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Re: Comnmients on Tentative Order No. 2011-XX-DWQ

“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. 2011-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 (“Tentative Order™). We are concerned that, in critical aspects, the
Tentative Order is inconsistent with state and federal law. In particular, the Tentative Order’s
approach to 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 recent
adoptions by the Los Angeles, Santa Ana, San Diego, and San Francisco Regional Water Quality
~ Control Board of LID provisions in Municipal Separate Storm Sewer (“MS4”) permits which
require onsite retention of the 85™ percentile design storm. We strongly encourage the State
Water Resources Control Board (“State Board”) to revise the Tentative Order to address this and
other issues discussed below. . :

L 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,
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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 ot decision to “bridge the analytic gap between the raw evidence and

o e e oo os |y
g
i

.+ ultimate d"ecfisi1:)fiu’-'?(;;~1:’f2ﬁ;5E e’ (Topanga Ass'n for a Scenic Cmiy. v. County of Los Angeles (1974)
1 11 Cal.3d 506, 515 .) This.fequirement “serves to conduce the administrative body to draw

s

L legallyrefevant éﬁi}-c@ﬁc@i ions supportive of its ultimate decision ... to facilitate orderly

analysis and m_ihimiz_d the fikelihood that the agency will randomly leap from evidence to
Egpqigsj_qng”:(fd; at-316.) { “Absent such roadsigns, a reviewing court would be forced into
uniguided-and resoufce-consuming explorations: it would have to grope through the record to

jdetermi-ne'}hether 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 at517 -

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.)
IL.  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.” The
Tentative Order defines the maximum extent practicable standard as follows:

- The minimum required performance standard for implementation of municipal
storm water management programs to reduce pollutants in storm water, . . . 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. This process of implementing, evaluating, revising, or adding new BMPs
is commonly referred to as the iterative process.

(Appendix C, at 5; see also Tentative Order, at F inding 7.) This vague pronouncement fails to
adequately describe the requirements of the MEP standard. “[T]he 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
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v. Babbitt (D.D.C. 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. EP4 (9th Cir. 2003) 344 F.3d 832, 853 (discussing
requirements for implementing minimum measures in Phase 11 general MS4 permits).) Merely
stating that the MEP standard creates a “minimum required performance standard” that is the
“cumulative effect of implementing, evaluating, and making corresponding changes” to 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. This definition applies particularly in areas
where standard practices are already failing to protect water quality .. ..

(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.” (Id. at Conclusions of Law 19.) The State Board should revise its proposed definition
here, to ensure that the Tentative Order’s governing performance standards properly implement
federal requirements.

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

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

As currently written, the Tentative Order does not require any specific level LID'
implementation and would, as explained below, allow relatively ineffective conventional treat-

! 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




Chair Hoppin and Members of the Board
State Water Resources Control Board
Page | 4

and-discharge techniques to be used to address runoff in place of LID practices that retain runoff
onsite. Indeed, the Tentative Order’s LID provisions are entirely separated from the Tentative
Order’s numeric sizing criteria, and by the Fact Sheet’s own admission, are generally “not
required to be iniplemented but are listed in order of preference” for implementation.> The
Tentative Order fails to meet the MEP standard as a result of its lack of any specific numeric
metric for implementation of LID. : _ : :

The Project Planning and Design section is critical for addressing the root causes of
stormwater pollution. As the U.S. Environmental Protection Agency (U.S. EPA) has noted: _
“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 from highway or road surfaces;
- concentrations of pollutants in highway runoff frequently exceed numeric limits designed to
protect the health of receiving waters.* _

LD 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

- 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
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
iif ("U.S. EPA LID Study”). '

2 Tentative Fact Sheet, at 15-16.

*U.S. EPA LID Study, at v.

N See, e.g., California Department of Transportation (“Caltrans™) (June 2003) Caltrans Tahoe Highway
Runoff Characterization and Sand T rap Effectiveness Studies, CTSW-RT-03-054.36.02, at ES-2, '
available at hitp:/iwww.dot.ca. gov/hg/env/stormwater/pdf/CTSW-RT-03-054.pdf.

> California Ocean Protection Council (May 15, 2008) Resolution of the Cali'fo'rnia Ocean
Protection Council Regarding Low Impact Development, at 2,
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“additional, prescriptive requirements” for LID.Y Along with the priotitization 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 . . .. [Permit[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.”8

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 last
“year 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.lo 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
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.”"! ' - '- '

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

" Id at 1-2.

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

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

1 pyget Soundkeeper Alliance et al. v. State of Washington, Dept. of Ecology, et al. (2008)
Pollution Conitol Hearings Board, State of Washington, No. 07-021, 07-026, 07-027, 07-028,
07-029, 07-030, 07-037, Phase I Final, at 6, 46, 57-38.

1 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.
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Critically, as demonstrated in the EPA comments quoted above, the prioritization of LID

- practices 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 numeric performance standards for the
implementation of best management practices (“BMPs™) such as LID. For this reason, in
December 2007, the State Water Resouirces 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]Junicipal 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 leve]
of LID implementation, the Tentative Order remains legally insufficient due to the lack of a
numeric performance requirement for LID, and the availability of all-encompassing waivers
from treatment standards (discussed below). 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.

b. The Tentative Ordér-Does Not Contain—Nor Does it 'Jusﬁfv the Lack of—-é
Specific Standards for LID Implementation

The Fact Sheet notes that “[t]he proper implementation of LID techniques not
only results in water quality protection benefits and a reduction of land development and
construction costs.” However, the Fact Sheet’s claim that “[tihe requirements of this
Order facilitate the implementation of LID strategies to protect water quality, reduce -
runoff volume, and to promote sustainability™ falls flat.’ Instead, the Tentative Order’s
LID provisions represent a collection of largely hortatory provisions with no. specific
measurable outcome. Unfortunately, even the vast majotity of the Tentative Order’s LID
provisions fall into this category, requiring only, for example, “Conservation of natural
areas, fo the extent feasible™; “Minimization of . . impervious footprint™; “Minimization

2 State Water Resources Control Board (December 2007) 4 Review of Low Impact Development
Policies: Removing Institutional Barriers to Adoption, at 23 (emphasis added) (hereinafter
“SWRCB LID Report”). '

B 1d at 4.

" Ocean Protection Council of California (J anvary 2008) State and Local Policies Encouraging
or Req.uiring_ Low Impact Development in California, at 27, ' -

- 1% Tentative Fact Sheet, at 15,
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of disturbances to natural drainages”; “Use of climate-appropriate landscaping that
minimizes irrigation and runoff [and] promotes surface infiltration . . .. (Tentative
Order § E.2.d.(1).(d).(1)-(5).) Such vague provisions would not enable the State Board or
Caltrans to measure the outcomes of, or to enforce, the Tentative Order’s requirements
since implementation could vary enormously. '

i. The Tentaﬁve Order Must Establish Numeric Requirements for the Onsite
Retention of Stormwater o '

The Tentative Order fails to set a specific numeric performance standard for the
implementation of LID practices at Department and Non-Department Projects. As a result,
provided that a project installs some de minimis LID features, it would comply with the Tentative
" Order. In effect, LID features would not have to be sized to accommodate any meaningful
quantity of stormwater. 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 regulations around the country. For example, 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 th
85" percentile storm through use of LID practices that infiltrate, harvest and reuse, or S
evapotranspire stormwater runoft, unless technically infeasible to do $0.'® The state of West
Virginia has adopted a statewide Phase II MS4 permit that requires projects to retain onsite “the
first one inch of rainfall from a 24-hour storm” event unless infeasible.'” Federal buildings over
5,000 square feet must manage onsite (i.e., prevent the offsite discharge of) the 95th percentile
. storm through infiltration, harvesting, and/or eva.potranspiration.]8 And the City of Philadelphia
requires projects to infiltrate the first one inch of rainfall from all impervious surfaces; if onsite
infiltration is infeasible, the same performance must be achieved offsite. '’

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

16 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 Contro! Board, Order No. R9- -
2009-0002 (December 16, 2009) (South Orange County MS4 Permit) .

17 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.

18 42 U.S.C. § 17094; U.S. EPA (2009) Technical Guidance on Implernenting the Stormwater
Runoff Requirements for Federal Projects, at 12. '

l? City of Philadelphia, Stormwater Management Guidance Manual 2.0, at 1.1 (Jan. 29, 2008).




* Chair Hoppin and Members of the Board
State Water Resources Control Board
Page |8 S -

- volume of rainfall from being discharged to receiving waters. 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 technicaily
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. :

‘Yet nowhere under the Tentative Order’s Low Impact Development provisions is there
any requirement that establishes a level of implementation for LID practices. Instead, the LID
requirements are noticeably divorced from the Project Planning and Design section’s “Numeric
Sizing Criteria for Storm Water Treatment Controls.” Under this section, the Tentative order
reqhuires only that “projects shall infiltrate at least 90 percent of the storm water runoff from an
85™ percentile 24-hour storm event™ or meet at least one of the numeric sizing criteria below”
through use of treatment control methods. (Tentative Order 4 E.2.d.(1).(a).(ii).)** 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 entirely
discretionary. As treatment control BMPs can include conventional controls and engineered
solutions that are demonstrably inferior to retention practices,”* this requirement fails to meet the
- requirements of the MEP standard. - '

Moreover, the Tentative Order appears to ignore the use of practices such as
evapotranspiration or harvesting and reuse that are mandated by numerous other MS4 permits in
California as a means of meeting the 85 percentile storm retention requirement.”> Where
feasible, infiltration, as well as these other practices that retain runoff onsite, must be required by -
the Order. The Tentative Order’s language leaving to Caltrans® discretion whether to infiltrate

% Caltrans (January 2004) BMP Retrofit Pilot Program, Final Report, CTSW-RT-01-050, at viii.
' 1d, at ix.

*2 We are concerned that the standard articulated in the Tentative Order, requiring infiltration of
90 percent of the 85ﬁ’-percentile storm, would allow for discharge, untreated, of the remaining 10
petcent of the 85" percentile volume, in apparent violation of the standard articulated in State

Board WQ Order 2000-11.

- B The Tentative Order defines Treatment Control BMPs as “Any engineered system designed to
remove pollutants by simple gravity settling of particulate pollutants, filtration, biological
uptake, media absorption or any other physical, biological, or chemical process, thus apparently
including conventional engineered controls in addition to LID controls that retain runoff onsite,

* See, R. Horner (2007) Initial Inves’tigcition of the Feasibility and Benefits of Low-Impact Site
Design Practices (“LID") for the San Francisco Bay Area.
- % See note 16, supra. :
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runoff or utilize other treatment control methods amounts fo no requirement at all for infiltration,
and ignores other practices that result in the onsite retention of stormwater. To meet the MEP
standard, the State Board must ensure that LID practices that retain stormwater onsite unless
technically infeasible.

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

Federal regulations mandate that MS#4 permits impose requirements to reduce the
discharge of stormwater pollution from new development and redevelopment projects. 40
CFR.§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 Projec‘[s).26 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 to waive
where the Officer finds that “a project will have minimal impact to water quality.” {Tentative
Order § E.2.d.(1).(2).(1).(3).) The CWA requires that discharges from MS4 systerns “shail
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. This section
should be revised accordingly. ' R

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.” (Tentative Order 9 B.2.) The Tentative
Order states that certain enumerated non-stormwater discharges “are conditionally exempt from
[the] prohibition™ against non-stormwater discharges into the MS4 system.27 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.2® Caltrans’ own data indicates that agricultural runoff is a source of pollutants, and

26 gtate Water Resources Control Board (2000) Water Quality Order No. 2000-11, at 15-18.
- 27 Tentative Order, p. 18.

28 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
identified as sources of pollutants. Yet, the requirement of an enforcement program to “detect
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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.”® Yet Section 402(1)(1) of the CWA states only that, “The
Administrator shall not require a permit under this section, for discharge composed entirely-of
return flows from irrigated agriculture.” (Emphasis added.) Thus, unless there is absolutely no
other component to discharge from Caltrans’ MS4 systems, the fact that a component, or a
portion of its discharge stems from agricultural return flow does not exempt Caltrans from
effectively prohibiting the discharge of agricultural runoff to the MS4 system. Just as untenable -
is the State Board’s position that if agricultural irrigation water is “regulated by WDRs or
conditional waivers of WDRs” and if the Caltrans cooperates with organizations conducting
monitoring of such discharges, the discharges are as a result not expected to be a source of
pollutants and need not be prohibited. (Tentative Order 1B.2 n.3.)

- State and Regional Water Board databases and reports similarly 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
34
season.

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 9 B.2 (emphasis added).

% Tentative Fact Sheet, at 3.

30 Regi'onal Water Quality Control Board, Central Coast Region (2010) Recommendations for
Water Code Waiver for Agricultural Discharges, at 7.

3 1d

_32 Regional Water Quality Control Board, Central Valley Region (2010) Draft Program
Environmental Impact Report, at 1. ' '

33 .

id :
+ " State Water Resotrces 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 inta

the Sacramento-San Joagquin Delta,” p. 2 (2011).
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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 Otder, monitoring results indicated that “conventional pollutants,
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.387 In sum, there is no basis to conclude that

agricultural runoff is not a source of pollutants, or to exemlgt agricultural runoff from the
prohibition against non-stormwater discharges to the MS4. ’

Likewise, landscape irrigation, irrigation water and lawn watering, categories of non-
stormwater discharges currently identified as exempt from the prohibition against non-
stormwater discharges to the MS4, are known sources of poliution. For example, 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.” 0
These additional known sources of pollution must be prohibited from entering the MS4.

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

3 1d. at 55.
37 Id.
®1d

3 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 '
hitp://cams.ocgov.com/Web_Publisher/Agenda02 01 2011_files/images/A10-001 604 . 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. ' '

40 Center for Watershed Protection (March 2003) Impacts of Impervious Cover on Aquatic
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,




Chair Hoppin and Members of the Board
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V. - Numeric Effluent Limitations Must be Established Where Feasible
s=udlie Diluent Limiations Must be Bstablished Where Feasible

- The U.S. EPA recently stated that “where the NPDES authority determines that MS4
discharges . . . . have the reasonable potential to cause or contribute to water quality standards
excursions, permits for MS4s . . . should contain numeric effluent limitations where feasible to
do so0.”*' Without providing any justification, the Tentative Order states that, outside of the Lake -
Tahoe area, “Storm water discharges from MS4s are highly variable in frequency, intensity, and
 duration, and it is difficult to characterize the amount of pollutants in the discharges,” thus, numeric

effluent limitations (“NELs”) are not appropriate. Yet the fact that NELs are feasible for Lake
- Tahoe, an area with highly variable weather and use conditions, illustrates that the process is
“feasible.” The Tentative Order should be revised to incorporate NELs for all locations where- it
s feasible to do so, in accordance with U.S. EPA guidance.

- VI.  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,

A .
et

Noah Garrison
Project Attorney _
Natural Resources Defense Council

- runoff from fertilized lawns contained elevated concentrations of phosphorous and dissolved
phosphorous), ' ¥

*! Memorandum from James Hanlon, U.S. EPA Office of Wastewater Management and Denise

- Keehner, U.S. EPA Office of Wetlands, Oceans and Watersheds to Water Management Division
Directors, Regions 1-10 (Nov, 12, 2010) re: Revisions to the November 22, 2002 Memorandum
‘Establishing Total Maximum Daily Load (TMDL) Wasteload Allocations (WLAsS) for Storm
Water Sources and NPDES Permit Requirements Based on Those WLAs, at 3. For adopted
TMDLs that include wasteload allocations for stormwater discharges, “permits for . . . MS4 _
discharges must contain effluent limits and conditions consistent with the . . . WLAs in the
TMDL.” Jd, citing 40 CFR Sec. 122.44(d)(1)(vii)(B). .




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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Foreword

Stormwater runoff in urban and developing areas is one of the leading sources of water pollution in the
United States. In recognition of this issue, Congress enacted Section 438 of the Energy Independence and
Security Act of 2007 (EISA) to require federal agencies to reduce stormwater runoff from federal
development projects to protect water resources. More recently, the President signed Executive Order
13514 on “Federal Leadership in Environmental, Energy, and Economic Performance” calling upon all
federal agencies to “lead by example” to address a wide range of environmental issues, including
stormwater runoff. The Executive Order required the U.S. Environmental Protection Agency (EPA), in
coordination with other federal agencies, to publish this Technical Guidance.

EPA worked closely with many federal agencies to develop this Technical Guidance to help federal
agencies in implementing EISA Section 438. The guidance provides a step-by-step framework that will
help federal agencies maintain pre-development site hydrology by retaining rainfall on-site through
infiltration, evaporatiorn/transpiration, and re-use to the same extent as occurred prior to development. The
Technical Guidance provides background information, key definitions, case studies, and guidance on
meeting the new requirements.

Federal agencies can comply with Section 438 by using a variety of stormwater management practices
often referred to as “green infrastructure” or “low impact development” practices, including, for example,
reducing impervious surfaces, using vegetative practices, porous pavements, cisterns and green roofs.

One of the most exciting new trends in water quality management today is the movement by many cities,
counties, states, and private sector developers toward the increased use of this next generation stormwater
management practices to help protect and restore water quality. Many federal agencies, including EPA,
are already using a full spectrum of stormwater management practices to reduce the impact of federal
facilities on local watersheds. These projects have produced results such as reductions in site runoff
volumes and increased stormwater quality, which ultimately lead to more sustainable facilities.

EPA enjoyed the opportunity to work with a number of federal agencies to develop this state-of-the art,
technical guidance and appreciate all their input. We look forward to continuing the dialogue as we all
work to implement this guidance.

eter S. Silva
ssistant Administrator

ffice of Water
U.S. Environmental Protection Agency
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Technical Guidance on Implementing the Stormwater Runoff Requirements for Federal
Projects under Section 438 of the Energy Independence and Security Act

INTRODUCTION

In December 2007, Congress enacted the Energy Independence and Security Act of 2007.
Section 438 of that legislation establishes strict stormwater runoff requirements for federal
development and redevelopment projects. The provision reads as follows:

“Storm water runoff requirements for federal development projects. The
sponsor of any development or redevelopment project involving a Federal facility
with a footprint that exceeds 5,000 square 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.”

The intent of Section 438 of the Energy Independence and Security Act of 2007 (EISA) is to
require federal agencies to develop and redevelop applicable facilities in a manner that maintains
or restores stormwater runoff to the maximum extent technically feasible. Until recently,
stormwater programs established to address water quality objectives have been designed to
control traditional pollutants that are commonly associated with municipal and industrial
discharges, e.g., nutrients, sediment, and metals. Increases in runoff volume and peak discharge
rates have been regulated through state and local flood control programs. Although these
programs have merit, knowledge accumulated during the past 20 years has led stormwater
experts to the conclusion that conventional approaches to control runoff are not fully adequate to
protect the nation’s water resources (National Research Council, 2008).

Implementation of Section 438 of the EISA can be achieved through the use of the green
infrastructure/low impact development (GI/LID) infrastructure tools described in this guidance.
The intention of the statute is to maintain or restore the pre-development site hydrology during
the development or redevelopment process. To be more specific, this requirement is intended to
ensure that receiving waters are not negatively impacted by changes in runoff temperature,
volumes, durations and rates resulting from federal projects. It should also be noted that a
performance-based approach was selected in lieu of a prescriptive requirement in order to
provide site designers maximum flexibility in selecting control practices appropriate for the site.

Section 14 of the Executive Order 13514, Federal Leadership in Environmental, Energy,
and Economic Performance

On October 5, 2009, President Barack Obama signed Executive Order 13514,
“Federal Leadership in Environmental, Energy, and Economic Performance.”
Section 14 of the Executive Order provides:

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

1
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appropriate, shall issue guidance on the implementation of
section 438 of the Energy Independence and Security Act of
2007 (42 U.S.C. 17094).

This provision contains two significant elements. First, for the first time, EPA is formally
assigned the responsibility to write and issue the Section 438 guidance, in coordination with
other federal agencies. Second, it establishes a deadline for EPA to do so by December 5, 2009.

Purpose and Organization of this Guidance

The purpose of this document is to provide technical guidance and background information to
assist federal agencies in implementing EISA Section 438. Each agency or department is
responsible for ensuring compliance with EISA Section 438. The document contains guidance on
how compliance with Section 438 can be achieved, measured and evaluated. In addition,
information detailing the rationale for the stormwater management approach contained herein
has been included.

This document is intended solely as guidance. This document is not a regulation nor does it
substitute for statutory provisions or regulations. This guidance does not impose any legally
binding requirements on federal agencies and does not confer any legal rights or impose legal
obligations upon any member of the public. This document does not create a cause of action
against the EPA, other federal agencies, or the United States.

The following information is presented within this document:

Part I: Implementation Framework

Background

Benefits and outcomes of the new stormwater performance requirements
Applicability and definitions

Tools to implement the requirements of Section 438

Calculating the 95" percentile rainfall event

moaQw>

Part II: Case Studies on Capturing the 95™ Percentile Storm Using Onsite Management
Practices

Case studies representing typical federal installations have been included. The case studies were
selected to demonstrate the feasibility of providing adequate stormwater control for a range of
site conditions and building designs. To the maximum extent technically feasible, each case
study includes a description of a method that can be used to determine the design objectives of
the project based on retaining the 95" percentile storm. Examples of onsite technologies and
practices have also been provided. The case studies are intended to provide examples of
modeling procedures that can be used to quantify treatment system performance and processes
for assessing sites and determining appropriate control techniques to the maximum extent
technically feasible.
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Part I: Implementation Framework

A. BACKGROUND

This section contains background on the causes and consequences of stormwater discharges,
solutions that can be used to address the causes and consequences of stormwater discharges and
how to implement those solutions to comply with Section 438 of EISA.

Alterations to Natural Hydrology and the Impact on Stormwater Runoff

In the natural, undisturbed environment rain that falls is quickly absorbed by trees, other
vegetation, and the ground. Most rainfall that is not intercepted by leaves infiltrates into the
ground or is returned to the atmosphere by the process of evapotranspiration. Very little rainfall
becomes stormwater runoff in permeable soil, and runoff generally only occurs with larger
precipitation events. Traditional development practices cover large areas of the ground with
impervious surfaces such as roads, driveways, sidewalks, and buildings. Under developed
conditions runoff occurs even during small precipitation events that would normally be absorbed
by the soil and vegetation. The collective force of the increased runoff scours streambeds, erodes
stream banks, and causes large quantities of sediment and other entrained pollutants to enter the
water body each time it rains (Shaver, et al., 2007; Booth testimony, 2008).

As watersheds are developed and impervious surfaces increase in area, the hydrology of the
watersheds fundamentally changes over time which results in degraded aquatic ecosystems. In
recognition of these problems, stormwater managers employed extended detention approaches to
mitigate the impacts of increased peak runoff rates. However, wet ponds and similar practices
are not fully adequate to protect downstream hydrology because of the following inherent
limitations of these conventional practices (National Research Council, 2008; Shaver, et al.,
2007):

= Poor peak control for small, frequently-occurring storms;
= Negligible volume reduction; and
= Increased duration of peak flow.

Detention storage targets relatively large, infrequent storms, such as the two and 10-year/24-hour
storms for peak flow rate control. As a result of this design limitation, flow rates from smaller,
frequently-occurring storms typically exceed those that existed onsite before land development
occurred and these increases in runoff volumes and velocities typically result in flows erosive to
stream channel stability (Shaver, et al., 2007). Section 438 is intended to address the
inadequacies of the historical detention approach to managing stormwater and promote more
sustainable practices that have been selected to maintain or restore predevelopment site
hydrology.

A 2008 National Research Council report on urban stormwater confirmed that current
stormwater control efforts are not fully adequate. Three of the report’s findings on stormwater
management approaches are particularly relevant (National Research Council, 2008).
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1. Individual controls on stormwater discharges are inadequate as the sole solution to
stormwater 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 load from new
development; and

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

['ypical Annual Water Budget
Lirbanized Land Cover

Typical Annual Water Budget
- Forested Land Cover

! ﬂﬁ%

fai
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|| [25% |
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Runoff
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Pre-development Hydrology. Courtesy of C. May,
University of Washington.
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Post-Development Hydrology. Courtesy of C.
May, University of Washington.
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Figure 1. Pre-Development and Post-Development Hydrology. (USDA).

Figure 1 contains two sets of diagrams depicting the water balances at undeveloped and
developed sites. Runoff patterns will vary based on factors such as geographic location, local
meteorological conditions, vegetative cover and soils. The first set of figures represents
conditions in the Pacific Northwest where storms have a long duration and low intensity, i.e., the
volume of rain in an individual storm is small. The second set of figures from the U.S.
Department of Agriculture represents a more generalized set of conditions, but was included to
illustrate that heavily urbanized areas typically cause large increases in runoff.
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Land cover changes that result from site development include increased imperviousness, soil
compaction, loss of vegetation, and loss of natural drainage patterns, which result in increased
runoff volumes and peak runoff rates. The cumulative impacts of the land cover changes result
in alterations of the natural hydrology of a site, which disrupts the natural water balance and
changes water flow paths. The consequences of these impacts include:

1. Increased volume of runoff. With decreased area for infiltration and evapotranspiration
due to development, a greater amount of rainfall is converted to overland runoff which
results in larger stormwater discharges.

2. Increased peak flow of runoff. Increased impervious surface area and higher connectivity
of impervious surfaces and stormwater conveyance systems increase the flow rate of
stormwater discharges and increase the energy and velocity of discharges into the stream
channel.

3. Increased duration of discharge. Detention systems generate greater flow volumes and
rates. These prolonged higher discharge rates can undermine the stability of the stream
channel and induce erosion, channel incision and bank cutting.

4. Increased pollutant loadings. Impervious areas are a collection site for pollutants. When
rainfall occurs these pollutants are mobilized and transported directly to stormwater
conveyances and receiving streams via these impervious surfaces.

5. Increased temperature of runoff. Impervious surfaces absorb and store heat and transfer it
to stormwater runoff. Higher runoff temperatures may have deleterious effects on
receiving streams. Detention basins magnify this problem by trapping and discharging
runoff that is heated by solar radiation (Galli, 1991; Schueler and Helfrich, 1988).

The resulting increases in volume, peak flow, and duration are illustrated in the hydrograph in
Figure 2, which is a representation of a site’s stormwater discharge with respect to time. The
hydrograph illustrates the impacts of development on runoff volume and timing of the runoff.
Individual points on the curve represent the rate of stormwater discharge at a given time. The
graph illustrates that development and corresponding changes in land cover result in greater
discharge rates, greater volumes, and shorter discharge periods. In a natural condition, runoff
rates are slower than those on developed sites and the discharges occur over a longer time period.
The predevelopment peak discharge rate is also much lower than the post-development peak
discharge rate due to attenuation and absorption by soils and vegetation. In the post-
development condition there is generally a much shorter time before runoff begins because of
increased impervious surface area, a higher degree of connectivity of these areas and the loss of
soils and vegetative cover that slow or reduce runoff.
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L Post-Development Condition

Pre-Development Condition
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Figure 2. Post-Development Hydrograph.
(Q = volumetric flow rate; t = time)
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Figure 3. Stream Displaying the Effects of Stormwater Runoff and Channel Downcutting.

The Solution: Preserving and Restoring Hydrology
A new approach has evolved in recent years to eliminate or reduce the amount of water and
pollutants that run off a site and ultimately are discharged into adjacent water bodies.
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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.

GI/LID practices include a wide variety of practices that utilize these mechanisms. These
practices can be used at the site, neighborhood and watershed/regional scales. In this document
the focus is on site-level practices, which is most consistent with the terms used in Section 438:
“project,” “facility,” and “property.” Although these performance requirements apply at the
project site-level, flexibility exists to utilize nearby areas or areas directly adjacent to the facility
to manage the runoff, i.e., evapotranspirate, infiltrate or harvest and use. Where justifiable, it
also may be appropriate to evapotranspirate, infiltrate or harvest and use an equivalent or greater
amount of runoff offsite as long as the runoff is discharged or used in the same receiving
subwatershed or watershed.

The purpose of EISA Section 438 is to replicate the pre-development hydrology to protect and
preserve both the water resources onsite and those downstream. For example, if prior to
development, twenty five (25) percent of the annual rainfall runs directly into the stream and the
remainder infiltrates into the ground or is evapotranspired into the air, then the post-development
goal should be to limit runoff to twenty five (25) percent of the annual precipitation while
maintaining the correct aquifer recharge rate. This has the benefit, in most cases, of delivering
water to the stream at approximately the same rate, volume, duration and temperature as the
stream had naturally evolved to receive prior to development. The result will be to eliminate or
minimize the erosion of streambeds and streambanks, significantly reduce the delivery of many
— R ; pollutants to water bodies, and retain historical

Vi ) instream temperatures.

Restoring or maintaining pre-development hydrology
has emerged as a control approach for several
reasons. Most importantly, this approach is intended
to directly address the root cause of impairment.
Current control approaches have been selected in an
attempt to control the symptoms (peak flow, and
excess pollutants), but this strategy is not fully
adequate because of the scale of the problem, the
cumulative impacts of multiple developments and the
need to manage both site and watershed level impacts.
With current approaches, it is also difficult to
adequately protect and improve water quality because
the measures employed are not addressing the main
problem which is a hydrologic imbalance.

Designing facilities based on the goal of maintaining
or restoring pre-development hydrology provides a

= o I 3
Figure 4. Parking lot bioswale and site specific basis and an objective methodology with
permeable pavers in Chicago. which to determine appropriate practices to protect
the receiving environment.

7



Section 438 Technical Guidance December 2009
Using pre-development hydrology as the guiding control principal also allows the designer to
consider climatic and geologic variability and tailor the solutions to the project location. Thus
the need for a one size fits all approach is rendered unnecessary since the design objective is
dictated by the pre-development site conditions and other technicalities of the project site and
facility. Instead of prescribed approaches dictating discharge volumes or flow rates, site
assessments of historical infiltration and runoff rates will inform the designer and provide the
basis for a suitable design. The use of this approach will minimize compliance complications that
may arise from prescriptive design approaches which do not account for the variability of
precipitation frequencies, rainfall intensities and pre-development land cover and soil conditions
that influence infiltration and runoff.

B. BENEFITS AND OUTCOMES OF THE NEW STORMWATER PERFORMANCE REQUIREMENTS

Implementation of these new stormwater performance requirements in EISA Section 438
provides numerous environmental and economic benefits in addition to reducing the volume of
stormwater runoft:

Benefits to Water Resources: GI/LID approaches are a set of

management approaches and

= (Cleaner Water. The use of plants, soils and water

harvesting and use practices can reduce stormwater
runoff volumes and pollutant loadings and the
frequency and magnitude of combined sewer
overflows (volume and pollutant loading
reductions). These practices are part of a larger set
of practices called green infrastructure/low impact
development.

Clean and Adequate Water Supplies. GI/LID
approaches using soil based vegetated infiltration
systems can be used to recharge ground water and
maintain stream base flow. By recharging ground
water aquifers, aquatic ecosystem health is
maintained and base flows are increased which helps
ensure more constant flows for drinking water
withdrawals. Harvesting and reusing rainwater also
reduces the need to use potable water for all uses
and can reduce both the infrastructure and energy
needed to treat and transport both drinking water and
stormwater.

Source Water Protection. GI/LID practices provide

technologies that utilize and/or
mimic the natural hydrologic cycle
processes of infiltration,
evapotranspiration and use. GI/LID
practices include green roofs, trees
and tree boxes, rain gardens,
vegetated swales, pocket wetlands,
infiltration planters, porous and
permeable pavements, vegetated
median strips, reforestation and
revegetation and protection of
riparian buffers and floodplains.
These practices can be used almost
anywhere soil and vegetation can be
worked into the urban or suburban
landscape. They include
decentralized harvesting approaches
such as rain barrels and cisterns that
can be used to capture and re-use
rainfall for watering plants or
flushing toilets.

pollutant removal benefits, thereby providing some protection for both ground water and

surface water sources of drinking water. In addition, GI/LID provides ground water recharge

benefits.
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Other Social and Environmental Benefits:

= (Cleaner Air. Trees and vegetation improve air quality by filtering many airborne pollutants
and can help reduce the amount of respiratory illness (Vingarzan and Taylor, 2003).

»  Reduced Urban Temperatures. Summer city temperatures can average 10°F higher than
nearby suburban temperatures (Casey Trees, 2007). High temperatures are also linked to
higher ground level ozone concentrations. Vegetation creates shade, reduces the amount of
heat absorbing materials and emits water vapor — all of which cool hot air (Grant, et al.,
2003). Reductions in impervious surface and the use of light colored pervious surfaces (e.g.,
permeable concrete) also can mitigate urban temperatures.

»  Moderate the Impacts of Climate Change. Climate change impacts and effects vary
regionally, but GI/LID techniques can provide
adaptation benefits for a wide array of
circumstances. They can be used to conserve,
harvest and use water, to recharge ground waters
and to reduce surface water discharges that could
contribute to flooding. In addition, there are
mitigation benefits such as reduced energy
demand and carbon sequestration by vegetation.

= [Increased Energy Efficiency. Green space helps
lower ambient temperatures and, when
incorporated on and around buildings, helps shade
and insulate buildings from wide temperature
swings, decreasing the energy needed for heating
and cooling. Diverting stormwater from
wastewater collection, conveyance and treatment
systems can reduce the amount of energy needed
to pump and treat the water. Energy efficiency not
only reduces costs, but also reduces generation of
greenhouse gases.

= Community Benefits. Trees and plants improve
urban aesthetics and community livability by
providing recreational and wildlife areas. Studies show that property values are higher when
trees and other vegetation are present. Increased green space also has public health benefits
and has been shown to reduce crime and the associated stresses of urban living.

Figure 5. Rain water cistern.

C. APPLICABILITY AND DEFINITIONS

Applicability
1. Who is a “Sponsor” of a project?
Section 438 applies to the “sponsor of any development or redevelopment project involving a

Federal facility . . .” Section 438 requires that the “sponsor . . . shall use . . . strategies for the
property to maintain or restore . . . the predevelopment hydrology. . .” The “sponsor” should
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generally be regarded as the federal department or agency that owns, operates, occupies or is the
primary user of the facility and has initiated the development or redevelopment project. If the
federal agency hires another entity to perform activities such as site construction or maintenance,
the agency should nonetheless be regarded as the sponsor and be responsible to assure
compliance with the requirements of Section 438. The agency sponsor is free to contract out
various duties and responsibilities that are associated with achieving compliance.

2. What is a “Federal facility”?

Section 438 provides that its requirements apply to the “sponsor of any development or
redevelopment project involving a Federal facility . . .” Section 401(8) of EISA states: “The
term "Federal facility' means any building that is constructed, renovated, leased, or purchased in
part or in whole for use by the Federal Government.”

3. What is a “footprint”?

Section 438 applies to a federal facility “with a footprint that exceeds 5,000 square feet.” For the
purposes of this guidance, any project involving a federal facility that disturbs 5,000 square feet
or more of ground area is covered by this guidance. Existing facilities that have an overall
footprint of 5,000 square feet or greater that disturb less than 5,000 square feet of land area as
part of any single development or redevelopment project are not subject to Section 438
requirements. Consistent with the purpose of Section 438 to preserve or restore pre-development
hydrology, the term “footprint” includes all land areas that are disturbed as part of the project.

4. What is “the property”?

Section 438 provides that the project sponsor “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.” This clause has been
interpreted to mean that the land surrounding the project site is available to implement the
appropriate GI/LID practices where optimal.

Although the performance requirements of EISA Section 438 apply only to the project footprint,
the flexibility exists to utilize the entire federal property in implementing the stormwater
strategies for the project.

Definitions

95" percentile rainfall event. The 95" percentile rainfall event represents a precipitation amount
which 95 percent of all rainfall events for the period of record do not exceed. In more technical
terms, the 95™ percentile rainfall event is defined as the measured precipitation depth
accumulated over a 24-hour period for the period of record that ranks as the 95™ percentile
rainfall depth based on the range of all daily event occurrences during this period.

The 24-hour period is typically defined as 12:00:00 am to 11:59:59 pm. In general, at least a 20-
30 year period of rainfall record is recommended for such an analysis. This raw data is readily
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available and collected by most airports across the county. Small rainfall events that are 0.1 of an
inch or less are excluded from the percentile analysis because this rainfall generally does not
result in any measureable runoff due to absorption, interception and evaporation by permeable,
impermeable and vegetated surfaces. Many stormwater modelers and hydrologists typically
exclude rainfall events that are 0.1 inch or less from calculations of rainfall events of any storm
from their modeling analyses of rainfall event frequencies. See, for example, the Center for
Watershed Protection's Urban Subwatershed Restoration Manual 3 (available at www.cwp.org).

Federal facility. The term “federal facility” means any buildings that are constructed, renovated,
leased, or purchased in part or in whole for use by the federal government as defined in section
401(8) of the Energy Independence and Security Act.

Development or re-development. For the purposes of this provision this term applies to any
action that results in the alteration of the landscape during construction of buildings or other
infrastructure such as parking lots, roads, etc, (e.g., grading, removal of vegetation, soil
compaction, etc.) such that the changes affect runoff volumes, rates, temperature, and duration of
flow. Examples of projects that would fall under “re-development” include structures or other
infrastructure that are being reconstructed or replaced and the landscape is altered. Typical
patching or resurfacing of parking lots or other travel areas would not fall under this requirement.

D. TOOLS TO IMPLEMENT THE REQUIREMENTS OF SECTION 438

Section 438 of the Energy Independence and Security Act of 2007 reads as follows:
Section 438. Storm water runoff requirements for federal development projects.
The sponsor of any development or redevelopment project involving a Federal facility
with a footprint that exceeds 5,000 square 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.

The intention of EISA Section 438 is to preserve or restore the hydrology of the site during the
development or redevelopment process. To be more specific, this requirement is intended to
ensure that aquatic biota, stream channel stability, and historical aquifer recharge rates of
receiving waters are not negatively impacted by changes in runoff temperature, volumes,
durations and rates resulting from federal projects. A performance based approach was selected
in lieu of a prescriptive requirement in order to provide site designers maximum flexibility in
selecting control practices appropriate for the site.

To meet these performance objectives, technically feasible stormwater control practices that are
effective in reducing the volume of stormwater discharge should be used. To implement EISA
Section 438, this guidance recommends that the federal facility use all known, available and
reasonable methods of stormwater retention and/or use to the maximum extent technically
feasible (METF). Tools to implement the requirements of Section 438 are described below and
illustrated in Figure 8.

11


http://www.cwp.org/�

Section 438 Technical Guidance December 2009

Establishing Section 438 Performance Design Objectives

Described below are options site designers can use to comply with Section 438. There may be
situations where Option 1 (retaining the 95™ percentile rainfall event) is not protective enough to
maintain or restore the predevelopment hydrology of the project (for example, in some
headwater streams). In these cases, Option 2 (site-specific hydrologic analysis) could be used to
determine the types of stormwater practices necessary to preserve predevelopment runoff
conditions. Option 2 could also be used if predevelopment runoff conditions can be maintained
by retaining less than the 95t percentile rainfall event. Because a performance based approach
was selected in lieu of a prescriptive requirement in order to provide site designers maximum
flexibility in selecting control practices appropriate for the site, Option 2 was provided in
recognition that there are established methodologies that can be utilized to estimate the volume
of infiltration and evapotranspiration based on site-specific hydrology and thus establish the
predevelopment hydrology performance design objectives.

Option 1: Retain the 95™ Percentile Rainfall Event

One approach to establishing the performance design objectives is to design, construct, and
maintain stormwater management practices that manage rainfall onsite, and prevent the off-site
discharge of the precipitation from all rainfall events less than or equal to the 95™ percentile
rainfall event to the maximum extent technically feasible (METF). This objective should be
accomplished by the use of practices that infiltrate, evapotranspire and/or harvest and use
rainwater. The 95" percentile rainfall event is the event whose precipitation total is greater than
or equal to 95 percent of all storm events over a given period of record. For example, to
determine what the 95™ percentile storm event is in a specific location, all 24 hour storms that
have recorded values over a 30 year period would be tabulated and a 95" percentile storm would
be determined from this record, i.e., 5% of the storms would be greater than the number
determined to be the 95™ percentile storm. Thus the 95" percentile storm would be represented
by a number such as 1.5 inches, and this would be the design storm (example 95" percentile
storm events for selected cities are presented in Table 1). The designer would then select a
system of practices, to the METF, that infiltrate, evapotranspire or harvest and use this volume
multiplied by the total area of the facility/project footprint. Methods and data used to estimate
the 95" percentile event are discussed in Part IT of this document.

For the purposes of this guidance, retaining all storms up to and including the 95™ percentile
storm event is analogous to maintaining or restoring the pre-development hydrology with respect
to the volume, flow rate, duration and temperature of the runoff for most sites. This 95
percentile approach was identified and recommended because this storm size represents the
volume that appears to best 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
duration, rate and volume of stormwater flows. In general, only large storms generate significant
runoff. In addition, this approach was identified because it employs natural treatment and flow
attenuation methods that are presumed to have existed on the site before construction of
infrastructure (e.g., building, roads, parking lots, driveways,) and is intended to infiltrate or
evapotranspirate the full volume of the 95" percentile storm. Because this approach necessitates
the use of practices that generally preclude extended detention, it will also typically address the
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issue of maintaining predevelopment temperatures. However, in cases where there are discharges
to cool water streams or other sensitive receiving waters, additional strategies may be needed to
ensure that stormwater discharges do not result in greater thermal impacts than would occur in
pre-development conditions (Schueler and Helfrich, 1988).

Where technically feasible, the goal of Option 1 is that one hundred percent (100%) of the
volume of water from storms less than or equal to the 95™ percentile event over the footprint of
the project should not be discharged to surface waters. In some cases, runoff can be harvested
and used and ultimately may be discharged to surface waters or a sanitary treatment system; such
direct or indirect discharges must be authorized or allowed by the regulatory authority. For
example, if runoff is captured for nonpotable uses such as toilet flushing or other uses that are
not irrigation related, these waters potentially could be discharged into the sanitary sewer system.
Preferred mechanisms for retaining discharges from storms greater than the 95" percentile event
are through overflow or diversion for the volume that exceeds the 95t percentile amount.
Because standard underdrains typically discharge from smaller storms as well, underdrain
designs, if employed, should ensure adequate retention capacity for the 95t percentile event
volume. For structures such as roofs and paved surfaces that can increase the temperature of
stormwater runoff, materials that minimize temperature increases (e.g., concrete vs. asphalt;
vegetated roofs) should be considered and used as appropriate.

Retaining 100 percent of all rainfall events equal to or less than the 95™ percentile rainfall event
was identified as Option 1 because small, frequently occurring storms account for a large
proportion of the annual precipitation volume,
and the runoff from those storm events also
significantly alters the discharge frequency, rate
and temperature of the runoff.

s
o | T BT T

The runoff produced by these small storms and
the initial portion of larger storms has a strong
negative cumulative impact on receiving water
hydrology and water quality. In areas that have
been developed, runoff is generated from almost
all storms, both small and large, due to the
impervious surfaces associated with
development and the loss of soils and vegetation.
In contrast, natural or undeveloped areas
discharge little or no runoff from small storms
because the rain is absorbed by the landscape
and vegetation. Studies have shown that
increases in runoff event frequency, volume and
rate can be diminished or eliminated through the
use of GI/LID designs and practices, which infiltrate, evapotranspire and capture and use
stormwater.

Figure 6. Bioretention facility in Oregon.
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Option 1 was identified because it is a simplified approach to meet the intent of Section 438 in
contrast to Option 2 which requires the designer to conduct a hydrologic analysis of the site
based on site-specific conditions.

Table 1. Example 95" Percentile Storm Events for Select U.S. Cities
(adapted from Hirschman and Kosco, 2008).

95" Percentile 95" Percentile
Event Rainfall Event Rainfall
City Total (in) City Total (in)
Atlanta, GA 1.8 Kansas City, MO 1.7
Baltimore, MD 1.6 Knoxville, TN 1.5
Boston, MA 1.5 Louisville, KY 1.5
Buffalo, NY 1.1 Minneapolis, MN 1.4
Burlington, VT 1.1 New York, NY 1.7
Charleston, WV 1.2 Salt Lake City, UT 0.8
Coeur D’Alene, ID 0.7 Phoenix, AZ 1.0
Cincinnati, OH 1.5 Portland, OR 1.0
Columbus, OH 1.3 Seattle, WA 1.6
Concord, NH 1.3 Washington, DC 1.7
Denver, CO 1.1
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Figure 7. Rainfall Frequency Spectrum showing the 95™ percentile rainfall event for Portland, OR
(~1.0 inches)
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Calculating the 95™ Percentile Rainfall Event

Section E of this guidance contains information on how to calculate the 95t percentile rainfall
event for a specific area. A long-term record of daily rainfall amounts (ideally, at least 30 years)
is needed to calculate the 95™ percentile rainfall.

Designers opting to use Option 1 need to do the following:

1) calculate or verify the precipitation amount from the 95t percentile storm event (this number
would be typically expressed in inches, e.g., 1.5”, and

2) employ onsite stormwater management controls to the METF that infiltrate, evapotranspire
or harvest and use the appropriate design volume.

The 95 percentile event can be calculated by using the following procedures below
(summarized from Hirschman and Kosco, 2008, Managing Stormwater in Your Community: A
Guide for Building an Effective Post-Construction Program, Center for Watershed Protection):

e Obtain a long-term rainfall record from a nearby weather station (daily precipitation is
fine, but try to obtain at least 30 years of daily record). Long-term rainfall records can be
obtained from many sources, including NOAA at
http://cdo.ncdc.noaa.gov/pls/plelimprod/poemain.accessrouter?datasetabbv=SOD&countr
yabbv=&georegionabbv=.

e Remove data for small rainfall events that are 0.1 inch or less and snowfall events that do
not immediately melt from the data set. These events should be deleted since they do not
typically cause runoff and could potentially cause the analyses of the 95™ percentile
storm runoff volume to be inaccurate.

e Using a spreadsheet or simple statistical package, sort the rainfall events from highest to
lowest. In the next column, calculate the percentage of rainfall events that are less than
each ranked event (event number/total number of events). For example, if there were
1,000 rainfall events and the highest rainfall event was a 4” event, then 999 events (or a
percentile of 999/1000, or 99.9%) are less than the 4” rainfall event.

e Use the rainfall event at 95% as the 95" percentile storm event.

Option 2: Site-Specific Hydrologic Analysis

Another approach to establishing the performance design objective is to design, construct, and
maintain stormwater management practices that preserve the pre-development runoff conditions
following construction. Option 2 allows the designer to conduct a site-specific hydrologic
analysis to determine the pre-development runoff conditions instead of using the estimated
volume approach of Option 1. Under Option 2, the pre-development hydrology would be
determined based on site-specific conditions and local meteorology by using continuous
simulation modeling techniques, published data, studies, or other established tools. If the
designer elects to use Option 2, the designer would then identify the pre-development condition
of the site and quantify the post-development runoff volume and peak flow discharges that are
equivalent to pre-development conditions. The post-construction rate, volume, duration and
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temperature of runoff should not exceed the pre-development rates and the predevelopment
hydrology should be replicated through site design and other appropriate practices to the
maximum extent technically feasible. These goals should be accomplished through the use of
infiltration, evapotranspiration, and/or rainwater harvesting and use. Defensible and consistent
hydrological assessment tools should be used and documented. Additional discussions of
appropriate methodologies to use in assessing site hydrology have been included in the technical
sections of this document. See, for example, the discussion of spreadsheet versions or curve
numbers based on the Natural Resource Conservation Service Technical Release 55 (TR-55)
Method in Appendix A of this document.

Development

The pre-development hydrologic condition of the site is the combination of runoff, infiltration
and evapotranspiration rates and volumes that typically existed on the facility site before
"development" on a greenfields site (meaning any construction of infrastructure on undeveloped
land such as meadows or forests). In practice, determining the pre-development hydrology of a
given site can be difficult if there is no suitable reference site. As a result, reference conditions
for typical land cover types in the locality often are used to approximate what fraction of the
precipitation ran off, soaked into the ground or was evaporated from the landscape. The use of
reference conditions can be problematic if suitable data are not available or unique site
conditions exist that do not fit within a typical land use cover type for the area, e.g., meadow or
forest. In cases where suitable data from comparable conditions cannot be found or is otherwise
inadequate to be used in conducting an Option 2 analysis for the specific area being considered
for development or redevelopment, the project sponsor should use the Option 1 analytical
framework.

Re-development

For re-development sites, existing site conditions and uses of the site can influence the amount of
runoff that can be managed on site through infiltration, evapotransporation and harvest and use
and thus the performance design objective. In these cases the design process in Figure 8 and
Scenario 9 illustrate the decision processes that can be used.

In the context of some re-development projects, fully restoring predevelopment hydrology can be
difficult to achieve and Congress recognized this potential difficulty by including the METF
language in the statute. In these cases, Congressional intent can be best carried out by using a
systematic METF analysis to determine what practices can be implemented at the site to
maintain or store the hydrologic condition of the site. Scenarios 1-8 provide examples of METF
analyses that demonstrate that pre-development hydrology can be achieved. Scenario 9 provides
an example of an METF analysis that demonstrates that pre-development hydrology cannot be
fully achieved and illustrates the extent to which pre-development hydrology can be restored.

Note: It should also be emphasized that the performance based approach in Option 1 is intended
to be a surrogate for determining the pre-development reference condition and this standard is
intended to be used in cases where it is more practical, cost effective, and/or expeditious than
Option 1, or where it is difficult or infeasible to identify the relevant reference conditions for the
site.
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Determination of Maximum Extent Technically Feasible

Compliance with Section 438 requires that stormwater management measures are implemented
to the maximum extent technically feasible (METF) to maintain or restore the pre-development
hydrology conditions specifically with respect to temperature, rate, volume, and duration of flow.

Performance or design goals based on the pre-development hydrology can be established by
using options such as the following: Retention of the 95h percentile rainfall event (Option 1), or
through a site-specific hydrologic analysis that estimates the volume of infiltration,
evapotranspiration or onsite stormwater harvesting and use based on site-specific hydrologic
conditions (Option 2).

Technical Infeasibility

For projects where technical infeasibility exists, the federal agency or department sponsoring the
project should document and quantify that stormwater strategies, such as infiltration,
evapotranspiration, and harvesting and use have been used to the METF, and that full
employment of these types of controls are infeasible due to site constraints. Some western states
place restrictions on harvesting and use due to water rights, however, these requirements do not
necessarily preclude the sponsor of the project from implementing strategies such as infiltration
and evapotranspiration. Documentation of technical infeasibility should include, but may not be
limited to, engineering calculations, geologic reports, hydrologic analyses, and site maps. A
determination that the performance design goals cannot be met on site should include analyses
that rule out the use of an adequate combination of infiltration, evapotranspiration, and use
measures. Examples of where site conditions may prevent the full employment of appropriate
management techniques to the METF include a combination of:

e The conditions on the site preclude the use of infiltration practices due to the presence of
shallow bedrock, contaminated soils, near surface ground water or other factors such as
underground facilities or utilities.

e The design of the site precludes the use of soil amendments, plantings of vegetation or other
designs that can be used to infiltrate and evapotranspirate runoff.

e Water harvesting and use are not practical or possible because the volume of water used for
irrigation, toilet flushing, industrial make-up water, wash-waters, etc. is not significant
enough to warrant the design and use of water harvesting and use systems.

e Modifications to an existing building to manage stormwater are not feasible due to structural
or plumbing constraints or other factors as identified by the facility owner/operator.

e Small project sites where the lot is too small to accommodate infiltration practices adequately
sized to infiltrate the volume of runoff from impervious surfaces,

e Soils that cannot be sufficiently amended to provide for the requisite infiltration rates,

e Situations where site use is inconsistent with the capture and use of stormwater or other
physical conditions on site that preclude the use of plants for evapotranspiration or
bioinfiltration.

e Retention and/or use of stormwater onsite or discharge of stormwater onsite via infiltration
has a significant adverse effect on the site or the down gradient water balance of surface
waters, ground waters or receiving watershed ecological processes.
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e State and local requirements or permit requirements that prohibit water collection or make it
technically infeasible to use certain GI/LID techniques.

e Compliance with the Section 438 requirements would result in the retention and/or use of
stormwater on the site such that an adverse water balance impact may occur to the receiving
surface waterbody or ground water.

Please note that a single one of these characteristics is very unlikely to preclude meeting the
performance standard, but a combination of factors may.

In cases where the facility has a defensible showing of technical infeasibility and can provide
adequate documentation of site conditions or other factors that preclude full implementation of
the performance design goal, the facility should still install stormwater practices to infiltrate,
evapotranspire and/or harvest and use onsite the maximum amount of stormwater technically
feasible. Note: Facilities must still comply with all other applicable federal, state and local
requirements.

18



Section 438 Technical Guidance December 2009

1. Determine applicability Requirement: apply to all federal projects with a footprint
reater than 5,000 squars fest

2. Establish design objective | Requirement:- maintain or restore pre-development hydrology
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Figure 8. Section 438 Implementation Process
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Documenting EISA Section 438 Implementation

Each agency or department is responsible for ensuring compliance with Section 438. Itis
recommended that: 1) the final design and as-built drawings of each facility shall be reviewed
by a registered professional engineer and 2) the agency or department develop and maintain
documentation of the following design criteria for each project subject to Section 438:

= Site evaluation and soils analysis

= Calculations for the 95" percentile rainfall event or the pre-development runoff volumes
and rates to identify the volume of stormwater requiring management

= Documentation of modifications to the performance design objective based on technical
constraints (site-specific METF determination)

= The site design and stormwater management practices employed on the site

= Design calculations for each stormwater management practice employed

= The respective volume of stormwater managed by each practice and the system as a
whole

= (QOperations and maintenance protocols for the stormwater management system

The information should provide the necessary documentation and detail to demonstrate
compliance and operation of stormwater management practices for the entire site.

Common Green Infrastructure/Low Impact Development Tools to Implement Section 438
Although Congress did not prescribe specific practices to be used to implement Section 438 it
can be inferred that one of the goals of the Act was to promote the use of innovative stormwater
management approaches, designs and practices that better protect receiving w