Construction Industry Coalition on Water Quality

 April 10.2009 o v ;

Ms. Tracy Woods

Los Angeles Regional Water Quality Control Board
320 W. Fourth Street. Suite 200

Los Angeles, California 90013

RE: Tentative Order 09-XXX (NPDES Permit No. CAS00402) Waste Discharge
Requirements from Stormwater and Non-stormwater Discharges from the Municipal
Separate Storm Sewer Systems within the Ventura Watershed Protection District,
County of Ventura, and Incorporated Cities Within '

»

Dear Ms. Woods:

On behalf of the more than 3,000 member companies of the Construction Industry Coalition
on Water Quality (CICWQ), we would like to thank the Los Angeles Regional Water Quality Control
Board (Regional Board) for the opportunity to offer this public comment on the Draft Ventura County
Municipal Separate Storm Sewer System Permit, Tentative Order No. 09-XXX (Draft Permit). We
also appreciate the Regional Board's participation in the series of permit stakeholder meetings that
we have had over the past three years and staff"s willingness to meet with us at various times.

This letter and attachments provide constructive suggestions that we have for the Draft
Permit, and defines our positions on planning and land development provisions (most notably. Low
Impact Development (LID), hydromodification control, and construction site best practices
requirements) that-have been discussed and debated thoroughly within a stakeholder group
_ framework since the Draft Permit was first released in December 2006. We also-comment on the
introduction of numeric limits for treatment control best management practices..

1. Introduction

CICWQ is comprised of the four major construction and building industry trade associations
" in Southern California: the Associated General Contractors of California (AGC), the Building
Industry Association of Southern California (BIA/SC). the Engineering Contractors Association
(ECA) and the Southern California Contractors Association (SCCA). The membership of CICWQ i1s
comprised of construction contractors. labor unions, landowners, developers, and homebuilders
‘working throughout the region and state.

These organizations work collectively 1o provide the necessary infrastructure and support for
the region’s business and residential needs. Members of all of the above-referenced organizations are
affected by the Draft Permit, as are thousands of construction employees and builders working to
meet the demand for modern infrastructure and housing in Ventura County. Our organizations
support efforts 10 improve water quality in a cost effective manner. :

Our comments and suggestions on the Draft Permit as well as our active involvement in the
stakeholder process reflect our commitment to protect water quality while at the same time preserve
our member’s economic viability in this difficult economic environment.. Please know that our
membership has invested significant resources inte developing sound engineering approaches for LID
stormwater management techniques and for hydromodification control. facilitating the appropriate

.
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application of these valuable approaches to water quality management. Qur comments reflect this
commitment to sound engineering practices and pnnuplcﬁ and consideration of site-specific
feasibilin considerations during and following project’ o(msnua,ln()n

Il Prefimisary Statement

“Our comments are directed at the content of the Draft Permit. Section E. Planning and Land
Development Program and Attachment C. Treatment BMP Performance Standards. We share the
common goal of moving the Ventura County program in the direction of using LID Best Management
Practices (“BMPs™). and we appreciate the need o avoid hvdromodification impacts to sensitive
stream channels. We agree that conventional stormwater BMPs should not be used as the primary
BMP approach for a site unless it is plainly infeasible or undesirable due to ecological or other
societal considerations to use LID BMPs. We also continue to favor the consideration and use of
regional and other “scaleable™ BMPs and off-site solutions when they can be demonstrated o achieve
a high environmental benefit. recognizing at the same time that these options cannot be mandated
when they are not generafly available. and may not be for some time. Fundamentally. we support
more engineering rigor in’ ‘selecting and sizing LID BMPs. Finally, we support-the Drafl Permit’s
consistency with the’ State of California General Construction Permit for stormwater discharges.

Given thesc over-‘archinq issueé. we'have the following remaining concerns:

Effective Impervious Area (EIA) Restrictions Must Be Replaced By Volume Capture
LID BMP QszG Standards

The term “EIA"‘ lacl\s -a common, understandable-and implementable definition. and is too
vague and ambiguous, to be used as a- ]o"xcal standard without assigning a volume capture
' requirement to it. I ‘sther words. EIA is not a stand-alone standard and must use a hydraulic-based
translator to have any relevance to LID BMP sxzm0

There seems to be \-villmgness-on-the part of the Regional Board and the NGOs to consider a
capture volume approach, without the complication and confusion created by appending EIA to it.
The NGOs have acknowledged that EIA lacks meaning without a design storm volume specified and
clear criteria of what would be considered non-effective impervious area..-This is an important
acknowledgement, which we appreciate, as it tends to show that EIA as a stand-alone concept falls
short as a performance standard.

CICWQ has often pointed out that a limitation on EIA as a performance standard for sizing
LID BMPs has created widespread confusion and misunderstanding in the development and building
industry with respect to its definition, what this standard would require, and the reason for it.
Proposing EIA as a performance standard has also created confusion among stormwater professxonalc
from the principal permittee and co-permittees and consultants who support them and within
Regional Board staff as well. It is quite clear that EIA does not have an agreed upon. logical
definition and its suitability across all development project scales raises serious concerns about
unintended consequences (such as limiting infill and redevelopment and promoting sprawl). We
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strongly question its utility in many project site contexts such as hillsides. bluffs. soils with restrictive
Javers such as hard pans, or high water tables. It may be a valid scientific concept under uncontrolled
conditions (where there are no BMPs), and one that has meaning on a watershed scale whefe its
definition first appeared. but it’s utility 1s hampered by confusion and the need for a clear hvdraulic
sizing translator, such as design storm volume capture.

In recent correspondence, the U.S. Environmental Protection Agency (EPA) appears to be
accepting of alternative engineering approaches other than EIA (such as volume capture), which
importantly is being considered in draft permits or is found in guidance documents in several states.
BIA/SC communicated with the EPA regarding their intent in using E1A as a performance standard in
designing and nnp]emenimo LID BMPs. While EPA supports the use of “clear. measureable, and
enforceable requirements™ for L1D performance, such as limitations on EIA, EPA’s letierto BIA/SC
dated July 31, 2008 (Attachment 1) clearly states that “use of the 5% EIA requirement is not the only
acceptable, quantitative approach for incorporating LID into renewed MS4 permits in southern
California.”™ The EPA further states that “we are open to other quantitative means for measuring how
LID tools reduce storm water discharges.” Finally, EPA recently commented on the. North Orange
County MS4 permit (March 24, 2009) and stated that “EPA has not determined that ELA is not
necessarily the only or always the best method to lmp]ement LID* and that they are supportive of a

volume capture approach.

All LID BMPs Must be Available for Use to Collect and Treat the LID Storm Captux;e
Volume

The current Draft Permit in section 5. E. IIL.1 (d) appears to allow infiltration, rainfall harvest
and use, orvegetated LID BMPs to collect and treat the design storm volume thatis used as a
hydraulic translator for the 5% EIA standard. This apparent flexibility is found in an explanation of
how to render an impervious surface “ineffective.” However, in the preceding section 5.E. 1111 (c),
the permit states that all structures built to render surfaces ineffective must be properly sized to
infiltrate or store and use rainwater up to the water quality mitigation criteria value. This somewhat
contradictory permit Janguage and a recently surfaced Ventura County City Manager-NGO proposal
both atternpt to narrow developer choices in selecting and sizing LID BMPs by restricting BMPs to
only those that infiltrate or store rainfall for beneficial use. In other words, each project wou]d
require zero discharge of a deswn storm volume with no runoff whatsoever allowed. . '

The US EPA defines LID' as follows:

A comprehensive stormwater management and site-design technique. Within the LID . -
framework. the goal of any construction project is_to design a hvdrologically functional site
that mimics predevelopment conditions. This is achieved by using design technigues that
infilrate. filter. evaporate. and store runoff close 10 its source. (emphasis added)

hup:/efpubl .epa govinpdes/greeninfrastructure/information.cfm#glossary .
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Mandating the complete on-site retention of any sizable storm volume (i.e. runoff that never
leaves as surface flows) is not a reasonable approach and the City Manager-NGO proposal attempts
to redefine the allowable site design elements necessary to implement LID. This proposal if adopted
may implement LID in a way that is contrary to the EPA definition of LID by restricting BMPs to
those that only achieve zero discharge—not allowing any BMPs that appropriately “filter™ runoff.
such as bioretention cells or other vegetated LID BMPs. Total. 100 percent retention remains
impractical and unwise in most circumstances. and is not a goal that can be achieved for most
projects within reasonable costs. despite best efforts. Moreover. such a mandate abandons the goal 10
mimic predevelopment conditions to the extent practicable, as EPA encourages.

We are providing. in Attachment 2, a comprehensive analysis done by Geosyntec Consultants
of the feasibility of implementing rainfall and stormwater harvesting systems and the utility of these
svstems in achieving pollutant load reductions from stormwater runoff as compared to use of all types
of LID BMP features. This document and follow up correspondence with Geosyntec show that
harvesting alone may result in poor water quality treatment performance relative to a well designed
system of LID BMPs that includes all types of BMPs—including filtration. not just those that capture
and retain stormwater. This document also identifies the current institutional barriers (code
requirementts) that will need to be adjusted long before total rainwater capture systems can be
considered feasible in any practical sense. .

To CICWQ, the retention BMPs of infiltration. harvesting. and evapotranspiration ("ET™)
may be described as a preferred tier of LID BMPs for use wherever practical; but they should not be
universally mandated to'the exclusion of all other options. As the EPA definition of LID indicates.
biofiltration. bioretention, filter strips, and other BMPs based on using vegetation to promote
stormwater treatment via filtration are fundamental to LID implementation. These BMPs may be
specified as additional secondary options (although they best mimic pre-development conditions). but

project proponents should have considerable discretion to use these BMPs, and should not.be requu ed .

to appl) for a feasibility exception to do so.

The use of conventional BMPs (structural treatment installations) as the principal approach
for stormwater management should be a last resort, available only when objective infeasibility criteria
are satisfied, and when off-site, scaleable, opportunities are not readily available. When LID BMPs
are infeasible. and nearby off-site options are not available, the use of conventional BMPs that have
been demonstrated to be effective on the pollutants of concern should be a compliance option.

- The NGOs assert that the Draft Permit is too permissive in its application of LID BMPs or in
the volume of water that must be collected. Moreover, they point to other Jocations around the U.S.
where these more constrictive BMP measures are required and where larger volumes of water are
presumably collected in them. A review and analysis of the documents referenced by NRDC in a
recent comment letter regarding the Orange County MS4 permit was prepared by Geosyntec
Consultants (Attachment 3). This review shows that, in all cases, none of the LD BMP sizing
provisions targeted by NRDC appears in an adopted permit. so the actual utility. practicability. and on

the around results of the permit conditions remains to be seen. In addition. these programs do not: a)
& prog
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_generally mandate zero discharge through application of only infiltration or rainfall harvest and use
LID BMPs. and b) require large volumes of water (in excess of 1-inch for example) to be collected in
infiltration or harvest and use L1D BMPs regardless of feasibility. We recognize and appreciate that
these programs may provide approaches for consideration, yet their direct transfer to permit content
for Ventura County is inappropriate. Also included for the Regional Boards consideration as
Attachment 4 is a critical evaluation requested by the US EPA concerning the content of the Draft
Technical Guidance on Implementing Section 438 of the Energy Independence and Security Act.
None of the documents cited by NRDC constitute permits adopted for implementation.

Off-site Mitigation and Development Credit Programs Must Be Simple and Flexibie

We are concerned about the current mitigation program requirements, in lieu fee program, and
master planning and redevelopment provisions known as RPAMP (Redevelopment Project Area
Master Plan). The current mitigation program for implementation of LID and conventional treatment
control BMPs lacks coherence, detail, and specificity, and the in-lieu mitigation funding program
lacks a clear connection between a determination of impracticability and exactly what is being
determined to be impracticable. CICWQ suggests that only that volume of ek&ess water that is not

collected and treated at a project through the use of a preferential selection of LID BMPs (infiltration,

harvest and use, evapotranspiration, and vegetated/biofiltration) and through the use of clear
engineering feasibility criteria (geotechnical concerns, high ground water, pollutant plumes, etc,) be
subject to off-site: mitigation requirements. Then, that excess volume of water may be mitigated off-
site using a similarly broad suite of LID BMPs.

The Draﬁ_Perm-it Section 111 (b) mentions use of “stormwater mitigation credits™ but provides . -
no indication on what such a program would entail beyond the establishment of a mitigation funding -

program. CICWQ is supportive of a “credit™ program that would reduce the amount of stormwater
requiring on-site installation of LID site design features. Potential development contexts where
credits are immediately applicable in this permit term include (but are not limited to) those listed in
Section E. IV. 3. (g). The final ] adopted Permit should reflect greater clarity on the details of this,
program (see Attachment 5 for potential permit language).

We maintain great concern regarding the Alternative Post Construction Storm Water
Mitigation Program known as RPAMP. In general, we view it as cumbersome and unduly
complicated, and it favors large redevelopment or master planning efforts over smaller or more
spatially diverse redevelopment and infill efforts across all development settings. We feel the
program as constituted could stifle infill and redevelopment projects in urban areas as well as
potentially excellent green field development, rather than accelerate it because of its complexity and
‘the inherent barriers (e.g. two lavers of regulatory body approvals) it creates for medium to small
developers. Here too we recommend using alternative mitigation program requirements as identified
in Attachment 3
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Establishing Effiuent Concentrations as Medtan Values for Treatment BMP
Performance Standards are Precursors of Numeric Effluent Limits

W e strongly oppose the inclusion of treatment BMP performance standards in Appendix C

(we read this table as numeric effluent limits) and suggest that the Regional Board re-think its
approach to achieving better treatment BMP performance through specification of unit-based pm(,cs«
design principles for selecting and sizing treatment control BMPs. We recommend that Table 3 be
cither deleted or redirected for use as a design goal. and instead require the permittee to develop
design criteria for treatment control BMP performance and include these criteria in an updated
version of the Ventura County Stormrwater Design Manual. The values given in Attachment C are:in

essence indirect metrics of performance and require translation into design criteria to have any
meaning. For example. unit based process design principles such as the amount of runoff to be
captured (design storm). expected forms and concentrations of influent pollutants of concern. BMP
length to width ratio. drawdown time. and other hydraulic and pollutant criteria must be integrated in
a design approach for these values to have any meaning in properly designing treatment control
BMPs. Moreover. we ask that the Regional Board provide more information about how the values in
the table were developed from the WERF-ASCE/US EPA International BMP database. We are
“concerned specifically about which version of the database the Regional Board used and how the
statistics were derived in the table including number of data point, number of individual BMPs. and |

number of hon-detects. -
I1I.  Specific Comments on the Draft Permit

What follows are our comments, organized into two sections and supported with attachments
where noted: (A) comments on Section E: Planning and Land Development Program and (B)
comments on treatment conitrol BMP performance standards (Draft Permit Attachment C).

A. Comments on Section E: Planning and Land Development Program (pages 52 of
121 through 65 of 121)

Part [I1. New Development/Rede\"elopmen’c Performance Criteria, No. 1 (b) and (c)

CICWQ is unsupportive of E1A as an LID BMP sizing standard as previously discussed in our
Preliminary Statement, and we ask that you strike Part I11, No. 1 (b-d) in favor of a volume capture
approach. We urge the Regional Board to consider using the following as an equivalent performance

standard:

(b) The goal of the New Development and Redevelopment Standards shall be 10 caprure
~and treat the water qua/m mitigation criteria volume defined in Section E. Part IIL
No. 3. through the use of an LID BMP implementation hierarchy: described below in

Seciion E_. Part 111 No. 1, (_c_/.

rc) The selection of LID principles shall be prioritized in the following manner (fronm
lowest to highest priorin: (1) Preventarive measures (these are mosthy structural

Construction Industry Coalition on Water Quality (CICWQ)
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measures, e.g. preservation of nanural features 10 the maximum extent practicable,
minimization of runoff through clustering, reducing impervious areas. eic.) and (2)
Mivigarion (these are structural measures such as infiltration. harvesting and use, bio-
mreaiment. eic. ' The mirigation or structural site design BMPs shall also be prioritized
(from highest 10 lowest priority): (1) Infiltration (examples include permeable

* pavement with infiltration beds, dry wells, infiliration renches, swrface and sub-

surface infiltration basins): (2) Harvesting and use (e.g. cisterns and rain barrels):
and (3) Bio-treatment such as bio-filiration/bio-reiention. .

(d)  Any excess surface discharge of the storm water runoff that is not captured or treated
in LID BMPs shall be mitigated in accordance with Secrion E. Part IIL.No. 3.

Part I'V. Implementation, No. 3. Alternative Post Construction Storm Water Mitigation
Program '

CICWQ views the redevelopment project area master planning process (RPAMP) as

' cumbersome and unduly complicated, and it favors large redevelopment or master planning efforts
over smaller or more spatially diverse redevelopment and infill efforts across all development
settings. We recognize that appropriate mitigation options will need to be available to those infill and
redevelopment projects that cannot feasibly treat the design storm water quality volume with LID-

BMPs. We also recognize that certain types of development projects or development contexts should -

be afforded waivers or credits from LID BMP and/or hydromodification control requlrements for
various reasons.

One of CICWQ’s principal concerns with the Alternative Post-Construction Storm Water
Mitigation Program and the mitigation funding program defined in Part I'V. Implementation, No. 4, is
mnconsistency of the Draft Permit program provisions with other programs defined in adopted or
pending MS4 permits elsewhere in southern California. We believe there are more straightforward
‘programs under consideration currently in MS4 permitting contexts. For example, we include as
Attachment 5 alternative mitigation program and water quality credit program requirements cited in
the second draft of the Orange County Areawide MS4 permit, dated March 25, 2009. CICWQ
supports the framework, procedures, and opportunities for mitigation and credlts described in the
01 ange County draft permit. -

B. Comments on Treatment Control BMP Performance Standards (page 36 of 121
and Attachment C, page C-2 of 2)

The Draft Permit introduces numeric effluent limits which appear to be intended to assist in
engineering design of treatment control BMPs, presumably both conventional and LID. Six specific
BMP classes are given effluent limits for sediment. nitrate, copper, lead. and zinc, with the data
extracted from the WERF-ASCE/US EPA International BMP database for those classes of BMPs
where data'is available. The full extent to which these numeric targets are applied to other types of
treatment control BMPs 1s unclear, as is the ultimate intent of introducing numeric limits in this

Construction Industry Coalition on Water Qualin (CICWQ)
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manner. We can only imagine that these values will be translated into end of pipe (BMP) numeric |
effluent limits at some point.

Therefore. we-suggest deleting Attachment C and its implementing Draft Permit provision in
Part 4. Storm Water Quality Management Program Implementation. No. 3 in favor of requiring the
permitiee 10 develop design criteria for treatment control BMP per formance and include these criteria
along with other key unit-based process design criteria in an updated version of the Ventura County
Stormwater Design Manual. These criteria would include design principles such as the amount of
runofl 1o be captured (design storm). expected forms and concentrations of influent pollutants of
concern. BMP length to width ratio. drawdown time. and other important design principles. We must
note as well that the WERF-ASCE/US EPA International BMP database has been updated with
additional BMP studies since 2007. We recommend that you use the values in the published June
2008 statistical summary report on the BMP database website. or clearly describe what version of the
database was used and how the statistics were derived including the number of data points. number of

individual BMPs. and number of non-detects.
IV.  Summary

CICWQ is pleased that an inclusive stakeholder process has ensued since the Draft Permit
was first released in December 2006. The process has shed significant light on areas where all
stakeholders have common interests and common plans for tackling the pressing water quality
improvement issues we all face. We will be an active participant in this group moving forward. and
we trust that the Regional Board will continue to promote and engage in this process leading up to -
permit adoption. 1f you have any questions or want to discuss the content of our comment letter.
please feel free to contact me at (909) 396-9993. ext. 252.(909) 525-0623, cell phone, or
mereviabiase.org. . , : , .

Respectfully.

Dacde ALt
K4arl<'Gl'e\' Ph.D. \ '

Technical Director
Constr uc‘aon Industry Coalition on Water Qual m'
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July 31, 2008

Mark A Grey

Director of Environmental Affairs

Building Industry Association of Southern Cahfomm
330 South Valley Vista Drive

Diamond Bar, CA 91765

Andrew R. Henderson

Viee President and General Counsel

Building Industry Association of Southern California
1330 South Valiey Vista Drive

Diamond Bar. CA 61765

Dear Dr. Grey and M. Henderson:
This is in response to your July 1, 2008 letter to Alexis Strauss regarding the

incorporation of Low Impact Development (LID) provisions into Municipal Separate
Storm Sewer System (MS4) permits in southermn California.

Your letter refers to your email communications with Ms. Strauss, as well as to testimony

provided at the February 13, 2008 San Diego Regional Water Quality Control Board'
Hearing by Dr. Cindy Lin and to the April 1, 2008 comments to the Colorado River Basin
Regional Water Quality Control Board by Mr. Doug Eberhardt. Your letter asks several
guestions about the U.S. EPA Region 9 Water Division’s positions regarding the
incorporation of LID provisions into southern California MS4 pérmits. '

Nationally, U.S. EPA has formally recognized the benefits of LID (also termed “Green

Infrastructure™) in several policy documents. EPA is advocating green infrastructure as

an approach to wet weather management. that is cost-effective, sustainable, and
environmentally-sound. On April 19, 2007, EPA and four national groups signed an
agreement to promote green infrastructure as an environmentally preferable approach to
storm water management, and on August 16, 2007 EPA issued a memo encouraging the
incorporation of Green Infrastructure into NPDES storm water permits. Ongoing efforts
are described in the January 17, 2008 Action Strategy for Managing Wet Weather with
Green Infrastructure. All of these matenals regarding EPA’s policy on green
infrastructure can be Tound at: '
htip:“cfpub.epa.govinpdes sreeninfrastructurefinformaton.cfmFgreennolicy.

In EPA'Region 6. we are promoting LID strategies that infiltrate, evapotranspire. Cd.ptm €.
and reuse $tOTm water to mamtain or restore natural- hvdrologies and improve water




quahity. We are encouraging permitting agencies across Region 9 to incorporate LID
provisions into MS4 permits.as clear, measurable and enforceable requirements.

The next round of ;\484 permits in the coastal Regions of southern California will be the

fourth generation of these permits. 1t is our expectation that these latest permits be
strengthened 1o take advantage of lessons learned from previous permits. and to
contribute 1o the restoration of impaired waters impacted by MS4s. These new MS4
permits should include quantitative requirements to enable all parties to clearly identify,
performance expectations for LiD implementation.

Your letter asks several questions about our position regarding permit provisions which
call for LID implementation to artain a standard of no more than 5% Effective
Impervious Area (EIA). Such provisions are included 1n the current draft (April 29.
2008) MS4 permit for Ventura County proposed by the Los Angeles Regional Water
Quality Control Board. and the February 15, 2008 guidelines provided by the Central
Coast Regional \?x’atér Quality Control Board to those in the Central Coast Region
enrolling under the State’s Phase II general MS4 permit. We support the inclusion of the
3% EIA provisions fbr new development and redevelopment projects in both of these

examples as cledr, 1_11c_aasu1able., and enforceable requirements. Use of the 5% EIA
requirement is not the only acceptable, quantitative approach for incorporating LID into
renewed MS4 permits in southern California. As noted in Mr. Eberhardt’s April 1, 2008
letter, and his May 13, 2008 follow-up letter'to the Colorado River Basin Regional Water
Quality Control Board we are open to other quantitative means fo; measurnng how LID-
tools reduce stunn water discharges.

Your letter asks about our use of a paper by Dr. Richard Horner concluding that the
chievement of a:3% EIA standard for development in Ventura County is feasible. Dr.
Horner’s paper is one-of many we have before us. Our positions have been informed by
many documents.germane to the management of municipal storm water, including the

January 21. 2008 paper by your organization entitled “Integration of Low Inipact
Development Measures and CEQA Approvals.” EPA has also considered numerous
publications, case studies and guidance manuals in its consideration of LID/Green
Infrastructure as a cost-effective, preferable altemative to storm water management. A
partial list of these materials may be found at

hitp:/refpub.epa.govinpdes! areeninfrastructure/research.cfim. .

While we cannot attribute our position on future MS4 permits to a single report or
analvsis, our views on these permits have been most comprehensively informed by the
nearly 50 audits of Region 9 MS4 permits we have conducted over the past seven vears.
These audit reports can be found on our website at _

“http:fepa. covireion09/water/npdes'medaudits. htmit#freport.  Twenty of our audits have
been conducted in southern California. These audits have highlighted the need for
quantitative, measurable requirements in MS4 permits 1o ensure effective implementation
of storm water controls. '




I hope this has answered the guestions in vour July 1, 2008 letter. If vou would like to
“discuss this further, please call me. here in EPA’s Southern Califormia Field Office, at
©213-244-1832 i

Sincerelv,
e

" John Kemmerer
Associaie Director.
Water Division

cc: Executive Officers, RWQCBs Regions 1-9
Tam Doduc, Chair SWRCB
Dorothy Rice, Executive Director, SWRCB
(all ce’s transmitted electromically)
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Date: . 9 April 2009 -

To: : Mark Grey, Director of Environmental Affairs Building Industry
Association Of Southern California

From: = Eric Strecker, Aaron Poresky, and Daniel Christensen
Subject: Rainwater harvesting and reuse scenarios and cost considerations
SUMNLARY

The purpose of this memo was to investigate two hvpothetlca] scenarios mvolvmo rainwater
harvesting and reuse in newly developed residential neighborhoods in Orange County,
California. These scenarios include an on-lot harvesting and re-use and community-scale
harvesting and re-use. The community system was also modeled using SWMM 1o assess its
potential benefits using some simplifying assumptions, and general findings are presented in a
brief discussion. Lastly, the Appendix, prepared by Dr. Mark Grey, provides an analysis of the

institutional and building code issues for constructing rainwater harvesting and resuse systems in .

California.

For the on-lot scenario. a 1000 to 1300 gallon tank would capture (.8 inches of runoff depending
on the impervious area used to fill the tank. Depending on the assigned water usages{outdoor or

“indoor + outdoor), the drawdown time of the tank could vary from 7 to 21 days. A single house
rain harvesting system for this scenario would cost approximately $4,900. For the 100 acres
neighborhood scenario, a 1.3 million gallon storage basin would capture 0.8 inches of runoff
“from 60% of the total area of the catchment (impervious area). Depending on the assigned water
usages (outdoor or indoor + outdoor), the drawdown time of the basin could vary from 10 to 45
days (longer drawdown time due to inclusion of street runoff). This system would cost
approximately 1.65 million dollars. The cost estimates found herein are for new deve]Opments
and are rough guesses due to unaccounted items and other ancillary costs.

For the same neighborhood scemal'ic\)r long-term (40 vear period) modeling results show that 32%
of the total runoff could be captured and used if only toilet flushing were used. [f toilet flushing.
and outdoor irrigation were used. the system could capture and reuse about 55% of the total
runoff. Under both usage scenarios, significant volumes of runoff would bypass the storage tank
(or cause overflow) from 50 1o 70 percent of the runoff or more would be expected to bypass.
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BACKGROUND

Stormwater storage and re-use is a general description referring to the capture and storage of
runoff and subsequent re-use of f that water. Such a system could take a variety of forms. In the
case of urban residential development. the typical storage component consists of some’ form of
an enclosed tank or “cistern™ that accepts runoff from roof drains or neighborhood storm drains.
Some level of treatment (e.g. screening. filtration. etc.) is typically required upstream of the
cistern to prevent the introduction of debris into the system. In addition. some form of treatment
would be required. depending on the planned use. Potential re-use demands in residential
ncighborhoods are generally limited to irrigation of lawns and landscaped areas and/or to meet
non-potable demands in homes-such as Loilet/urinal flushing (EPA 2008). The list below .
outlines the general materials needed for a reuse system for a smale family household.

e Downspouts/Piping to Cistern: Typically a cistern is located near or directly under the
downspout and minimal piping is needed. However, if driveway. patio and walkway
water is to be collected on # lot. then additional collection and piping systems would be
needed. The tank in this case wou]d likely require deeper burial to bc able to accept
ground level runoff.

« Collection Filters: Fine mesh can be placed over the downspouts to prevent debris from
clogging gutters and downspouts and entering the cistern. Filters with finer particle
extraction capability, also known as “roof washers™, can also be placed at top of the
downspout to filter finer particles. (Figure 1a). For inlets from other areas such as
driveways, filter materials can be integrated with the inlet and in fact would be mor e
critical than for downs;;outs as debris quant[txes would be expected to be larger from
ground level.

e First flush diverter: Typically this is a vertical pipe located before the cistern that traps
the first flush volume using a ball float helping to prevent built-up contaminants
entering the tank. The length and size of the vertical pipe determine the amount of
water that will be diverted. A weep hole at the bottom of the vertical pipe empties the
trapped first flush water. (Figure 1b). Another option would be to allow the tank to fill
and then either divert via an overﬂow in the incoming pipe system or via a tank
overflow.

« Tank/Cistern: Structure receives and stores impervious runoff (typically from roofs)
and is design to store a certain volume of runoff to meet water use demands. (Figure 2a),

e Insect tank screens: Any open entrance to the tank should be covered with a fine mesh
insect screen to prevent mosquitoes and pests from entering the cistern. (Figure 2b)

e Pump: A pump is used to force water to treatment system as appropriate and then toilets
and/or irrigation svstem.

¢ UV treatment: Some regulations may require UV treatment for indoor non-potable
water reuse or if water is re-introduced into a pressurized irrigation system. Another
option would be to have a separate non-pressurized (low-pressure) irrigation system.

« Piping: Additional pipelines (purple lines) inside. the house and 1o the irrigation system
are needed to ensure the non-potable water does not mix with potable water.
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e Backflow valve: This valve is a safety measure to ensure non-potable water does not
mix with the potable water lines. An air-gap may also be used or in addition 10 a
backflow valve.

« Potable water use failsafe system: A potable water line shoflld be in place as a backup
in case the non-potable reuse system fails or empties. This requires a double-line
system and all measures should be taken 1o prevent non-potable water from mixing with
potable water lines.

« Stencils: All non-potable water outlets should be clearly labeled as a “non-potable™
source.

a) w2 — b

Figure 1. a) Downspout filter or “roof washer”; b) First Flush Diverter

a) b)

- Figure 2. a) Cisterns; b) Insect screen

The critical factor in performance of storage and re-use systems lies in the integration of the
magnitude and pattern of inflows and outflows with storage volume. For example, if inflow and
outflow are well-matched and fairly constant, the svstem will require a small storage volume. If
inflows and outflows are well-matched in total volume but come at different times. a larger
storage. volume may be required to match supply with demand. In the case of storage and re-use
as a means of “disconnecting™ impervious area. the most important requirement is that cistern
has sufficient capacity and ability to regenerate this capacity. such that the svstem captures a
significant portion of runoff on an average annual basis. 1f demand for harvested water during
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the period of high runoff is small compared to the overall runoff volume. then the system may
not be able 1o perform its intended function of capturing a significant volume of runoff.

Two scenafos that were used for a general analvsis are presented below. The first is a single
family home scenario and the second is a 100-acre residential development. For the single
family home scenario. two situations are analyzed: 1) only runoff from the roof-top drains 1o the
cistern. and 2) runoff from the roof and additional impervious areas (driveway and patio) drains
to the cistern. For the 100-acre residential development. runofT from the entire catchment,
including the streets. sidewalks, driveways and roofs and pervious area was considered. The
second scenario was also modeled using' SWMM to ascertain long-term hydrology bencfits.

HYPOTHETICAL SINGLE HOUSEHOLD SCENARIO

A simple single household example of rainwater harvest and reuse is provided to outline rough
estimates of water demand and tank drawdown times that could be expected from a typical reuse
system on a newly developed residential lot found in Orange County. This analysis uses the
simple rational method to calculate runoff vohimes and require tank size following the methods
outlined in the “New Development and Significant Redevelopment™ chapter in the DAMP.
Runoff coefficients dependent on imperviousness found in the DAMP document were used. in
the runoff calculations. A total lot area of 0.1 acres with 69% impervious area was assumed.
This imperviousness is based on 2,400 sq ft of roof area, 600 sq fi of other impervious area
(driveway. sidewalks and patio), and the remaining 1,356 sq fi of pervious area. A rainfall
depth of 0.8 was used to size storage units. This depth represents approximately the g5
percentile, 24 hour rainfall depth for large parts of Orange County. Two storage rainwater
collection and storage scenarios were analyzed: 1) only runoff from the roof of the house dr ains
to the cistern, and 2) runoff from the roof and addltxonal impervidus areas (driveway and patio)
drains to the mstem

Two reuse demand scenarios were considered: 1) reuse for internal:demand only (i.e. toilet
flushing), and 2) reuse for internal and external (i.e. irrigation) demand .combined. Demand for
toilet flushing and outdoor use per household were assumed to be#3 ‘gal/day and 77 gal/day.
respectively. The estimate for toilet flushing use was derived from an estimate0f 18.5
gal/person/day (AWWARF 1999) and an assumed average- occupancy of 3.5 people per house.
For outdoox demand, the average use rate for May. September:and December was estimated 10 -
be 113 gal/day for 2000 square feet of landscape area ini the Trvine region (TIRWD 2009). Since
the majority of rain in Orange County occurs between November and March, the average of
May, September and December demand likely over-estimates the demand for harvested
rainwater during the months when rainwater is available for harvesting. The average outdoor
demand (113 0al/day/”()OOsqfl) was linearly scaled to the equivalent outdoor demand for the
~assumned 1,356 square feet of pervious area per lot used in this study. yielding 77
gal/household/day. '

Based on the capture and storage scenarios and re-use scenarios described above. approximate
average drawdown rates were estimated. Drawdown rates are important to the performance of
stormwater BMPs because they affect how much storage capacity can be regenerated to capture
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runoff in subsequent storms. Table 1 shows the characteristics of the hypothetical lot and

resulting cistern volume and drawdown times.

Table 1: Single household rainwater harvesting system attributes used for analyses.

Roof + Other

Roof Runoff Impervious area
Lot Characteristics
# houses _ 1 ]
Total ot area 0.1 0.1 | acres
Impervious area of roof 2400 2400 | f2
Other impervious area 600 600 | fi?
Pervious area 1356 1356 | ft2
% total impervious area of Jot 69% 69% |
% of impervious area to cistern 80% 100%
Runoff Coeff. for impervious area 0.9 - 0.9
‘Storage Tank Sizing .
Storm Depth ' 0.8 0.8 | inches
Vol Cistern 144 180 | ft*3
' 1.077 1,346 | gal
0.0033 0.0041 | acre-ft
Demand Calculations
People/ house : 3.5 3.5
| Toilet use/capita 18.3 18.5 | gal / day
Toilet use/house 65 65 | gal/day
Outdoor / house 77 77 | gal / day
Drawdown Times
Toilets only 17 2] | days
Both Toilets & Outdoor uses’ 7.6 9.5 | days

Per the calculations reported in Table 1, the drawdown time of a household cistern is expected to
range from approximately 8 to 21 days. Note that these calculations assume that outdoor
demand is immediately present following a storm event; likely an over-estimate due to rainfall
soaking of landscaped areas and the prevalence of back-to-back storms in Southern California.
From a runoff reduction perspective, a user would like to empty the cistern relatively quickly so

" Outdoor demand assumes that irrigation demand is immediate; more sophisticaled modeling could be completed
.to more accurately characterize urrigation demand. but for purposes of this analvses. it has been assumed to be

immediate. This likely significantly overstates the demand for irrigation.
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that adequate storage is available for the next storm. Conversely. from a water reuse perspective.

a user would likely desire the tank to empty slowly so that demand could be met for a longer
period with the captured stormwater.

HYPOTHETICAL 100 ACRE NEIGHBORHOOD SCENARIO

A newly developed neighborhood example of rainwater harvest and reuse is provided 1o outline -
rough estimates water demand and tank/basin drawdown time that could be expected from a
larger centralized reuse system found in Orange County that would capture runoff from the
entire catchment (including streets. driveways. and pervious areas if they are contributing). This
analvsis uses the simple rational method to calculate the runoff to size the volume for storage
system following the methods outlined in the “New Development and Significant
Redevelopment™ chapter in the DAMP 2003 to size the cisiern volume. A total tributary area of
100 acres with 60% impervious area was assumed. Assuming the same 0.1-acre lots as above at
a density of 4.5 du/ac, the total acreage covered by residential lots would be 45 acres. This
leaves approximately 27.5 ac of roads and 27.5 ac of common areas, parks and open space to
vield 60 percent neighborhood-wide imperviousness.. Based on 1,356 sf of pervious area per ot
and 450 lots in'the neighborhood, 14 acres of pervious area would be located-on private lots and

the remaining 36 acres of pervious area would be contained in parks. open space, and greenways.

A rainfall depth of 0.8 was used to size the neighborhood storage unit as this depth represents
approximately the 835" percentile, 24 hour rainfall depth for large parts of Orange County.

The same water demand estimates as the ot scenario were used to develop the neighborhood
scenario. Off-lot pervious area was assumed to be irrigated at the same rate per square foot as
on-lot pervious area. Table 2 shows the characteristics ofthe nemhbm hood tributary area and
resulting cistern volume and drawdown times. -
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Table 2: Neighborbood rainwater harvesting system attributes used for analysis.

Tributary Area Characteristics

# houses 450
Impervious area 60
Pervious area 40
% impervious , 60%
Composite Runoff Coeff. C 0.60
Storage Tank Sizing ‘
Storm Depth ' 0.8
Cistern / Basin Volume 174,000
' 1,300,000
4.00
Reuse Demand Calculations
People pér house’ 3.5
Toilet use per capita 18.5
Toilet use per house 65
Outdoor demand per 2000 sf of pervious A
area 113
Total toilet demand 29250
 Total outdoor irrigation demand 98500
Total toilet + irrigation demand 127750
Drawdown Time
For Toilets 45
Both Toilets & Outdoor” 10

BASIC COST CONSIDERATIONS

acres

acres

Inches

acre*ft

gal / day
gal/ day

~gal / day

gal / day
gal / day
gal / day

Days
Days

Cisterns may take a-variety of shapes and forms, thus costs may vary substantially by project.
Likewise. the appurtenances required 1o convey water to the tank -and supply the building
demand are likely to be affected by project-specific factors. Finally, there are a variety of
treatment svstems that could be considered. Therefore. only a rough estimate of costs for storage
and re-use svstems in newly developed houses or neighborhoods can be made herein. The basic
cost items that will be considered include: collection tanks. filters, UV treatment, 1* flush

- Outdoor assumes that irrization demand is immediate: more sophisticated madeling could be completed to more.
accurately characterize irrigation demand, but for purposes of this analyses. it has been assumed to be immediate.

This likely significantly overstates the demand for irrigation.
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diverters. inlet piping and filters: pumps and appurtenances: the incremental cost of a dual

plumbing svstem. and instaliation.

The limited implementation of storage and re-use systems of

the sort being considered herein allows limited basis [or comparison to actual projects. Table 3

shows an itemized cost list for rainfall harvesting items.

Table 3: Rainwater harvesting items and prices

ftem Description Cost Reference/Source
TANKS .
Galvanized steel | 200 gal $223 Fairfax County, 2005
Polvethvlene | 165 gal $160 Fairfax County, 2005
- Fiberglass | 330 gal $660 Fairfax County. 2003
Plastic | 800 gal $400 Plastic-mart.com
Plastic | 1100 gal $550 Plastic-mart.com
Plastic | 1350 $600 Plastic-mart.com
. Plastic cone | 1500 gal w/metal stand $1500 Plastic-mart.com
Plastic | 2500 gal $900 Plastic-mart.com
Plastic | 5000 gal $3000 Plastic-mart.com
Plastic | 10000 gal $6000 Plastic-mart.com
Dry Det. Basin(1997)° | C = 124V for 1 ac-ft | $41.600 stormwatercenter.net
Below Ground Vault' | C =38.1 (V/0.02852)"*"° | $55.300 fhwa.dot.gov
Concrete | 1.000.000 gal above g. (O&P) | $548.000 RSMeans
Steel | 1,000.000 gal above g. (O&P) | $467.000 RSMeans
TREATMENT | |
UV (house-scale) | Whole system - 12 gpm $700-$900 rainwatercollection.co
m
UV bulb | Life: 10,000 hrs or 14 months | $80-3110 rainwatercollection.co
m
UV (neighborhood- | Whole system - 200 gpm $10.000 Bigbrandwater.com
scale)
Downspout filter | Placed in Gutter $20 - $500 many online
1* Flush Diverter Vertical pipe w/ ball float $50-3)00 raintankdepot.com
PUMP I hp (all in one package) | $575 - varies | rainwatercollection.co
m

* This dry detention cost equation is based on Brown and Schueler. 1997, where C is the construction, design and
permitting cost and V is the volume (cu-ft) need to control the 10- -vear design storm. In this case. the 0.8 storm
runoff volume was used in place of the 10-yr desmn storm volume.

““This belaw ground storage vault equation is based on Weigand et al., 1986. where C is the construction cost
estimate in 1995 dollars and V is the runoff volume (cubic meters) of the maximum design event frequenC) taken
to be the (.87 storm for thIS study.
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Ttem _ Description Cost Reference/Source
PIPING (Purple) .
1o Tank (lot) | PVC: 27-6" (O&P) $2-$12/ LF | RSMeans
to House (lot) | PVC: 27-6" (O&P) 1 $2-$12/ LF | RSMeans
to Tank (neighbor.) | Concrete: 67~ 18" (O&P) $15-$30/LF | RSMeans
to House (neighbor.) | HDPE- 4"~ 10" (O&P) $11-$27/LF | RSMeans
to Irrigation | PVC: 27-6" (O&P) $2-$12/ LF | RSMeans
Backflow prev. valve | Each $100-$200 web

STENCILS

Non-potable water

INSTALLATION

40 % —50%

Percentage of material cost

A rough cost estimate for the hypothetical examples can be developed using the table above.
Table 4 summarizes the potential costs for the single household (lot), and Table 5 summarizes
the potential costs for neighborhood. For the neighborhood scenario, the pipe (purple) lengths
were estimated using measurements along the centerline of streets from a similar size

neighborhood in Irvine.’

According to Table 4, the total cost of the single household rainwater harvest and reuse system
would be approximately $4900, not including design,. permitting, and contingency. costs which
could run from another 30 to 70 percent of the material and installation costs. Table 5 shows the
total cost for the neighborhood scenario is approximately $1.65 million, not including design,
permitting, and contingency costs which could run from another 30 to 70 percent of the material
and installation costs. This would equate to roughly $3660 per house, most of the saving being
found in the total cost of the tanks verse a large central storage unit.

Table 4: Rainwater harvesting materials cost for single household scenario

Item . Description Cost
TANKS |
Plastic | 1100 gal and 1350 gal $550
TREATMENT
UV | Whole system - 12 gpm $800
"~ UV bulb | Life: 10,000 hrs or 14 months $80-5110
: Downspout filter | Placed in Gutter - $250
1" FLUSH DIVERTER Vertical pipe w/ ball float $100
PUMP 1 hp (all in one package) $575
PIPING (Purple) ,
to Tank (lot) | PVC: 27-67 (Q&P) 20ft $8/7 LF
to House (Jot) | PVC: 27-6" (O&P) 50fi $8/-LF
10 Irrigation | PVC: 27-6" (O&P) 50ft 58/ LF
Backflow prev. valve each 5200
STENCILS Non-potable water o
INSTALLATION 40% of material cost 51400
TOTAL $4.900
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Table 5: Rainwater harvesting materials cost for neighborhood scenario

Tiem

Description

Cost

Enits Assumed

TANKS

Drv Det. Basin(1997)

$119.000

+174.000ft"3

Below Ground Vault

C=
C

12
= 38.

4\/(”/(1(}
] ( \/ / 0‘02832 )(’,()XI(‘]

5142.000

174000013

TREATMENT

Whole system - 200 gpm

UV - neighborhood $10000
Catch basin filters | | every 2 acres $2000 50 catch basins
PUMP $50.000

PIPING (Purple)

to Tank (neighbor.)

Concrete: 67— 187 (O&P)

$15-$30 /LF

$23 - 14000 fi

1o House (neighbor.)

HDPE- 47 - 10" (O&P)

$11-$27/LF

$19 - 14000 fi

to Irrigation

PVC: 276" (O&P)

$2-§12/ LF

$8 - 60 ft /house

Baclkflow prev. valve

each

$100-$200

$200 per house

STENCILS Non-potable water e .
INSTALLATION 40% of material cost $470.000
TOTAL | $1,650,000

Note that there would also be on-going operation and maintenance costs for operation of both
“neighborhood and on-lot systems. These costs would include electricity. filter maintenance,
operator for the neighborhood system, on-going training for home operators or contract
‘maintenance and other on-Qoing costs (periodic replacements/repairs. etc.).

ASSESSMENT OF HYDROLOGIC IMPACTS OF CISTERNS FOR NEIGHBORHOOD

- SCALE

Four community-scale residential re-use scenarios were analyzed based upon the above
description of the 100-acre residential catchment. The four scenarios included:

A. Storage sized for 0.8” storm event and water reuse for toilet flushing only,

B. Storage sized for .87 storm event and water reuse for toilet flushing and outdoor uses.
C. Storage sized for 1.6” storm event and water reuse for toilet flushing only, '

D. Storage sized for 1.6” storm event and water reuse for toilet flushing and outdoor uses,

Each scenario was modeled over a long period to better understand the potential hydrology
performance of runoff storage and re-use systems in Orange County, California. Simplified
representations were used for catchment runoff, cistern storage and re-use demands from toilet
flushing and irrigation. :

The Laguna Beach rainfall gage was used as a representative rainfall record for large parts of
Orange County. The Laguna Beach gauging station is located in the City of Laguna Beach. The
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gauge elevation is 210 fi above mean sea level (AMSL). Reuse demand inputs were generated
from IRWD estimates of indoor demand and irrigation demand. Results of this effort include the
overall stormwater capture efficiency achieved in each scenario and the portion of residential
demand that could be supplied by rainwater harvesting (RH).

METHODOLOGY

This section describes the methodology used to estimate system performance.

Model Selection

The EPA Stormwater Management Model (SWMM) Version 5.0 was used for continuous
stmulation analysis of the various facility configurations. SWMM is a dynamic rainfall-runoff
simulation model used for single event or continuous simulation of runoff from primarily urban
areas. The model accounts for various hydrologic processes that combined to produce '
stormwater runoff from urban areas. The model also contains a flexible set of hydraulic
modeling capabilities used to route runoff and external inflows through the drainage system
network of pipes. channels, storage/treatment units and diversion structures (USEPA, 2008).
SWMM was selected because of its proven capabilities in simulation of urban hydrology and
hydraulics, and its flexibility in representing the proposed systems. Although in this case,
SWMM was used with some simplifying assumptions. it could be used with in a more
sophisticated modeling approach to account for such factors as irrigation demand based upon
available evapotranspiration rates, etc. that would allow for a more accurate ana]vsw of irrigation
demand then conducted in 'EhlS simplified anal\'51s

Miodel Input Parameters

“Table 6 shows the input parameters used to represent the tributary area to the re-use facilities. Ini
addition, information from Tables 1 and 2 was used to characterize the attributes of each of the
scenarios. :
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Parameter Value Units | Source/Rationale
Rainfall Laguna 2 NCDC in/hr | Representative of rainfall pattern at project
record {1952-1993) locations: long period of record: good ¢
' resolution: minimal missing data
Imper\'i(msncss' 60 % Consistent with hvpothetical scenarios
| described in memo. .
Slope 0.03 fi/fi | Includes roofs. lawns. streets. and sidewalks.
Impervious 0.01 - Literature' (not sensitive to analysis)
Rouglm'ess
Pervious Roughness 0.1 - Literature' (not sensitive to analysis)
fmpervious 0.02 inches | Literature' (sensitive to analysis, selected
Depression Storage conservatively)
Pervious Depression 0.10 inches | Literature' (sensitive to analysis, selected
Storage conservatively)
Ksat 0.15 in/hr | Literature’ (representative of B/C soils)
' (moderately sensitive to analysis
IMD 0.25 infin | Literature’ (representative of B/C soils)
(moderately sensitive to analysis, not highly
variable) , A
Suction IHead 8 inches | Literature' (representative of B/C soils)
' . (not sensitive to analysis)
% of Imp area w/o 253% - SWMM default
DS . (moderately sensitive to analysis)
Path Length 500 ft Typical of urban development
Routing Imp and Perv routed - Conservative representation; in reality some
directly to outlet imperviousness will be routed over pervious
' “area, resulting in diminished volumes for small
storm events
Dry Weather Flow Assumed to be zero cfs | Based on use of efficient irrigation methods

1 —~ Based on James and James. 2000.

"Bvdrolooy YValidation

Average annual runoff coefficients recommended by the OC DAMP Table A-1 were compared
to model results. For 60% impervious areas, the DAMP Table | recommends a runoff
coefficient of 0.60. The SWMM model computed a long-term runoff coefficient of 0.58. This is
believed 1o be adequately close for the purposes of this analysis.
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Facilitv Represéntation

The storage and re-use systems were simulated as a simple underground storage feature (zero
evapotranspiration) with multiple outlets to represent various tvpes of re-use demand. The

' . . 7
following assumptions were used:

o Storage volume was simulated per the hypothetical scenarios described in the memo.
The baseline design storm depth was 0.8 inches for calculating the size of the storage
facility. A scenario was also simulated that included rwme as much storage (i.e.a 1.6
inch design storm).

« Toilet flushing was assumed to be the only indoor demand for harvested rainwater and
was simulated as a constant use rate. It is acknowledged that toilet flushing will exert a
time-dependent demand, most notably on a daily patter, however a\/erage rates were
deemed acceptable for the modeling effort given the time scale of facility drawdown
being considered (greater than 5 days).

o Irrigation demand was assumed constant within a single day, but to vary seasonally
based on irrigation-use data from IRWD's website (Table 2). The 'simulations did not
account for reduced irrigation demands following wet periods that likely would
significantly extend the storage drawdown times for irrigation use. Therefore, this
analysis likely over predxcts the effectiveness of the system in reducing runoff when
irrigation is included.

Table 7: Landscape irrigation rates by month for IRWD service area (IRWD)

Gal/mo per 2000 sf of - Gal/day per 2,000 sf of
Month landscaping , landscaping
Mar - 3000 _ ’ 100
huly 7500 ' 250
Sept 5300 1. 177
Dec -