura,
State of California hereinafter referred to as “CITY”;

WHEREAS, the Owner owns real property (“Property”) in the City of :
County of Ventura, State of California, more specifically described in Exhibit “A” and
depicted in Exhibit “B”, each of which exhibits is attached hereto and incorporated
herein by this reference;

WHEREAS, at the time of initial approval of development project knownas____
within the Property described
herein, the City required the project to employ on-site control measures to minimize
pollutants in urban runoff;

WHEREAS, the Owner has chosen to install a

, hereinafter
referred to as “Device”, as the on-site control measure to minimize pollutants in
urban runoff;

WHEREAS, said Device has been installed in accordance with plans and
specifications accepted by the City;
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WHEREAS, said Device, with installation on private property and draining only
private property, is a private facility with all maintenance or replacement, therefore,
the sole responsibility of the Owner in accordance with the terms of this Agreement;

WHEREAS, the Owner is aware that periodic and continuous maintenance,
including, but not necessarily limited to, filter material replacement and sediment
removal, is required to assure peak performance of Device and that, furthermore,
such maintenance activity will require compliance with all Local, State, or Federal
laws and regulations, including those pertaining to confined space and waste
disposal methods, in effect at the time such maintenance occurs;

NOW THEREFORE, it is mutually stipulated and agreed as follows:

1)  Owner hereby provides the City of City’s designee complete access, of any
duration, to the Device and its immediate vicinity at any time, upon reasonable
notice, or in the event of emergency, as determined by City’s Director of Public
Works no advance notice, for the purpose of inspection, sampling, testing of the
Device, and in case of emergency, to undertake all necessary repairs or other
preventative measures at owner’s expense as provided in paragraph 3 below.
City shall make every effort at all times to minimize or avoid interference with
Owner’s use of the Property.

2)  Owner shall use its best efforts diligently to maintain the Device in a manner
assuring peak performance at all times. All reasonable precautions shall be
exercised by Owner and Owner’s representative or contractor in the removal
and extraction of material(s) from the Device and the ultimate disposal of the
material(s) in a manner consistent with all relevant laws and regulations in
effect at the time. As may be requested from time to time by the City, the Owner
shall provide the City with documentation identifying the material(s) removed,
the quantity, and disposal destination.

3) In the event Owner, or its successors or assigns, fails to accomplish the
necessary maintenance contemplated by this Agreement, within five (5) days of
being given written notice by the City, the City is hereby authorized to cause
any maintenance necessary to be done and charge the entire cost and expense
to the Owner or Owner’s successors or assigns, including administrative costs,
attorneys fees and interest thereon at the maximum rate authorized by the Civil
Code from the date of the notice of expense until paid in full.

4)  The City may require the owner to post security in form and for a time period
satisfactory to the city of guarantee of the performance of the obligations stated
herein. Should the Owner fail to perform the obligations under the Agreement,
the City may, in the case of a cash bond, act for the Owner using the proceeds
from it, or in the case of a surety bond, require the sureties to perform the
obligations of the Agreement. As an additional remedy, the Director may
withdraw any previous stormwater related approval with respect to the
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AGREEMENTS

5)

6)

7)

8)

9)

10)

property on which a Device has been installed until such time as Owner repays
to City it’s reasonable costs incurred in accordance with paragraph 3 above.

This agreement shall be recorded in the Office of the Recorder of Ventura
County, California, at the expense of the Owner and shall constitute notice to all
successors and assigns of the title to said Property of the obligation herein set
forth, and also a lien in such amount as will fully reimburse the City, including
interest as herein above set forth, subject to foreclosure in event of default in
payment.

In event of legal action occasioned by any default or action of the Owner, or its
successors or assigns, then the Owner and its successors or assigns agree(s) to
pay all costs incurred by the City in enforcing the terms of this Agreement,
including reasonable attorney’s fees and costs, and that the same shall become
a part of the lien against said Property.

It is the intent of the parties hereto that burdens and benefits herein
undertaken shall constitute covenants that run with said Property and
constitute a lien there against.

The obligations herein undertaken shall be binding upon the heirs, successors,
executors, administrators and assigns of the parties hereto. The term “Owner”
shall include not only the present Owner, but also its heirs, successors,
executors, administrators, and assigns. Owner shall notify any successor to title
of all or part of the Property about the existence of this Agreement. Owner shall
provide such notice prior to such successor obtaining an interest in all or part of
the Property. Owner shall provide a copy of such notice to the City at the same
time such notice is provided to the successor.

Time is of the essence in the performance of this Agreement.

Any notice to a party required or called for in this Agreement shall be served in
person, or by deposit in the U.S. Mail, first class postage prepaid, to the address
set forth below. Notice(s) shall be deemed effective upon receipt, or seventy-
two (72) hours after deposit in the U.S. Mail, whichever is earlier. A party may
change a notice address only by providing written notice thereof to the other

party.

IFTOCITY: IF TO OWNER:
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IN WITNESS THEREOF, the parties hereto have affixed their signatures as of the
date first written above.

APPROVED AS TO FORM: OWNER:
City Attorney Owner
Name:
Title:
CITY OF OWNER:
Name: Name:
Title: Title:
ATTEST:
City Clerk Date

Notaries on Following Page
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AGREEMENTS
EXHIBIT A
(Legal Description)
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AGREEMENTS
EXHIBIT B
(Map/illustration)
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AGREEMENTS

(Short Form)

Recorded at the request of and mail to:

Covenant and Agreement Regarding
Stormwater Treatment Device Maintenance

The undersigned hereby certify that we are the owners of hereinafter legally
described real property located in the City of , County of
Ventura, State of California.

Legal Description:

as recorded in Book , Page ,Records of Ventura
County,

which property is located and known as (Address):

And in consideration of the City of allowing

on said property, we do hereby covenant and agree to and with said City to maintain
according to the Maintenance Plan (Attachment 1), all structural stormwater
treatment devices including the following:

This Covenant and Agreement shall run all of the above described land and shall be
binding upon ourselves, and future owners, encumbrances, their successors, heirs, or
assignees and shall continue in effect until released by the authority of the City upon
submittal of request, applicable fees, and evidence that this Covenant and Agreement
is no longer required by law.

NOTARIES ON FOLLOWING PAGE
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Included in this appendix are a series of checklists that can be used by both inspectors
and maintenance personnel to ensure that observed deficiencies in BMPs are maintained
appropriately. The BMP Inspection/Maintenance Checklists are presented in the
following order:

1) Bioretention/Planter Box

25) Vegetated Swale Filter

26) Vegetated Filter Strip

27) Sand Filter

28) Infiltration BMPs

29) Permeable Pavement

30) Constructed Treatment Wetland

31) Wet Retention Basin

32) Dry Extended Detention Basin

33) Proprietary Devices
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.1 Bioretention/Planter Box Inspection and Maintenance Checklist

Date:

Work Order #

Type of Inspection:

o post-storm o annual

o routine o post-wet season o pre-

wet season
Facility: Inspector(s):
Conditions When Inspection Date Maintenance Comments or
Defect Maintenance Is Result Action(s) Taken
Performed
Needed (0,1, or2)f to Resolve Issue
Appearance Untidy

Trash and Debris
Accumulation

Trash, plant litter
and dead leaves
accumulated on
surface.

Unhealthy plants

Vegetation
and appearance.
Functioning

Irrigation incorrectly (if
applicable).

Inlet Inlet pipe blocked

or impeded.

Splash Blocks

Blocks or pads
correctly
positioned to
prevent erosion.

Overflow pipe
Overflow blocked or broken.

Infiltration design

rate is met (e.g.,
Filter media drains 36-48 hours

after moderate -

large storm event).

'Maintenance: Enter O if satisfactory, 1 if maintenance is needed and include WO#.

Enter 2 if maintenance was performed same day.
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.2 Vegetated Swale Filter Inspection and Maintenance Checklist
Date: Work Order #
Type of Inspection: o post-storm o annual o routine o post-wet season o pre-
wet season
Facility: Inspector(s):
iy Inspection Date Comments or
Defect .Cond|t|ons When Result Maintenance | Action(s) Taken
Maintenance Is Needed
(0,1, 0r2)t Performed to Resolve Issue
Appearance Untidy
Trash
ras . and Trash and debris accumulated
Debris .
. in the swale.
Accumulation
When the grass becomes
excessively tall (greater than
Vegetation 10-inches); when nuisance
weeds and other vegetation
start to take over.
Vegetation growth is poor
Excessive because sunlight does not
Shading reach swale. Evaluate
vegetation suitability.
When vegetation is sparse or
Poor Veaetation bare or eroded patches occur
Covera ge in more than 10% of the swale
9 bottom. Evaluate vegetation
suitability.
Sediment Sed|ment depth exceeds 2
. inches or covers more than
Accumulation .
10% of design area.
When water stands in the
Standing Water | swale between storms and
does not drain freely.
Flow spreader or check dams
Flow spreader uneven or clogg.ed so that
flows are not uniformly
or Check Dams L .
distributed through entire
swale width.
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Defect

Conditions When
Maintenance Is Needed

Inspection
Result

(0,1,0r2)t

Date
Maintenance
Performed

Comments or
Action(s) Taken
to Resolve Issue

Constant
Baseflow

When small quantities of water
continually flow through the
swale, even when it has been
dry for weeks and an eroded,
muddy channel has formed in
the swale bottom.

Inlet/Outlet

Inlet/outlet areas clogged with
sediment and/or debris.

Erosion/
Scouring

Eroded or scoured swale
bottom due to flow
channelization, or higher
flows. Eroded or rilled side
slopes.

Eroded or undercut inlet/outlet
structures

'Maintenance: Enter O if satisfactory, 1 if maintenance is needed and include WO#.
Enter 2 if maintenance was performed same day.
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.3 Vegetated Filter Strip Inspection and Maintenance Checklist
Date: Work Order #
Type of Inspection: o post-storm o annual o routine o post-wet season o pre-
wet season
Facility: Inspector(s):
N Inspection Date Comments or
Defect C onditions When Result Maintenance | Action(s) Taken
Maintenance Is Needed
(0,1 0r2)f Performed to Resolve Issue
Appearance Untidy

Trash and Debris
Accumulation

Trash and debris
accumulated on the filter
strip.

When the grass becomes
excessively tall (greater than

Vegetation 10-inches); when nuisance
weeds and other vegetation
starts to take over.

Grass growth is poor

Excessive because sunlight does not

Shading reach swale. Evaluate grass

species suitability.

Poor Vegetation
Coverage

When grass is sparse or bare
or eroded patches occur in
more than 10% of the swale
bottom. Evaluate grass
species suitability.

Erosion/Scouring

Eroded or scoured areas due
to flow channelization, or
higher flows.

Sediment
Accumulation on
Grass

Sediment depth exceeds 2
inches.

Flow spreader

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

fMaintenance: Enter O if satisfactory, 1 if maintenance is needed and include WO#. Enter 2 if maintenance was
performed same day.
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.4 Sand Filter Inspection and Maintenance Checklist

Date:

Type of Inspection:

o post-storm o annual

Work Order #

o routine o post-wet season o pre-

wet season
Facility: Inspector(s):
. . Inspection Date Comments or
Conditions When Maintenance Is b . .
Defect Needed Result Maintenance Action(s) taken
(0,1,0r2)" Performed to resolve issue
Any trash and debris which
exceed 5 cubic feet per 1,000
square feet of filter bed area (one
standard garbage can). In
Trash & .
Debri general, there shall be no visual
ebris evidence of dumping.
If less than threshold all trash and
debris will be removed as part of
next scheduled maintenance.
Visible evident of erosion
Inlet erosion occurring near flow spreader
outlets.
Standing water long after storm
Slow drain has passed (after 24 to 48 hours)
time and/or flow through the overflow
pipes occurs frequently.
Flow spreader uneven or clogged
Concentrated P . 99
Flow so that flows are not uniformly
distributed across the sand filter.
Appearance .
. Excessive grass and weed
of poisonous, .
, growth. Noxious weeds, woody
noxious or . .
. vegetation establishing, Turf
nuisance . )
. growing over rock filter
vegetation
Standing water long after storm
Standing has passed (after 24 to 48 hours),
Water and/or flow through the overflow
pipes occurs frequently.
Technical Guidance Manual for 1-7 July 13, 2011

Stormwater Quality Control Measures 2011




APPENDIX I:
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Conditions When Maintenance Is Inspection . Date Cqmments or
Defect Needed Result Maintenance Action(s) taken
(0,1,0r2)" Performed to resolve issue
- When there is a visible tear or rip
Tear in Filter . , . .
. in the filter fabric allowing water to
Fabric .
bypass the fabric.
Pipe If piping has visibly settled more
Settlement than 1 inch.
Drawdown of water through the
Filter Media media takes longer than 1 hour
and/or overflow occurs
frequently.
Short Flows do not properly enter filter
Circuiting cartridges.

'Maintenance: Enter O if satisfactory, 1 if maintenance is needed and include WO#.
Enter 2 if maintenance was performed same day.
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1.5 Infiltration BMP Inspection and Maintenance Checklist
Date: Work Order #
Type of Inspection: o post-storm o annual o routine o post-wet season o pre-
wet season
Facility: Inspector(s):
. Comments or
Inspection Date Action(s)
Conditions When Maintenance Is Result Maintenance Taken to
Defect Needed (0,1,0r2)" Performed Resolve Issue
Mowing and trimming vegetation
Appearance, is needed to prevent
vegetative establishment of woody
health vegetation, and for aesthetic and
vector reasons.
Poisonous or nuisance vegetation
or noxious weeds.
Vegetation
Excessive loss of turf or ground
cover (if applicable).
Trash & Trash and debris > 5 cf/1,000 sf
Debris (one standard size garbage can).

Contaminants
and Pollution

Any evidence of oil, gasoline,
contaminants or other pollutants.

Erosion

Undercut or eroded areas at inlet
or outlet structures.

Sediment and
Debris

Accumulation of sediment,
debris, and oil/grease on surface,
inflow, outlet or overflow
structures.

Sediment and
Debris

Accumulation of sediment and
debiris, in sediment forebay and
pretreatment devices.

Water
drainage rate

Standing water, or by visual
inspection of wells (if available),
indicates design drain times are
not being achieved (i.e., within 72
hours).
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Comments or

Inspection Date Action(s)
Conditions When Maintenance Is Result Maintenance Taken to
Defect Needed (0,1,0r2)" Performed Resolve Issue
Lift surface layer (and filter fabric
. if installed) and check for media
Media clogging with sediment (function
clogging

surface layer

may be able to be restored by
replacing surface aggregate/filter
cloth).

Media
clogging

Lift surface layer (and filter fabric
if installed) and check for media
clogging with sediment (partial or
complete clogging which may
require full replacement).

'Maintenance: Enter O if satisfactory, 1 if maintenance is needed and include WO#.
Enter 2 if maintenance was performed same day.

Technical Guidance Manual for 1-10
Stormwater Quality Control Measures 2011

July 13, 2011




APPENDIX I: STORMWATER BMP MAINTENANCE PLAN GUIDANCE AND CHECKLISTS

.6 Permeable Pavement Inspection and Maintenance Checklist

Date:

Type of Inspection:

o post-storm o annual

Work Order #

o routine o post-wet season o pre-

wet season
Facility: Inspector(s):
Inspection Date Comments or
Conditions When Maintenance Is Result Maintenance Action(s) taken
Defect Needed (0,1,0r2)" Performed to resolve issue
Sediment

Accumulation

Sediment is visible

Missing
gravel/sand fill

There are noticeable gaps in
between pavers

Accumulation

Weeds/mosse | Vegetation is growing in/on
s filling voids permeable pavement
Trash
ras . and Trash and debris accumulated on
Debris

the permeable pavement.

Dead or dying
vegetation in
adjacent
landscaping

Vegetation is dead or dying
leaving bare soil prone to erosion

Surface clog

Clogging is evidenced by
ponding on the surface

Overflow clog

Excessive build up of water
accompanied by observation of
low flow in observation well
(connected to underdrain system)

If a surface overflow system is
used, observation of an obvious
clog

Visual Any visual evidence of oil,

contaminants | gasoline, contaminants or other

and pollution pollutants.
Tributary area

. Exhibits signs of erosion

Erosion
Noticeably not completely
stabilized
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Defect

Conditions When Maintenance Is
Needed

Inspection
Result
(0,1,0r2)"

Date
Maintenance
Performed

Comments or
Action(s) taken
to resolve issue

Deterioration/

Integrity of pavement is
compromised (i.e., cracks,

Roughening depressions, crumbling, etc.)
Clogging is evidenced by

Subsurface ponding on the surface and is not

Clog remedied by addressing surface

clogging.

*Maintenance: Enter 0 if satisfactory, 1 if maintenance is needed and include WO#. Enter 2 if
maintenance was performed same day.
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.7 Constructed Treatment Wetland Inspection and Maintenance
Checklist

Date:

Type of Inspection:

wet season

Facility:

o post-storm o annual

Work Order #

Inspector(s):

o routine o post-wet season o pre-

Defect

Conditions When Maintenance Is
Needed

Inspection
Result
(0,1,0r2)"

Date
Maintenance
Performed

Comments or
Action(s) taken
to resolve issue

Trash &
Debris

Any trash and debris which
exceed 5 cubic feet per 1,000 sf
of basin area (one standard
garbage can). In general, there
shall be no visual evidence of
dumping.

If less than threshold all trash and
debris will be removed as part of
next scheduled maintenance. If
trash and debris is observed
blocking or partially blocking an
outlet structure or inhibiting flows
between cells, it shall be removed
quickly

Sediment
Accumulation

Sediment accumulation in basin
bottom that exceeds the depth of
sediment zone plus 6 inches in
the sediment forebay. If sediment
is blocking an inlet or outlet, it
shall be removed.

Erosion of basin’s side slopes

Erosion , .
and/or scouring of basin bottom.
il Sheen on
Oil Sheen o Prevalent and visible oil sheen.
Water
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Defect

Conditions When Maintenance Is
Needed

Inspection
Result
(0,1,0r2)"

Date
Maintenance
Performed

Comments or
Action(s) taken
to resolve issue

Noxious Pests

Visual observations or receipt of
complaints of numbers of pests
that would not be naturally
occurring and could pose a threat
to human or aquatic health.

Water Level

First cell empty, doesn’t hold
water.

Aesthetics

Minor vegetation removal and
thinning. Mowing berms and
surroundings

Noxious
Weeds

Any evidence of noxious weeds.

Tree Growth

Tree growth does not allow
maintenance access or interferes
with maintenance activity (i.e.,
slope mowing, silt removal,
vactoring, or equipment
movements). If trees are not
interfering, do not remove. Dead,
diseased, or dying trees shall be
removed.

Settling of
Berm

If settlement is apparent. Settling
can be an indication of more
severe problems with the berm or
outlet works. A geotechnical
engineer shall be consulted to
determine the source of the
settlement if the dike/berm is
serving as a dam.

Piping
through Berm

Discernable water flow through
basin berm. Ongoing erosion
with potential for erosion to
continue. A licensed geotechnical
engineer shall be called in to
inspect and evaluate condition
and recommend repair of
condition.
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Conditions When Maintenance Is Inspection . Date Cqmments or
Defect Needed Result Maintenance Action(s) taken
(0,1,0r2)" Performed to resolve issue
T
ree and Tree and large shrub growth on
Large Shrub
downstream slopes of
Growth on
embankments may prevent
Downstream , . . .
inspection and provide habitat for
Slope of burrowing rodents
Embankments 9 '
. Rock is missing and soil is
Erosion on :
. exposed at top of spillway or
Spillway .
outside slope.
Gate/Fence Damage to gate/fence, including
Damage missing locks and hinges

*Maintenance: Enter 0 if satisfactory, 1 if maintenance is needed and include WO#. Enter 2 if
maintenance was performed same day.
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.8  Wet Retention Basin Inspection and Maintenance Checklist

Date:

Type of Inspection:

wet season

Facility:

o post-storm o annual

Work Order #

Inspector(s):

o routine o post-wet season o pre-

Defect

Conditions When Maintenance Is
Needed

Inspection
Result
(0,1,0r2)"

Date
Maintenance
Performed

Comments or
Action(s) taken
to resolve issue

Trash &
Debris

Any trash and debris which
exceed 5 cubic feet per 1,000 sf
of basin area (one standard
garbage can) or if trash and
debris is excessively clogging the
outlet structure.

If less than threshold all trash and
debris will be removed as part of
next scheduled maintenance.

Sediment
Accumulation

Sediment accumulation in basin
bottom that exceeds the depth of
the design sediment zone plus 6
inches, usually in the first cell.

Erosion of basin’s side slopes

Erosion . .
and/or scouring of basin bottom.
Oil Sheen on . .
Prevalent and visible oil sheen.
Water

Noxious Pests

Visual observations or receipt of
complaints of numbers of pests
that would not be naturally
occurring and could pose a threat
to human or aquatic health.

First cell empty, doesn’t hold

Water Level

water.

Algae mats over more than 20%
Algae Mats 9 °

of the water surface.

Minor vegetation removal and
Aesthetics thinning. Mowing berms and

surroundings
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APPENDIX I:

STORMWATER BMP MAINTENANCE PLAN GUIDANCE AND CHECKLISTS

Defect

Conditions When Maintenance Is
Needed

Inspection
Result
(0,1,0r2)"

Date
Maintenance
Performed

Comments or
Action(s) taken
to resolve issue

Noxious
Weeds

Any evidence of noxious weeds.

Tree Growth

Tree growth does not allow
maintenance access or interferes
with maintenance activity (i.e.,
slope mowing, silt removal,
vactoring, or equipment
movements). If trees are not
interfering, do not remove. Dead,
diseased, or dying trees shall be
removed.

Settling of
Berm

If settlement is apparent. Settling
can be an indication of more
severe problems with the berm or
outlet works. A geotechnical
engineer shall be consulted to
determine the source of the
settlement if the dike/berm is
serving as a dam.

Piping
through Berm

Discernable water flow through
basin berm. Ongoing erosion
with potential for erosion to
continue. A licensed geotechnical
engineer shall be called in to
inspect and evaluate condition
and recommend repair of
condition.

T d
reean Tree and large shrub growth on

Large Shrub

downstream slopes of
Growth on

embankments may prevent
Downstream . . . .
Slope of inspection and provide habitat for
Embankments burrowing rodents.

. Rock is missing and soil is
Erosion on :
. exposed at top of spillway or

Spillway .

outside slope.
Gate/Fence Damage to gate/fence, including
Damage missing locks and hinges

fMaintenance: Enter 0 if satisfactory, 1 if maintenance is needed and include WO#. Enter 2 if maintenance was
performed same day.
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APPENDIX I: STORMWATER BMP MAINTENANCE PLAN GUIDANCE AND CHECKLISTS

.9 Dry Extended Detention Basin Inspection and Maintenance
Checkilist

Date:

Type of Inspection: o post-storm o annual

pre-wet season

Work Order #

o routine o post-wet season O

Facility: Inspector(s):
. . Inspection Date Comments or
Conditions When Maintenance Is . Action(s)
Defect Result Maintenance
Needed Performed Taken to
(0, 1 or2)f Resolve Issue
General
Appearance Untidy, un-mown (if applicable)
Access problems or hazards;
dead or dying trees
Vegetation
Poisonous or nuisance
vegetation or noxious weeds
Insects such as wasps and
Insects hornets interfere with

maintenance activities.

Rodent Holes

Any evidence of rodent holes if
facility is acting as a dam or
berm, or any evidence of water
piping through dam or berm via
rodent holes

Trash and debris > 5 cf/1,000 sf

Trash and .
Debris (one standard size garbage
can).
Pollutants Any ev@ence of oil, gasoline,
contaminants or other pollutants
Inlet/Outlet InIe’F/OutIet pipe clogged W|th
Pine sediment and/or debris. Basin
P not draining.
Erosion of the basin’s side
slopes and/or scouring of the
Erosion basin bottom that exceeds 2-

inches, or where continued
erosion is prevalent.
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APPENDIX I: STORMWATER BMP MAINTENANCE PLAN GUIDANCE AND CHECKLISTS

Comments or

through basin berm.

. . Inspection Date .
Conditions When Maintenance Is . Action(s)
Defect Result Maintenance
Needed Performed Taken to
(0, 1or2)t Resolve Issue
. Evidence of or visible water flow
Piping

Settlement of
Basin

Any part of these components
that has settled 4-inches or lower
than the design elevation, or

Dike/Berm inspector determines dike/berm
is unsound.
Rock is missing and/or soil is
Overflow .
. exposed at top of spillway or
Spillway .
outside slope.
Sediment Sediment accumulations in
Accumulation basin bottom that exceeds the
in Basin depth of sediment zone plus 6-
Bottom inches.

Tree or shrub
growth

Trees > 4 ft in height with
potential blockage of inlet, outlet
or spillway; or potential future
bank stability problems

Debris Barriers (e.g., Trash Racks)

Trash or debris that is plugging

broken parts

Trash and .
. more than 20% of the openings
Debris . .
in the barrier.
Bars are bent out of shape more
than 3 inches.
Bars are missing or entire barrier
Damaged/ missin .
Missing Bars g
Bars are loose and rust is
causing 50% deterioration to any
part of barrier.
Inlet/Outlet Debris barrier missing or not
Pipe attached to pipe.
Fencing
Missing or Any defect in the fence that

permits easy entry to a facility.
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APPENDIX I: STORMWATER BMP MAINTENANCE PLAN GUIDANCE AND CHECKLISTS

Comments or

. . Inspection Date .
Conditions When Maintenance Is . Action(s)
Defect Result Maintenance
Needed Performed Taken to
(0, 1or2)t Resolve Issue
Erosion more than 4 inches high
Erosion and 12-18 inches wide, creating
an opening under the fence.
D t te/f t t
Damaged amage to ga 9/ ence, posts ou
Parts of plumb, or rails bent more than

6 inches.

Deteriorating

Part or parts that have a rusting

Paint or . .
. or scaling condition that has
Protective
. affected structural adequacy.
Coating
Gates
Missing gate or locking devices,
broken or missing hinges, out of
Damaged or g. 9
missin plum more than 6 inches and
9 more than 1 foot out of design
member

alignment, or missing stretcher
bar, stretcher bands, and ties.

'Maintenance: Enter O if satisfactory, 1 if maintenance is needed and include WO#.
Enter 2 if maintenance was performed same day.
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APPENDIX I: STORMWATER BMP MAINTENANCE PLAN GUIDANCE AND CHECKLISTS

.10 Proprietary Device Inspection and Maintenance Checklist

Date:

Type of Inspection:

o post-storm o annual

Work Order #

o routine o post-wet season o pre-

wet season
Facility: Inspector(s):
In tion Dat mments or
Conditions When Maintenance Is Spectio a.e Co. ents o
Defect Result Maintenance | Action(s) taken
Needed s .
(0,1, 0r2) Performed to resolve issue

Refer to the manufacturer’s instructions for maintenance/inspection requirements, below are generic
guidelines to supplement manufacturer’s recommendations.

Underground Vault

Accumulation
in Vault

Sedi t .
edimen . Sediment depth exceeds 0.25-
Accumulation inches
on Media '
Sediment

Sediment depth exceeds 6-
inches in first chamber.

Trash/Debris Trash and debris accumulated on
Accumulation | compost filter bed.
Sediment in When drain pipes, clean-outs,
Drain Pipes or | become full with sediment and/or
Cleanouts debris.
Damaged Any part of the pipes that are

. crushed or damaged due to
Pipes

corrosion and/or settlement.

Access Cover

Cover cannot be opened; one
person cannot open the cover

Damaged/Not . e

. using normal lifting pressure,
Working . .

corrosion/deformation of cover.

Vault Cracks wider than 1/2-inch or
Structure evidence of soil particles entering
Includes the structure through the cracks,
Cracks in or maintenance/inspection
Wall, Bottom, personnel determine that the
Damage to vault is not structurally sound.
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APPENDIX I: STORMWATER BMP MAINTENANCE PLAN GUIDANCE AND CHECKLISTS

Defect

Conditions When Maintenance Is
Needed

Inspection
Result
(0,1,0r2)"

Date
Maintenance
Performed

Comments or
Action(s) taken
to resolve issue

Frame and/or

Cracks wider than 1/2-inch at the

Top Slab joint of any inlet/outlet pipe or
evidence of soil particles entering
through the cracks.

Baffles corroding, cracking
warping, and/or showing signs of

Baffles ?p g,ad/o§o gsigns
failure as determined by
maintenance/inspection person.
Ladder is corroded or

Access deteriorated, not functioning

Ladder properly, not securely attached to

Damaged structure wall, missing rungs,

cracks, or misaligned.

Below Ground Cartridge Type

Drawdown of water through the
media takes longer than 1 hour

Filter Medi
teriiedia and/or overflow occurs
frequently.
Short Flows do not properly enter filter
Circuiting cartridges.

'Maintenance: Enter O if satisfactory, 1 if maintenance is needed and include WO#.
Enter 2 if maintenance was performed same day.
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