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Appendix A: Submittal Templates

The folowing templates were developed to assiptdfeetapplicant antheplan reviewer:
1 Checklist for Determination of Project Category
1 Standard S@MP
1 PDP SVOMP

Submittal templ at e sEngmeering and Public Workgbsieumdet he Ci t y o
OoForms Schedules, Guides

https://www.ci.solandbeach.ca.us/?SEC=8EDSASGECB-4D48AF5+~A96C42443CEA
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Appendix B: Storm Water Pollutant ControHy drologic Calculations and Sizing Methods

DCV is defined as the volume of storm water ruesfilting from the 8percentile, 2ir storm
ewent. The following hydrologic method shall be used to calculatéMhe
D6wW6 Q & TG pjp CQEQO
O6wolpond Q 6

Where:

DCV = DesignCaptureVolume in cubic feet

C = Runoff factounitles}, refer tosection B.1.1

d = 85" percentile, 2#ir storm event rainfall depfihche$, refer to sean B.13

A = Tributary area (acres) which includes the total aneiagita the BN®, including any
offsite or omsite areas that comingles with project runofdeaids to the BMHRefer
to Chapter 3ection 3.3.3 for additional guidance. Street tedenant projects consult
section 1.4.3.

B.1.1 Runoff F actor

Estimate the area weighted runoff factor fotrthatary area to the BMP using runoff factor (from
Table B1-1) and area of dasurface type in thigbutary area and the following equation:
Bo o

6 <
Bo

Where:

C« = Runoff factor for area X

Ax = Tributary area X (acres)
These runoff factors apply to areas receiving direct rainfall only. For conditluob murveff is
routedonto a surface from an adjacent surfaeeSeetion B.2 for determining composite runoff
factors for these areas.

Table B.1-1 Runoff factors for surfaces draining to BMP$ Pollutant Control BMPs

Surface Runoff Factor
Roofs 0.90
Concreter Asphit’ 0.90
Unit Paverggrouted) 0.90
Decomposed Granite 0.30
Cobbles or Crushed Aggregate 0.30
Amended, Mulched Sails Landscape 0.10
Compacted Soil (e.g., unpaved parking) 0.30
Natural (A Soil) 0.10
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Appendix B: Storm Water Pollutant ControHy drologic Calculations and Sizing Methods

Surface Runoff Factor

Natural (B Soil) 0.14
Natural (C Soil) 0.23
Natural (D Soil) 0.30

1Surface is considered impervious and could benefit from use of Site Design BMPs and adjustment ¢
factor per Section B.2.1.

B.1.2 Offline BMPs

Diversion flow rates for offine BMPs shall be sized to convey the maximum flow rate of runoff
produced from a rainfall im&ty of 0.2 inch of rainfadér hour, foeach hour of every storm event.
The following hydrologimethod shall be used to calculate the diversion flow ratelfioe &MPs:
0 6 Q6
Where:
Q = Diversion fowrate in cubic feet per second
C = Runoff factor, area wghted estimate using Table-B.1
i = Rainfall intensity of 0.2 in/hr
A = Tributary area (acres) which includes the total area draining to the BMP, including any
offsite or onsite areas that comingle with project runoff and drdie BMP. Refer to
Chapter 3, &tion 3.3.3 for additiongiidance. Street reé&apment projects also consult
Section 1.4.3.

B.1.3 85th Per centile, 24 -Hour Storm E  vent

The 85th percentile4-hour isopluvial map is provided as FigurelBThe rainfall depth to esttg
the DCV shall be determined using FigurelB.The methodology used to develop this map is
presented below:

B.1.3.1 Gage data and calculation of 85th percentile

The method of caltating the 85th percentile is to produce a list of values, order them fliest sma

to largest, and then pick the value that is 85 percent of the way through the list. Only values that are
capable of produng run off are of interest for this purpose. ingck legislative definition of rainfall

values capable of producing rundfipB Control staff in San Diego County have observed that the
point at which significant runoff begins is rather subjectd/es affected by land use type and soill
moisture. h highlyurbanized areas, the soil has a high impermeability and runofficantheas

little as 0.02" of rainfall. In rural areas, soil impermeability is significantly lower and even 0.30" of rain
on dy soil will frequently not produce significanbfuror this reason, San Diego County has
chosen to use the more objectivehoe@ of including all nemero 24hour rainfall totals when
calculating the 85th percentile. To produce a statisticallgasigméimber, only stations with 30

years or greatef daily rainfall records are used.

B-3 February 20D



Appendix B: Storm Water Pollutant ControHydrologic Calculations and Sizing Methods

B.1.3.2 Mapping the gage data

A collection of 5@recipitation gage points was developed with 85th percentile precipitation values
based on multiple years of gage data.tek sasface (grid of cells with values) was itd¢epdrom

that set of points. The surface initially did not cover the Goentiye jurisdiction. A total of 13
dummy points were added. Most of those were just outside the County boundary tleeenable
software to generate a surface that coverezhtine County. A handful of points were added to
enforce a plausible surfade particular, one point was added in the desert east of Julian, to enforce
a gradient from high precipitation in the mauostto low precipitation in the desert. Threetpoin

were added near the northern boundary of the County to adjust the sudteettthe effect of
elevation in areas lacking sufficient operating gages.

Several methods of interpolation were consliddiiee method chosen is namedtbyironmental
Sysems Research Institae the Natural Neighbor technique. This method produces a surface that
is highly empirical, with the value of the surface being a product of the values of the data points
nearestach cell. It does not produce peaks or valleysfate based on largeea trends, ansl

free of artifacts that appeared with other methods.
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San Diego County
85 th Percentile Isopluvials

—— 85th PERCENTILE ISOPLUVIAL
{1 INCORPORATED CITY

Legend |

NOTE:

The 85th percentile is a 24 hour rainfall total.
It represetns a value such that 85% of the
observed 24 hour rainfall totals will be less
than that value.

THIS MAP/DATA 1S PROVIDED WITHOUT WARRANTY OF ANY KIND, EITHER
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO, THE MPLED
VWARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PART CULAR
PURPOSE Note: Ths product may cort

permssion of SANOAG. T product may contain Iformation fEprocuced win
Ths map

witten
permission of Rand McNally & Company®.
2010

sotioe can be
found at. he e 830198 Orlegal_notoe him

0snan01s
P¥iood ControANOAA_ATLAS_14\PCT85_REVISITED_2015%
PCT8S_DISPLAY mad

Figure B.1-1 85th Percentile 2sour Isopluvial Map
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Appendix B: Storm Water Pollutant ControHy drologic Calculations and Sizing Methods

This seabn provides methods amljustthe DCV (for sizingpollutant controBMPSs) as a result of
implementing site design BMPise adjustments are providedhg ofthe following twanethods

1 Adjustment to imp®ious runoff factor
1 Adjustment to DCV

B.2.1  Adjustmentt o Impervious Runoff Factor

Whenone ofthe following site design BMiBamplementedhe runoff factor o0.9for impervious
surfaces identified fable B.41 should be adjusted using the factors ligtledvkand an adjusted
area weightedindf factor slall be estimadefollowing guidance from Section B.dnt usedo
calculate thBCV.

1 SD-BImpervious area dispersion
1 SD-C Green roofs
1 SD-D Permeable pavement

B.2.1.1 Impervious area dispersion (SD-B)

Dispersion bimpervious areas through perviousisr&he folwing adjustmentsre allowedo
impervious runoff factors when dispersion is impleméntctordance with tt&D-B fact sheet
(Appendix E). Adjustments are only creditedo a4:.1 maximum ratio of ingpvious to pervious
areasln order to adjust theunoff factor the pervious area shall have a minimum width of 10 feet
and a maximum slope of 5%ased on the ratio ahpervious area to pervious areand the
hydrologic soil grougf the pervious argthe adjustmentactorfrom Table B.2 shall benultiplied

with the unadjustedinoff factor (Table B-1) oftheimpervious area to estimate the adjusted runoff
factorfor sizing pollutant control BMPBhe adjustment factoigs Table B.ZL areonly validfor
impervious surfacéisat have an unadjustedatfrfactor of 0.9

Table B.2-1: Impervious area adjustment factors that accounts for dispersion

Pervious area Ratio = Impervious area/Pervious area
hydrologic soll
group 2 3
A 0.00 0.00 0.8 0.3
B 0.00 0.7 042 053
C 0.3 0.56 0.67 0.74
D 086 093 097 1.00
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Appendix B: Storm Water Pollutant ControHydrologic Calculations and Sizing Methods

Continuous simulation modeling in accordance with Appendix G is required toathustopent
factors for surfaces that have an unadjusted runoff factor less #ypprov@al ofadjustnentfactors
for surfaces that have an unadjustedfffacta less than 0i8 at the discretion of tiity Engineer

The adjustment factors in Table-B.@ere developed by performing continuous simulations in
SWMM with default parameters from Appelind impervious to pervious area ratios »f 3,
and 4. When usirggljustment factors frofirable B.2L:

1 Linear interpolation shall be performed if the impervious to pervious area ratio of the site
in between one of ratios for which an adjustmetotr faas developed

1 Use adjustment factor farratio of 1 when thenpervious to pervious area ratio is less than
1;ard

1 Adjustmenfactor is not allowed whéme impervious to pervious area ratio is greater,than 4
when the pervious area is designedsés design BMP

Example B.21: DMA is comprised of one acre of impervious area thad tva Gl acrenydrologic

soil grouB pervious area atlien the pervious area drains to a BMP. Impervious area dispersion is
implemented in the DM accordanceith D-B factsheet. Estimate the adjusted runoff factor for
the DMA.

1 Baseline RunbFacbr per Table B:1 = [(1*0.9+04*0.14)/1.4] = 0.68.

1 Impenious to Pervious Ratio = 1 acre impervious ardadde pervious area 52since the
ratio is Zadjusment can be claimed.

1 From Table B-A the adjustment factor for hydrologic soil groupdBaamatio of 2 = 0.27; ratio
of 3 =0.42.

1 Linear interpolated adjustment factor for a ratio of 2.5 = OQ{f0.42-0.27)/(32)]*(2.52)} =
0.345

1 Adjustedunoff factorfor the DMA= [(1*0.910.345+04*0.14)/1.4] = 0.%.

1 Note only the runoff factor for ipervious area is adjustdtere is no change made to the
pervious area

B.2.1.2 Green Roofs

When green roofs are implemerntedccordance with tt&D-C factsheet the greeoof footprint
shall beassigned a runoff factor of @far adjusted runoff factor calatibns.

B.2.1.3 Permeable Pavement

When a permeable pavement is implemanteztordance with ti&D-D factsheet and it does not
have an impermeabile liner and has stareategthan the 8%ercentile depth below the undergrai
if an underdrain is presetiten thefootprint of the permeable pavement shakhdsgned a runoff
factor of 0.1@or adjusted runoff factor calculations.
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Permeable Pavement can also be desagreedtructural BMP to treat run on from adjacent areas.
Refer to INF3 factsheet and Appeix B.4 for additional guidance.

B.2.2  Adjustment to DCV

When the following site design BMPs are implem#mexahticipated volume reduction from these
BMPs shall be dadted from the DCV to estimate the volume for which dlastream structural
BMP should bsized for:

1 SD-A: TreeWells

1 SD-E: Rain barrels

B.2.2.1 Tree Wells

Tree weltredit volume from tree trenches or boxes (tree BMPs) is a sum of three runoff reduction
volumesprovided by trees that decrease the required DCV tfdoutary areaThe following
redudion in DCV is allowed per tree based on the mature diametetreétamopywhen trees are
implemented in accordance with-SEactsheeand meet the followirggiteria

1 Total tree credit volume is less than 0.25DCV of the project footprint and
1 Singleree credit volume is less than 400 ft

Credit for trees that do nmeet the above criteria shall be based on the criteria for sizing the tree as
a storm water ploitant control BMP in SIA fact sheet.

Mature Tree Canopy Tree Credit Volume (fé/tree)
Diameter (ft)
5 10
10 40
15 100
20 180
25 290
30 400

Basis for the reduction in DCV:

Tree credit volum&as estimated based on typmibatacteristics of treedls as follavs:
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It is assumed thaachreeand associated trench or box is considered a singlevBiMlculations
based on the media storage volume and/or the individualithen the tree BMP as appropriate.
Tree credit volume is calculated as:

Irrd bl et el
Where:

TCV = Treecreditvolume (ff)
TIV = Totalinfiltrationvolume of alktorage layers within tree BMP3 (ft
TCIV = Total canopyinterceptiorvolume of all individual trees within tree BMP (ft

TETV = Totalevapotrangirationvolume, sums the media evapotranspiration storage within
each tree BMP {ft

= =4 -4

Totalinfiltration volumevas calculated as the total volume infiltrated within the BMBestayars.
Infiltration volume was assumed to be 20% of the total BMBestay&r volume, the available pore
space in the soil volume (poro8ifield capacity). ofal canopy interception volumesvealculated
for all treewellswithin the tributaryraa as th average interception capdoityhe entire mature tree
total camopy projection arelnterception capacityas determined to be 0.04 inches for alinete
sizes, an average from the findings published by Breuer et al (2003) for cordfelecidieus
trees. Total evapotranspiration volunsethe availablevapotanspirationstorage volume (field
capacityd wilting point) within the BMP storage layerimedEVT is assumed to be 10% of the
minimum soil volume. The minimum soil volume=gsired by SIA fact sheetf 2 cubic feet per
unit canopy projection areas assumed for estimating reduction in DCV

B.2.2.2 Rain Barrels

Rain barrels are containers that can capture rooftop runoff and store it for funediiszn be
taken for the fullain barrel volume when each barrel volume is smaller than 100 gallons
implenentedper SDE factsheetand meet the following critri

M Total rain barrel volume is less than 0.25 DCV and

1 Landscape areas are greater than 30 percent of the project footprint.

Credit for harvest and use systems that do not meet the above critbadabkatl on the criteria
in Appendix B.3 and HU factsheet.
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WorksheetB.2-1 DCV

Design CaptureVolume Worksheet B2.1

1| 85" percentile 24r storm depth from Figure Bl1 d= inches

2 | Area tribuary to BMP (s) A= acres
Areaweightedunoff facor (estimate usirgppendix

3| B.11land B.21) C= unitless

4 | Tree wellyolumereduction TCV= cubicfeet

5 | Rain barrels volunteduction RCV= cubicfeet

Calculate DCV =

6| (3630 XCxdx AP TCV-RCV DCV= cubicfeet

B-10 February 20D



Appendix B: Storm Water Pollutant ControHydrologic Calculations and Sizing Methods

Thepurpose of this section is to provide guidance for evaluatibiiieas harvest and use BMPs,
calculating harvested water dedvaanrd sizing harvest and use BMPs

B.3.1 Planning Level Harvest and Use Feasibilit y

Harvest and use feasibility should be evaluated at the scale of the entire project, and not limited to a
single DMA. Fothepurpose of initial feasibility screening, it is as$thmat harvested water collected

from one DMA could be used within anotfigmes of nospotable water demand that may apply

within a project include:

Toilet and urinal flushing

Irrigation

Vehicle washing

Evaporative cooling

Dilution water for recycledater systems
Industrial processes

Other nonpotable uses

= =4 4 4 A4 -4 -9

Worksheet B-1 provides a screening process for determining the prefifi@asibility for harvest
and e BMPs. This worksheet should be completed for the overall project.

B-11 February 20D



Appendix B: Storm Water Pollutant ControHy drologic Calculations and Sizing Methods

WorksheetB.3-1 Harvest and Use Feasibiliy Screening

Harvest and Use Feasibility Screening

Worsksheet B.31

O Toilet and urinal flushing
O Landscape irriian
O Other:

1. Is there a demand for harvested water (check all that apply) at the project site that is rel
present diung the wet season?

provided in Secn B.3.2.

[Provide a summary of calculations here]

2. If there is a demand; estimate the anticipated average wet season demand over a perio(
Guidance for planning level demand calookafortoilet/urinal flushing and landscape irrigatio

[Provide a results here]

3. Calculate the DCV using workshe2t1B

3a. Is the 36our demand
greater than or equal to the

DCV?
Yes / No =

3b. Is the 3®our demand greater
than 0.25DCV but less than the ful

DCV?
Yes / No l:>

J

3c. Is the 3®our
demand less than
0.25DCV?

Yes

J

Harvest and use appetarbe
feasibleConduct more detailef
evaluation and sizing
calculations to confirm that
DCV can be used at an adeq
rate to meet drawdown criterii

Harvest and use may be feasible.
Conduct more detailed evaluation |
sizing calculations to determine
feasibility. Havest and use may only
be able to be used for a portion of |
site, or (opbnally) the storage may
need to be upsized to meet long te
capture targets while draining in

longer than 36 hours.

Harvest and use is
considered to be
infeasible.

Note: 36hourdemand calculations are for feasibility analysi©anbfeasibility angsis is complete the

applicant may be allowed to use a different drawdown time provided they meet the 80% annual capture

standardrefer to B.4.2) and 9®urvector control drawavn requirement
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Appendix B: Storm Water Pollutant ControHydrologic Calculations and Sizing Methods

B.3.2 Harvested Water Demand Calculation

The following sectionmovide technical references and guidance for estimating the harvested water
demand of a project. These references are intended to be used for the plaamhg pragsct for
feasibility screening purposes.

B.3.2.1 Toilet and Urinal Flushing Demand Calculations

The following guidelines should béofwed for computing harvested water demand from todet a
urinal flushing:

1 If reclaimed water is planned for use for toilet and urinal flushing, then the demand for
harvested stormvater is equivalent to the tatamand minus the reclaimed water supplied
and should be reduced by the amount of reclaimedhedtisravailable during the wet
season.

1 Demand calculations for toilet and urinal flushing should be based on the average rate of use
during the wet seastor a typical year.

1 Demand calculatios$iould include changes in occupancy over weekendsuanatl ar
holidays and changes in attendance/enrollment over school vacation periods.

1 For facilities with generally high demand, but periodic shut downs (eagatfons,
maintenance, or other reagpasproject specific analysis should be conductete timite
whether the long term storm water capture performance of the system can be maintained
despite shut downs.

1 Such an analysis should consider theistdtdistributions of precipitation aretrthnd,
most importantly the relationship of demand ¢éontbt seasons of the year.

Table B3-1 provides planning level demand estimates for toilet and urinal flushing per resident, or
employee, for a variety of maj types. The per capita use per dagsisd on daily employee or
resident usage. Forrore si dent i al typesi odr deaetl opmneand o
(for schools) should be multiplied by the employee use to account for toilet bnshgerfar nen
employees using faciktie

Note: Table B3 provides a demand estimate for 24 hours, for feasibility analystisniiie must
be multiplied by 1.5 to calculate thda@6r demand.

B-13 February 20D



Appendix B: Storm Water Pollutant ControHy drologic Calculations and Sizing Methods

Table B.3-1 Toilet and Urinal Water Usage peResident or Employee

Per Capita Use per Total Use
DEVY per
Land Use Type Toilet User Toilet Water Resident
Unit of Flushing® Visitor Efficiency or
Normalization 2 Urinals3 Factor* Factor Employee
Residential Resident 18.5 NA NA 0.5 9.3
Office Employee 9.0 2.27 1.1 0.5
(nonvisitor) 7
Retail Employee 9.0 2.11 1.4 0.5 (avo)
(nonvisitor)
Schools Employee 6.7 35 6.4 05 33
(nonstudent)
Various Industrial Emplovee
Uses (excludes p. y 9.0 2 1 0.5 5.5
(nonvistor)
process water)

1- Based on Amean WaterworkAssociation Research Foundation,1999. Residential End Uses of Water. Denver, CO: AWWARF
2-Based on use of 3.45 gallons per flush and average number of per employee flushes per subsdchor Matide(Pacific

Institute, 2003)

3-Based on use df.6 gallons per flush, Tablelland average number of per employee flushes per subsector, Appendix D (Pacific
Institute, 2003)

4 - Multiplied by the demand for toilet and urinal flushing for thegbttojaccount for visitors. Basedbogportion of annual use
allocated to visitors and others (includes students for schools; about 5 students per employee) for each subsettanth@able D

4 (Pacific Institute, 2003)

5 & Accounts for requirements tise ultra low flush toilets in neewdbpment projects; assumed that requirements will reduce toilet
and urinal flushing demand by half on average comparedttoditestimates. Ultra low flusilets are required in all new

construction in Califora as of January 1, 1998ra low fushtoilets must use no more than 1.6 gallons per flusbladow

flushurinals must use no more thagellonper flushNote: If zero flush urinals are being used, adjust accordingly.

B.3.2.2 General Requirements for Irrigation Demand Calculations

The followirg guidelines should be followed for computing harvested water demand from landscape
irrigation:

1 If reclaimed water is planned for use for landscape irrigation, then the demand for harvested
stormwater should be raded by the amauof reclaimed water thia available during the
wet season.

1 Irrigation rates should be based on the irrigation demand exerted by the types of landscaping
that are proposed for the project, with consideration for water conservatiemesygsi

1 Irrigation rates should be estited to reflect the average wet season rates (de@uotabas
through April) accounting for the effect of storm events in offsetting harvested water demand.
In the absence of a detailed demand study, it $feaksumed thiatigation demand is not
present during days with greater than 0.&sraftrain and the subsequedag period. This
irrigation shutdown period is consistent with standard practice in land application of
wastewater and is applicablédamswater to pevent irrigation from raking in dry weather
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runoff. Based on a statistical analysis of San Diego County rainfall patterns, approximately 30
percent of wet season days would not have a demand for irrigation.

1 If land application of stormwvater is propose(irrigation in exces$ agronomic demand),
then this BMP must be considered to be an infiltration BMP and feasibility screening for
infiltration must be conducted. In addition, it must be demonstrated that land application
would not rediin greater cantities of runoff as &sult of saturated soils at the beginning
of storm events. Agronomic demand refers to the rate at which plants use water.

The following sections describe methods that should be used to calculate harvestiggticater ir
demandWhile these methods aimplified, they provide a reasonable estimate of potential harvested
water demand that is appropriate for feasibility analysis and project planning. These methods may be
replaced by a more rigorous pregpecift analysis thateets the intent of theteria above.

B.3.2.2.1 Demand Calculation Method

This method is based on the San Diego Municipal Code Land Development Code Landscape
Standards Appendi x E which i ncl esirrasedotalwdtes r mu |l a
use based on re@ce evaporation, plant factor, and irrigation efficiency.

For the purpose of calculating harvested water irrigation demand applicable to the sizing of harvest
and use systems, tstimatedotalwaterusehas bee modified to ridect typical weseasoirrigation

demand. This method assumes that the wet season is déictedeashrough April. This method

further assumes that no irrigation water will be applied during days with precipitation totals greater
then 0.1 inches awithin the 3 days follomg such an event. Based on these assumptions and an
analysis of Lake Wohlford, Lindbergh and Oceanside precipitation patterns, irrigation would not be
applied during approximately 30 percent of daysdobaber though April.

The following equation ised to calculate the Modifiestifhatedrl otal WaterUsage
Modified ETWU=ETeei [ [ O( PF x HA)/ 1 E] + SLA] x 0.0:

Where:

Modified ETWU =Estimated daily average water usage during wet season
ETowe: = Average eferenceevapotranspiratiadnom October through April (use&@inches
per month, using CIMS Zone 4 from Tablé-§

PF = Plat Factor
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Table B.3-2. Planning Level Plant FactorRecommendations

Plant Water Use  Plant Factor  Also Includes
Low <0.100.2 Artificial Turf
Moderate 0.360.7
High 0.8 and greate| Water featureg
Spef@l Landscape Arel 1.0

HA = Hydrozone Area (sff); A section or zone of the landscaped area having plants with
similar water nels.

O(PF x HA) = The sum of PF x HA for each i
landscaping zones).

IE = Irrigation Efficiency (assume 90 percent for demandataing)

SLA = Special Landscape Areaff)sgireas used for active and passoreaion areas,

areas solely dedicated to the production of fruits and vegetables, and areas irrigated with
reclaimed water

In this equation, the coefficient (0.015) adsdor unit conversions and shut down of irrigation
during and for the three ddgfiowing a significant precipitation event:

0.015 = (1 mo/30 days)x(1 ft/12 in)x(7.48 galfx(approximately 7 out of 10 days with
irrigation demand fro@ctober throughApril)

B.3.2.2.2 Planning Level Irrigation Demands

To simplify the planning proseste method described above has been used to develop dagiéy avera
wet season demands for a-aoee irrigated area based on the plant/landscape type. These demand
estimaes can be used to calculate the drawdown of harvest and use systems for tbé ldirpose
BMP sizing calculations.

Table B.3-3. Planning Levellrrigation Demand by Plant Factor and Landscapé ype

36-Hour Planning Level Irrigation Demand

CETEETE N e (gallons perirrigated acreper 36 hour period

Hydrozore 8 Low Plant Water Use 390

Hydrozoned Moderate Plant Water Use 1,470
Hydrozoned High Plant Water Use 2,640
Special Landscape Area 2,640
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B.3.2.3 Calculating Other Harvested Water Demands

Calculations of other harvested water demands should bedbedknowledge of land uses,
industrial processes, and other factors that are mpgedic. Demand should be calculated based
on the following guidelines:

1 Demand calculations should repré actual demand that is anticipated during the wet
season{ctober through April).

1 Sources of demand should only be included if they are reliably and consistently present
during the wet season.

1 Where demands are substantial but irregular, a mdesl@getalysis should be conducted
based on a statistical analg$anticipated demand and precipitation patterns.

B.3.3  Sizing Harvest and Use BMPs
Sizing calculations shall demonstrate that one of two equivalent perfstanalacds met:

1. Harvest and u€MPs are sized to drain the tank in 36 hours following thé exidail.
The size of the BMP is dependent on the demand (Section B.3.2) at the site.

2. Harvest and use BMP is designed to captleasaB0 percent of averageuah (long term)
runoff volune.

It is rare cisterns can be sized to capture the full DQ¥éethis volume in 36 hours. So whising
Worksheet B-3 if it is determined that harvest and use BMP is feasible then the BMP should be sized
to theestimate®6-hour demand.

Sizing calculations shall demonstrate that one of twalegyperformance standards is met:

1. The BMP or series of BMPs captures the DCV and infiltrates this volume fully within 36 hours
following the end of precipitation. This can bmatetrated through the Simple Method
(Section B.4.1).

2. The BMP or series of BMinfiltrates at least 80 percent of average annual (long term) runoff
volume. This can be demonstrated usingdfreent captumaethod (Section B.4.2), through
reporting of oytut from theSan Diego Hydrology Modelr through other continuous
simulatio modeling meeting the criteria in Appendix G, as acceptableCitytEmgineer
This method igot applicable for sizing biofiltration BMPs.

The methods to shoeompliance with these standards are provided in the following sections.
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B.4.1 Simple Method

Stepwvise Instructions:

1. Compute DCV using Worksheett&
Estimate design infihition rate using Worksheet £1.5

Design BMP(s) to ensure that the DCV is feligined (i.e., no surface discharge during the
design event) and the stored effeciyerddraws awn in no longer than 36 hours.

WorksheetB.4-1 Simple Sizing Method for Infiltration BMPs

Simple SizingMethod for Infiltration BMPs Worksheet B.41
1| DCV (Worksheet 2.1) DCV= cubicfeet
2 | Estimateddesignnfiltration rate K desigr in/hr
3| Available BMP surfacesa Aswp= SgHt
Average effective depth in the BMi®tbrint _
4 (DCV/A BMP) Dan— feet
5| Drawdown time, T (Ry*12/K gesig) T= hours
6 | Provide alternative calculatiordcdwdown tire, if needed.
. Provide calculations for effective depth provided in the BMP:
Effective Depth = Surface ponding (below the ovedlewation) + gravel storage thickne
x gravel porosity (0.4)
Notes:

91 Drawdown time must be less tl&hhours. Tis criterion was set to achieve average annual
capture of 80% to account for back to back storms (See rationale in Section B.4.3). In order
to use a different drawdown time, BMPs should be sized ugiegceicapturemethod
(Section B.4.2)

1 The averageffective depth calculation should account for any aggregate/media in the BMP.
For example, 4 feet of stone at a porosity of 0.4 would equate to 1.6 feet of effective depth.

1 This method may overestimate drawdinwe for BMPs that drain thrgh both thébottom

and walls of the system. BMP specific calculations of drawdown time may be provided that
account for BMBpecific geometry.
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B.4.2 Percent Capture Method

This section describes the recommended method of sitingelbased BMPs to achieve 8@
percentapture performance criterion. This method has a number of potential applications for sizing
BMPs, including:

1 Use this method whea BMP can draw down in less than 36 hours and it is desired to
demonstrate that 80 percent capture can be achsng a BM volume smaller than the
DCV.

1 Use this method to determine how much volume (greater than the DCV) must be provided
to achieve 80 percent capture when the drawdown time of the BMP exceeds 36 hours.

1 Use this method to determine how much volumald be preided to achieve 80 percent
capture wheupstream BMP(s) have achieved some capture, but have not achieved 80 percent
capture.

By nature, thpercentcapturemethod isaniterative process that requires some initial assumptions
about BMP degh parametsrand subsequent confirmation that these assumptions are valid. For
examplesizing calculations depend on the assumed drawdowvhichedepends on BMP depth,
which mayn turnneed to be adjusted to provide the required volume withitotiedd

footprint. In general, the selection of reasonable BMP design parameters in the first iteration will
result in minimal required additional iteratibiggire B.4L presents theomograph for use in

sizing retention BMPs in San Diego County.
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B.4.2.1 Stepwise Instructions for sizing a single BMP:

1. Estimate the drawdown time of the proposed BMP by estimating the design infiltration rate
(Worksheet D-A) and accounting for BMP dimensions/geioyn See thapplicable 8P
Fact Sheet for specific guidance on how to convert BMP geometry to estimated drawdown
time.

2. Using the estimated drawdown time and the nomograpFkifyjane B4-1 locate where the

line corresponding to the estimated drawdovenititarsectwith 80 peraat capture. Pivot

to the X axis and read the fraction of the DCV that needs to be provided in the BMP to

achieve this level of capture.

Calculate the DCV using Worksheet1B.2

Multiply the result dtep2 by the DCV &ep3). This is theequired BMP design volume.

Design the BMP to retain the required volume, and confirm that the drawdown time is no

more than 25 peent greater than estimatedtep$. If the computed drawdown time is

greater than 125 percent of thenestieddrawdown, lien return to 8p 1 and revise the

initial drawdown time assumption.

a ks ow

See the respective BMP facts sheets fordpiétfic instructions for the calculatd volume and
drawdown timel'he above method calsobe used to size and/or e\atieihe performace of other

retention BMPs (evapotranspiration, harvest and use) that have a drawdown rate that can be
approximated as constant throughout the year or over the wet season. In ordes toetisedtior

other retention BMRdrawdown timén Sep 1 will need to be evaluated using an applicable method

for the type of BMP selecteifter completing Stepcbntinue tc®ep2 listed above.

Example B.4.2.1 Percent Capture Method for Sizing a Single BMP:

Given:

9 Estimateddrawdowntime: 72 Hours
1 DCV: 3000 ft

Required:

7 Determine the volume required to achieve 80 percent capture.
Solution:

Estimatedirawdowntime =72 Hours

Fraction of DC\Wequired = 1.35

DCV = 3000 ft (Given for this example; To be estimated Wioiksheet B-2)
RequireMP volume =1.35 x 3000 = 4050 ft

Design BMP andonfirm drawdown Time is 90 Hours (72 Hours +25%)

abhwNE
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Example B.4.2.1Continued:

Graphical Operations Supporting Solution:
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B.4.2.2 Stepwise Instructions for sizing BMP# series:

For projects where BMPs in series haveetonplemented to meet the performance standard the
following stepwise procedure shall be used to size the downstream BMP to achieve the 80 percent
capture performance criterion:

1.

2.

Using the upstream BMparametersvflume and drawdown time) estimate tlerage

annual capture efficiency achieved by the upstream BMP using the nomograph.

Estimate the drawdown time of the proposed downstream BMP by estimating the design
infiltration rate (Worksheet B1) am accountindor BMP dimensions/geometry. See the
appicable BMP Fact Sheet for specific guidance on how to convert BMP geometry to
estimated drawdown time. Use the nomograph and locate where the line corresponding to the
estimated drawdown time inters@gth 80 perent capture. Pivot to the horizontas aid

read the fraction of the DCV that needs to be provided in the BMP. This is referred to as X
Tracea horizontal line on the nomogramingthe capture efficienof the upstream BMP
estimated irfgtep 1 Find where the line traced intersects with the drawdowrotithe
downstream BMPSp2). Pivot and read down to the horizontal axis to yield the fraction of
the DCV already provided by the upstream BMP. This is referred.to as X
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4. Subtract X(Sep?3) from X, (Step?2) to determine the fraction of the design volume that must
be provided in the downstream BMP to achieve 80 percent capture to meet the performance
standard.

5. Multiply the result o8ep 4 by the DCV. This is the required downstrean Blesign
volume.

6. Design the BMP to retain the required volume, and confirm that the drawdown time is no
more than 25 percent greater than estimat&eépr2. If the computed drawdown time is
greater than 125 percent of the estimated drawdown, thetor&ep2 and revise the initial
drawdown time assumption.

See the respective BMP facts sheets fordpétfic instructions for the calculation of volume and
drawdown time.

Example B.4.2.2 Percent Capture Method for Sizing BMPs in Series:

Given:

1 Estmateddrawdavntimefor downstream BMF2 Hours
! DCV for the area draining to the BM#®OO ft

! Upstream BMRolume: 900 #t

1 Upstream BMBrawdowrtime: 24 Hours

Required:

1 Determine the volume requiiedhe downstream BMB achieve 80 percent capture
Solution:

1. Step 1A: Upstream BMP Capture Ratio = 900/3000 = 0.3; Stapet8gennual
captureefficiencyachieved byipstream BMP 4A4%

2. Downstream BMP drawdown = 72 hotlmsgction of DC\equiredo achieve 80%
capture= 1.35

3. Locatemtersection oflesigncaptue efficiency andirawdowntime forupstream BMP

(See GraphJrraction of DCVdreadyprovided (%) = 0.50 (See Graph)

Fraction of DCV Required lbpwnstream BMP 4.35050 = 0.85

DCV (given)= 3000 ft ; RequiredlownstreanBMP volume = 3000tf x 0.85= 2,550ft*

Design BMP andonfirm drawdown Time is 90 Hours (72 Hours +25%)

ook
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Example B.4.2.2Continued:

Graphical Operations Supporting Solution:
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B.4.3  Technical Basis for Equivalent Sizing Methods

Stom water BMPsan be conceptualized as having a storage volume and a treatment rate, in various
proportions. Both are important in the ldagn performance of the BMP under a range of actual
storm patterns, depths, and irdeent times. LorAgrm peformance is meaeed by the operation

of a BMP over the course of multiple years, and provides a more complete metric than the
performance of a BMP during a single event, which does not take into account antecedent conditions,
including multiple storms aing in shortimeframes. A BMP that draws down more quickly would

be expected to capture a greater fraction of overall rundfir{géerm runoff) than an identically

sized BMP that draws down more slowly. This is because storage is made aredjaickdynso
subsequent storms are more likely to be captured by the BMP. In contrast a BMP with a long
drawdown time would stay mostly full, after initial filling, during periods of sequential storms. The
volume in the BMP that draws down more quicklpp r e oOer@ | umablt er ms of
performance than the volume in the one that draws down more slowly. The MS4 permit definition of
the DCV does not specify a drawdown time, therefore the definition is not a complete indicator of a
BMP'slevel of pdormance. An aanpanying performant@sed expression of the BMP sizing
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standard is essential to ensure uniformity of performance across a broad range of BMPs and helps
prevents BMP designs from being used that would not be effective.

An evaluation of #rdationshipsetween BMP design parameters and expected long term capture
efficiency has been conducted to address the needs identified above. Relationships have been
developed through a simplified continuous simulation analysis of precipitatigrarturmiting,

that relate BMP design volume and storage recovery rate (i.e., drawdown time) to an estimated long
term level of performance usldgited States Environmental Protection AQ@d&EPA SWMM

and @mrameters listed in Appendix G for Lake Wath/fbindbergh, ad Oceanside rain gages.
Comparison of the relationships developed using the three gages indicatediffeaértices in
relativecapture estimates are within the uncertainties in factors used to develop the relebonships.
examplgthe eimated averge annual capture for B8P sized for thBCV and 36 hour drawdown
usingLake Wohlford, Lindbergh, and Oceana@e80%, 76% and 83% respectively. In an effort to
reduce the number of curves thatraaele availableglationships developading Lake \hiford

are included in this manual for use in the whole San Diego County region.

Figure B.41 demonstrated that a BMP sized for the runoff volume from ‘thee8&entile, 2lhour

storm event (i.e., the DCV), which dsaewn in 36 hours ispable of maaging approximately 80

percent of the average annual. There is long precedent for 80 percent capture of average annual runoff
as approximately the point at which larger BMPs provide decreasing capture efficiealstenefit
known as ofthheure®@knegeor BMP si zing. The charact ¢
efficiency versustorage volume in Figure-Biflustrates this concept.

As such, this equivalency YenDCV drawdown in 3éhours and 8@ercent capture) has been
utilized to provié a common currency between vohased BMPs with adei range of drawdown
rates This approachllows flexibility in the design of BMPs while ensuring consistent performance.

BiofiltrationBMPs must be sized using onéheffollowingsizing methods:

1 Option 1 Treat 1.5 times the portion of the DCV not reliably retained @Rite,

1 Option 2: Treat 1.0 times the portion of the DCV not reliably retained onsite; and additionally
check that theystem has a total static,(henrouted)storage volume, including pore spaces
and prefilter detention volume, equal to at least 0.75 times the portion of the DCV not reliably
retained onsite.

When using sizing Option 1 a routing period of 6 hoaligweed. The routing period vestimated

bagd on 50th percentile storm duration for storms similar to 85th percentile rainfall depth. It was
estimated based on inspection of continuous rainfall data from Lake Wohlford, Lindbergh and
Oceanside rain gages

The MS4 Permit specifies (Foate 29) thathe hydraulic loading rate and other biofiltration design
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criteria must be selected such that storm water retention and pollutant removal are maximized. To
meet this provision, this manual includes speciédatior design of biofiltrahoBMPs. Among

other criteria, a minimum footprint sizing factor of 3 percent (BMP footprint area as percent of
contributing area times adjusted runoff factor) and a volume retention performance standard (Figure
B.52) basedn the reliable infiltration ekt the sit@.e. measured infiltration rate/factor of safety

of 2) is specified. Appendix B.5.3 provides the technical rationale for the 3 percent minimum sizing
factor and the volume retention performance standard.
Effective Area = Plan view area at

the surface of the BMP before any
ponding

Surface
ponding

Retained Pore
Storage=FC - WP

Freely drained soil
water = porosity - FC

' M)
L Sump storage =
4 .3’:; ’../. porosity of stone
¢ lz/.l’I “d: below underdrain

FC = field capacity of media
WP = wilting point of media

Figure B.51 Explanation of Biofiltration Volume Compartments for Sizing Purposes

Note: For sizing calculations, it shall be assumed that only 50% of the retained pore storage (field
capacity) wilting point) is available for evapotranspiration to account for typical irrigation practices.

The numeric sizg criteria in this appendix are suldéd into:
1 Appendix B.5.1: Standabibfiltration BMP sizing; and
1 Appendix B.5.2: NeStandartand Compagébiofiltration BMP sizing.

If a BMP meets the criteria in Appendix B.5.1, then it is causiclempliant h the required
pollutant control péormance standard (i.e., for both retention and pollutant removal). It is not

I gandard biofiltration BMPs hae a media filtration rate equal to or smaller tHaim/ hr. and a media surface area
of 3% of contributirg area times adjusted runoff factorgreater.

2 Non-Sandard biofiltration BMPs hee a media filtration rate equi or smaller tharb in/ hr. and a mdia surface
area smaller thaB% of contributirg area times adjusted runoff factor.

3 Compact(high ratg biofiltration BMPs hae a media filtration ratgreater tharb in/ hr. and a media surface area
smaller than3% of cortributing area times adjusted roff factor. Compact biofiltration BMPs are typically
proprietary BMPs that may qualify as biofiltration.
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necessary to complete worksheets in this appendix for BMPs that meet the criteria in Appendix B.5.1.
The volume retention periance standafor biofiltration BMPs is preseniad-igure B.2.

When mapped hydrologic soil groups are used for feasibility screening, applicants are allowed to use
the following reliable infiltration rates for sizing partial retention BMPs:

1 Reliablenfiltrationrate for NRCS Type D soils = 0.05 in/h
1 Reliable infiltration rate for NRCS Type C soils = 0.15 in/hr.

The applicant also has an option to perform infiltration testing in lieu of using the rates listed above.

If an applicant performs s#eecific testingising a device that hapracision of 0.1 in/hr. and
determines that the average measured infiltration rates in the DMA are less than 0.1 in/hr., then the
applicant is allowed to size t he ton@ohditiddt.r at i o1
In instances where thet@al infiltration is not measured because the testing device has a precision of
0.1 in/hr., if the applicant elects to propose astandard or a compact biofiltration BMP then a

reliable infiltration rate of 0®2n/hr. mustbe used to size site desR¥iPs when there are no
geotechnical and/or groundwater hazards identified in Appendix C.

If there are geotechnical and/or groundwater hazards identified in Appendix C, then the applicant
must use a reliable infition rate 00.0 in/hr. for estimatinghe target volume retention and sizing
equivalent site design BMPs.

The required performance standards for different biofiltration BMPs are summarized inT.able B.5

B-27 February 20D



Appendix B: Storm Water Pollutant ControHydrologic Calculations and Sizing Methods

50 :
i Z ’i‘ Partial Infiltration Condition 1
5 =
=
5
= )
40 B—
Q ]
(=] ]
o) ]
35 g
c E
(-]
o |
Hooy——~—
c )
(] |
] "
o 25 1
3 a
2 20 :
S |
= :
& 15
© ]
; 1
> ]
< 10 !
3 i
]
]
5 ]
]
12 ]
]
]
0 H 1
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 04 0.45 0.5
Reliable Infiltration Rate, in/hr

Figure B.5-2 Volume Retention Performance Statard for Partial Infiltration Condition

Note: For biofiltration BMP sizing, the reliable infiltration rate must be calculated using a factor of saf@glaitile. efiltration rate
= Measured infiltration rate/2

B-28 February 20D



Infiltration

Feasibility

Appendix B: Storm Water Pollutant ControHydrologic Calculations and Sizing Methods

Table B.51. Summary of Biofiltration Performanc&tandards

Performance Standard

Condition

Partial Infiltration
Condition

(Based oiwWVorksheet
C.41: Form 8A and
Worksheet C-2: Form }
8B)

[There is no hierarchy in
selecting the type of
biofiltration BMP as long
as the pedrmance
standard for the selected
biofiltration BMP is met]

Standard Bidfiltration BMPs:
BMPs must meet theteniia in Appendix B.5.1.1

Non-Standard Bidfiltration BMPs:
Pollutant RemovaBMP must be sized using WorksheetlBvad Worksheet B&AND

Volume RetentiarDMA must meet the target volume retention calculated using Works@dékBes! oRigure B>
2).

Compliance with volume retention requirementbea@ocumented using Worksheet3B(® estimate retention from
the BMP) and/or WorksheB.57 (if dispersion and/or amended soils are proposed) and/or by implementing o
design BMPs (e.gim barrels, trees, etc.).

Infiltration

Feasibility
Condition

Compact Biofiltration BMPs:

Pollutant RemovaBMP must meet the criteria in Appendix F. Fet@rust be completatid submitted with the
PDP SWQMPAND

Volume RetentiarDMA must meet the target volume retent@mloulated using WorksheetB (based oRigure B.5
2).

Compliancavith volume retention requirements can be documented using WorksBé&ai Bsiimatestention from
the BMP) and/or Worksheet B75(if dispersion and/or amended soils are proposafdy dny implementing other sit
design BMPs (e.g. rain barrelssirete.).

Performance Standard
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Standard Biofiltration BMPs
BMPs must meet the criterigdippendix B.5.1.2

No Infiltration
Condition

(Based on Infiltration
Feasibility Condition
Letter and/or

Worksheet C-4: Form }
8A and/or

Worksheet C-2: Form ¢
8B)

Non-Standard Biofiltration BMPs
Pollutant RemovaBMP must be sizeging Worksheet Blband Worksheet B&AND

Volume RetentiarDMA must meet the tarngelume retention calculated using Worksheét @ésed on Figure B.f
2).

Campliance with volume retention requirements can be documented by:

DMA has a combined BMBotprint and landscaped area (that meet the criteriaBra8® SBF factsheet) of 38lof

contributing area times adjusted runoff factor or greatdanseaped area must have an impervious area to pe
area ratio greater than 1.5:1. This calo@emented using Worksheet&.§OR]

Applicant has an option to use other site d@ditiPs that will meet the target volume retention calculated using
Worksheet B:2. This can be documented using Worksheét &8/or Worksheet B-b.

[There is no hierarchy in
selectingrte type of
biofiltration BMP as long
as the performance
standard for the selectec
biofiltration BMP is met]

Compact Biofiltration BMPs:

Pollutant RemovaBMP must meet the criteria in Appendix F. Fettmusbe completed and submitted with the
PDP SWQMPAND

Volume RetentiarDMA must meet the target volume retention calculated using WorksBegiaBesl on Figure B.f
2).

Compliance with volume retention requirements can be documented by:

DMA has a combine®IMP footprint and landscaped area (that meet the critebaBimnd SBEF factsheet) of 3°lo of
contributing area times adjusted runoff factor or greater. Thepmtacea must have an impervious area to per
area ratio greater than 1.5:1. Thisbeadocumented using WorksheetB[®R]

Applicant has arption to use other site design BMPs that will meet the target volume retention calculated usin
WorksheeB.52. This can be documented using Worksheét & 8/or Worksheet B-B.
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B.5.1 Standard B iofiltration BMP Sizing

B.5.1.1 Standard Biofiltration Sizing for Partial Infiltration Condition

If a BMP meets the following criteria and the design criterialifaPRshet (Appendix E.17), then
the BMP is considered to meet its pollutant control perforrsiamcizard.

1. DMA i s categorized as opartial i-hFomitrati o
8A and Worksheet G2 Form 8B are submitted with the PLBWQMP,;

2. BMP has a media surface area of 3% of contributing area times adjusted runoff factor or
greater and does not have an impermeable liner on the bottom of the BMP;

3. Additional documentation (Worksheet-B.3hat show the pollutant control requirement
are meis included in the SWQMP submittal if the media filtration rate of the BMP is outlet
controlled (example for outlet control: underdrain outlet retrofitted with an orifice cap that
controls the filtration flow rateYND

4. BMP provides an aggregstteragehickness greater than the thickness specified in Table B.5
2 below the underdrain invert

Table B.52. Reliable infiltration rate versus required aggregate storage

5 S Agaregate orage s
e CA . e CA . CA e
> (210 e gerdlc >
00.05 in/hr. and0.10 in/hr. 6 inches
> 0.10 in/hr. and) 0.15 irthr. 12 inches
> 0.15 in/hr. and < 0.50 in/hr. 18 inches

Note: For biofiltration BMP sizing, the design infiltration rate must be calculated using a factor of
safety of 2 i.eReliableinfiltration rate = Measured infiltration rate/2.

When mapped hydagic soil groups are used for feasibility screening, applieagitswed to use
the following reliable infiltration rates for sizing partial retention BMPs:

1 Reliable infiltration rater NRCS Type D soils = 0.05 in/hr.
1 Reliable infiltration rate for NS Type C soils = 0.15 in/hr.

The applicant also has an optpérform infiltration testing in lieu of using the rates listed above.

To document compliance applicant must includeltbe/ing information in the SWQMP submittal
for each standard BMP:

1 Reuired BMP Footprint = Area draining to the BMP * Adjusted francibr * 0.03;
1 Provided BMP Footprint;
1 Reliable Infiltration rate;
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1 Provided aggregate storage thickness below the aimdiendzrt;

1 Documentation that shows the BMP meets the requiremd?islifact sheet (Appendix
E.17); and

1 Completed Worksheet BL5f the BMP is the outlet controlled. Worksheet1Bi% not
required if the BMP is not outlet controlled.

B.5.1.2 Standard Biofiltration Sizing in No Infiltration Condition

If a BMP meets the follomg criteria and the design criteria iFlB&ct sheet (Appendix18), then
the BMP is considered to meet its pollutant control performance standard.

1. DMA i s categoriardcamsdiotnioonionf iQotnmpalteit e d
Condi t i oonWdrkehedt €-f: -orm +8A or Worksheet G2: Form 8B that
supports the categorization submitted with the PDP SWQMP;

2. BMP has a media surface area of 3% of contributing area fjustedadinoff factor or
greater and has an impermeable liner orottebof the BMP (applicant also has an option
to not install animpermeable liner on the bottom of the BMP if there are no
geotechnical/groundwater hazards identified while completimgyifoAppendix C); AND

3. Additional documentation (Worksheet-B).%hat show the pollutant control requirements
are met is included the SWQMP submittal if the media filtration rate of the BMP is outlet
controlled (example for outlet control: underdvattet retrofitted with an orifice cap that
controls the filtrationldw rate).

To document compliance applicant must include tbeiioy information in the SWQMP submittal
for each standard BMP:

1 Required BMP Footprint = Area draining to the BMP * Agfjustnoff factor * 0.03;

1 Provided BMP Footprint;

1 Documentation thath®ws the BMP meets the requirements i Bt sheet (Appendix
E.18); and

1 Completed Worksheet BL5if the BMP is the outlet controlled. WorksheetlBs not
required if the BMP is toutlet controlled.

BMPs that meet the criteria in Appendix B.® hat required to complete and submit Worksheets

in Appendix B.5.2 in the PDP SWQMP submittal (except in scenarios where the biofiltration BMP is
outlet controlled in this case applicanst complete Worksheet B.and include in the SWQMP
submittal).

B.5.2  Non-Standard and Compact Biofiltration BMP Sizing

The following worksheets were developed for project applicants electing to -atsnaemd
nonproprietary biofiltration BMPs and/or usenpact biofiltration BMPs.
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Worksheet B.5.1: Sizing Method for PoltuRemoval Criteria
Worksheet B.5.2: Sizing Method\folume Retention Criteria
Worksheet B.5.3: Volume Retention from Biofiltration with Partial Retention BMPs

Worksheet B.5.4: Alternati Minimum Footprint Sizing Factor for N8tandard
Biofiltration

1 Worksheet B.5.5: Optimized Biofiltration BMP Footprihen Downstream of a Storage
Unit

Worksheet B.5.6: Volume Retention for No Infiltration Condition

1 Worksheet B.5.7: Volume Retentiomfidmended Soils

=

Notes:

1. Project applicants that meet the criteriappefdix B.5.1 are not required to complete the
worksheets in Appendix B.5.2.

2. Project applicants have an option to perform continuous simulation (following guidelines in
Appendix G) to daement conformance with the performance standard from Chapter 2 in
lieu of using the worksheets in Appendix B.5.2.

a. Ifan gplicant elects to perform continuous simulation, the applicant must model both
the standard configuration (impervious footprint ah@ita a 3% biofiltration BMP)
and the proposed configuration to shbat proposed configuration would achieve
volume redction equal to or greater than the standard configuration. The modeling
analysis must be documented in the PDP SWQMP.

Design Assumptias:

For the footprint of nofproprietary BMPs, applicants are alibteeuse the plan view area at the
surface of the BM before any ponding, when performing sizing calculations using worksheets
presented in Appendix B.5.2.

One of the following two methsdanay also be acceptable:

1 Method 1: Effective area/effective depth m#hod. This method involves determining the
effectivedepth of water stored in the BMP and identifying the effective area at that elevation.
For systems with vertical walls, the effeatiea is simply the plan view area. For systems
with side slopes, tledfective area can be approximated as the plaargeewundated when
the ponded depth is half full. This is the area of the contour at an elevation half way between
the surface of thBMP and the overflow elevation.

1 Method 2: Area takeoff/trapezoidal méhod. For more complex BMP geometries, it may
be neessary to perform area takeoffs at regular contour intervals within the BMP and apply
trapezoidal geometry calculations. The effgdbreaks the BMP into horizontal slices. Each
hori zont adhavesalvertca thickmessuan average surfgcandrea effective
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porosity. The product of these values is the storage volume in the slice. The sum of all slices
is the total storageolume. The effective area can then be estimated by dividinglthe tot
storage volume with depth.

In both methods, voluenshould only be tabulated below the overflow or bypass elevation of the
BMP. Surcharge or freeboard storage should not be incledémliations. When one of the above
two methods are used detailedutations must be included in the SWQMP submittal.

Area draining to the BMP must also include the area of the BMP. Use runoff factor for impervious
area (i.e. concrete or asphalt) foratiea of the BMP to determine the composite runoff factor for
the DMA

If an applicant performs s#pecific testing ugj a device that has a precision of 0.1 in/hr. and
determines that the measured infiltration rates in the DMA are less than GHenAtre, applicant

is allowed to size the biofiltration BMP assumiige DMA i s a oONo I nfiltr
instarces where the actual infiltration is not measured because the testing device has a precision of 0.1
in/hr., if the applicant electspoopose a nobtandard or a compact biofiltration BMP then a reliable
infiltration rate of 0.025 in/hr. must be usedze site design BMPs when there are no geotechnical
and/or groundwater hazards identified in Appendix C.

If there are geotechnical andgroundwater hazards identified in Appendix C, then the applicant
must use a reliable infiltration rate of 0.0 inkrektimating the target volume retention and sizing
equivalent site design BMPs.

The 36hour drawdown percent capture nomograph #rabe used to estimate the fraction of the
DCV that must be retainéa meet the average annual cagiariormance standard is presented in
Figure B.8 below.
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Figure B.5-3. Fraction of DCV versus Average Annual Capture
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Worksheet B.51: Sizing Method for Pollutant Removal Criteria

Sizing Method for Pollutant Removal @teria Worksheet B.51
1 | Area draining to the BMP sq. ft.
2 | Adjusted runoff factor for drainage area (Refappendix B.1 and B.2)
3 | 85hpercentile 24our rainfall depth inches
4 | Design capture volume [Line 1 x Line 2 x (Line 3/12)] cu. t.
BMP Parameters
5 | Surface ponding [6 inch minimum, 12 inch maximum] inches
6 Media thickness [18 inchesmimum], also add mulch layer and was inches
ASTM 33 fine aggregate sand thickness to this line for sizing calculd
Aggregatstora@ (also add ASTM No 8 stone) above underdrain inve
7 | inches typicaf use 0 inches if the aggregate iowet the entire botton inches
surface area
8 Aggregate storage below underdrain invert (3 inches mindnusa)0 inch
inches if theggregate ot over the entire bottom surface area Inches
9 | Freely drained pore storage of the media 0.2 in/in
10 | Porosty of aggregate storage 0.4 infin
Media filtration rate to be used for sizing (maximum filtration rate
in/hr. with nooutlet controlif the filtration rate is controlled by the out i/h
11| use the outlet controlled rate (includes infiltration irgsdil and flow in/hr.
rate through the outlet structure) which will be less than 5 in/hr.)
Baseline Calculations
12 | Allowable routing timfor sizing 6 hours
13| Depth filtered during storm [ Line 11 x Line 12] inches
14 Depth of Detention Storage inches
[Line 5 + (Line 6 x Line 9) + (Line 7 x Line 10) + (Line 8 x Line 10)]
15| Total Depth Treated [Line 13Line 14] inches
Option 14 Biofilter 1.5 times the DCV
16 | Required biofiltered volume [1.5 x Line 4] cu. ft.
17 | Required Footprint [be 16/ Line 15] x 12 sq. ft.
Option 2 - Store 0.75 of remaining DCV in pores and ponding
18 | Requiredstorage (surface + pores) Volume [0 .d5e 4] cu. ft.
19 | Required Footprint [Line 18/ Line 14] x 12 sq. ft.
Footprint of the BMP
20 BMP Footpint Sizing Factor (Default 0.03 or an alternative mini
footprint sizing factor from Line 11\iorksheet B-8)
21| Minimum BMP Footprin[Line 1 x Line 2 x Line 20] sq. ft.
22 | Footprint of the BMP = Maximum (Minimum (Line 17, Line 19), Line sq. ft.
23| Provided BMP Footprint sq. ft.
Is Line 230 Line 227
24 | If Yes, therfootprint criterion is met. 3 Yes 3 No
If No, increase the footpriof the BMP.
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WorksheetB.5-2: Sizing Method for Volume Retention Criteria

Sizing Method for VolumeRetention Criteria Worksheet B.52
1 | Area draining to the BMP sq. ft.
2 | Adjusted runoff factor for drainage area (Refer to Appendix BB12and
3 | 85h percentile 24hour rminfall depth inches
4 | Design capture volume [Line 1 x Line(Rie 3/12)] cu. ft.

Volume Retention Requirement

Measured infiltration rate in the DMA
Note:

When mapped hydrologic soil groups are used dftdoONRCS Type )
5 | D soils and for NRS Type C soils enter 0.30 in/hr.

When in no infiltratiomondition and the actual measured infiltration r
is unknown enter 0.0 if there are geotechnical and/or groundwater h
identified in Appendix C or enter 0.05

6 | Factor of safety 2
7 | Reliaht infiltration rate, fdpiofiltration BMP sizing [Line 5/ Line 6] in/hr.

Average annual volume reduction target (Figud B.5
8 | When Line 7 > 0.01 in/hr. = Minimum (40,166.9 x Line 7 +6.62) %
When Line ©0.01 in/hr.= 3.5%

Fraction of DCV to be retained (FigB.&3)
When Line 8 >& =

9
0.0000013 x Lin& 80.000057 x Line& 0.0086 x Line 80.014
When Line 8 O 8% = 0.023
10 | Target volume retention [Line 9 x Line 4] cu. ft.
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Worksheet B.53: Volume Retention from Biofiltration with Partial Retention BMPs

Volume Retention from Biofiltration with Partial Retention BMPs Worksheet B.53

1 | Areadraining to the BMP sq. ft.
2 | Adjusted runoff factor for drainageea (Refer to Appendix B.1 and B.Z2

3 | 85hpercentile 24our rainfall depth inches
4 | Design capture volume [Line 1 x Line 2 x (Line 3/12)] cu. ft.

BMP Parameters

5 | Footprint of the BMP sq. ft.
Media thickness [18 inches minimum],adslamulch layer and washed

6 ASTM 33 fine aggratg sand thickness to this line for sizing calculatiq inches

7 | Media retained pore space [50% of (Field Capéttityg Point)] 0.05 in/in

3 Aggreg_ate storapelow u_nderdrain in\_/ert (3 inclmeimimum)d use 0 inches
inches if the aggregate is not oveetttiee bottom surface area

9 | Porosity of aggregate storage 0.4 infin

Measured infiltration rate in the DMA

101 Note: When mapped hydrologic soil groupssad enter 0.10 for NRCS LS

Type Dsoils and for NRCS Type C soils enter 0.30

11| Fador of safety 2
Reliable infiltration rate, for biofiltration BMP sizing

121 [Line 10/ Line 11] in/hr.
Evapotranspiration: Average Annual Volume Retention
13 | Effectiveevapotranspiration depth [Line 6 x Line 7] inches
14 | Retained pore volume [(Lir@X.Line 5)/12] cu. ft.
15| Fraction of DCV retained in pore spaces [Line 14/Line 4]

Evapotranspiration average annual capture [use ET Nomographs ir
16 B5-5, Refer to Appendix B.5.4] %
Infiltration: Average Annual Volume Retention
17 | Drawdown for infiltration storage [(Line 8 x Line 9)/Line 12] hours

Equivalent DCV fraction from evapotranspiration
(use Line 16 and Line 17 in FigureIBRefer toAppendix B.4.2.2)

19 | Infiltration volume storage [(Line 5 x Line 8 x Line 9)/12] cu. ft
20| Infiltration storage: Fraction of DCV [Line 19 /Line 4]
21| Total Equivalent Fraction of DCV [Line 18 + Line 20]

Biofiltration BMP average annual cagptu
[use Line 21 and 17 in Figure-B.4

Fraction of DCV retained (Figure 8)5
0.000013 x Line 220.000057 x Line 22 0.0086 x Line 20.014

Volume retention achieved by biofiltration BMP
[Line 23 x Line 4]

18

22 %

23

24 cu. ft.
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B.5.2.1 Alternative Minimum Sizing factor for Clogging Risk

Worksheet B-8 below must be usedsopport a reqsefor an alternative minimum footprint sizing

factor (for clogging) in Worksheet -B.8ased on a review of the submitted worksheet and
supporting documentation, the use of a smaller footprint sizing factor may be approved at the
discretio of the City Bgineer. If approved, the estimated footprint from the worksheet below can
be used in @20 of Worksheet B15in lieu of the 3 percent minimum footprint value.

1 This worksheet includes the following general steps to calculate the noniprimh $izing
factor:

T Select a o0load to clogdé that is representa

1 Seleta target life span (i.e., frequency of major maintenance) that is acceptable to the City
Engineer. A default value of 10 years is recommended.

1 Compileinformation abut the DMA from other parts of the SWQMP development process.
1 Determine the event measncentration (EMC) of TSS that is appropriate for the DMA
1 Perform calculations to determine the minimum footprint to provide the target lifespan.

Table B.5-3: Typicalland use total suspended solids (TSS) event mean concentration (EMC) values.

Land Use TSSEMC* mg/L

Single Family Residential 123
Commercial 128
Industrial 125
Education (Municipal) 132
Transportation 78
Multi-familyResidential 40
Roof Runoff 14
Low Traffic Areas 50
Open Space 216

4 EMCs are fromSBPAT datasets foSLRand SDRWatershed$ Arithmetic Estimates of th&.ognormal Summary
Satistcs for SanDiego, unless othevise nded.

5 EMCs are based drmos Argeles rgion defaultSBPAT datasets due to leof availableSanDiego data.

6 Value represents th@erage first flush concentration for roof rundi€harters et al2015).

" Davis andMcCuen (2005)
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TableB.54: Guidance for Selecting Load to 189

Load to Clog, L,

BMP Configuration Ib/sq -ft

Baseline: Approximately 50 percent vegetative cover; 2
typical fine sand and compost blend
Baseline + increavegetative cover to at least 75 percent 3
Baseline + include coarser sand to incheitisépermeability to 20 to 30 3
in/hr; controlflowrate with outlet control
Baseline + increase vegetative cover and include more permeable med 4
with outlet conwl, per above
References
Charters, F. J., Coc hr an e Partitle S\ze Distrdoutiah VaianSeuin | i v a
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Davis, A.P. and Mc€n, R.H., (2005). Stormwater Management for Smart Growth. Springer Science
& Business Mead, pg. 155.

ManiquizRedillas, M.C., Geronimo, F.K.F, and KinH.LInvestigation on the Effectiveness of
Pretreatment in Stormwater Management Technologies. &duEmdironmental Sciences, 26
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Pitt, R. and Clark, S.E., (20HEjaluation of Biofiltration Media for Engineered Natural Treatment
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Worksheet B.54: Calculation of Alternative Mhimum Footprint Sizing Factor for Non-Standard
Biofiltration
Alternative Minimum Footprint Sizing Factor for Non

Standard Biofiltration Worksheet B.54

1 | Areadraining to the BMP sq. ft.
2 | Adjusted Runoff Factor for drainage area (Refer to Appeddand B.2)
3 | Load to Clog (default value when using Appendix E fact st#8js is Ib/sq. ft.
4 | Allowable Period to Accumulate Clogging Load (TL) (default value is years
Volume Weighted EMC Calculation
Fraction of TSS BEMC
Land Use Total DCV (mg/L) Product
Single Family Residential 123
Commercial 128
Industrial 125
Education (Municipal) 132
Transportation 78
Multi-family Residential 40
Roof Runoff 14
Low Traffic Areas 50
Open Space 216
Other, pecify:
Other, specify:
Other, specify:

5 | VolumeWeighted EMC (sunf all products) mg/L
Sizing Factor for Clogging

Adjustment for pretreatment measures
6 Where: Line 6 = 0 if no pretreatment; Line 6 = 0.25 when pretreatme
induded; Line 6 = 0.5 if the pretreatment has an &¢tghington State
TAPE approvalratig f otrr edgptrment . 0
7 Average Annual Precipitation [Provide documentation of the data soy inches
the discussion box; SanGIS has a GIS layer for averag@m@atipitdtion]
8 | Calculate thAverage Annual Runoff (Line 7/12) x Line 1 »Rin CuHft/yr
9 Calculate the Average Annual TSS Load lolyr
(Line 8 x 62.4 x Line 5 xdLine 6))/10
10 | Calculate the BMP Footprint Needed (Line 9 x Linen®/& sq. ft.
11 Calculate th®linimum Footprint Sizing Factor for Clogging [ Line 10/
(Line 1 x Line 2)]
Discussion:
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B.5.2.2 Sizing Biofiltration BMPs Downstream of a Storage Unit
Introduction

In scenarios, where the BMP footprint is governed baseption @ (Lhe 17 of Worksheet B1j

or the required volume reduction for partial infiltration conditions (Line 10 of Workst#&eh8.5
footprint of the biofiltration BMP can be reduced usingjzimeg calculations in this Appendix B.5.2.2
when theresian upsti@m storage unit (e.g. cistern) that can be used to regulate the flows through the
biofiltration BMP.

When this approach is used for sizing biofiltration BMPs the applicant must alsatteefgtorage

unit meets the hydromodification managet drawden requirements and the discharge from the
downstream biofiltration BMP will still meet the hydromodication flow control requirements. These
calculations must be documented in the PDP SWWQM

This methodology isot applicable when the minimunofjorint fador is governed based on the
alternative minimum footprint sizing factor calculated using Workskh&étiBes11). A biofiltration

BMP smaller than the alternative minimum footprimigsfactor is considered compact biofiltration
BMP and mape alloweat the discretion of the City Engineer if the BMP meets the requirements in
Appendix Fand the applicant submits a completed Fofif. |

Sizing Calculation

Sizing calculations for the filtcation footprint must demonstrate that one of thiehg two
equivalent performance standards is met:

1. Use continuous simulation and demonstrate the following is met:

a. The BMP or series of BMPs biofilters at least 92 percent of average annuah)long te
runoff volume and achieves a volume reduction emtivalLinel0 of Worksheet
B.52. This can be demonstrated through reporting of output from the San Diego
Hydrology Model, or through other continuous simulation modeling meeting the
criteria in Appndix G, as acceptable to the City Engineer. The 98tpdraeerge
annual runoff treatment corresponds to the average capture achieved by implementing
a BMP with 1.5 times the DCV and a drawdown time of 36 hours (Appendix B.4.2).

2. Use the simple optined method in Worksheet Eb5 The applicant is also reqdito
compete Worksheet BB B.52 and B.5! when the applicant elects to use Worksheet B.5
5 to reduce the biofiltration BMP footprint. WorksheetBaas developed to satisfy the
following twocriteria as applicable:

a. Greater than 92 percent of tvei@ge anral runoff volume from the storage unit is
routed to the biofiltration BMP through the low flow orifice and the peak flow from
the low flow orifice can instantaneously be filtered thrbedsidfiltration media. If
the outlet design for the sagre unit ioludes orifices at different elevations and an
overflow structure, only flows from the overflow structure should be excluded from

B-42 February 20D



Appendix B: Storm Water Pollutant ControHy drologic Calculations and Sizing Methods

the calculation (both for 92 percent capture and foflpeato the biofiltration BMP
that needs to be instantanosly filteed), unless the flows from other orifices also
bypass the biofiltration BMP, in which case flows from the orifices that bypass should
also be excluded.

b. The retention losses from the optied biofiltration BMP are equal to or greater than
the retention Isses from the conventional biofiltration BMP. This second criterion is
only applicable for partial infiltration condition.

For drawdown times that are outside the range of values pres@atdd B.%5 below, the storage
unit should be desigihéo dischege greater than 92% average annual capture to the downstream
Biofiltration BMP.

Table B.55: Storage required for different drawdown times
Storage requirement (below the

Drawdown overflow elevation, or below outlet
Time (hours) elevation tha bypass the
biofiltration BMP)
12 0.85 DCV
24 1.25 DCV
36 1.50 DCV
48 1.80 DCV
72 2.20 DCV
96 2.60 DCV
120 2.80 DCV
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Worksheet B.55: Optimized Biofiltration BMP Footprint when Downstream of a Storage Unit

Optimized Biofiltration BMP Footprint when

Downstream of a Storage Unit

Worksheet B.55

1 | Area draining to the storage unit and biofiltration BMP sq. ft

2 | Adjusted runoff factor fadrainage area (Refer to Appendix B.1 and B.2

3 Ef_fective ir_npervious area draining to the storag@nuhibiofitration BMP sq. ft.
[Line 1 x Line 2]

4 | Remaining DCV after implementing retention BMPs cu. ft.

5 | Design infiltration rateéneasured infiltration rate / 2) ft./hr.

6 Meo_lia Thickness [1.5 fee_t minimum], als_o add m_ul_ch layer an_d viEEYie ft
33 fineaggregate sand thickness to this line for sizing calculations '

7 Med!a fil'gration rate to be used for sizing (0.42 ft/hr. with no outlet cont ft Jhr
the filtration rate is controlled by the outlet use the outlet controlled raf R

8 | Media etained pore space 0.05 in./in.

Storage Unit Requirement

9 Drawdown tim(_e pf the storage unit, minimum (from the elevation hours
bypasses the biofiltration BMP, overflow elevation)

10| Storage required to achieve greater than 92 pmpane (seTable B5) fraction

11| Storage required in cubéet (Line 4 x Line 10) cu. ft.

12 S_tor_age_provided in the design, m_inimum (from the elevation that bypa| cu. it
biofiltration BMP, overflow elevation)

13| I s Li ne llfho iredsa stomge pribvided until this critereets | 5 ves & No

Criteria 1: BMP Footprint Biofiltration Capacity

14 Peak flow from the storage unit to the biofiltration BMP (using the ele ofs
used to evaluate tpercent capre)

15 | Required biofitation footprint [(3,600 x Line 14)/Line 7] sq. ft.

Criteria 2: Alternative Minimum Sizing Factor (Clogging)

16 | Alternative Minimum Footprint Sizing Factor [Line 11 of Worksheet]B. Fraction

17 | Required biofiltr&n footprint [Line 3 x Line 16 sq. ft.

Criteria 3: Retention requirement [Not applicable for No Infiltration Condition]

18 | Retention Target (Line 10 in Worksheet23.5 cu. ft.

19 | Average discharge rate from the storagéouthi¢ biofiltration B1P cfs
Depth retained ithe optimized biofiltration BMP

20| fLine 6 x Line 8} + {[(Line 4)/(2400 x Line 19)] x Line 5} ft.

21| Required optimized biofiltration footprint (Line 18/Line 20) sq. ft

Optimized Biofiltration Footprint

22 | Optimized biaoftration footprint, maximum {he 15, Line 17, Line 21) ‘ | sqg. ft
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Worksheet B.56: Volume Retention for No Infiltration Condition

Volume Retention for No Infiltration Condition Worksheet B.56
1 | Area draiing to the biofiltration BMP sq. ft.
2 | Adjusted runoff factor for drainage area (Refer to Appendix B.1 ar
3 | Effective impervious area draining to the BlMiie 1 x Line 2] sq. ft.
4 | Required area for Evapotranspiration [Line 3 x 0.03] 9. ft.
5 | Biofiltration BMP Footprint sq. ft
Landscape Area (must be identified on DS8247)

Identification A B C D E

6 Landscape area that meetrdggiirements

in SDB and SBF Fact Sheet (sq. ft.)

v Impervious area draining to the Erape
area (sq. ft.)

Impervious® Pervious Area ratio

[Line 7/Line 6]

Effective Credit Area

9 | If Line 8 >1.5, use Line 6;nbt use Line

7/11.5
10| Sum of Landscape area [sum of LineSEJA sq. ft.
11| Provided footpnt for evapotranspiration [Line 5 + Line 10] sq. ft.

Volume Retention Performance Standard

I's Line 11 O Line 42?2
12| If yes, then volumeetention performance standard for no infiltrati¢ s Yes & No
condition is met. If no, proceed to Line 13

13 Fraction of the p.erformance s'Fandard met through the BMP foot
and/or landscaping [Line 11/Line 4]
14| Target Volume Retention [Linefidm Worksheet B.5.2] cu. ft.
15 Volu_me retenti(_)n required from other site design BMPs cu. ft
[(2-Line 13) x Line 14] o
Site Design BMP
Identification Site Design Type Credit
A cu. ft.
B cu. t.
C cu. ft.
D cu. ft.
16 E cu. ft.
Sum of volume retention benefits from other site design BMPs (¢
trees; rain barrels etp.). [sum of Line_s]fﬁ'ﬂ _ o cu. ft
Provide documentation of how the site design credit is calculate o
the PDP SWQMP.

I's Line 16 O Line 1572
17| If yes, then volume retention performance standard for no infiltrg s Yes & No
condition is met. If no, implement additional site design BMPs.
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Worksheet B.57: VolumeRetention from Amended Soils

Volume Retention Fran Amended Soils ‘ Worksheet B.57

1 | Impervious area draining to the pervious area sq. ft.
2 | Pervious area (must meet the requirements-Bhe®id SBF Fact Sheets) sq. ft.
3 Dispersio_n Ratio [Lin]a/_Line 2] _ _ _

Note: This worksheet is not applicable whiea 8i> 50 or Line 3 < 0.25
4 | Adjusted runoff factor [(Line 1 * 0.9 + Line 2 * 0.1) / (Line 1 + Line 2)]
5 | 85hpercentile 24our rainfall depth inches
6 | Design capture vuaine [(Line 1 +tine 2) x Line 4 x (Line 5/12)] cu. ft.
7 | AmendmentDepttdhoose from 36, 60, 90, inches
8 | Storage [(porosityfield capacity) + 0.5 * (field capadityilting point)] 0.25 in./in.
9 | Pervious Storage [Line 2 * (Liti&2) * Line 8] cu. ft.
10 | Fraction of DCV [Line 9/ Line 6]

Measued Infiltration Rate

When mapped hydrologic soil groups are used enter 0.10 for NRCS T

soils and for NRCS Type C soils enter 0.30 .
11 in/hr.

When in no infiltration condition and theuatineasured infiltration rate ig
unknown enter 0.0 if there are geotechaiwior groundwater hazards
identified in Appendix C or enter 0.05

12 | Factor of Safety 2

13 | Reliable Infiltration Rate [Line 11/Line 12] in/hr.
14 | Dispersion Cred{Based on Figures B.5.6 to B.5.11; Line 10 and Line ]

15| Volume retentio due to amendment [Line 1 * (Line 5/12) * Line 14] cu. ft.

The following criteria must be met to get volume reduction credit from amended soils:

1 Pervious area must not havewnderdrain;

1 If pervious area has an impermeable liner, the applicant nfue00861 in/hr. for reliable
infiltration rate;

1 Impervious area must be dispersed uniformly across the pervious area artbsivaon
velocities;

1 Pervious area must have iaimum width of 10 feet (exemption to this minimum width
criterion is allowed weh the contributing flow path length of the impervious area /pervious
area width O 2) anahda maxi mum sl ope of 5%;

1 Impervious to pervious area ratio must be les&€han

Theapplicants have an option to deviate from the criteria listed abogezasetthe applicant must
perform site specific continuous simulation modeling (following guidelines in Appendix G) to
estimate the volume retention benefits from thededesvileand document the analysis in the PDP
SWQMP.
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B.5.3  Basis for Minimum Sizing Facto r for Biofiltration BMPs

B.5.3.1 Introduction

MS4 PermiProvisida3.c.(1)(a)(i)

The MS4 Permdescribes coerptual performance goals for biofiltration BMPs and specifies
numeric criteria for sizing biofiltration BMPs (See Section 2.2.1 of this Manual).

However the MS4 Permit does not define a specific footprint sizing factor or design profile that
mustbeproded f or the BMP to be considered obiofil
(Footnote 29):

As part of the Coper miMahualgpirsuanutpRravisiesmnEB.®, i t s
the Copermittee must provide guidance for hydraatinly ratesna other biofiltration
design criteria necessary to maximize storm water retention and pollutant removal.

To meet this provision, this manual inclugesiBc criteria for design of biofiltration BMPs.
Among other criteria, a minimum footpsizing fadr of 3 percent (BMP footprint area as
percent of contributing area times adjusted runoff factor) and a volume retention performance
standard (Figure 8B2) based on the reliable infiltration rate at the site (i.e. measured infiltration
rate/2) is speciftt The purpose of this section is to provide the technical rationale for this 3
percent minimum sizing factor and the volume retention performaneedstand

B.5.3.2 Conceptual Need for Minimum Sizing Factor

Under the 2011 Model SUSMP, a sizing fat#mercentvas used for sizing biofiltration BMPs.

This value was derived based on the goal of treating the runoff from a 0.2 inch per hour uniform
precipitationntensity at a constant media flow rate of 5 inches per hour. While this method was
simple,it was consifred to be conservative as it did not account for significant transient storage
present in biofiltration BMPs (i.e., volume in surface storage amthsalsorage that would need

to fill before overflow occurred). Under this manual, thadfin BMPs vil typically provide
subsurface storage to promote infiltration losses; therefore typical BMP profiles will tend to be
somewhat deeper than those glediunder the 2011 Model SUSMP. A deeper profile will tend to
provide more transient stgeaand allownsaller footprint sizing factors while still providing similar

or better treatment capacity and pollutant removal. Therefore, a reduction in the sigiilgum
factor from the factor used in the 2011 Model SUSMP is supportable. Howevprirdsifmeass,

issues related to potential performance, operations, and/or maintenance can increase for a number of
reasons:

1. As the surface area of the media leetedises, the sediment loading per unit area increases,
increasing the risk of cloggindhi/vigorouglant growth can help maintain permeability of
soil, there is a conceptual limit above which plants may not be able to mitigate for the sediment
loading Scientific knowledge is not conclusive in this area.

2. With smaller surface areas andtgrgstentiafor clogging, water may be more likely to
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bypass the system via overflow before filling up the profile of the BMP.

3. As the footprint of the system dese=s the amount of water that can be infiltrated from
subsurface storage layers and enzaysqtire fronplants and soils tends to decrease.

4. With smaller sizing factors, the hydraulic loading per unit area increases, potentially reducing
the average contdizhe of water in the soil media and diminishing treatment performance.

The MS4 Permit gaiires that Mome and pollutant retention be maximized. Therefore, a minimum
sizing factor was determined to be needed. This minimum sizing factor does ndtee@addd

conduct sizing calculations as described in this manual; rather it estdblisrdsnion required

size of biofiltration BMPs as the last step in these calculations. Additionally, it does not apply to
alternative biofiltration designs thétize the checklist in Appendix F (Biofiltration Standard and
Checklist). Acceptableeshative degns (such as proprietary systems meeting Appendix F criteria)
typically include design features intended to allow acceptable performance withfGotpriatler

and have undergone field scale testing to evaluate performance and requireque&dy.

B.5.3.3 Lines of Evidence to Select Minimum Sizing Factor

Three primary lines of evidence were used to select the minimum sizing factor of 3 percent (BMP
footprintarea as percent of contributing area times adjusted runoff factor) in this manual:

1. Typical design calations.
2. Volume reduction performance.
3. Sediment clogging calculations.

These lines of evidence and associated findings are explained below.

Typical Design Calculations

A range of BMP profiles were evaluated for different designl depfdds and soil oditions.
Worksheet B-& was used for each case to compute the required footprint sizing factor. For these
calculations, the amount of water filtenadngd the storm event was determined based on a media
filtration rate of 5 inches paour and a routingme of 6 hours. These input assumptions are
considered to be wallipported and consistent with the intent of the MS4 Permit. These calculations
geneally yielded footprint sizing factors between 1.5 and 4.9 percent. In the fr@sta&slishing a
uniform Countywide minimum sizing factor, a 3 percent sizing factor was selected from this range,
consistent with other lines of evidence.

Volume Reduction Performance

Consistent with guidance in Fact Sheet,RRe amount of retentiatorage (in gravairsp below
underdrain) that would drain in 36 hours was calculated for a range of soil types. This was used to
estimate the volume reduction that woeléxpected to be achieved. For a sizing factor of 3 percent

and a soill filtration t@ of 0.20 inches pbour (NRCS Type B Soils, moderate infiltration rates), the
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average annual volume reduction was estimated to be approximately 40 percent (\aptpegcent c
method; see Appendix B.4.2).

In describing the basis for equivalency betvedention and biofilation (1.5 multiplier), the MS4

Permit Fact Sheet referred to analysis prepared in the Ventura County Technical Guidance Manual.
The Ventura County alysis considered the pollutant treatment as well as the volume reduction
provided ly biofiltration in onsidering equivalency to retention. This analysis assumed an average
long term volume reduction of 40 percent based on analysis of data from #i®hda&tormwater

BMP Database. The calculations of estimated volume reducl@estent sizingdtor is (previous
paragraph) consistent with this value. While estimated volume reduction is sensiipedificsite

factors, this analysis suggestsa sizing factor of approximately 3 percent provides levels of volume
reductiornthat are reasonaldgnsistent with the intent of the MS4 Permit.

Volume Retention Performance Standard

The volume retention performance standard in Figuias deveped to allow for adjustment

of the volume retention requirement based on the tyadopresent ortei Constrained sites with

poorly draining soils may not be able to install BMPs having a sufficient footprint to satisfy 40%
retention performance stiard. As such, a sliding scale was developed to adjust the performance
standard to @mich the ability dhe site to infiltrate. In effect, the sliding scale produces similar BMP
footprint sizes across a varying range of infiltration rates (up to 0.2@éndtaur) for a given 85th
percentile 24hour storm depth.

The o0sl i diion(@e.thecsladepmréion pf the line) of the performance standard indicated
in Figure B.2 was determined by estimating the retention associated with a veriradorinfite
(effectively the “xis intercept) and then connecting that point ¢outiadjusted perfoemce
standard (0.2 in/hr. infiltration rate, 40% average annual retention) with a straight line. The unadjusted
performance standard is based on a 3% ®Mgtprint size factor and results in a rainfall depth of
approximately 0.74 inch&sxing this rainfedepth and using the same 3% BMP footprint factor, the
feasible retention associated with an infiltration rate of 0.01 inches per hour (vergswjates
using the drawdown percent capture curves presented in Figuasm@ ETpercent capture otes
presented in Figure BB5The resulting retention was estimated to be 8.3% (for 0.01 in/hr. infiltration
rate), which became the starting poinhefline that then connects to the unadjusted performance
standard (0.2 in/hr., 40Bétention). The reling performance standard curve allows flexibility in the
design of BMPs or site design features while ensuring consistent performance within the City.

Sediment Clogging Calculations

As sediment accumulates in a filter, the permyeabifne filter teds to decline. The lifespan of the

filter bed can be estimated by determining the rate of sediment loading per unit area of the filter bed.
To determinghe media bed surface area sizing factor needed to provide a target lifespan, simpl
sediment loadingalculations were conducted based on typical urban conditions. The inputs and
results of this calculation are summarized in Tabte B.5
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Table B.56: Inputs and Results of Clogging Calculation
Parameter Value Source
Approximate average of San Diego Land U

Representative TSS Event Mean

Concentraon. ma/L 100 Event Mean Concentrations from San Dieg
' Mg River and San Luis Rey River WQIP
Runoff Coefficientfolmpervious Surface 0.90 Table B.11
Runoff Coefficient of Pervious Surface 0.10 Table B.11 for landsape areas
Planning level assumption, covers typica
. 40% to : 3 :
Imperviousness 90% range of single family to commercial land
uses
L Typical range fonuch of urbanized San
Average Annual Precgibn, inches 11to 13 Diego County
Pitt, R. and S. Clark, 2010. Evaluation of
Load to Initial Maintenandeg/m? 10 Biofiltration Media for Engineered Natura
Treatment Systems.
Allowable period to initial cloggi yr 10 Planningevel assumption
Estimated BMP Footprint Needed for 10| 2.8% to
Year Design Life 33% ClmulEiee

This analysis suggests that a 3 percent sizing factor, coupled with sediment source cargfals and
system design, should providesomable protection against premature clogging. However, there is
substantial uncertainty in sedimeadilog and the actual load to clog that will be observed under field
conditions in the San Diego climate. Adukilly, this analysis did not accounttereffect of plants

on maintaining soil permeability. Therefore, this line of evidence shoulddszetbpsovisional,
subject to refinement based on field scale experience. As field scale experience asitgénieed ab
lifespan of biofiltration BMPs an Diego and the mitigating effects of plants on long term clogging,

it may be possible to justifyver factors of safety and therefore smaller design sizes in some cases.
If a longer lifespan is desired andi@ager sediment load is expected, thenger sizing factor may

be justified.

B.5.3.4 Discussion

Generally, the purpose of a minimum sizing fadimhislp improve the performance and reliability
of standard biofiltration systems and limit the use of sizthgdeend assumptions that may lead
to designs that are less consistent with the intent of the MS4 Permit.

Ultimately, this factor is a surr@gédr a variety of design considerations, including clogging and
associated hydraulic capacity, volume redydiential, and treatment contact tidieprudent

design approach should consider each of these factors on @pegjéictbasis and identifiiether

site conditions warrant a larger or smaller factor. For example, a system treating only rooftop runoff
in an area without any allowable iafibn may have negligible clogging risk and negligible volume
reduction potentiad a smaller sizing tac may not substantially reduce performance in either of
these areas. Alternatively, for a site with highesgdioad and limited pteeatment potdral, a

larger sizing factor may be warranted to help mitigate potential clogging risks. The @ith&ngine
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discretion to accept alternative sizing factor(s) based ongpeffit considerations. Additionally,
the recommended minimum sizing factay mkhange over time as more experience with biofiltration
is obtained.

B.5.4 Volume Retention Mechanisms

A seres of nomographs were developed using United States Environmental Protection Agency
(USEPA) SWMM and parametated in Appendix G for the Lake Waéf rain gage and presented

in this Appendix B.5.4 to provide applicants tools to quantify volumeretamieved by a BMP

and/or a site design feature that is implemented at the project site.

B.5.4.1 Technical Framework

The total amount of volume retentiord(retion) achieved through a BMP and/or site design feature

is a function of the amount of water thaeesthe BMP and/or a site design feature and does not
immediately overflow (i.e., the amount of water thaptisred), and the portion of the captured
water that is oO0lostd via infiltration, llevapot
three is the volume reduction), such that it does not discharge directly to surface water.

When evaluating kone retention and capture efficienagheBMP and/or site design can be
considered to consist of a set of storage compartments, eachstiithtattirage volume, discharge

rate, and pathway by which water discharges (i.e., surface dischargm, isfiigaatranspiration).

Figure B.5 illustrates this concept. When storage capacity is available in a given compartment, then
that compartmerof the BMP and/or site design can capture additional inflow. When storage capacity
is not available in a giveempartment to accept additional inflttven inflowing water either fills

the next storage compartment of the BMP and/or site design, adsyjhessystem (if no additional
storage is available). The volume retention and capture performance of d/@MReadesign is
primarily a functionf the amount of storage volume provided and the rate at which the storage drains
to volume retentiongthways (i.e., infiltration, evapotranspiration, consumptive use) versus surface
discharge pathways.

Detention Storage
Surface storage

+
Freely drained pore storage
(above underdrain, if present)

Outlet size

Surface Discharge

Discharged from system to
surface water (underdrain,
riser, orifice, etc.)

<D -

Retention Storage
Surface retention
+
Retained soil moisture
+
Sump storage (below underdrain)

ped----
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Figure B.54. Schematic Representation for Purpesf Volume Retention Analysis
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Capture efficiency (or 0per ce artentofagnfallithaeié ) i s
captured and managed by a BMP and/or a site design feature (i.e., dgessiatr bmmediately
overflow). Captured storm t@amay be infiltrated, evapotranspired, or retained for harvest and use,
and/or treated and releasedp@ire efficiency is typically expressed as annual average percent
capture. Runoff volume that is naptured by a BMP and/or site design featurdesed to as

bypass or overflow. Volume reduction processes can only occur in a BMP and/or sigatesign f
when water is captured.

Long term capture efficiency is primarily a function of the BMP aiitéd/alesign feature storage
volume (relative to ¢éhsize and the DCV of the DMA), the drawdown rate and pattern of the storage
compartment, and rainfaditpern. Practically, this means that the following parameters can be isolated
as primary predictors o&pture efficiency for the purpose of develogingpproximate predictive

tool:

1 Normalized storage volumeexpressed as a fraction of DCV. For exarafe)00 cubic
foot storage volume for a watershed that is 1 acre with a runoff coefficient of 0.9 and an 85th
percentile rainfall depth of 0.6 inchesld/translate to 0.51 times the DCV [1,00/0 k.2
infft. / (1 ac x 43,560 sifyac x 0.9 x 0.6 in)].

1 Drawdown time of the storage volume For BMP and/or site design feature storage
elements with nominally consistent drawdown rates regardless ofiseasafitration,
filtration, orificecontrolled surfac discharge), the representative drawdowncamebe
expressed in hours. For example, a bioretention area with an effective storage depth of 12
inches and an underlying design infiltration r&t2 ahches per hour would have a nominal
drawdown time 060 hours (12 inches / 0.2 in/hr.). For BMP /andite design feature
storage elements with seasonally varying drawdown rates (i.e., storage drained by
evapotranspiration or irrigatibased consurtige use), the concept of a representative
drawdown timesi not applicable. In this case, the evapgiratisn storage depth (i.e., the
amount of potential evapotranspiration that must occur for the stored water to empty) is a
more appropriate indicatof how quickly storage is recovered and can be usedn(ihong
climate data input to the model) asediptor of long term capture efficiency.

By isolating these two most important predictive variables, a limited number of continuous simulation
model rus and associated results can be used to describe tteddmpgderm performance of a

wide range of BP and/or site design types and configurations. For example, the results of a long
term model simulation for a 0.5xDCV storage wino48 drawdown wdd be representative of a

wide range of different BMP awd/site design configurations. The two exampteild both be

reliably represented by this single model run.

1 Example 1 10,000 ctt infiltration basin draining 10.2 acres of pavement (equat3G@y/0.
when 85th percentile rainfall is 0.6 inches), viabt onding depth and a design infiltration
rate of 0.75 inches per hour (equates-tmdBdrawdown time).

1 Example 2 300 ctt of aggregate storage volume below the underdrain invert in a
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biofiltration with partial retention BMP with a tributary afe@.367 acres of pavement
(equates to 0.5DCVhen 85th percentile rainfall is 0.5 inches), with an effective depth of 6
inches and a design infiltration rate of 0.125 in/hr. (equatebdard®awiown time).

It can be seen that an infinite number of makedesign combinations could be reflecyethis
single model run.

B.5.4.2 Modeling Methodology and Results

Three sets of continuous simulation runs were executed in the EPA SWMM using the default
paraneters in Appendix G and the Lake Wohlford rain gageetogdtie nomographs that can be
used to estint@ the volume retention benefits from BMPs and/or site design BMPs.

1 Consistent drawdown runs Consistent drawdown runs were used to represent BMPs
and/or site design elements that can be approximated agydrbaielatively consistent rate
throughout along term continuous simulation (e.g., infiltration, media filtration, orifice
discharge). The template model setup developed for these runs inclidethra
subcatchment draining to a storage unit ofem gize (varied between runs) modeled with a
drawdown rate (varied between runs) that was held constant throughout each simulation.
Continuous rainfatunoff processes were simulated to estinmgtecontinuous runoff
hydrograph. Routing through the seranit was simulated to estimate the longdapture
efficiency associated with the given configuration. The results from these runs are presented
in Figure B4 in Appendix B.4.2.

1 Evapotranspimation drawdown runs Evapotranspiration runs were usaepoesent BMPs
and/or site design elementsttthia@in via evapotranspiration processes, at rates that inherently
vary with climatic factors throughout the year. The template model setup developssl fo
runs included a tributary subcatchment drainiray dtwrage unit of a given size (varied
betweea runs) modeled with a given stored water depth (varied between runs) that was drawn
down at the applied evapotranspiration rate (varies on a masit)lyGiantinuous rainfall
runoff processes were simulatedestimate the continuous runoff hydrograpbuting
through the storage unit was simulated to estimate the long term evapotranspiration loss
associated with the given configuration. Resultsties® tuns are presented in Figure B.5
5.

Dispersion runs Dispersion runs were used to represent siigndelements that cannot be simply

divided into different storage units because water is dispersed in a thin layer and is acted upon by both
infiltration and evapotranspiration processes. The template sengeldeveloped for these runs
included a tribatry subcatchment draining to two broad, shallow storage units in series (area varied
between runs to represent different proportions of pervious eeeange dispersion). The first

storage unit was usedrtee pr esent wat er st oofsodpoienthatddeot 0 suct
freely drain via gravity. This was filled first and was drawn down at the rate established by
evapotranspiration inputs. This or age unit al so receiodvew tfh olwd Of
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percent imperviousness and zero dspe storage; effectively representing precipitation directly on

the dispersion area. The second storage unit had the same footprint as thgdirshistom, equal

to the size of the dispersion ama) received flow when the first storage weitflowed. These
storage units were effectively oOstackedo in t
pore storage (i.e., draineddrgvity) in the amended media and any surface pondilugad
depressions. This storage unit was eltaima Greempt infiltration processes based on the
assigned infiltration parameters (varied between runs). The depth of stored water in the first and
second storage compartments was calculated basedssuthed depth of soil amendments (varied
betwea runs) and typical amended soil properties. Continuous -raidgtll processes were
simulated to estimate the runoff hydrograph. Routing througiothge units was simulated to
estimate the loAgrm cature efficiency and the dispersion crediti@irpervious area associated

with the given configuration. Results from these runs are presented in FRur§ B350 a me n d me 1
Figure BY ( 6 6 memtjnEigue B:8 ( 96 amendm@n{ )l &dntent)ghigure B. 5
B510 (156 amenrdBnglrt )( 18rd afmegqqud ment ) .
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Figure B.5-5. Evapotranspiration Nomographs
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Dispersion Credit for Imperviou Area
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The following methodology shallused for selecting and sizing onsite-flow treatment control
BMPs. These BMPs are to be used only when the project is participating in an alternative compliance
program This methodology consisif three steps:

1) Determine the PDP mosignificant pollians of concern(Appendix B.6.1).

2) Select ddw-thru treatment control BMiRattreats the PDP most significant pollutants of
concern andheets the pollutant control BMiedtment performance stand
(AppendixB.62).

3) Size the selected fldlaru treatmeat control BMP AppendixB.63).

B.6.1 PDP Most Significant Pollutants of Concern

The following steps shall be followeddentify the PDP most significant pollutants of cancer
1) Compile the followingnformation for thd®DP and receiving water:

a. Receiving wateyuality (including pollutants for which receiving waters are listed as
impaired under th€lean Water Adection 303(d) List; refer$ection 1.9

b. Pollutants, stressyrand/or receiving wateonditions that cause or contribute to the
highest priont water quality conditions identified in\#@IP (refer toSection 1)9

c. Land use type(s) proposed byRB# and the storm water pollutants associated with
thePDPland se(s) (see Table &1§.

2) From the list of pollutants identifiedStep 1 identify the most signific&P pollutants of
concernA PDPcould have multiple most significant pollutants of concerns and shall include
the highest priority water quality canditidentified in the wathed WQIP and ploitants
anticipatedo be presenvnsite/generateétom land use.
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TABLE B.6-1 Anticipated and Potential Pollutants Generated by Land Use Type

General Pollutant Gitegories

Priority
Projea Sediment ~ Nutrients
Categories

Heavy Organic Trash & O Oil & Bacteria &

Demanding Pesticides

Grease Viruses
Substances

Metals | Compounds Debris

Detached
Residential X X X X X X X
Development

Attached
Residential X X X P(1) P(2) P X
Developmat

Commercial
Development P@) P(2) X P(2) X P(5) X P(3) P(5)
>one acre

Heavy
Industry

Automotive

Repair Shops % B 8 8

Restaurants X X X X P(1)

Hillside
Development X X X X X X
>5,000 ft2

Parkiry Lots P(1) P(1) X X P(1) X P(1)

Retail
Gasoline X X X X X
Outlets

Streets,
Highways & X P(1) X X(4) X P(5) X X P(2)
Freeways

X = anticipated

P = potential

(2) A potential pollutant if landscaping exists onsite.

(2) A potential pollutant if thegject includes uncoverpdrking areas.

(3) Apotential pollutant if land use involves food or animal waste products.
(4) Including petroleum hydrocarbons.

(5) Including solvents.
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B.6.2 Selection of Flow -Thru Treatment Control BMP S

The following steps shb# followed to select th@propriate flovthru treatment control BMFor
the PDP:

1) For each PDMnost significant pollutant of concédentify the groupingsingTable B.&.
Table B.& is adopted from the Model SUSMP.

2) Selectheflow-thru treatment cdrol BMP based orthe growping of pollutants of concern
that are identified to be most significant in St€pi4 section establishesgb#utant control
BMP treatmenperformance standara be met foreach groupg of pollutantsn order to
meet the tandardsequired by the B4 permit and how an applicant can select a non
proprietary or a proprietary BMP that meetseitablishegoerformance standard. The
grouping of pollutants of concern are:

a. Coarsesediment an@irad (Appendix B.6.2.1)

b. Pollutants lat tend to associate witime particles during treatmei@#ppendix
B.6.2.2)

c. Pollutants that tend to be dissolved following treatfAppendix B.6.2.3)

TABLE B.6-2: Grouping of Potential Pollutants of Concenm

Suspended
. . Solubleform
Coarse Sedimet Sediment and .
Pollutant ! Dominated
and Trash Particulate-bound
Pollutants?
Pollutants
Sediment X X
Nutrients X
Heavy Metals X
Organic Compound X
Trash & Debris X
Oxygen Demanding X
Bacteria X
Oil & Grease X
Pesticide X

1 Pollutants in this category can be addressed to Medium or High effectiveness by effectively removing suspended
sediments and associated particbtated pollutants. Some soluble forms of these pollutants will exisiehowe
treatment mechanisns dddres soluble pollutants are not necessary to remove these pollutants to a Medium or High
effectiveness.

2 Pollutants in this category are not typically addressed to a Medium or High level of effectiveness with particle and
paticulatebound pollutantemovaklone

One flowthru BMP can be used to satisfy the regpoidtant control BMP treatment performance
standardor the PDP most significant pollutants of concern. In some situations it might be necessary
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to implement mitiple flowrthru BMPs to atisfy he pollutant control BMP treatmepérformance

standards. For example, a PDP has trash, nutrients and bacteria as the most significant pollutants of
concern. If a vegetated filter strip is selected as-thfloBMP thenit is anticipated to mette
performance standard in Appendix B.6.2.2 and B.6.2.3 but would need a trash removal BMP to meet
the pollutant control BMP treatmeperformance standard in Appendix B.6.2.1 upstream of the
vegetated filter striphis could bechieved biittingtheinletsand/or outletswith racks or screens

on to address trash.

B.6.2.1 Coarse Sediment and Trash

If coarse sediment and/or trash and debris are identified as a pollutant of concern for the PDP, then
BMPs must be selected to capture antbve these pollutantsrr runoff. The BMPs described

below can be effective in removing coarse sediment and/or trash. These devices must be sized to treat
the flow rate estimated using WorksheetlBAplicant can only select BMPs that have High or
Medum effectiveness.

Trash Racks and Screens [Coarse Sediment: Loeffectiveness Trash: Medium to High
effectivenes$ are simple devicésat can prevent large debris and trash from entering storm drain
infrastructure and/or ensure that trash and debrigetaiaed with downstreaBMPs. Trash racks

and screens can be installed at inlets to the storm drain system, at the inflow line to a BMP, and/or
on the outflow structure from the BMP. Trash racks and screens are commercially available in many
sizes and edigurations or can bedgned and fabricated to meet specific project needs.

Hydrodynamic Separation Device$Coarse Sediment: Medium to Higheffectiveness Trash:

Medium to High effectivenes$ are devices that remove coarse sediment, trash, and lotiser de

from incoming flowghrough a combination of screening, settlement, and centrifugal forces. The
design of hydrodynamic devises varies widely, more specific information can be found by contacting
individual vendors. A list of hydrodynamic separatolupt® approved by the VMaggton State
Technology Acceptance ProteEablogyprotocol can be found at:

http://www.ecy.wa.gov/programs/wg/stormwater/newtech/technolabtes

Systems shouleéb at ed f or Opretreatmento with a Gener a
of fieldscale testing indicating an equivalent level of performance.

Catch Basin Insert Baskets [Coarse Sediment: Loweffectiveness Trash: Medium
effectiveness if appropriately maintained] are manufactured filters, fabrics, or screens that are
placed in inlets to remove trash and debris. The shape and configuration of catch basin inserts varies
based on inlet type and configuration. Inserts are fw@logging and bypa#darge trash items are
accumulated, and therefore require frequent observation and maintenance to remain effective.
Systems with screen size small enough to retain coarse sediment will tend to clog rapidly and should
be avoided.
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Other Manufactured Particle Filtration Devices [Coarse Sediment:Medium to High
effectiveness Trash: Medium to High effectivenes$include a range of products such as cartridge

filters, bag filters, and other configurations that address medium t@axigiss. Systems stbul

be rated for opretreat ment o6 wi Tebhnotogy@ecepamca | Us
ProtocolEcologyprogram or provide results of fislchle testing indicating an equivalent level of
performance.

Note, any BMP thiachieves Bdiumor Highperformance for suspended solids (See Section B.6.2.2)
is also considered to address coarse sediments. Howeyd@ViRagrthat address suspended solids
do not retain trash (for example, swales and detention basins). Thes@Mpascoftild be fitted

with racks or screens on isletr outlets to address trash.

BMP Selection for Pretreatment:

Devices that addieboth coarse sediment and trash can be used as pretreatment devices for other
BMPs, such as infiltration BMPs. Hoer,it is recommended that BMPs that meet| the
performance standard in Appendix B.6.2.2 be
General Use Level Designation unicezhnology Acceptance ProteEcblogyis required for
pretreatment upstreamiofiltration basins and underground galleries. Pretreatangaisobe
provided as presettling basins or forebaas part of a pollutant coal BMP instead of
implementing a specific pretreatment device for systems where maintenance access/tp the facilit
surface is possible (to address clogging), expected sediment load is not high, and gppropriate
factors of safety are included in design.
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B.6.2.2 Suspended Sediment and Particulate-Bound Pollutants

Performance Standard

The pollutant treatmeperformance standardsisown in Table B-8 This performance standard is
consistent with the Washington State Technology Acceptance fotdmgy Basidreatment

Level, and is also met by technologies receiving Phosphorus Treatment or Enhancet Treatme
certification. Thistandard is based on pollutant removal performance for total suspended solids.
Systems that provide effective TSS treatmemypilsaly address trash, debris, and particulate bound
pollutants andanserve as prieeatment for offite mitigation projects for onsite infiltration BMPs

Table B.6-3: Performance Standard for Flovilhru Treatment Control

Influent Range Criteria

200100 mg/L TSS Effl uent goal O 20 mg
1006 200 mg/L TSS O 8 0 %rermo%ab
>200 mg/L TSS > 80% TSS removal

Selecting Non-Proprietary BMPs

Table B.6! identifies the categories of Amoprietary BMPs that are considered to meet the
pollutant treatment performanstandard if designed to contemporary design stariglstedypes

with ighth roadnki ng should be condiundler adkibedor 8t a
analysis by category from the International Stormwater BMP Database (also presentBdin Table

4) indicates each of these BMP types (as a categjougalmeets or nearly meets the performance
standard. The International Stormwater BMP Database includes historic as well as contemporary BMP
studies; contemporary BMP designs in these catagoaesicipated to meet or exceed this standard

on average

8 Contemporary desigrastlards refers to design standards that are reasonably consistent with the current state of practice
and are based on desired outcomes that are reasonably consistent with the context of the MS4 Permit and this manual.
For example, a detention basin that=signed solely to mitigate peak flow rates would not be considered a contemporary
water quality BMP design because it is not consistent with the goal of water quality improvement. Current state of the
practice recodresthat a drawdown time of 24 to@urs is typically needed to promote settling. For practical purposes,
design standards can be considered oO0contemporaryd if t
California or Washington Staaud are specifically intended faorsn water quality management.
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Table B.6-4: Flow-Thru Treatment Control BMPs Meeting Performance Standard

Statistical Analysis of International Evaluation of Conformance taPerformance
StormwaterBMP Database Standard

List of
Acceptable Volume- Level of

Flow-Thru TSS TSS Average Adjusted Volume- Attainment of
Treatment Mean Mean Category Effluent Adjusted Performance
Control Count  Influent, @Effluent!  Volume Condc, Removal Standard (with

BMPs In/Out mg/L , mg/L Reduct. mg/L Efficiency? rationale)
Medium effluent <
yogetated | - 301 69 31 38% 19 72% | 20 mglL after
P volume adjustment
Medium effluent <
Vegetated | 399/ 45 33 48% 17 61% | 20 mg/L after
Swale 346 :
volume adjustment
Medium percent
i 0,
Det(_antlon 321/ 125 42 33% o8 77% removal near 80%
Basin 346 after volume
adjustment
. High, effluent and
Sand Filter/
: 381/ 3 o % removal meet
g:ﬁg:a Bed 358 95 19 NA 19 80% criteria without
adjustment
. High, % removal
Lined Porous 356/ 229 46 NA34 46 80% meetriteria
Pavemerit 220 : .
without adjustment
923/ 3 o Medium percent
Wet Pond 933 119 31 NA 31 74% removal near 80%

Source: 2014 BMP Performance Summaries and Statistical Appendices; 2010 Volume Performance Summary; available at
www.bmpdatabase.org

1 - A statistically significant difference between influent and effluent was detected at a p value of 0.05rfesall catego

2 - Estimates were adjusted to account for catagergge volume reduction.

3- Not Applicable as these BMPs are not design&dlfone reduction and are anticipated to have very small incidental

volume reduction.

4 - The category presented iisttable represents a lined system fortfiowtreatment purposes. Porous pavement for

retention purposes is an infiltration BMP, ntdwafhru BMP. This table should not be consulted for porous pavement

for infiltration.

Selecting Proprietary BMPs

Proprietary BMPs can be used ifBMP meets each of the following conditions:

(1) The proposed BMP meets the performance standard in AppendB6.2.2as certified
through third-party, field scale evaluationAn activeGeneral Use Level Designation
Basic TreatmenPhosphorus TreatmemtEnhanced Treatment under the Washington State
Technology Aeeptance Protoc@icologyprogram is the prefred method of demonstrating
that the performance standard is met. The list of certified technologieseid apdsw
technologies are approved (link below). Technologies with Pilot Use Level Designation and
Conditional Use Level Designations are notcepaable. Refer to:
http://www.ecy.wa.gov/programs/wag/stormwater/newtech/technologies.html
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Alternatively, other field scale verification of 80 percent TSS capturas shobugh
Technology Acceptance Reciprocity Partnesshiyiew Jersey Corporation for Advance
Testingmay beacceptable. A list of fiedttale verified technologies undechnology
Acceptance Reciprocity Partner3hgp Il andNew Jersey Corporatiorr #ddvance Testing
can be accessed dittp://www.njcat.org/verificatiorprocess/technologyerification
database.htm(refer to field verified technologiesy@nl

(2) The proposed BMP is designed and maintained in a manner consistent with its
performance certifications (seeexplanation below). The applicant must demonstrate
conclusively that the proposed application of the BMP is consistent with the basis of its
cetification/verificationCertifications or verifications issued by the Washihgtimology
Acceptance Protot&cology program and theTechnology Acceptance Reciprocity
Partnershipor New Jersey Corporation for Advance Tespimggrams are typically
accanpanied by a set of guidelines regarding appropriate design and maintenance conditions
that would be consistentth the certification/verification. It is common for these approvals
to specify the specific model of BMP, design capacity for given uniyséizes media that
is the basis for approval, and/or other parameters.

(3) The proposed BMP is acceptable at thdiscretion of the City Engineer. The applicant
may be required to provide additional studies and/or required to meet additional design
criterabeyond the scope of this document in order to demonstrate that these criteria are met.
In determining the acceptability of a proprietary-thhowtreatment control BMP, ti&ty
Engineesshould consider, as applicable, (a) the data submitted;edgtetmeness of the
data submitted; (c) consistency of the BMP performance claims with pollutant control
objectives; certainty of the BMP pearfance claims; (d) for projects within the public right
of way and/or public projects: maintenance requiren@stsof maintenance activities,
relevant previous local experience with operation and maintenance of the BMP type, ability to
continue to operatthe system in event that the vending company is no longer operating as a
business; and (e) other relevaatofs. If a proposed BMP is not accepted byQitg
Engineera written explanation/reason will be provided to the applicant
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B.6.2.3 Soluble-form dominated Pollutants (Nutrients)

If nutrients are identified asn@st significarpollutant of concern for tHeDP, then BMPs must

be selected to meet the performance standard descAlppemlixB.62.2and must be selected

to provide medium or high lewéleffectiveness for nutrient treatment as described in this section.
The most common nutrient of concernhia Sa Diego region is nitrogen, therefore total nitrogen
(TN) was used as the primary indicator of nutrient performance in storm water BMPs.

Selection of BMPs to address nutrients consisigodteps:

1) Determine if nutrients can be addressed viaesoomntol BMPs as describedAppendix E
and Chapter.4After applying source controls, if there are no remaining source areas for
soluble nutrients, then this pollutant can be removed from the list of pollutants of concerns
for the purpose of selectirigi-thru treatment control BMPs. Particulate nutrietitde
addressed by the performance standapdgendixB.62.2

2) If soluble nutrients cannot be fully addressed with source controls, then seletira flow
treatment control BMPs that meets théoperarce criteria in Table BSor select from the
nutrientspecific menu of treatment control BMPs in Tablé.B.6

a. The performance standard for nitrogen removal (Tablk B2 been developed
based on evaluation of the relative performance of avaiigbries of non
proprietary BMPs.

b. Forproprietary BMPs, submit third party performance data indicating that the criteria
in Table B.& are metThe applicant may be required to provide additional studies
and/or required to meet additional desigemaiteyond the scope of this document
in order to demonstrate that these criteria ardmedtermining the acceptability of
a proprietary flowthru treatment control BMP, tiisty Engineeshould consider, as
applicable, (a) the data submitted; dp)esemttiveness of the data submittell; (c
consistency of the BMP performance claims with pollutant control objectives;
certainty of the BMP performance claims; (d) for projects within the public right of
way and/or public projects: maintenance requitsphesof maintenance activities,
relevat previous local experience with operation and maintenance of the BMP type,
ability to continue to operate the system in event that the vending company is no
longer operating as a business; and (e) other rédevarg If a proposed BMP is
not acceptedly theCity Engineera written explanation/reason will be provided to
the applicant.

Table B.6-5: Performance Standard for Flowwhru Treatment Control BMPs for Nutrient Treatment
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Compaison of mean influent ardfluent
indicates significant concentration reduction o
TN approximately 40 percent or higher based
studies with representative influent concentrat
Combination o€oncentrabn reduction and
Combined Treatment and Volume volume eduction yields TN mass removal of
Reduction Basis approximately 40 percent or higher based on
studies with representative influent concentrat

Treatment Basis

Table B.6-6: Flow-Thru Treatment Control BMPs Meeting Nutrient Treatment Performance
Standard

List of Statistical Analysis of International Evaluation of Conformance to Performance
Acceptable Stormwater BMP Database Standard
Flow-Thru
Treatment
Control Volume- Level of
TN TN Average : Volume- :
ﬁmﬁggg Count Mean Mean Category AE?#ITJSetﬁtd Adjusted 'ﬁ;ﬂg:nr:::]:ef
In/Out Influent, Effluenty,  Volume Con Removal Standard (with
mg/L mg/L Reduct. ' Efficiency? :
mg/L rationale)
Medium if designed
\F’?get""t‘?d 138/122 | 153 1.37 38% 0.85 44% to include volume
ilter Strip .
reduction pre¢esses
Detention Medium if designed
Basin 90/ 89 2.34 2.01 33% 1.35 42% to mcI_ude volume
reduction processe
Medium best
concentration
Wet Pond | 397/425| 2.12 1.33 NA 1.33 37% reduction among
BMP categories, bu
limited volume
reduction

Souce: 2014 BP Performance Summaries and Statistical Appendices; 2010 Volume Performance Summary; available at:
www.bmpdatabase.org

1 - A statistically significant difference between influent and effluent was detected at a p value of 0.05 fiesall catego
included.

2 - Estimates were adjusted to account for catagergge volume reduction.
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B.6.3  Sizing Flow -Thru Treatment Control BMPs:

Flowthru treatment control BMPs shall be sized to filter or treat the maximum flow rate of runoff
produced from aainfal intensiy of 0.2 inch of rainfall per hour, for each hour of every storm event.
The required flovthru treatment rate should be adjusted for the portion of the DCV adrteanisd
or biofiltered ogite as described in WorksheetIB Bhe followig hydologic metod shall be used
to calculate the flow rate to be filtered or treated:
0 6 Qo
Where:
Q = Design flow ate in cubic feet per second
C = Runoff factor, areweighted estimate using TableB.1
i = Rainfall intensity of 0.2 in/hr.
A = Tributary area (acres) which includes the total area draining to the BMP, including any
offsite or onsite areas that comingle with project runoff and drain to the BMP. ®eteno
3.3.3for additional guidance. Street projects consult Section 1.4.3.

WorksheetB.6-1 Flow-Thru Design Flows

Flow-thru Design Flows Worksheet B.61

1| DCV DCV cubicfeet

2| DCV retained DCVietained cubicfeet

3| DCV biofiltered D CViisiittered cubicfeet
DCV requiringflow-thru .

4| (Line 15 Line 25 0.67*Line 3) DC Vo cubicfeet

5| Adjustmentéctor (Line 4/ Line 1)* AF= unitless

6 | Design rainfall intensity I= 0.20 in/hr

7| Area tributary to BMP (s) A= acres

8 Areaweightedunoff factor (estimate using C= unitless
AppendixB.2) B

9| Calculate Flow Rate = AF x (C xix A) Q= cfs

1) Adjustment factor shall be estimated considering only retention and biofiltration BMPs located upstream
of flow-thru BMPsThat is,if the flowthru BMP is upstream of the project's retention and biofiltration
BMPs then the flosthru BMP shall bezd using an adjustment factor of 1.

2) Volume based (e.dry extended detention basin) fibwu treatment control BMPs shall be sizeétdo
volume in Line 4 andoilv based (e,yiegetated swa)eshall be sized to flow rate in LineS&and filter
and nedia filter can be designed either by volume in Line 4 or flow rate in Line 9.

3) Proprietary BMPs, if used, shall provide certified treatapacity equal to or greater than the calculated
flow rate in Line 9; certified treatment capacity per unit shaldistent with third partertifications.
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Appendix C: Geotechnical and Groundwater Investigation Requirements

Feasibility of storm water infiltration is dependent on the geotechnical and groundwater
conditions at the project site. The feasibility analysis must be conducted at a DMével.

This appendix is subdivided into the following:

1 Appendix C.1 Simple Feasibility Criteria: Thusrapix is applicable when standard setbacks
are used to make a determination that the DMA is in a no infiltration condition.

1 Appendix C.2 Detailed Fdabty Criteria: This appendix can be used for feasibility
determination for all DMAs.

1 Appendix C.3 Geethnical and Groundwater Investigation Report Requirements: This is
applicable to all projects.

The permits required for land development and construstthin the City are issued by the
Development Services Department. These permits fall into twd gategaries: development
permits and construction permits. Development permits or entitlements are discretionary in nature,
granted at the discretiohadecision maker. Depending on the type of project, the decision maker
could be City staff, a Heari@dficer, the Planning Commission, or the City Council. Examples of
development permits include Coastal Development Permits, Site Development Permits,
Neighborhood Development Permits, Conditional Use Permits, lot splits, condominium conversions,
and Tentave Maps. Construction permits are ministerial, which means that projects found to comply
with City standards and existing property entitlements garnbéted without a public hearing.
Grading plans, improvement plans, and building plans are exampiesterial permits.
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C.1 Simple Feasibility Criteria

When one of the following standard setbacks cannot be avoided, the applicant can classify the DMA
as no infiltration condition provided an infiltration feasibility condition letter that meets the
requirerents in Appendix C.1.1. is included in the SWQMP submittal.

1 Full and partial infiltration BMPs shall not be placed within existingtétials greater than
5 feet thick; or

1 Full and partial infiltration BMPs shall not be proposed within 10 feet (tadrizoinl
distance) of existing underground utilities, structures, or retaining walls; or

1 Full and partial infiltration BMPs shall bet proposed within 50 feet of a natural slope
(>25%) or within a distance of 1.5H from fill slopes where H is the didighfill slope; or

1 Full and patrtial infiltration BMPs shall not be proposed within 100 feet of contaminated soil
or groundwater sgeor

1 Other physical impairments (i.e., fire road egress, public safety considerations, etc.)

The setbacks must be thesest horizontal radial distance between the surface edge (at the overflow
elevation) of the BMP to existing underground utilitiesfstes, retaining walls; or natural slopes;
or fill slopes; or contaminated soil or groundwater site. The schertfaisdtivacks is shown below.
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C.1.1 Infiltration Feasibility Condition Letter

The geotechnical engineer shall provide an InfiltrationifRgaSdndition Letter in the SWQMP to
demonstrate that the DMA is in a no infiltration condition. The letter shalirped/signed by a
licensed geotechnical engineer who prepared the letter.

The letter shall be submitted during the discretionaryfphas@ate projects and during the initial
project submittal to the Public Works Department for public projectstt&éhsHall at a minimum
document:

1 The phase of the project in which the geotechnical engineer first analyzed the site for
infiltration feasibility.
1 Results of previous geotechnical analyses conducted in the project area, if any.

1 The development status bétsite prior to the project application (i.e., new development with
raw ungraded land, or redevelopment with existing graded conditions

1 The history of design discussions for the project footprint, resulting in the final design
determination.

1 Full/partid infiltration BMP standard setbacks to underground utilities, structures, retaining
walls, fill slopes, and natural slopes applicabie DMA that prevent full/partial infiltration.

1 The physical impairments (i.e., fire road egress, public safegratiorssd etc.) that prevent
full/partial infiltration.

1 The consideration of site design alternatives to achieve partial/full onfiltréin the

DMA.
1 The extent site design BMPs requirements were included in the overall design.
1 Conclusion or recommemnd i on from the geotechnical en

infiltration condition.

1 An Exhibit for all applicable DMAs that clearly labels:

o Proposed development areas and development type.

o All applicable features and setbacks that prevent partial orthatianfj including
underground utilities, structures, retaining walls, fill slopes, natural slopes, and existing
fill materials greatéran 5 feet.

o Potential locations for structural BMPs.

o Areas where full/partial infiltration BMPs cannot be proposed.

Completion of Worksheet CI4Form F8A) and/or Worksheet G2 (Form 8B) is not required in
instances where the applicaobmits an infiltration feasibility condition letter that meets the
requirements in this section.
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This appendix provides guidelines for performing and reporting feasibility analysis for infiltration with
respect to geotecleai and groundwater conditions. It provides a framework for feasibility analysis at
two phases of project development:

1 Planning Phas&impler methods of conducting preliminary screening for feasibility; and

1 Design Phase: When preliminary screening ewiicdiltration is feasible, more rigorous
analysis is needed to confirm feasibility and to develop design considerations ermd mitigat
measures, if required.

Planning PhaseAt this project stage, information about the site may be limited, the presuged d
features may be conceptual, and there may be an opportunity to adjust project plans to incorporate
infiltration into the projeéclayout during development. During this phase, project geotechnical
consultants are typically responsible for exploriol@gge conditions, performing preliminary
analyses, and identifying particular design aspects that require more detailed nnaeigatio
phases. As part of this process, the role of a plateeginfiltration feasibility assessment is to
reach éntative conclusions regarding where infiltration is likely feasible, possibly feasible if done
carefully, or clearly infeasible.sTdietermination can help guide the design process by influencing
project layout, selection of infiltration BMPs, and fgigtiif more detailed studies are necessary.
The purpose of the planning phase is to identify potential geotechnical and gronmoicaser
resulting from infiltration and to determine which impacts may be considered fatal flaws and which
impacts may bgossible to mitigate with design features. Determination of acceptable risks and/or
mitigation measures may involve discussiongsdyébent land owners and/or utility operators, as

well as coordination with other projects under planning or designpgrojget vicinity. Early
involvement of potentially impacted parties is critical to avoid potersi@datdesign changes and
schelule delays and to reduce potential future liabilities.

Design PhaseDuring this phase, potential geotechnical and graterdmpacts must be evaluated

and mitigation measures should be incorporated in the BMP design, as appropriate. Mitigation
measureefer to design features or assumptions intended to reduce risks associated with storm water
infiltration. While rules ohtmb may be useful, if applied carefully, for the planning phase, the
analyses conducted in the design phase require the invabvengexatechnical professional familiar

with the local conditions. One of the first steps in the design phase shodéddreniae if additional

field and/or laboratory investigations are required (e.g., borings, test pits, laboratory or field testing)
to further assess the geotechnical impacts of storm water infiltration. As the design of infiltration
systems are highly @éeplent on the subsurface conditions, coordination with the storm water design
team may be beneficial to limit duplicative efforts@std.

Worksheet C.41 (Form I-8A) and Worksheet C42 (From I-8B) are provided to document
infiltration feasibility screening. Worksheet C.4.1 (Fora8A) includes information to be evaluated
by geotechnical professionals and Workshe2t(€otm 8B)includes information to be evaluated
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by environmental professionals, hydrogeologists and civil engineers. These veoeksheetsl
into two parts:

Part10 Fu | | Infiltration Feasibility Screenin
volumecan be potentially infiltrated onsite.

Part20 Par t i al Infiltration versus idNwedltonf i | tr
determine if any amount of volume can be infiltrated. This is only used when the result of Part
1 is negative.
Note:ltisnot required to investigate each and ever
answer in Part 1 and Part 2 controlthe feasibility.1 f al | the answers in |

completion of Part 2 is not required. Note that a planning phaseizatiegois typically based on
initial site assessment results; therefore, it is not necessarily conclusive. Caseglooukatibe
confirmed or revised, as necessary, based on more detailelé\dtsirestigation and analysis
during BMP design.

Theapplicant has discretion to implement full infiltration BMPs even in scenarios where the reliable
infiltration rate is lsghan or equal to 0.5 inches per hour if there are no geotechnical or groundwater
hazards associated with implementation of filtitatibn BMPs.

C.2.1  Geotechnical Feasibility Criteria

This section is divided into seven factors that shall be considered by the project geotechnical
professional, as applicable, while assessing the feasibility of infiltration related to geotechnical
conditiors. Note that during the planning phase, if one omore of these factors precludes
infiltration as an approach, it is not required to assess the remaining factodldowever, if
proposing infiltration BMPs, then each applicable factor in this section addsebsed.

The requirements in this section (Ampe C.2.1) are not applicable for DMAs that are identified as
no infiltration condition based on one of the setbacks listed under Appendix C.1 and submission of
the Infiltration Condition Letter with th®V&MP that meets the requirements in Appendix.C.1.1

C.2.1.1 Soil and Geologic Conditions

Site soils and geologic conditions influence the rate at which water can physically enter the soils. Site
assessment approaches for soil and geologic conditions may consist of

1 Review of soil survey maps;

1 Review of availableports on local geology to identify relevant features, such as depth to
bedrock, rock type, lithology, faults, presence of fill materials and hydrostratigraphic or
confining units;

1 Review of previous geokmical investigations in the area; and
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1 Sitespecific geotechnical and/or geologic investigations (e.g., borings, infiltration tests, etc.).

Geotechnical investigations shall also seek to provide an assessment of whether soil infiltration
properties arekiely to be uniform or variable acrossphoject site. Appendix D provides guidance
on determining infiltration rates for planning and design phases.

C.2.1.2 Settlement and Volume Change

Settlement and volume change limits the amount of infiltration that dawée without resulting

in adverse impés that cannot be mitigated. Upon considering the impacts of an infiltration design,

the designer must identify areas where soil settlement or heave is likely and whether these conditions
would be unfavorable to sting or proposed features. Settlemefets to the condition when soils
decrease in volume, and heave refers to expansion of soils or increase in volume.

Volume changes in the soil can be induced by infiltration. The designer(s) must be aware of and
consder these mechanisms while compldt@deasibility screening including:

Hydroconsolidation;
Hydrocollapse;
Expansive soils; and
1 Liquefaction.

= =4 A

C.2.1.3 Slope Stability

Infiltration of storm water has the potential to result in increased risk of slope fagarieyoslopes.

This shall be assessegas of both the project planning and design phases. Many factors impact the
stability of slopes, including, but not limited to, slope inclination, soil strength, unit weight, geologic
structure, and seepage forbeseases in moisture content or rigirgynd water in the vicinity of a

slope, which may result from storm water infiltration, have the potential to change the soil strength,
unit weight and to add or cause seepage forces to the slope, which nmee destalipe. When
evaluating the effe of infiltration on the slope stability, the designer must consider all types of
potential slope failures.

Slopes steeper than 4:1 (horizontal to vertical) are generally not suitable for infiltration systems unless
demonstrated otherwise in a geotechimeastigation report. Slope setbacks for infiltration BMPs

shall be determined on an individual project basis by a qualified professional and the approval of the
setbacks is at the discretion of the City Engémksheet C-4 (Form 18A) provides stalard

setbacks that may be used to establish infeasibility for infiltration BMPs without performing additional
analysis. As a guideline, infiltration zones shall be set back at least 50 feet or 1.5 timed the height o
the slope unless evaluated by theegbkoical engineer.
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C.2.1.4 Utility Considerations

Utilities are either public or private infrastructure components that include underground pipelines and
vaults (e.g., potable water, sewer, storm water, and gas piped@egphuwnd wires/conduit (e.g.,
telephoe, cable, electrical) and above ground wiring and associated structures (e.g., electrical
distribution and transmission lines). Utility considerations are typically within the purview of a
geotechnical site assessnamd shall be considered in asseshmdensibility of storm water
infiltration. Infiltration has the potential to damage subsurface utilities and/or underground utilities
may pose geotechnical hazards when infiltrated water is introduced. Impdcts sttatn water
infiltration in the \ginity of underground utilities are not likely to cause a fatal flaw in the design, but
the designer must be aware of the potential cost impacts to the design during the planning phase.

Utility setbacks for infiltn@in BMPs shall be determined on an iddal project basis by a qualified
professional, the approval of the setbacks is at the discretion of the City Engineer. Wotksheet C.4
(Form F8A) provides standard setbacks that may be used to establishiipféasibflltration

BMPs without perfoning additional analysis.

C.2.1.5 Groundwater Mounding

Storm water infiltration and recharge to the underlying groundwater table may create a groundwater
mound beneath the infiltration facility. The height and shape afuhd gepends on the infiltration
systendesign, the recharge rate, and the hydrogeologic conditions at the site, especially the horizontal
hydraulic conductivity and the saturated thickness. Elevated groundwater levels can lead to several
problems, includg flooding and damage to structuresuditites through buoyancy and moisture
intrusion, increase in inflow and infiltration into municipal sanitary sewer systems, and flow of water
through existing utility trenches, including sewers, potentially teddimation of sinkholes (Gobel

et al, 2004). Mounding shall be considered by the geotechnical professional while performing the
infiltration feasibility screening.

C.2.1.6 Retaining Walls and Foundations

Development projects may include retaining walls nddtans in close proximity to proposed
infiltration BMPs. These structures are designed to withstand the forces of the retained earth and
other surface loading conditions such as nearby structures. Foundations include shallow foundations
(spread and stripotings, mats) and deep foundatiosgppiers). Retaining walls and foundations

can be impacted by increased water infiltration and result of potential increases in lateral pressures and
reductions in soil strength. The geotechnical professiohabsbigler these factors while perfogmin

the infiltration feasibility screening.

C.2.1.7 Other Factors

While completing the feasibility screening, other factors determined by the geotechnical professional
to influence the feasibility of infiltration related taegdnical conditions shall also be icened.
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C.2.1.8 Geotechnical Mitigation Measures

The following are intended as examples (not exclusive) of reasonable and not reasonable mitigation
measures. Other measures may need to be considered for specific projects.

Typically reasonable:

1 Configuranfiltration BMPs to infiltrate water into native soil to avoid fill or other geotechnical
hazards.

1 Configure site with consideration to infiltration feasibility to avoid geotechnical hazards.

1 Overexcavate and backfill wittrmeable material below BM&axoid infiltration into less
permeable fill. A reasonable excavation limit below the BMP is 5 feet.

1 Implement selective grading practices to place permeable materials in areas of proposed
BMPs.

1 Inclusion of an impermeablertier in BMP side walls (5 fet reduce potential for lateral
water movement.

1 Consider that partial infiltration BMPs have a supplemental discharge pathway (underdrains)
to limit infiltration when soil infiltration capacity is exceeded.

Not typically reasonable

1 Major improvement®texisting building foundations to increase structural stability, such as
requiring deep foundations when such foundations would not otherwise be required.

1 Inclusion of cutoff trenches and drainage features to control devosshifpsite effects of
increased infiltration.

1 Installing mechanical devices to pump storm water to another area on the property for the
purposes of implementing pollutant control BMPs across DMAs.

C.2.2  Groundwater Quality and Water Balance Feasibility Criter ia

This section is divided inseven factors that shall be considered by qualified design professionals as

applicable, while assessing the feasibility of infiltration related to groundwater quality and water
balance. Note that during the planning pHasee ior more of these factg®cludes infiltration as

an approach, it is not required to assess the remaining factors. However, if proposing infiltration
BMPs, then each applicable factor in this section must be addressed.

The requirements in this sent(Appendix C.2.2) are ngipticable for DMAs that are identified as
no infiltration condition based on one of the setbacks listed under Appendix C.1 and submission of
the Infiltration Condition Letter with the SWQMP that meets the requirements idiAghéri.
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C.2.2.1 Soil and Groundwater Contamination

Infiltration shall be avoided in areas with:

1 Physical and chemical characteristics (e.g., appropriate cation exchange capacity, organic
content, clay content and infiltration rate) which are not adequateper ipfiltration
durations ath treatment of runoff for the protection of groundwater beneficial uses. If ALL
of the following criteria are met, then full infiltration must be avoided:

o Cation Exchange Capacity(CEC) < 5 millequivalents per 100 g, asdrhgathare
sodium acetate meth@dS EPA Method 9081); and,

0 United States Department of Agriculture (USDA) texture class of loamy sand or sand
as determined by laboratory analysis of soil texture; and,

o0 Soil organic matter content < 1% by mass as deternyihesklon ignition (ASTM
D2979; and,

o0 A seasonally high groundwater table within 10 feet of the bottom surface of the
proposed full infiltration BMP.

1 Groundwater contamination and/or soil pollution, if infiltration could contribute to the
movement or dispsion of soil or groundwateordamination or adversely affect ongoing
cleanup efforts, either onsite or doygradient of the project.

If full infiltration is under consideration for one of the above conditionsspesiific analysis shall
be conductetb determine where infiltratitbased BMPs can be used without adverse impacts.

C.2.2.2 Separation to Seasonal High Groundwater

The depth to seasonally high groundwater tables (normal high depth during the wet season) beneath
the base of any infiltration BMP minstgreater than 10 fdet full infiltration BMPs to be allowed.

The depth to groundwater requirement can be reduced from 10 feet at the discretion of the approval
agency if the underlying groundwater basin does not support beneficial uses andwlaeground
guality is mainta@a at the proposed depth. Depth to seasonally high groundwater levels can be
estimated based on well level measurements or redoximorphic methods.

C.2.2.3 Wellhead Protection

Wellheads natural and nrmaade are water resources that may futgribe adversely impea by

storm water infiltration through the introduction of contaminants or alteration in water supply and
levels. It is recommended that the locations of wells and springs be identified early in the planning
phase and site deslgmdeveloped to avoidiiltation in the vicinity of these resources. Infiltration

BMPs must be located a minimum of 100 feet horizontally from any water supply well.

C.2.2.4 Contamination Risks from Land Use Activities

Concentration of storm water pollutanteuimoff is highly dependeon the land uses and activities
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present in the area tributary to an infiltration BMP. Likewise, the potential for groundwater
contamination due to the infiltration BMP is a function of pollutant abundance, concentration of
pollutants in soluble forms, édithe mobility of the pollutant in the subsurface soils. Hence, full
infiltration BMPs must not be used for areas of industrial or light industrial activity.

The project applicant has an option to classify other land uses @res dlcti pose highreat to

water quality not suitable for infiltration BMPs if source control BMPs to prevent exposure of high
threat activities could not be implemented, or runoff from such activities could not be first treated or
filtered to removeglutants prior to ifilitration. Approval of infeasibility due to high threat to water
guality is evaluated on a case by case basis and is at the discretion of the City Engineer.

C.2.2.5 Consultation with Applicable Groundwater Agencies

Infiltration activities shidd be coordinated thi the applicable groundwater management agency,
such as groundwater providers and/or resource protection agencies, to ensure protection of
groundwater quality. It is recommended that coordination be initiated early in the plasentog pha
determine whe#r specific site assessment activities apply or whether these agencies have data
available that may support the planning and design phases.

C.2.2.6 Water Balance Impacts on Stream Flow

Use of infiltration systems to reduce surface waterrgseiadumes may retsinl additional volume

of deeper infiltration compared to natural conditions, which may result in impacts to receiving
channels associated with change in dry weather flow regimes. A relatively simple survey of
hydrogeologic data (piezeter measurementsoring logs, regional groundwater maps) and
downstream receiving water characteristics is generally adequate to determine whether there is
potential for impacts and whether a more rigorous assessment is needed.

Where water balance cdimlis appear to bersstive to development impacts and there is an elevated

risk of impacts, a computational analysis may be warranted to evaluate the feasibility of infiltration.
Such an analysis should account for precipitation, runoff, irrigatian sgdumoisture retgon,
evapotranspiration, baseflow, and change in groundwater rechargetenna basjs. Because water
balance calculations are sensitive to the timing of precipitation versus evapotranspiration, it is most
appropriate to utilize continuous modehsulation rather than basing calculations on average annual

or monthly normal conditions.

The following simple screening criteria can be used to determine if edeyotle amalysis is required:

1 Proposed infiltration BMP is locatedmmit250 feet of an Bpmeral or year round stream;
and,

1 The proposed BMPs will be full infiltration BMPs; and,

1 The seasonal high groundwater depth below the bottom surface of the infiltration BMP is less
than 20 feet.
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If any of the above screening critan@ not met, then filtration is feasible. If all of the above
screening criteria are met, additional investigations shall be performance by a qualified design
professional.

C.2.2.7 Other Factors

While completing the feasibility screening, other factors deterbynthe qualifiededign
professional to influence the feasibility and desirability of infiltration related to groundwater quality
and water balance shall also be considered.

C.2.2.8 Groundwater Quality and Water Balance Mitigation Measures

The following are iahded as examples t(e&clusive) of reasonable and not reasonable mitigation
measures. Other measures may need to be considered for specific projects.

Typically reasonable:

1 Consider site layout changes to avoid contaminated soils or soils that |aektisdeongant
capacity

91 Design infiltration BMPs to include biofiltration media or an amended media layer if site soils
are deemed to lack the treatment capacity to be protective of groundwater quality.

Not typically reasonable:

1 Requiring cleanup of contaaied sites fothe primary purpose of allowing storm water
infiltration.
1 Active storm water pretreatment methods.

1 Inclusion of cutoff trenches and drainage features to prevent groundwater migration toward
contaminated sites.
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The geotechnical investigation report(s) addressing onsite storm water infiltration shall include the
following elements, as applicable. These and other reports may need to be completed by multiple
professional disciplinedepending orhe issues that need be addressed for a given site. It may also

be necessary to prepare separate report(s) at the planning phase and design phase of a project if the
methods and timing of analyses differ.

C.3.1  Site Evaluation
Site evaluation shalentify the dllowing:

Areas of contaminated soil or contaminated groundwater within the site;
oBrown fieldsdéd near the site;
Mapped soil type(s);

Historic high groundwater level;

Slopes steeper than 25 percent; and

Location of water supply wells, sepystems (and gansion area), or underground storage
tanks, or permitted gray water systems within 100 feet of a proposed infiltration BMP.
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C.3.2 Field Investigation

Where the site evaluation indicates potential feasibility for onsite storm water infitRgiciné3
following field investigations will be necessary to demonstrate suitability and to provide design
recommendations.

C.3.2.1 Subsurface Exploration

Characterization of potential infiltration rates is a critical step in the categorization of the infiltration
feasibility codition. Typically, subsurface exploration, sampling, and testing are necessary for
characterizing infiltration rates as well as evaluating potential geologic or geotechnical hazards and
constraints associated with storm water infiltration.

For the designhase, a minimum of two (2) in situ percolation or infiltration tests shall be conducted
within 50feet of each proposed full storm water infiltration BMP (also refer to TaBlafitBsome

instances based on the test method selectedhanr2 tests nyabe required). The tests shall be
conducted at the same elevation as the base of the proposed full infiltration BMP and be representative
of the conditions below the proposed full infiltration BMP.

An exploratory excavation shall be exddid a depth ct least 1-feet below the base of a proposed
full infiltration BMP to demonstrate adequate separation from groundwater.
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Appendix C: Geotechnical and Groundwater Investigation Requirements

All exploratory excavations shall be logged in detail and the logs shall be included in the geotechnical
investigatiomeport. Lowpermeability or impermeable materials (i.e. clay horizons) shall be identified.
Indicate any obvious evidence of soil contamination.

All exploratory excavations shall be properly filled at the completion of testing.
C.3.2.2 Material Testing and Infiltration Testing

Various material testing and in situ infiltration testing methods and guidance for appropriate factor of
safety for full infiltration BMPs are discussed in detail in Appendix D. Infiltration testing methods
described in Appendix D includeface and silaw excavation and deeper subsurface tests.

C.3.2.3 Evaluation of Depth to Groundwater

An evaluation of the depth to groundwater is required to confirm the feasibility of infiltration. Full
infiltration BMPs may not be feasible in high groundwatditioms (wihin 10 feet of the base of
infiltration BMP) unless an exemption is granted by the City Engineer. The 10 feet separation criterion
is not applicable for partial infiltration condition BMPs.

C.3.3 Reporting Requirements by the Project Geotechnical
Co nsultant

Thegeotechnical investigation report shall address the following key elements, and where appropriate,
mitigation recommendations shall be provided.

1 Identify areas of the project site where infiltration is likely to be feasible and provide
justifications for slection of those areas based on soil types, slopes, proximity to existing
features, etc.

1 Worksheet C:4 (Form 8A) completed by the project geotechnical consultant.

0 Note: Form F8A is not required for DMAs that are determined to beNo a
Infiltration Conditionbased on Worksheet €4Form 8B) or by submitting a no
infiltration condition letter that meets the requirements in Appendix C.1.1.

1 Investigate, evaluate and estimate the vertical infiltration rates and capacities in accordance
with the guidace provided in Appendix D which describes infiltration testing and appropriate
factors of safety to be applied to infiltration testing results. The site may be broken into sub
basins based on the opinion of the geotechnical consultantfengmuinfitration rates.

91 Describe the infiltration test results and/or correlation with published infiltration rates based
on soil parameters or classification. For planning phase feasibility screening and design of
partial infiltration BMPs, a factdrsafety of 2Znust be used. When finfiltration BMPs are
proposed, the geotechnical engineer must complete Section A (Suitability Assessment) in
Worksheet DA (Form 9) and include it in the geotechnical report.

1 Investigate the subsurface geologaaditions at geotechnical conditions that would affect
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infiltration or migration of storm water toward structures, slopes, utilities, or other features.
Provide an opinion on the anticipated flow path of infiltrated water. Indicate if the water will
flow into pavemensections, utility trench bedding, wall drains, foundation drains, other
permeable improvements, or daylight.

Investigate depth to groundwater. Include an estimate of the high seasonal groundwater
elevations.

Provide the reliable infiltratioates.

Provde a concluding opinion regarding whether or not the proposed onsite storm water
infiltration BMP will result in soil piping, daylight water seepage, slope instability, or ground
settlement.

Recommend reasonable measures to substantialyenatigvoigotentially detrimental

effects of the storm water infiltration BMPs or associated soil response on existing or
proposed improvements or structures, utilities, slopes or other features within and adjacent to
the site.

Provide guidance for tselection antbcation of infiltration BMPs, including the minimum
separations between such infiltration BMPs and structures, streets, utilities, manufactured and
existing slopes, engineered fills, utilities, or other features. Include guidance tadereasona
measurethat could be used to reduce the minimum separations or to mitigate the potential
impacts of infiltration BMPs.

Reporting Requirements by the Project SWQMP Preparer

The project SWQMP preparer has the following responsibilities:

T

T

Complete Worksret C.4L (Fam I-8B) and include it in the PDP SWQMP submittal.

0 Note: Form -8B is not required for DMAs that are determined to beNp a
Infiltration Conditiorbased on Worksheet €L.4Form $8A) or by submitting a no
infiltration condition letter thateets the requirements in Appendix C.1.1.

In the PDP SWQMP provide a concluding opinion whether or not proposed infiltration
BMPs will affect seasonality of epbeal streams.

Evaluate proposed use of the site (industrial use, residential use, abcl)gsmihdwater

data and provide a concluding opinion in the PDP SWQMP whether proposed storm water
infiltration could cause adverse impacts to groundwatéy, gualiif it does cause impacts,
whether the impacts could be reasonably mitigated.

WorksheeC.43 andWorksheet DA (Form #9) must be completed and included it in the
PDP SWQMP submittal when full infiltration BMPs are proposed.
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GEOTECHNICAL SUBMITTAL FOR CATEGORIZATION OF INFILTRATION FEASIBILITY CONDITION
(Worksheet G4/FORM [-8A)

PART 1: FULL INFILTRATION
FEASIBILITY SCREENING CRITERIA

PART 2: PARTIAL VS. NO INFILTRATION
FEASIBILITY SCREENING CRITERIA

The infiltration rate
supports full
infiltration

YESTO ALL
STATEMENTS

There are no

geotechnical hazards

thatngrevent full
infiltration

*Based on geotechnical criteria only,
proceed to worksheet C.4-2/Form |-8B

YES TO ALL
STATEMENTS
The infiltration rate is
gre%tg; tlharrlI or |(:qual
t0 0.05 inches/hour
g‘%.rEoM% Determine if
there are
criteria that >
allow partial There are no
infiltration geotechnical hazards
that prevent partial
infiltration
NO TO ANY
STATEMENTS

\ 4
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Worksheet C.41: Categorization of Infiltration Feasibility Condition Based on Geotechnical
Conditions®

Categorization of Infiltration Feasibility Condition based on Worksheet C.41: Form F

Geotechnical Conditions 8AY

Part 1- Full Infiltration Feasibility Screening Criteria

DMA(s) Being Analyzed: Project Phase:

Criteria 1: Infiltration Rate Screening

Is the mapped hydrologic soil group according to the NRCS Web Soil Survey or UC D4
Web Mapper Type A or B and corroborated by availableilsitat&!?

5 Yes; the DMA may feasibly s CneialrResulfou |
continue to Step 1B if the applicant elects to perform infiltration testing.

3 No; the mapped soil types are A or B but is not corroborated by available afte soil d

1A (continue to Step 1B).

3 No; the mapped soiltypesare C,yorr ban/ uncl assifiedo6 a
available site soil data. Answer O0NO0©O

 No; the mapped soil types are C, db, o
available site soil data (continue to Step 1B).

Is the relble infiltration rate calculated using planning phase methods from FaBle D.3
1B 5 Yes; Continue to Step 1C.
3 No; Skip to Step 1D.

Is the reliable infiltration rate calculated usamnmg phase methods from Table-DgBeater
than 0.5 inchgger hour?

1C Yes; the DMA may feasibly support ful

3 No ; full infiltration is not required

Infiltration T esting Method. Is the selected infiltration testmgthod suitable during the
design phase (see Appendix D.3)? Note: Alternative testing standards may be allowed

1D appropriate rationales and documentation.

3 Yes; continue to Step 1E.
3 No; select an agpopriate infiltration testing method.

° Note that it is not required tovestigate each andvery criterion in thewvorksheet, a sigle finod ansver in Partl,
Part2, Part3, or Part4 determines a full, partial, or no infiftion condition.

10 This form must beompleted each time there is a oo the site layout thatould affect the infiltration feasibility
condition. Prgiously completed forms shall be retained to documentibkion of the site storrwvater degin.

I Available data includes sitgpecific samplirg or obsevation of soil types or téure classes, such as obtained from
borings or test pits necessary to support otherghesiements.
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Categorization of Infiltration Feasibility Condition based on Worksheet C.41: Form F

Geotechnical Conditions 8A

Number of Percolation/Infiltration Tests. Does the infiltration testing method performed
satisfy the minimum number of tests specified in Tab@?D.3

1E 3 Yes; continue to Step 1F.
3 No; conduct appropriate numbérests.
Factor of Safetyls the suitable Factor of Safety selected for full infiltration desigiiSneq
in D.5; Tables D:% and D.&; and Worksheet DI6(Form {9).

IF 3 Yes; continue to Step 1G.
3 No; select appropriate factor of safety.
Full Infiltration Feasibility. Is the average measured infiltration rate divided by thedfact
Safety greater than 0.5 inches per hour?

1G 3 Yes; answer o0Yeso6 to Criteria 1 Resul
5 No; answer ONod6 to Criteria 1 Result.
Is theestimatedeliable infiltration rate greater than 0.5 inches per hour within the DMA

Criteria 1| runoff can reasonably be routed to a BMP?
Result

3 Yes; the DMA may feasibly support full infiltration. Continue to Criteria 2. E No; full
infiltration is not required. $kio Partl Result.

Summarize infiltration testing methods, testing locations, replicates, and results and summarize e
reliable infiltration rates according to procedures outlined in D.5. Documentation should be include
geotechnicakport.

Criteria 2: Geologic/Geotechnical Screening

C-17 February 20D



Appendix C: Geotechnical and Groundwater Investigation Requirements

Categorization of Infiltration Feasibility Condition based on Worksheet C.41: Form F

2A

Geotechnical Conditions 8A°
I f all questions in Step 2A are answer
For any ONodé answer in Step 2A an s weagibilit

Condi t i ohat meetsthe requidents in Appendix C.1.1. The
geologic/geotechnical analyses listed in Appendix C.2.1 do not apply to the DMA beca
the following setbacks cannot be avoided and therefore result in the DMA being in a nc
infiltration conditionThe setbacks must the closest horizontal radial distance from the s
edge (at the overflow elevation) of the BMP.

2A-1

Can the proposed full infiltration BMP(s) avoid areas with existing fi 5
materials greater than 5 feet thick belownftieating surface? Yes No

2A:-2

Can the proposed full infiltration BMP(s) avoid placement within 10 5 5
existing underground utilities, structures, or retaining walls? Yes No

2A-3

Can the proposed full infiltration BMP(s) aptédement within 50 feet
a natwal slope (>25%) or within a distance of 1.5H from fill slopesw 3 Yes 3 No
H is the height of the fill slope?

2B

When full infiltration is determined to be feasible, a geotechnical investigation report m
prepared that considers the relevamrf@aentified in Appendix C.2.1.

I f al l guestions in Step 2B are answer
ONoO6 answers continue to Step 2C.

2B-1

Hydroconsolidation. Analyze hydroconsiéition potential per approve
ASTM standrd due to a proposed full infiltration BMP.

Can full infiltration BMPs be proposed within the DMA without incre
hydroconsolidation risks?

3 Yes 3 No

2B-2

Expansive Soils Identify expansive soils (swilth an expansion index
greater than 20) and the extent of such soils due to proposed full in

Can full infiltration BMPs be proposed within the DMA without incre
expansie soil risks?

2B-3

Liguefaction. If applicable, identify mapped liquefaction areas. EV
liquefaction hazards in accordance with Section 6.4.2 of the City|
Diego's Guidelines for Geotechnical Reports (2011 or most recent ¢
Liguefaction hazard assessment shall takexgotmunt any increase
groundwater elevation or groundwater mounding that could occl
result of proposed infiltration or percolation facilities.

Can full infiltration BMPs be proposed within the DMA witimazreasing
liquefaction risks?

5 Yes 3 No
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Categorization of Infiltration Feasibility Condition based on Worksheet C.41: Form F

Geotechnical Conditions 8A

Slope Stability If applicable, perform a slope stability analysis in
accordance with the ASCE and Southern California Earthquake Ce
(2002) Recommended Procedures for Implementation of DMG Spe
Publication 117, Guidelines for Anmlgzand Migating Landslide

Hazards in California to determine minimum slope setbacks for full

infiltration BMPs. Seethe City of SanDiego's Guidelines for
Geotechnical Reports (2011) to determine which type of slope stab
analysis is required.

Canfull infiltration BMPs be proposed within the DMA without increg
slope stability risks?

2B4 5 Yes 3 No

Other Geotechnical Hazards. ldentify sitespecific geotechnical
2B5 hazards not already mentioned (refer to Appendix C.2.1). 5 Yes 5 No

Can fullinfiltration BMPs be proposed within the DMA without increa
risk of geologic or geotechnical hazardalreddy mentioned?

Setbacks Establish setbacks from underground utilities, structures,
and/or retaining walls. Reference apdiecABTM or other recognized
2B-6 standard in the geotechnical report. 5 Yes 8 No

Can full infiltration BMPs be proposed witthie DMA using establishe
setbacks from underground utilities, structures, and/or retaining wal

Mitigation Measures. Propose mitigation measures for each
geologic/geotechnical hazard identified in Step 2B. Provide a discu
geologr/geotechnical hazards that would prevent full infiltration BM|
cannot be reasonably mitigated in the gevtatheport. See Appendix
C.2.1.8 for a list of typically reasonable and typically unreasonable
measures.

2C 5 Yes 5 No
Can mitigation measarke proposed to allow for full infiltration BMPSg
I f the question in Step 2 Q(ritriaa
2 Result.

I f the question in Step 2C is
2 Result.

Can infiltration greater than 0.5 inches per hour be allowed without
increasing risk of geologicg@otechnical hazards that cannot be 3 Yes 5 No
reasonably mitigated to an acceptable level?

Criteria 2
Result
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Categorization of Infiltration Feasibility Condition based on Worksheet C.41: Form F

Geotechnical Conditions 8A

Summarize findings and basisyigi®references to related reports or exhibits.

Part 1 Resul® Full Infiltration Geotechnical Screening? Result

fanswers to both Criteria 1
design is potentially feasible based on Geotechnical condifons ¢ 5 £ iiinfiltration Condition

I f either answer to Criteria|?® CompletePart2
design is not required.

Part 28 Partial vs. No Infiltration Feasibility Screening Criteria
DMA(s) Being Analyzed: Project Phase:

Criteria 3: Infiltration Rate Screening

NRCS Type C, D, or Ithembppdhidmlogiclsal gresup dccordidg
t he NRCS Web Soil Survey or UC Davis S
and corroborated by available site soil data?

3 Yes; the site is mappedCasoils and a reliable infiltration rate of 0.1t irig used to siz¢

3A partial infiltration BMPS. Answer o0Y
5 Yes; the site is mapped as D soils o
0.05in/hr.isusedt®i ze parti al infiltr aia3Result. BN

3 No; infiltration testing is conducted (refer to Tablelp.8ontinue to Step 3B.

2To be completed usiygathered site information and best professiquddement considerthe definitionof MEP
in the MS4 Permit. Additional testig and or studies may be required by CEngineer to substantiate findis.
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Categorization of Infiltration Feasibility Condition based on Worksheet C.41: Form F

Geotechnical Conditions 8A

Infiltration Testing Result: Is the reliable infiltration rate (i.e. average measured
infiltration rate/2) greater than 0.05 in/hr. and less thagqual to 0.5 in/hr?

3B 5 Yes; the site may support partial i n

3 No; the reliable infiltration rate (i.e. average measured rate/2) is less thdm. QG tig
infiltration is notteria3Rgsuli red. Answer

Is the estimated reliable infiltration rate (i.e., average measured infiltration rate/2) grea
equal to 0.05 inches/hour and less than or eq@Odb iaches/hour at any location within e
Criteria3 | DMA where runoff caneasonably be routed to a BMP?

Result
3 Yes; Continue to Criteria 4.
3 No: Skip to Part 2 Result.

Summarize infiltration testing and/or mapping results (i.e. soil maps adeésmipn used for
infiltration rate).

Criteria 4: Geologic/Geotechnical Screening

If all questionsin StepA ar e answered OYes, 06 conti ny

For any ONoo6 answer in Step 4A answer

Feasibility Condition Letterdé that mee
4A geologic/geotechnical analysedlisté\ppendix C.2.1 do not apply to the DMg&kduse one (
the following setbacks cannot be avoided and therefore result in the DMA being in a ng
infiltration condition. The setbacks must be the closest horizontal radial distance from t
edge (athe overflow elevation) of the BMP.

Canthe proposed partial infiltration BMP(s) avoid areas with exist

. . ) 3
materials greater than 5 feet thick? Yes No

4A-1

Can the proposed partial infiltration BMP(s) avoid placement within 1 5 ves| 5 No

an2 of exising underground utilitiestructures, or retaining walls?
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Categorization of Infiltration Feasibility Condition based on Worksheet C.41: Form F

Geotechnical Conditions 8A

4A-3

Can the proposed partial infiltration BMP(s) avoid placement within 50
of a natural slope (>25%) or within a distance of 1.5H from fill slopes\ 2 Yes| @ No
H is the height of the ffilope?

4B

When full infiltration is determined to be feasible, a geotechnical investigation report m
prepared that considers the relevant factors identified in Appendix C.2.1

I f al l guestions in StepYeasBo atrce @Ginistheserr i
are any ONoO6 answers continue to Step

4B-1

Hydroconsolidation. Analyze hydroconsolidation potergidapproved

ASTM standard due to a proposed full infiltration BMP. 5 ves| 5 No
Can patrtial infiltration BMPs be proposediwitiie DMA without increasin

hydroconsolidation risks?

4B-2

Expansive Soilsldentify expansive soils (soils with an expansion inde
greater than 20) and the extent of such soils guepmsed full infiltration
BMPs. 5 Yes| 9 No

Can partial infiltration BMPs be proposed within the DMA without
increasing expaive soil risks?

4B-3

Liquefaction. If applicable, identify mapped liquefaction areas. Evalual
liquefaction hazards in accordance with Section 6.4.2 of the City of Sg
Diego's Guidelines for Geotechnical Reports (2011). Liquefaction haz
asessment shall take into account any incnegiindwater elevation or
groundwater mounding that could occur as a result of proposed infiltrz
percolation facilities.

3 Yes| 3 No

Can patrtial infiltration BMPs be proposed within the DMA without incre
liquefaction risks?

4B-4

SlopeStability. If applicable, perform a slope stability analysis in accordz
with the ASCE and Southern California Earthquake Center (2002)

Recommended Procedures for Implementation of DMG Special Publicg
117, Guidelines for Anailyg andVitigating Landslide Hazards in Californig
determine minimum slope setbacks for full infiltration BMPs. See the Ci| 5 yes| 3 No
San Diego's Guidelines for Geotechnical Reports (2011) to determine w
type of slope stability analysis is required.

Can prtial nfiltration BMPs be proposed within the DMA without incree
slope stability risks?
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Categorization of Infiltration Feasibility Condition based on Worksheet C.41: Form F

Geotechnical Conditions 8A

Other Geotechnical Hazardddentify sitespecific geotechnidazards not

already mentioned (refer to Appendix C.2.1).
4B5 y ( bp ) 5 Yes| & No

Can partiahfiltration BMPs be proposed within the DMA without increg
risk of geologic or geotechnical hazantiglneady mentioned?

Setbacks Establish setbacks from underground utilities, structodésr
retaining wallfkeferencapplicabl&STMor otherrecognized standard in

eotechnical report.
4B-6 9 P 5 Yes| & No

Can partial infiltration BMPs be propogithin the DMA using
recommendedetbackf§rom undergroundtilities,structuresand/or retainin
walls?

Mitigation Measures.Propose mitigation measures for each
geologic/geotechnical hazatdntifiedin Step4B.Provideadiscussion on
geologic/geotechnical hazards that would prevent partial infiltration BN
cannot be reasonably mitigated in the geotechpiodl &ee Appendix
C.2.1.8 for a list of typically reasonable and typically unreasonable mil

4AC measures. 5 Yes| 5 No

Can mitigatin measures be proposed to allow for partial infiltration BM
I f the question in Step 4C itgiad
Result.

I f the question in Step 4C is a
Result.

Can infiltration of greater than or equal to 0.05 inches/hour and less th
Criteria | equal to 0.5 inches/hour be allowethout increasing the risk of geologic| ves| 5 No
4 Result | geotechnical hazards that cannot be reasonably mitigated tptablacce
level?
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Categorization of Infiltration Feasibility Condition based on Worksheet C.41: Form F

Geotechnical Conditions 8A

Summarize findings and basis; provide references to related reports or exhibits.

Part 28 Partial Infiltration Geotechnical Screening Resulg Result

| f answers to both Criteria

infiltration design is potentially feasible based on geotechnical
conditions only. 5 Partial Infiltration Condition

I f answers to either Criteria - -
any volume is considered to be infeasible within the site. 3 No Infiltration Condition

13To be completed usiygathered site information and best professionajguaent considergthe cefinition of MEP
in the MS4 Permit. Adlitional testig and or studies may be required by CEngineer to substantiate findis.
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SWQMP PREPARER SUBMITTAL FOR CATEGORIZATION OF INFILTRATION FEASIBILITY CONDITION
(Worksheet C-:2/FORM 1-88)

PART 1: FULL INFILTRATION
FEASIBILITY SCREENING CRITERIA

PART 2: PARTIAL VS. NO INFILTRATION
FEASIBILITY SCREENING CRITERIA

Determine if there
are criteria that allow
full infiltration

Infiltration

:

Determine if there
are criteria that allow
full infiltration

!

There are no
water balance
Issues that A
a

lruﬂltra‘t’I:'t'!tl

YES TO ALL
STATEMENTS

1

Determine if

NO TO ANY
STATEMENT

YESTO ALL NO TO ANY
STATEMENTS STATEMENT i at:::rrféat;; .
allow partial
infiltration
*Final result
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Worksheet C.42: Categorization of Infiltration Feasibility Condition based on Groundwater and
Water Balance Conditiof

Categaization of Infiltration Feasibility Condition based on Worksheet C.42: Form I-

Groundwater and Water Balance Conditions 8B*”
Part 1- Full Infiltration Feasibility Screening Criteria
DMA(s) Being Analyzed: Project Phase:

Criteria 1: Groundwater &eening

Groundwater Depth.ls the depth to seasonally high groundwater tables (normal high dg
during the weseason) beneath the base of any full infiltration BMP greater than 10 feet

3 Yes; continue to Step 1B.

3 No; The depth to groundwateresg than or equal to 10 feet, but site layout changes o
1A reasonable mitigation measures can be propaaguptart full infiltration BMPs. Continue
to step 1B.

3 No; The depth to groundwater is less than or equal to 10 feet and site layout change
reasoable mitigation measures cannot be proposed to support full infiltration BMPs. A
ONoO forResuitti teria 1

Contaminated Soil/Groundwater.Are proposed full infiltration BMPs at least 250 feet aw|
from contaminated soil or groundwater sites?CBin be confirmed using GeoTracker
(geotracker.vt@rboards.ca.gpto identify open contaminated sites. The setbacks must be
closest horizontal radial distance from the surface edge (atftbe eleration) of the BMP.

1B 3 Yes; continue to Step 1C.

3 No; However, site layout changeseasonable mitigation measures can be proposed t
support full infiltration BMPs. Continue to Step 1C.

3 No; Site layout changes or reasonable mitigation measmatsbe proposed to support f
infiltration BMPs. Answer ONo6 to Crit

4 Note that it is not required tovestigate each andvery criterion in thevorksheet, a sigle finod ansver in Partl,
Part2, Part 3, or Part4 determines a fullpartial, or no infiltration condition.

15 This form must be completed each time there is agehtnthe site layout thatould affect the infiltration feasibility
condition. Preiously completed forms shall be retad® document theolution of the si stormwater degin.
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Categaization of Infiltration Feasibility Condition based on Worksheet C.42: Form I-

Groundwater and Water Balance Conditions 8B®*

Inadequate Soil Treatment CapacityAre full infiltration BMPs proposed in DMA soils
that have adequate soil treatment capacity?

The DMA has adequate soil treatnoapacity iALL of the following criteria (detailed in
C.2.2.1) for all soil layers bendaghinfiltrating surface are met:

1 USDA texture class is sandy loam or loam or silt loam or silt or sandy clay loan
loam or silty clay loam or sandy cfasilty clay or clay; and

Cation Exchange Capacity (CEC) greater than 5 milliequivalent&htid0g

1C Soil organic matter is greater than 1%; and
Groundwater table is equal to or greater than 10 feet beneath the base of the fi
infiltration BMP.
3 Yes; contiue to Step 1D.
3 No; However, site layout changes or reasonable mitigation measurpsopasd to
support full infiltration BMPs. Continue to Step 1D.
3 No; Site layout changes or reasonable mitigation measures cannot be proposed to §
infl tration BMPs. Answer ONod6 to Criteri
Other Groundwater Contamination HazardsAre there sitgpecific groundwater
contamination hazards not already mentioned (refer to Appendix C.2.2) that can be ree
mitigated to support full infittion BMPs?
3 Yes; there are other contamination hazards identified thatncantbé g at ed . A
1D to Criteria 1 Result.

8 No; there are other contamination haz
to Criteria 1 Result.
3 N/A; no contaminationhazr ds are identified. Answe
Can infiltration greater than 0.5 inches per hour be allowed without increasing risk of
groundwater contamination that cannot be reasonably mitigated to an acceptable level

Criteria 1| Appendix C.2.2.8 for a list of typically reasonable and typicalbpoabdéa mitigation measur,

Result

3 Yes; Continue to Part 1, Criteria 2.
3 No; Continue to Part 1 Result.
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Categaization of Infiltration Feasibility Condition based on Worksheet C.42: Form I-

Groundwater and Water Balance Conditions 8B®*

Summarize groundwater quality and any mitigation measures proposed. Documentation should fc
groundwater table, mapped soil typesanthminated site locations.
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Categaization of Infiltration Feasibility Condition based on Worksheet C.42: Form I-

Groundwater and Water Balance Conditions 8B®*

Criteria 2: Wder Balance Screening

Ephemeral Stream SetbackDoes the proposed full infiltration BMP meet both the follow

1 The full infiltration BMP is located at least 250 feet away from an ephemeral str
AND

2A 1 The bottom surface of the full infiltration BARat a depth 20 feet or greater from
seasonally high groundwater tables.
5 Yes; Answer O0YesoO to Criteria 2 Resul
3 No; Continue to Step 2B.
Mitigation Measures. Can site layout changes be proposed to support full infiltration BM
5 Yest he site can be reconfigured t o ensiot
2B Criteria 2 Result.
3 No; the site cannot be reconfigured to mitigate potential water balance issues. Conti
2C and provide discussion.
Additional studies. Do additional studies support full infiltration BMPs?
In the event that waterlaace effects are used to reject full infiltration (anticipated to be |
additional analysis shall be completed and documented by a qualified prafdgsating the
2C sitespecific information evaluated and the technical basis for this finding.
3 Yes ; Answer oOo0YesOd to Criteria 2 Resul't
5 Nob,Answer ONoO6 to Criteria 2 Result.
Can infiltration greater than 0.5 inches per hoaitdveed without causing potential water
Criteria 2 balance issues such as change of seasonality of ephemeral streams
Result

3 Yes; Continue to Part 1 Result.
3 No; Continue to Part 1 Result.
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Categaization of Infiltration Feasibility Condition based on Worksheet C.42: Form I-

Groundwater and Water Balance Conditions 8B®*

Summarize potential water balance effects. Documentation should foappiog and soil data regardir
proximity to ephemeral streams and groundwater depth.

Part 10 Full Infiltratio n Groundwater and Water Balance Screening Resélt Result

I f answers to Criteria 1 a potentaly faasila
The feasibility screening category is Full Infiltration based on groundwater co| 3 Full Infiltration

Ifanswerto€i t eria 1 or Criteria 2 is 0N
extent but would not generally be feasibde®rs i r abl e t o achi|s Complete Part 2
design based on groundwater conditions. Proceed to Part 2.

Part 20 Partial vs. No Infiltration Feasibility Screening Criteria

16 To be completed usiygathered site information and best professionajguaent considerthe definition of MEP
in the MS4 Permit. Additional testig and or studies may be required by CEngineer to substantiate findis.
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Categaization of Infiltration Feasibility Condition based on Worksheet C.42: Form I-

Groundwater and Water Balance Conditions 8B®*

DMA(s) Being Analyzed: Project Phase:

Criteria 3: Groundwater Screening

Contaminated Soil/Groundwater. Are partial infiltration BMPs proped at least 100 feet away fror
contaminated soil or groundwater sites? This can be confirmed wusing Geol
(geotracker.waterboards.ca) govdentify open containated sites. This criterion igirtionally a smaller
radius than full infiltration, as the potential quantity of infiltration from partial infiltration BMPs is s

3 Yes; Answer OYesd6 to Criteria 3 Result.

3 No; However, site layout changes can be proposed to avoid contaminated soils or soils tha
adequate treatment capacity. Select 0O0YesoO f
preparer to ideri potential mitigation measures.

3 No; Cortaminated soils or soils that lack adequate treatment capacity cannot be avoided and p4
infiltration BMPs are not feasible. Select

Criteria 3 Result: Can infiltration of greatan thr equal to 0.05 inches/hour and lems ¢ equal to 0.5
inches/hour be allowed without increasing risk of groundwater contamination that cannot be reasd
mitigated to an acceptable level?

3 Yes; Continue to Part 2, Criteria 4.
3 No; Skip to Par2 Result.

Summarize findings ahdsis. Documentation should focus on mapped soil types and contaminated
locations.

Criteria 4: Water Balance Screening
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Categaization of Infiltration Feasibility Condition based on Worksheet C.42: Form I-

Groundwater and Water Balance Conditions 8B®*

Additional studies. In the event that water balance effects are used to reject partiabm({ginéicipated

to berare), a qualified professional must provide an analysis of the incremental effects of partial in
BMPs on the water balance compared to incidental infiltration under a no infiltration scenario (e.g.
precipitation, irrigain, etc.).

Criteria 4 Rsult: Can infiltration of greater than or equal to 0.05 inches/hour and less than or ed
inches/hour be allowed without causing potential water balance issues such as change of s
ephemeral streams?

3 Yes: Conhue to Part 2 Result.

3 No: Continue to Part 2 Result.

Summarize potential water balance effects. Documentation should focus on mapping and soil dat
proximity to ephemeral streams and groundwater depth.

Part 28 Partial Infiltration Groundwater and WaterBalance Screening Resuft | Result

I f answers to Criteria 3 and Crite
feasible. The feasibility screening category is Partial Infiltration based on grg

and water balancendtions. 5 Partial Infitration

I f answer to Criteria 3 or Criter.i/| Conditon
considered to be infeasible within the site. The feasibility screening category
Infiltration based on groundwater or water balance condition.

3 No Infiltration
Condition

Criteria Question Yes No

¥ To be completed usmgathered site information and best professionajguaent considerthe definition of MEP
in the MS4Permit. Additional testig and or studies may be required by CEngineer to substantiate filings.
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Categaization of Infiltration Feasibility Condition based on Worksheet C.42: Form I-

Groundwater and Water Balance Conditions 8B®*

1 Will the storm water runoff undergo pretreatment such as sedimentati
filtration prior to infiltration?

Are pollution prevention and source control BhMipdemented at a level
2 appropriate to protect groundwater quality for areas draining to infiltra] 3 3
BMPs?

Is the vertical distance from the base of the full infiltration BMP to the
3 seasonal high groundwater mark greater than 10 feet?

Thisvertical astance may be reduced when the groundwater basin doe
support beneficial uses and the groundwater quality is maintained

Does the soil through which infiltration is to occur have physical and
chemical characteristics thataatequate for proparfiltration durations ang
treatment of runoff for the protection of groundwater beneficial uses?
to Appendix C.3.1.

Is the following statement true?

Full infiltration BMPs are not used for areas of industrial ointigistrial
activity, ad other high threat to water quality land uses and activities,
source control BMPs to prevent exposure of high threat activities are
implemented, or runoff from such activities is first treated or filtered to
remove pollutanggrior to infiltration.

6 Is the full infiltration BMP located at a distance greater than 100 feet
horizontally from any water supply well?

Basis and Documentation:

All the answers f or Cacceptarce of afulllinfilrabBME. must be
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Table C.41 lists the feasibility screening exhibits that were generated usirayadabily GIS data
sets to assist the prdjapplicant during planning phase

Table C.41: Feasibility Screening Exhibits

Figures Data Sources
Hydrologic Sail NRCS Web Soil Survey
GroupdA, B,C,D http://websoilsurvey.sc.egov.usda.gov/
C.1 Soils USDA Web Soil Survey. Hydsiails, (ratings of 100) were
Hydric Soils classified as hydric.
http://websoilsurvey.sc.egov.ugpa/App/HomePage.htm
SanGIS
0,
SlEpEs =250 http://www.sangis.org/
Liquefaction SanGIS
g.ezolsolgi?:es and Potential http://www.sangis.org/
Hazards ﬁanG(I]ISGe(;)IogicI I—![aéatrl;ddsall%yer. SubsetI Oftp(élly'?'ﬂndeitth
: . azard codes relate ides were selected. This data
NN limited to the City of San Diego Boundary.
http://lwww.sangis.org/
C3 GeoTrackerDaa downloaded for San Diego county from
Groundwater 2014 and 2013. In cases where there weiplenult
Table Groundwater measurements made at the same well, the average was
Elevations Depths over that year.
http://geotracker.waterboards.ca.gov/data_download_by
unty.asp
CA4 . Contaminated soils| GeoTracker. Data downloaded for San Diegaty and
Contaminated | and/or groundwater| limited to active cleanup sites
Sites sites http://geotracker.waterboards.ca.gov/
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Appendix D: Approved Infiltration Rate Assessment Methods

Characterization of potential infiltration rates is a critical step in evaluating the degree to which
infiltration reduces storm weatunoff volume. This appendix is intended to provide guidance to help
answer théollowing questions:

1. How and where does infiltration testing fit into the project development process? Appendix
D.2 discusses the role of infiltration testing in diffetages of project development and
how to plan a phased investigation approach.

2. What infiltration rate assessment methods are acceptable? Appendix D.3 describes the
acceptable infiltration rate assessment methods.

3. What factors should be considered in sedetiie most appropriate testing method for a
project?

Appendix D.4 provides guidanon sitespecific considerations that influence which
assessment methods are most appropriate.

4. How should factors of safety be selected and applied for BMP selectisigadigigendix
D.5 provides guidance for selecting factor of safety.

Note, that tts appendix does not consider other feasibility criteria that may make infiltration
infeasible, such as groundwater contamination and geotecmsickdrations (these aogered in
Appendix C). In general, infiltration testing should only be conduetedttaér feasibility criteria
specified in this manual have been evaluated.
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Appendix D: Approved Infiltration Rate Assessment Methods

In the process of plamg and designing infiltration facilities, there are a number of ways that
infiltration testing or estimation factor into project development, as summarized in TlaMéBr2
selecting infiltration testing methods, the geoieal consultant shouldesst methods applicable to

the relevant project phase.

Table D.2-1: Role of Infiltration Testing
Project Phase Key Questions General Assessment Strategies
Use existing data and mapthe extent

Where within the project areais | Possible.

infiltrationpotentially feasible? Use less expensive methods to allow a

) ) broader area to be investigated more
Planning Phase| What volume redtion approaches | apidly.

are potentially suitable for my ) . )
project? Reach tentative conclussahat are subjec

to confirmation/reinement at the design
phase.

Use more rigorous testing methods at

What infiltration rates should be us specific BMP locations.

to design infiltration and biofiltratio

facilities? Support or modifpreliminary feasibility

Design Phase findings

What factor of safety should be

feppilizak Estimate design infiltration rates with

approprite factors of safety.
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Thegeotechnical consultant should select appropriate testing methods for the site cabggtibns, s
to the geotechnical consul t ant g tat @re adequatettoi o n
evaluate applicability at each phase of the projeta(de®.31):

1 At the planning phase, the testing method must be selected to provide astiiaie of
the locations where infiltration is feasible and allow a reasmmdiolgnt determination of
infiltration feasibilility to support the selectiamvieen full infiltration, partial infiltration, and
no infiltration BMPs.

1 At the design phasthe testing method must be selected to provide a reliable infiltration rate

to be used in design. The degree of certainty provided by the selected test should be

considered.

Table D.31 provides a matrix comparison of these methods. Appendices D.2Btprovide a
summary of each method. This appendix is not intended to be ativexhafierence on infiltration
testing. It does not attempt to discuss everdyaudor testing, nor is it intended to provide-biep

step procedures for each method. Us$er is directed to supplemental resources (referenced in this
appendix) or otherparopriate references for more specific informa#diernative testing
standards may be allowed with appropriate rationales and documentation

To select an infiltrationdeng method, it is important to understand how each test is applied and
what spetic physical properties the test is designed to measure. Infiltration testouy veaty
considerably in these regards. For example, a borehole percolation test &l dpnduiding a
borehole, filling a portion of the hole with water, and monitthvingate of fall of the water. This

test directly measures the three dimendloraif water into the walls and bottom of the borehole.
An approximate correction is apglto indirectly estimate the vertical infiltration rate from the results
of the baehole test. In contrast, a doutdhe) infiltrometer test is conducted fromgheund surface

and is intended to provide a direct estimate of verticali(oassional) filtration rate at this point.

Both of these methods are applicable under diffayeditions.

Submit the field test measurements and tabulated results faraaehteEsted. Submit the calculated
infiltration rate and method of calculation. For thgqaes of this manual, saturated hydraulic
conductivity and infiltration rate maydssumed to be equal.
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Table D.3-1: Comparison of Infiltration Rate Estimationand Testing Methods®

NRCSSoil Survey
Maps

Suitability at Planning Phase

Yes, but mapped soil types must be
confirmed with site observat®o
Regional soil maps are known to con
inaccuracies at the scalgypfcal
development sites.

Suitability at Design Phas#&

Yes, for partial infiltration design
when mapped soils are
corroborateavith soil samples
collected during investigation
activities.

No, for full infiltraton designs.

Grain Size Analysis

Not preferred. Should only be useal if
strong correlation has been develope
between grain size analysis and
measured infiltration ratestiag results
of site soils.

No

Cone Penetrometer
Test (CPT)

Not preferred. Shoulahly be used if a
strong correlation has been develope
between CPT raks and measured
infiltration rate testing results of site
soils.

No

Yes,with appropriate correction

Infiltrometer Test

Simple Open Pit Test | Yes for infiltration into side walls and

elevated factor ciafety.
: . Yes, withappropriate correction

.?g:tn Pit Falling Head Yes for infiltration into side walls and
elevated factor of safety.

Double Ring

Infiltrometer Test Yes Yes

(ASTM 3385)

Single Ring Yes Yes

Largescale Pilot
Infiltration Test

Yes, but generally cgsbhibitive and
too watetintensive for preliminary
screening of a large area.

Yes, but should consider relativg
large water demand esated
with this test.

Smalleiscale Pilot

(USBR 73089)

Infiltration Test Yes Yes
Well Permeaaeter
Method Yes Yes

18 percolation rates measured in fgists and borehole percolation tests should beertad to infiltration rates usin
the Porchet metho@hppendk D.3.4).

19 Desn phase confirmation of infiltration rate is only required if full infiltration BM&® proposed. Partial
infiltration BMPsare not as sensit to infiltration rate and do netarrant degjn phaseverification.
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Suitability at Planning Phase

Suitability at Design Phas®

Borehole Percolation
Tests
(various methods)

Yes, reliability of this test can be
improved by obtaining a continuous
core where testseaconducted.

Yes in areas of proposed cut

where other tests are not possil]
a baing log should be recorded
and used to interpret test; shoul
be confirmed with a more direct

measuremeniollowing
excavation.

Yes, onhsuitable for evaluating
potential infiltration rates in proposed

fill areas. For sites with proposed cut NIEL S BRENET T (0 9ilr 01 &

Laboratory is preferred to do a borehole percolat line of evidence fastimating the
Permeability Tests (e.( . design infiltration of partial
ASTMD2434) e SIL e Prejpreses] [Ee sl e infiltration BMPs constructed in

analyzing samples in the lab. A
combination of bdt tests may impve
reliability.

future compacted fill.

Table D.2 provides recommendations for number of tests, based metieod, needed to provide
adequate characterization of the design phasetimiltete. Testing must be done at the location

and elevation of proposed infiltration BMHSs guidance is only applicable for full infiltration

BMPs at the design phaselt is not applicable for planning phase investigations or for design

of partial infiltration BMPs. The o0l owdé and Oomediumd concerns
presented in Appendix®.

Table D.3-2. Recommended Replicates and Levels of Concern for DgisiPhase Infiltration Testing
for Full Infiltration Designs
Small BMPs Medium BMPs
(BMP area <250 f) (BMP area < 2,000 f)

Test Method Large BMPs

(BMP area > 2,000 f

2 tests per 5,000 ft
Medium Concern
3+ tests per,B00 fe =
Low Concern

Category

Pit Testing
Methods: Large
scale PIT Smaller
scale PIT

Surface
Infiltrometer
Tests and
Smaller Pit
Testing Methods:
Simple Open Pit
Open Pit Falling
Head

Single Ring
Double ring
Other surface
infiltromete

2 tests sL.ow Concern | 2+ tests =Low Concern

2 tests =Medium
Concern

3+ tests =L ow
Concern

3tests per 5,000
Medium Concern
5+ tests per 5,00 ft
Low Concern

3 tests =Medium
Concern
4+ tests =L.ow Concern
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Test Method Small BMPs Medium BMPs Large BMPs
Category  (BMParea<250f) (BMParea<2,000f) (BMP area> 2,000 f)
Well and
Borehole
IF\’AE;rtrr?ggsmeter 2 tests =Medium 3 tests =Medium 3 tests per 5,000 #
(must be Concern Concern Medium Concern
accompanied by | o 1eSts oW 4+ tests =Low Concern | > teSts per 5,00C:#
Concern Low Concern

bore logs b be
suitable for
design phase)
Mapping or soil
texture methods

Not Acceptable foFull Infiltration Design Phase

D.3.1 Desktop Approaches and Data Correlation Methods

Thissection reviews common methods used to evaluate infiltration characteristics basedon desktop
available information, such as GIS data. This section also introduces foetkstimating
infiltration properties via correlations with other measurements.

D.3.1.1 NRCS Soil Survey Maps

NRCS Soil Survey mapbstyy://websoilsurvey.nrcs.usda.gov/app/HomePagé.lcgn be sed to

estimate preliminary feasibility conditions, specifically by mappinggitysodlgroups, soil texture

classes, and presence of hydric soils relative to the site layout. For planning feasibility determinations,
mapped conditions must be supplelewith available data from the site (e.qg., soil borings, observed

soil texturesyiological indicators). For planning feasibility, the presence of C or D soils, if confirmed

by available data, provides a reasonable basis to determine that fudhindiltratifeasible for a

given DMA.

D.3.1.2 Grain Size Analysis Testing and Correlations to Infiltration Rate

Hydraulic conductivity can be estimated indirectly from correlations with ssizgrdistributions.

While this method is approximate, correlatiome haen relatively well established for some soll
conditions. One of the most commhpused correlations between grain size parameters and hydraulic
conductivity is the Hazen (1892, 1911) empirical formula (Philips and Kitch, 2011), but a variety of
othershave been developed. Correlations must be developed based on testsgedicsgsils.

For the purposes of this manual, saturated hydraulic conductivity and infiltration rate can be assumed
to be equal.

D.3.1.3 Cone Penetrometer Testing and Correlations to Infiltration Rate

Hydraulic conductivity can also be estimated indirectly fronperoeteometer test (CPT). A cone
penetrometer test involves advancing a small probe into the soil and measuring the relative resistance
encountered by the probe as it isaaded. The signal returned from this test can be interpreted to
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yield estimated $oypes and the location of key transitions between soil layers. If this method is used,
correlations must be developed based on testingsyesiiéc soils. For the pages of this manual,
saturated hydraulic conductivity and infiltration rate caaureed to be equal.

D.3.2  Surface and Shallow Excavation Methods

This section describes tests that are conducted at the ground surface or within shallow excavations
close to th@ground surface. These tests are generally applicable for cases where thethmttom of
infiltration system will be near the existing ground surface. They can also be conducted to confirm the
results of borehole methods after excavation/site grading ha®igxeted.

D.3.2.1 Simple Open Pit Test

The Simple Open Pit Test is most appropriatplémning level screening of infiltration feasibility.
Although it is similar to Open Pit Falling Head tests used for establishing a design infiltration rate (see
below), theSimple Open Pit Test is less rigorous and is generally conducted to a lowegkoktanda
care. This test can be conducted by a nonprofessional as part of planning level screening phase.

The Simple Open Pit Test is a falling head test in which a hodé tddeaet in diameter is filled
with water to a | ev erleveldsfcheékéd aadbezorded réghlaly umti dithero m .
an hour has passed or the entire volume has infiltrated. The test is repeated two more times in
succession and theaeat which the water level falls in the third test is used as the percolation rate
Measured percolation rate shall be converted to an infiltration rate using the Porchet method
(Appendix D.3.4).

This test has the advantage of being inexpensive to ¢geditas believed to be fairly reliable for
screening as the dimensions ofélete similar, proportionally, to the dimensions of a typical BMP.

The key limitations of this test are that it measures a relatively small area, does not nettessarily resu
in a precise measurement, and may not be uniformly implemented.

Source: City d?atland, 2008. Storm water Management Manual

D.3.2.2 Open Pit Falling Head Test

This test is similar to the Simple Open Pit Test, but covers a larger footprint, includes fivore speci
instructions, returns more precise measurements, and generally shoulathbyaaysetechnical
professional. Nonetheless, it remains a relatively simple test.

To perform this test, a hole is excavated at least 2 feet wide by 4 feet long(&eyexd¥ and to

a depth of at least 12 inches. The bottom of the hole shoafdrbgimately at the depth of the
proposed infiltrating surface of the BMP. The holeisgaied by filling it with water at least a foot
above the soil to be tested agalving it at least 4 hours (or overnight if clays are present). After
pre-soakingthe hole is refilled to a depth of 12 inches and allowed to drain for one hour (2 hours
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for slower soils), while measuring the rate at which the water level drops.istreetestpeated
until successive trials yield a result with less than a 10 ¢encget

In comparison to a doubting infiltrometer, this test has the advantage of measuring infiltration over
a larger area and better resembles the dimensionalfyicdlesmall scale BMP. Because it includes
both vertical and lateral infiltratjarshould be adjusted to estimate design rates for larger scale BMPs.

D.3.2.3 Double Ring Infiltrometer Test (ASTM 3385)

The Double Ring Infiltrometer was originally developesktimate the infiltration rate of low
permeability materials, such as clay lioeggonds, but has seen significant use in storm water
applications. The most recent revision of this method from 2009 is known as AST81 BB85
testing apparatus is dgmd with concentric rings that form an inner ring and an annulus between
the innerand outer rings. Infiltration from the annulus between the two rings is intended to saturate
the soil outside of the inner ring such that infiltration from the innes resiricted primarily to the
vertical direction.

To conduct this test, both thenter ring and annulus between the rings are filled with water. There

is no prewetting of the soil in this test. However, a constant head of 1 to 6 inches is maingined for
hours, or until a constant flow rate is established. Both the inner flow ameuterdflow rate are

recorded, if they are different, the inner flow rate should be used. There are a variety of approaches
that are used to maintain a constant headeosytem, including use of a Mariotte tube, constant

level float valves, or manobtervation and filling. This test must be conducted at the elevation of

the proposed infiltrating surface; therefore application of this test is limited in cases where the
infiltration surface is a significant distance below existing grade at theesitimg).of

However, given the small diameter of the inner ring (standard diameter is 12 inches, but it can be
larger), this test only measures infiltration rate in a seafla@diionally, given the small quantity of

water used in this test compared itgelascale tests, this test may be biased high in cases where the
long term infiltration rate is governed by groundwater mounding and the rate at which mounding
dissipates.é., the capacity of the infiltration receptor). Finally, the added efforttaridsodeting

the vertical infiltration rate may not necessarily be warranted considering that BMPs typically have a
lateral component of infiltration as well. Therefondethis method has the advantages of being
technically rigorous and well standad] it should not necessarily be assumed to be the most
representative test for estimatingdcdlle infiltration rates.

Source: American Society for Testing and Msat@&I M) International (2009)
D.3.2.4 Single Ring Infiltrometer Test

The single ring infibmeter test is not a standardized ASTM test, however it is a relatively well
controlled test and shares many similarities with the ASTM standard double ring infikgsimeter t
(ASTM 33859). This test is a constant head test using a large ring (pgkeagdy than 40 inches
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in diameter) usually driven 12 inches into the soil. Water is ponded above the surface. The rate of
water addition is recorded and infiltration igatketermined after the flow rate has stabilized. Water
can be added either mahuat automatically.

The single ring used in this test tends to be larger than the inner ring used in the double ring test.
Driving the ring into the ground limits latenéltration; however some lateral infiltration is generally
considered to occur. parience in Riversid@ounty (CA) has shown that this test gives results that

are similar to fulicale infiltration facilities. The primary advantages of this testiaie thkttively

simple to conduct and has a larger footprint (compared to théedilog method), réscts

horizontal infiltration and is more standardized (compared to open pit methods). However, it is still a
relatively small scale test and canb@nigasonably conducted near the existing ground surface.

D.3.2.5 Large-Scale Pilot Infiltration Test

As its nara implies, this test is closer in scale to-schll infiltration facility. This test was developed
by the Washington State Department of Ecologyfispdly for storm water applications.

To perform this test, a test pit is exavatith a horizontaurface area of roughly 100 square feet

to a depth that allows 3 to 4 feet of ponding above the expected bottom of the infiltration facility.
Water is antinually pumped into the system to maintain a constant water level (betwdde& and

above the bedm of the pit, but not more than the estimated water depth in the proposed facility)
and the flow rate is recorded. The test is continued untilvheatt stabilizes. Infiltration rate is
calculated by dividing the flow rate bystiace area of thpét. Similar to other open pit test, this

test is known to result in a slight bias high because infiltration also moves laterally through the walls
of the pit during the test. The Washington State Department of Ecology requiret@dactor

of 0.75(factor of safety of 1.33) be applied to results.

This test has the advantage of being more resistant to bias from localized soil variability and being
more similar to the dimensionality and scale of full scale BMPs. It is alskelpdcedetect long

term decline in infiltration rates associated with groundwater mounding. As such, it remains the
preferred test for establishing design infiltratiols rat&estern Washington (Washington State
Department of Ecology, 2012). In a corafyee evaluation oé$t methods, this method was found

to provide a more reliable estimate ofsiedle infiltration rate than double ring infiltrometer and
borehole perdation tests (Philips and Kitch 2011).

The difficulty encountered in this methothé it requires ailger area be excavated than the other
methods, and this in turn requires larger equipment for excavation and a greater supply of water.
However, this ethod should be strongly considered when less information is known about spatial
vaiability of soils atior a higher degree of certainty in estimated infiltration rates is desired.

Source: Washington State Department of Ecology, 2012.
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D.3.2.6 Smaller-Scale Pilot Infiltration Test

The smallescale pilot infiltration test (PIT) is conductedaityito the largeale PIT but involves

a smaller excavation, ranging from 20 to 32 square feet instead of 100 square feet ferdlee large
PIT, with similar depths. €primary advantage of this test compared to thesdldl PIT is that it
requiredess excavation vahe and less water. It may be more suitable forssalalldistributed
infiltration controls where the need to conduct a greater number of testdeutweeagcuracy that

must be obtained in each test, and where groundwater masnainags likely toeban issue.
Washington State Department of Ecology establishes a correction factor of 0.5 (factor of safety of
2.0) for this test in comparison to Qféstor of safety of 1.33) for the lasgale PIT to account for

a greater fractioof water infiltratig through the walls of the excavation and lower degree of certainty
related to spatial variability of soils.

D.3.3 Deeper Subsurface Tests

D.3.3.1 Wall Permeameter Method (USBR 7300-89)

Well permeameter methods were originally developed for pwfassessing aquifer permeability

and associated yield of drinking water wells. This family of tests is most applicable in situations in
which infiltration facilities witle placed substantially below existing grade, which limits the use of
surface testg methods.

In general, this test involves drilling a 6 inch to 8 inch test well to the depth of interest and maintaining
a constant head until a constant flow rate hasdobéeved. Water level is maintained with -down

hole floats. The Porchet method &pdk D.3.4) or the nomographs provided in the USBR
Drainage Manual (United States Department of the Interior, Bureau of Reclamation, 1993) are used
to convert the measureate of percolation to an estimate of vertical hydraulic conductivity. A smaller
diameer boring may be adequate, however this then requires a different correction factor to account
for the increased variability expected.

While these tests have appligghbi screening level analysis, considerable uncertainty is introduced
in the stepof converting direct percolation measurements to estimates of vertical infiltration.
Additionally, this testing method is prone to yielding erroneous results in caste whedreal
horizon of the test intersects with minor lenses of sandy sadlothatater to dissipate laterally at

a much greater rate than would be expected irsadidIfacility. To improve the interpretation of
this test method, a bore log sldoe inspected to determine whether thin lenses of material may be
biasing resultst the strata where testing is conducted. Consult USBR procede88 #380@ore

details.

Source: (United States Department of the Interior, Bureau of Reclamatio@98990, 1
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D.3.3.2 Borehole Percolation Tests (various methods)

Borehole percolation tests wergioally developed as empirical tests to estimate the capacity of
onsite sewage disposal systems (septic system leach fields), but have more recently been adopted int
usefor evaluating storm water infiltration. Similar to the well permeameter metkbdg bo
percolation methods primarily measure lateral infiltration into the walls of the boring and are designed
for situations in which infiltration facilities will be plagell below current grade. The percolation

rate obtained in this test should beveoed to an infiltration rate using a technique such as the
Porchet method (Appendix D.3.4).

This test is generally implemented similarly to the USBR Well Permeamede Piletihe Riverside

County Borehole Percolation method, a hole is bored toheatliejgist 5 times the borehole radius.

The hole is presoaked for 24 hours (or at least 2 hours if sandy soils with no clay). The hole is filled
to approximately the antiatpd top of the proposed infiltration basin. Rates of fall are measured for
six hous, efilling each half hour (or 10 minutes for sand). Tests are generally repeated until consistent
results are obtained.

The same limitations described for the well pereteamethod apply to borehole percolation tests,
and their applicability is getigriamited to initial screening. To improve the interpretation of this test
method, a continuous soil core can be extracted from the hole and below the test depth, followin
testing, to determine whether thin lenses of material may be biasing tesslistatvwhere testing

is conducted.

Sources: Riverside County Percolation Test (2011), California Test 750 (Caltrans, 1986), San
Bernardino County Percolation Test (1992EPA Falling Head Test (USEPA, 1980).
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D.3.4  Percolation Rate Conversion Example

Measved percolation rate should be converted to an infiltration rate using the Porchet method (aka
Inverse Borehole Method). See example below for the conversion.

Given:

T Timenterval, 't = 10 minutes
1 Initial depth to water, &= 12.25 inches

1 Final depth tavater, D= 13.75 inches

1 Total depth of test hole,73 60 inches

1 Test hole radidsr = 4 inches

Required:

M Determine the tested infiltration

Solution:
1. Solve for the height of water at the beginning cfdleeted timaierval, H:
O O O @empPp&UL T K UQEMI
2. Solve for the height of water at the end of the selected time interval, H
O O O @emp&UL T @ UQED
3. Solve for the change in height of water over the sdiauddtervall, H :
YO O O T®&UT&U pd TIQEMI
4. Calculate the average head over the selected time infgyval, H
O O TtTHuLT@VU

TX8T TIQEM i
S S
5. Calculate theested infiltration rate, using the following equation:
Y0 it pB 10E ¢ By 1 Q8
Yoi O pmQe 1 Qe ¢t XQse

Notes:

The equivalent radius shobédetermined for rectangular holes based on the area of the rectangular

« 8
testhold (iei, O« )
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The following subsections are intended to address specific topicontimadnly arise in
charaterizing infiltration rates.

D.4.1  Hydraulic Conductivity versus Infiltration Rate versus
Percolation R ate

A common misunderstanding is that the oOperco
equi val ent t o abtaired lomnekts dudls ra aingle orrmoublearingeirdiltrometer

test which is equivalmeaactiovitthed Oslan ufractd thly
meanings. Saturated hydraulic conductivity is an intrinsic property of a speeaifiploiinder a
gvendasity. It is a coefficient in Darcyds equa
that will occur under a given gradient. The measurement of saturated hydraulic conductivity in a
laboratory test is typically refered a s 0 p e riamis a turictiom df theddensity, Istructure,
stratification, fines, and discontinuities of angsample under given controlled conditions. In
contrast, infiltration is the downward entry of water into the soil. The velocighawater enters

the soilis infiltration rate. Infiltration rate is typically expressed in inches per hour. For ge&spurpo

of this manual, saturated hydraulic conductivity and infiltration rate can be assumed to be equal.
Similarly, to permeability, Itrition rate can be lited by a number of factors including the layering

of soil, density, discontinuities, and imtiaisture content. These factors control how quickly water

can move through a soil. However, infiltration rate can also be influgnosalidding of
groundwate and the rate at which water dissipates horizontally below a Bd#¥ of which
descriclag atchea ydd of the oinfiltration receptoro
this reason, an infiltration test shouldligiebe conducted forralatively long duration resembling a

series of storm events so that the capacity of thetiofiltraceptor is evaluated as well as the rate at
which water can enter the system. Infiltration rates are generally tested widni@tgeholes, pits,

or apparatuses intended to enforce a primarily vertical direction of flux.

In contrast, percolatas tested with small diameter holes, and it is mostly a lateral phenomenon. The
direct measurement yielded by a percolation testttenderestimate thefiltration rate, except

perhaps in cases in which a BMP has similar dimensionality to thes beuetohs a dry well.
Adjustment of percolation rates may be made to an infiltration rate using a technique such as the
Porchet Method

D.4.2 Cut and Fill Condition S

Cut Conditions: Where the proposed infiltration BMP is to be located in a cut condition, the
infiltration surface level at the bottom of the BMP might be far below the existing grade. For example,
if the infiltration surface offaoposed BMP is to beclated at an elevation that is currently beneath

15 feet of planned cut, how can the proposdtratbn surface be tested to establish a design
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infiltration rate prior to beginning excavation? The question can be addressedyis: thicst, one

of thedeeper subsurface tests described above can be used to provide a planning level screening of
potential rates at the elevation of the proposed infiltrating surface. These tests can be conducted at
depths exceeding 100 feet, andetbez are applicable nmost cut conditions. Second, the project

can commit to further testing using more reliable nefloildwing bulk excavation to refine or

adjust infiltration rates, and/or apply higher factors of safety to borehole methods tdadbeun

inherent uncéainty in these measurements and conversions.

Fill Conditions: Materials that are placed to cnrdtgrade are referred to as fill. Mechanically placed

fill soil constructed in accordance with current standards is referredgioesesesh compacted fill

or structural fill. Per current standards, the placement and compaction of the fill soredraadit
tested for quality agsadadbéegeandchepoaledepao
fill constructed priorot the current standarasay or may not have been properly documented.
Suitability of these fills for an intended use brigtvestigated by a geotechnical professional. Fill
materials have also been placed locally that are not constructed in acctrdarncstandard and

without any quality control. These fills soils are referred to as undocumented fill or as aiedncontro
embankment.

Infiltration rates and subsurface water flow pathways in fill soils can vary based on the soil properties,
placemeni&and compaction of thdlfiSelect grading using soils with uniform properties can result in

fills with predictable infition characteristics. More commonly, however, soils from different sources
are mixed and/or stratified resulting in unpredictafieation characteris8 and subsurface flow
pathways.

If the bottom of a BMP (infiltration surface) is proposed todaged in a planned fill location, the
infiltration surface may not exist prior to grading. How then can the infiltration ratenbieeté?e

For example, d proposed infiltration BMP is to be located with its bottom elevation in 5 feet of fill,
how coud one reasonably establish an infiltration rate prior to the fill being placed?

Where possible, infiltration BMPs on planned filenadé should be designsuch that their

infiltrating surface extends into native soils. Additionally, for shaltpthi$, fill material can be
selectively graded (i.e., high permeability granular material placed below proposed BMPs) to provide
relidble infiltration propers until the infiltrating water reaches native soils. In some cases, due to
considerable fill g¢h, the extension of the BMP down to natural soil and/or selective grading of fill
material may prove infeasible. In addition, platerhill material withheavy equipment may result

in some compaction of now buried native soils potentially redwiragtlity to infiltrate. In these

cases, because of the uncertainty of fill parameters as described above as well as poti@mial compac
of the native soilan infiltration BMP may not be feasible.

If the planned fill material is known to be of a deamature and that the native soils below is
permeable and will not be highly compacted, infiltration through compacted fill maiestlsbe
feasibleln this case, a project phasing or selective grading approach could be used including the

D-14 February 20D



Appendix D: Approved Infiltration Rate Assessment Methods

following general steps, (1) collect samples from areas expected to be used as borrow sites for fill
activities, (2) remold samples to apprately the proposed degrof compaction and measure the
saturated hydraulic conductivity of remolded samples usiatplgbmethods, (3) if infiltration rates

appear adequate for infiltration, then apply an appropriate factor of safety and usleréivesimatr
preliminarydesign, (4) following placement of fill, condusttintesting to refine design infiltration

rates and adjust the design as needed; the infiltration rate of native soil below the fill should also be
tested at this time to detenmiif compaction as astét of fill placement has significantly reduced its
infiltration rate.

The project geotechnicahgineer shall be involved in decision making whenever infiltration is
proposed in the vicinity of engineered compacted fill supgirtiotures or improvemts so that

potential impacts of infiltration can be evaluated. No full infiltration or péttration BMPs shalll

be used in existing fills greater than 5 feet thick unless approved by the project geotechnical engineer.
In fills 5 feet or less, futifiltration or partial infiltration may reasonably be achieved beneath fill. Full

or partial Infitration BMPs proposed within fills 5 feet or less must be evaluated by a geotechnical
professional.

D.4.3 Effects of Direct and Incidental Compaction

It is widelyrecognized that compaction of soil has a major influence on infiltration rates (Pitt et al.
2008) However, direct (intentional) compaction is an essential aspect of project construction and
indirect compaction (such as by moveraentachinery, placemaesitfill, stockpiling of materials,

and foot traffic) can be difficult to avoid in some partsegbitoject site. Infiltration testing strategies
should attempt to measure soils at a degree of compaction that resembles arditpated p
construction conddns.

Ideally, infiltration systems should be located outside of areas where direct comipgzetieuividd
and should be staked off to minimize incidental compaction from vehicles and stockpiling. For these
conditions, no adjusent of test resultsigeded.

However, in some cases, infiltration BMPs will be constructed in areas to be corop#uotse. F

areas, it may be appropriate to include field compaction tests or prepare laboratory samples and
conduct infiltration testingp approximate the degreof compaction that will occur in post
construction conditions. Alternatively, testing couldopelucted on undisturbed soil, and an
additional factor of safety could be applied to account for anticipated infiltration aftelicdompac

To develop a factef safety associated with incidental compaction, samples could be compacted to
various degrees f compacti on, their hydraulic conduct
developed to relate the degree of compaction to the liydosnauctivity of thenaterial.

D.4.4  Temperature Effects on Infiltration Rate

The rate of infiltration through soil is aféetby the viscosity of water, which in turn is affected by
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the temperature of water. As such, infiltration rate is strongly dementtentemperature ofeh

infiltrating water (Cedergren, 1997). For example, Emerson (2008) found that winteratios infiltr

rates below a BMP in Pennsylvania were approximately half their peak summertime rates. As such, it
is important to consider thi#exts of temperature wh planning tests and interpreting results.

If possible, testing should be conducted at a tetm@ethat approximates the typical runoff
temperatures for the site during the times when rainfall occurs. If this is not possitierdkelts

of infiltration tests should be adjusted to account for the difference between the temperature at the
time of testing and the typical temperature of runoff when rainfall occurs. The measured infiltration
can be adjusted by the ratio of trezasity at the test tesmature versus the typical temperature
when rainfall occurs (Cedergren, 1997), per the follonmga:

Equation D.4-1 Measured Infiltration Adjustment

0 0 e

where:

Kypical = the typical infiltration rate expected at typical temper;
where rainfall occurs

Krest = the infiltration rate measured or estimated unde
conditions of theest

Mrypical = the viscosity of water at the typical temperaipectec
when rainfall occurs

Mrest = the viscosity of water at the temperature at which th
was conducted

D.4.5 Number of Infiltration Tests Needed

The heterogeneity inherent in soilplies that all but the smallest proposed infiltration facilities
woud benefit from infiltration tests in multiple locations. The following requirements apply for in situ
infiltration/percolation testing for full infiltration BMPs:

1 For the design phase,ditu infiltration testing shall be conducted at a minimum of two
locations within 5@eet of each proposed storm water infiltration BMP.

1 In situ infiltration testing shall be conducted using an approved method listed in Table D.3-1

1 For the design phasesting shall be conducted at approximately the same deptthand in
same material as the base of the proposed storm water BMP.
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Monitoring of actual facility performance has shown that the
scale infiltration rate can dmechlower than the rate measured
smakscale testing (King County Department of Natural Resou
and Parks, 2009). Factors such as soil variability and groun
mounding may be responsible for much of this difference.

Additionally, the infiltratiorate of BMPs naturally declines between maintenance cycles as the BMP
surface becomes occluded and particulates accumulate in the infiltrative layer.

Should | use a factor
of safety for design
infiltration rate?

In the past, infiltration structures have been shown to have a relatively short lifespan. Over 50 percent
of infiltration systems either partially or completely failed within the first 5 years of operation (United
States EPA. 1999). In a Maryland study on infiltration trenches (Lindsey et al. 1991), 53 percent were
not operating as designed, 36 percent Weyged, and 22 percent showed reduced filtration. In a

study of 12 infiltration basins (Galli 1992). none of which hathtpridtreatment systems, all had

failed within the first two years of operation.

Given the known potential for infiltration BMBgiggrade or fail over time, an appropriate factor of
safety applied to infiltration testing results is required for full infiltration. This section presents a
recommended thought process for selecting a safety factor for full infiltration systemthothis me
considers factor of safety to be a function of:

1 Site suitability considerations, and
91 Designrelated considerations.

These factors and the method for using them to compute a safety factor are discussed below.
Importantly, this method encourages rigoraie investigation, good pretreatment, and
commitments to routine maintenance to provide techsgoaltyl justification for using a lower

factor of safety.

D.5.1 Determining Factor of Safety

Worksheet DA (Form 19), at the end of this section can be usedhjunction with Tables D-b

and D.52 to determine an appropriate safety factor for design phase for full infiltration BMPs. A
factor of safety of 2 must be used for partial infiltration BMPs. TablesidSD.82 assign point
values to design considions; the values are entered into Worksheett (=:6rm 19), which assign

a weighting factor for each design consideration.

The following procedure can be used to estimate an appropriate factor of safety to be applied to the
infiltration testing redslfor full infiltration BMPs during the design phase. When assigning a factor

of safety, care should be taken to understand what other factors of safety are implicit in other aspects
of the design to avoid incorporating compounding factors of safetyayhegult in significant over
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design.

1. For each consideration shown above, determine whether the consideration is a high,
medium, or low concern.

2. For all high concerns in Table 0,5assign a factor value of 3, for medium concerns,
assign a factor valueZpand for low concerns assign a factor value of 1.

3. Multiply each of the factors in Table 0.6y 0.25 and then add them together. This
should yield a number between 1 and 3.

4. For all high concerns in Table £2.,5assign a factor value of 3, for mediantens,
assign a factor value of 2, and for low concerns assign a factor value of 1.

5. Multiply the first factor in Table BDS5by 0.5, the remaining two factors in Table2D.5
by 0.25 and then add them together. This should yield a number between 1 and 3.

6. Multiply the two safety factors together to get the final combined safety factor. If the
combined safety factor is less than 2, then 2 should be used as the safety factor.

7. Divide the tested infiltration rate by the combined safety factor to obtauijusted
design infiltration rate for use in sizing the infiltration facility.

Note: The minimum combined adjustment factor should not be less than 2.0 and the maximum
combined adjustment factor should not exceed 9.0.

D.5.2  Site Suitability Considerations for Se lection of an Infiltation
Factor of Safety

Considerations related to site suitability include:

1 Soil assessment methddbe site assessment extent (e.g., number of borings, test pits, etc.)
and the measurement method used to estimate th&esimoirtfilration ate.

1 Predominant soil texture/percent firdesoil texture and the percent of fines can influence
the potential for clogging. Finer grained soils may be more susceptible to clogging.

1 Site soil variabilitg sites with spatially heterogeneous éaldicdly or horizontally) as
determined from site investigations are more difficult to estimate average properties for
resulting in a higher level of uncertainty associated with initial estimates.

1 Depth to seasonal high groundwater/imperviousdayeundwatemounding may become
an issue during excessively wet conditions where shallow aquifers or shallow clay lenses are
present.

These considerations are summarized in Tableli2/6w, in addition to presenting classification of
concern.

Table D.5-1: Suitability Assessment Related Considerations for Full Infiltration Facility Safety
Factors
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High Concern &

Medium Concernd

Low Concernd

Assessment
methods

3 points

2 points

1 point

Refer to Table D-3 for guidance relatedgelecting level$ concern based on
testing methods, test replicates, and infiltration BMP size.

Texture Class

Silty and clayey soils
with significant fines

Loamy soils

Granular to slightly
loamy soils

Highly variable soils

Soil borings/test pits

Soil borings/test pits

fgﬁasb?,'i't glsdslgtnegniroonr] site indicate moderately indicate relatively
Y unknown \;ariability homogeneous soils homogeneous soils
gﬁ,ﬂt;'dtvﬂ’,ateﬂ <5 ft below facility | 5-15 ftbelow facility >15 bdow facility

bottom bottom bottom

impervious layer

D.5.3 Design Related Considerations for Selection of an Infiltration
Factor of Safety

Design related considerations include:

1 Level of pretreatment and expected influent sedimendloeatht should be given fgood
pretreatment to accouiatr the reduced probability of clogging from high sediment loading.
Appendi x B.6 descri best hprew ftorremeatnnaeen tcor ikt aesrd «
capture of total suspended solids, which provides excellent leyaistredtment.
Additionally,the Washington State Technology Acceptance PrBimmlohy provides a
certificatini®at nieonrt 60 pbraesed on 50 percent r
moderate levels of treatment. Current approved technologies are alisted
http://www.ecy.wa.gov/programs/wg/stormwater/newtech/technologies.htrblse  of
certified technologies can allow a lower factor of safety. Also, facilities desigptatet
runoff from relatrely clean surfaces such as rooftops are likely to see low sediment loads and
therefore may be designed with lower safety factors. Finally, the amount of landscaped area
and its vegetation coverage characteristics should idereahd-or example, in aackas
with more soils exposed, open areas draining to infiltration systems may contribute excessive
sediments.

1 Compaction during constructiod proper construction oversight is needed during
construction to ensure that the bats of infiltration facilitgre not impacted by significant
incidental compaction. Facilities that use proper construction practices and oversight need less
restrictive safety factors.

Table D.5-2: Design Related Considerations for Infiltration Facility &ety Factors
High Concern o

Low Concernod
1 point

Medium Concernd

Consideration ‘
2 points

3 points
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sediment loads

Limited pretreatment
using gross solids
removal devices only,
such as hydrodynami
separators, racks and

slopes, high traffic
areas, road sanding,
any other areas
expected to produce
high sediment, trash,
or debris loads.

Good pretreatment with
BMPs that mitigate
coarse sediemts such as
vegetated swales AND
influert sediment loads
from the tributary area

L?e\z/t?(legrm ent/ screens AND tributg ;rg dixrgfgt(id 0 I?)(\e/v from relatively clean
gxpected area includes traffic, mild sll%p,)es surfaces, such as
influent landscaped areas, st gipyilized pervious areag [00foPS/nonsanded road

etc.).

Performance of
pretreatment consistent
with opretr
performance critei a 6
(50°lo TSS removal) in
Appendix B.6

Excellent pretreatment with
BMPs that mitigate fine
sediments such as
bioretention or media
filtration OR sedimentation
or facility only treats runoff

surfaces.

Performance of
pretreatment awsistent with
o f Ithlwuntreatment control
BMP perfor ma
(i.e., 80°lo TSS removal) in
Appendix B.6

No oObackup
is provided; the systel
design doesat allow

The system has a backu
pathway for treated wate

The system has a backup
pathway for treated water t(

of unintended/
indirect compaction.

ety | ivaion e kel (Lo AN | SRSie |0 e
maintenance
Con_struction of Equip_ment trﬁic_ is
Compacton | (orpacreq steor | Medum probabiltyof | Lieeicy arcag arng
construction increasegrobability compaction. construction and there is lo

probability of unintended/
indirect compaction.

D.54

Implications of a Factor of Safety in BMP Feasibility and Design

The above method will provide safety factorsufbinfiltration systems in the range of 2 to 9. From

a simplified practical perspective, this means that the size of the facility twilinceealse in area

from 2 to 9 times relative to that which might be used without a safety factor. It isibledhmiss

some facilities that were deemed feasible during full infiltration screening (Affirmative response to
Criteria 1 in Worksheet €13 may be deemed infeasible during design phase investigations. Clearly,
numbers toward the upper end of this ramtjenake all but the best locations prohibitive in land
area, cost, and feasibility.

In order to make full infiltration BMPs more feasibhtecost effective, steps should be taken to plan

and execute the implementation of infiltration BMPs in a waylthedluce the safety factors needed

for those projects. A commitment to effective site design and source control through site imvestigatio
use of effective pretreatment controls, good construction practices, and restoration of the infiltration
rates ofsoils that are damaged by prior compaction should lower the safety factor that should be
applied, to help improve the long term relialfithe system and reduce BMP construction cost.
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While these practices decrease the recommended safety factomohegtally mitigate the need
to apply a factor of safety. The minimum recommended safety factor of 2.0 is intended to account for
the remaining uncertainty and letggm deterioration that cannot be technically mitigated.

Partial infiltration BMPs shake a factor of safety of 2 for both the feasibility screening and design
phase rather than a factor of safety determined using the bedtivadPartial infiltration BMPs are

less sensitive and more resilient to uncertainties in true infiltratiore beatusthat does not
infiltrate into underlying soils is discharged after being treated through bioretention soil media.

Summary of factorof safety selection:

1 During Planning Phase: A factor of safety of 2.0 must be used to estimate the infiltration rate
to categorize the infiltration feasibility condition of the DMA (when completing Worksheet
C.41: Form #8) and to estimate the percent#gelume reduction required when the DMA
is classified as oParti al Infiltration Con

1 During Design Phase: bng the design phase, WorksheetID 5orm 19 must be used to
calculate the factor of safety and design infiltration rate to desidittfation BMPs. If the
calculated combined factor of safety is less than 2, then a safety factor of 2 nibii be use
calculate the design infiltration rate. Partial infiltration BMP designs shall use a factor of safety
of 2 for the design phase.

Note: If the observed infiltration rate is greater than or equal to 1 inches/hr. and the design infiltration
rate calculatl using Worksheet B15is less than or equal to 0.5 inches/hr. then the applicant may
choose to implement partial infiltration BMPs.
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Worksheet D.51: Factor of Safety and Design Infiltration Rate Worksheet for Full Infiltration
Designs

Factor of Safetyand Design Infiltration Rate Worksheet =~ Worksheet D.51: Form 9

_r Assigned Factor Product
Factor Category Factor Description Weight w) | Value(v) p=wx v(p)
Soil assessment methods 0.25
Predominant soil texture 0.25
A Suitability Site soil variability 0.25
Assessment
Depth to groundwater / 0.95
impervious layer '
Suitability Assessment Safety Facter,>Sp
Level of pretreatment/ expected
. 0.5
sediment loads
B Design Redundancy/resiliency 0.25
Compaction dunig construction 0.25
Design Safety FactogSx p

Combined Safety Factofus Sa X S
[Minimum of 2 andaximum of 9]

Observed Infiltration Rate, inch/hr.oderved

(corrected for testpecific bias)

Note: This worksheet is only apgileavhen the observed infiltration rate is
greater

Design Infiltration Rate, in/hr.,dign= K observed Stotal

Note: If the estimated design infiltration rate is less than or equal to 0.5 inch
thenthe applicant may ebse to implement partial infiltration BMPs.

Supporting Data
Brieflydescribe infiltration test and provide reference to test forms:

Note: WorksheetD:3:Formt9 i s only applicable to design BMPs in
gpplicable for categorization of infiltration feasibility (Worksheét Eodm +8) and/or for designing BMPs in
oparti al infiltration conditiondé or ono infiltratiorl
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Appendix E: BMP Design Fact Sheets

The following fact sheets were developed to assist the project applicants with designing BMPs to meet
the storm water obligatiorithe Fact Sheet Quick Guidetlba next page summarizes #dyaut and
type of information contained in edatt sheet.

MS4 Category Manual Category Design Fact Sheet

SC: Source Control BMP Requirements
SCQ: Large Trash Generating Facilities
Source Control | Source Control SCR: Animd Facilities

SGS PlanNurseries and Gardens

SGT: Automotive Facilities

SD-A: TreeWells
SD-B: Impervious Area Dispersion
SD-C: Green Roofs

Sie Design Site Design ) )
SD-D: Permeable Pavement (Site Design BN
SD-E: Rain Barrels
SD-F: Amended Soils
Harvest and Use HU-1: Cistern

INF-1: Infiltration Basins
Retenion IN F-2: Bioretention

Infiltration
INF-3: Permeable Pavemépollutant Control)
INF-4: Dry Wells
Partial Retention PR-1: Biofltration with Partial Retention
BF-1: Biofiltration
Biofiltration Biofiltration BF-2: Nutrient Sensitive Media Design

BF-3: Proprietary Bidfration

FT-1: Vegetated Swales

Flowthru Treatment | FT-2: Media Filters

Control with Alternative| FT-3: Sand Filters

Compliance FT-4: Dry Extended Dehion Basin

FT-5: Proprietary Flowhru Treatment Control
PL: Plant List

Flowthru
Treatment Contro
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BF-1 Biofiltration 1

MS4 Permit Category 2
Biofiltration

Manual Category
Biofiltration

Applicable Performance
Standard

Pollutant Control
Flow Control

Primary Benefits
Location: 43 Street and Logan Avenue, San Diego, Californial 3 Treatment

Description 4

Biofiltration (Bioretention with underdrafatilities are vegetated surface water systems that filter
water through vegetation, and soérmgineered media prior to discharge via underdrain or oyerflow
to the downstream conveyance system.

Fact Sheet Key

1 | Best Management Prac(iB®&1P)Title
2 | Categories, Standards, and Benefits
3 | BMPImage
Main Content; Categorieslude:
{Description
fDesign Adaptations for Project Goals
fRecommended Siting Criteria
fRecommended BMP Component Dimensions
4 {Design Criteria and Considerations
fiConceptual Design afizing Approach for
o Site Design
o Storm Water Pollutant Control Only
o0 Integratedstorm WatePollutant Control and Flow Control

fMaintenanc®verview
fSummary of Standhinspection and Maintenance
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Source @ntrol BMP Requirements

WorksheetE.1-1 Source Control BMP Requirements

How to comply: Projects shall comply with this requirement by implementing all sourdeBddRs listed in this section that are applicable tgptbgct.
Applicability shallb# et er mi ned t hrough consideration of the devel opmensqgudance] e
for_identifying source ctnl BMPs applicable to a project. Checklist 1.4 in Appémsthiall be used to documentmmiance with source control BMP

requirements.

How to use this worksh eet:

1. Review Column land identify which of these potentid sources of ssorm waer pollutants gpplyto your site. Check eat box thet goplies.

2. Review Column 2and incorporate al of the corresponding appliceble BMPs in your project site plan

3. Review Columns 3 and 4and incorporate dl of the correspondng gppliceble permanent controls and operational BMPs in atable in your projed-
spedfic storm water management reporsdibe your spedfic BMPsin an acompanying narrative, and explain any spedd conditions or Stuationsthat

required omittingBMPs or substituting dternatives
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If T hese Sources Will Be

on the Project Si t e é fen Your SWQMP Shall Consider T heseSource Control BMPs
1 2 3 4
Potential Sources of Permanent Control$i Show on PermanentControlsii Listin Table Operational BMP4i Include in
Runoff Pollutants Drawings and Narrative Table and Narrative
¢ SGCA. Onsite storm | ¢ Locationsof inlets. ¢ Mak al inletswith thewords ONo | ¢ Maintain and periodically repa
draninlets Dumping!Flowsto Bay 6r smilar. or replace inlet markings.
¢ Provide stormwater pollution
C  Not Applicable preventioninformation to new

site owners, lessees, or operat

C See gplicable operational BMF
in Fact Sheet S€4 , oD
System Mai nt e
CASQA Stormwater Qualit
Handbooks at
www.cabmphandbookem

¢ Include the following in leas
agreement s: na’
allow anyone to discharg
anything to storm drains or {
store or deposit materials so as
create a potential discharge
storm drains. o
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If T heseSources Will Be

onthe Project Si t e

Source @ntrol BMP Requirements

€ RenYour SWQMPshall considerT heseSource Control BMPs

1
Potential Sources of
Runoff Pollutants

2
Permanent Control§i Show on
Drawings

PermanentControlsi Listin Table

3

and N arrative

Operational BMPgi Include in

4

Table and Narrative

¢ SGCB. Interior floor
drans and €eevwator
shaft sump pumps

¢ Not Applicable

Sae that interior floor drains and
elevator shaft sump pumpswill be
plumbedo sanitary sewer.

Inspect and maintan drains to
preventblockagesand overflow.

¢ SGCC. Interior paiking
garajes
¢ Not Applicable

State that parking garage fl
drains will be plumbed to th
sanitary sewer.

Inspect and maintain drains
prevent blockages and overflov

¢ SCGD1. Need for
future  indoor &
structural pest control

¢ Not Applicable

Note building design features tf
discourage entry of pests.

Provide Integrated Peq
Management information t
owners, lessees, and operators
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Source @ntrol BMP Requirements

If T heseSources Will Be

on the Project Si t e é AenYour SWQMPshall considerT heseSource Control BMPs
1 2 3 4
Potential Sources of Permanent Control$i Showon PermanentControlsii Listin Table Operational BMPSi Include in
Runoff Pollutants Drawings and N arrative Table andNarrative

¢ SCGD2 Landscape/ | ¢ Show locations ofexisting | State that final landscape plans | ¢ Maintain landscaping usir
Outdoor  Pedticide trees or areas of shrubs al accomplish all of thelfowing. minimum or no pestides.

Use
. ground cover to Dbe = isti ht tolerarir s licabl ti
Not Aoplicable ' : C Preserve existingought tolerartrees,| ¢ See  applicable  operatior|
¢ PP undisturbed a_n(_j retained. shrubs, and ground cover to t BMPs in Fact Sheet Q,
¢ Show g%eifetamlng landscapt maximum extent possible. oOBuil ding an
areas, Ir any. . . Mai nt enance QA
¢ Design landscaping to minimi i

C f%;)(mtll eiorm water trestment irrigation and runoff, to prone Stormwater Quhallty Harll(dbook
surface infiltration where appropria ~ atwww.cabmphandbooks.con

and to minimize the use of fertilz¢ ¢ Provide IPM information to
and pesticides that can contribute new owers, lessees an
stormwater pollution. operators.

¢ Where landscaped areas are use
retain or detain storrwater, specify
plants that are tolerant gferiodic
saturated soil conditions.

¢ Consider using pestsistant plants
especiallydgacent to hardscape.

¢ To ensure successful establishmg
select plants appropriate to site St
slopes,climate, sun, wind, rain, la
use, air movement, ecologi
consistency, and plant interactions.
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If T heseSources Will Be

onthe Project Si t e

Source @ntrol BMP Requirements

€ RenYour SWQMPshall considerT heseSource Control BMPs

1
Potential Sources of
Runoff Pollutants

2

Permanent Control§i Showon

Drawings

PermanentControlsi Listin Table

3

and N arrative

4
Operational BMPSi Include
in
Table and Narrative

¢ SGCE. Pools, spas,
ponds, decorative
fountains, and other
water features.

¢ Not Applicable

Show location of water featu
and a sanitary sewer cleanou
an accessible area within 10 fe

If the local municipality requires po
to be plumbed tohe sanitary sewe
place a note on the plans and stat
the narrative that this connection V
be made according to log
requirements.

See applicable operatior
BMPs in Fact Sheet S,

OFountain a
Mai ntenance, O
Stormwater Qality
Handbooks at

www.cabmphandbooks.com

C SGCF. Food service
¢ Not Applicable

For restaurants, grocery stor
and other food  servic
operations, show locatig
(indoors or in a covered ar;
outdoor$ of a floor sink or othel
area for cleaning floor mat
containers, and equipment.

On the drawing, show a note t
this drain will be connected to
grease interceptor befo
discharging to the sanitary sew

Describe the location afehtures of
the designated cleaning area.

Describe the items to be cleaned
this facility and how it has been sij
to ensure that the largest items carj
accommodated.
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Source @ntrol BMP Requirements

If T heseSources Will Be

onthe ProjectSi t e

€ RenYour SWQMPshall considerT heseSource Control BMPs

1
Potential Sources of
Runoff Pollutants

2
Permanent Control§i Showon
Drawings

PermanentControlsi Listin Table

3

and N arrative

Operational BMPsi Include in

4

Table and Narrative

C SGG. Refuse areas
¢ Not Applicable

Show where site fuse and
recycled materials will b
handled and stored for picku
See local municipal requireme
for sizes and other details
refuse areas.

If dumpsters or other receptacl
are outdoors, show how th
designated aredll be covered,
graded, and pad to prevent
run- on andshow locations of
berms to prevent runoff from
the area. Also show how th
designated area will be proteci
from wind dispersal.

Any drains from dumpsters
compactors, and tallow l@reas
shall be connected to a grea
removal device before discharg
to sanitary sewer.

State how site refuse will |
handled and provide supportir
detail to what is shown on plans

State that signs will be posted ¢
or near dumpsters with the worg
oDo not dump
mat er i arlsisilah er e (

State how the following will b
implemented:

Provide adequate number
receptacles. Inspect receptad
regularly; repair or replace leé
receptacles. Keep receptad
covered. Prohibit/preven
dumpng of liquid or hazardou
wast es. o Pazardous
material sé sig
up litter daily and clean up spi
immediately. Keep spill contr
materials available -osite. See
Fact Sheet SE4 , 0
Handling and
CASQA Storrwater Quality
Handbooks at
www.cabmphandbooks.com
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Source @ntrol BMP Requirements

If T heseSources Will Be
onthe ProjectSi t e

€ henYour SWQMPshall considerT heseSource Control BMPs

1
Potential Sources of
Runoff Pollutants

Permanent Control§i Showon

2

Drawings

Permanent Controlsi Listin Table and

3

N arrative

4
Operational BMP4i Include
in Table and Narrative
Table and Narrative

SGH.
processes

Not Applicable

Industrial

G Show process area.

If industrialprocesses are to be loca
onsi te, st ambotvitiesdoAg
performed indoors. No processes
drain to exterior or to storm dra
system. 0

C See Fact Sheet3@ , -0

Stor mwat er Di
CASQA Stormwater Qualit
Handbaks at
www.cabmphadbooks.com

SCl. Outdoor
storage of equipmen
or materials. (Se
rows J and K for
source control
measures for vehicl
cleaning, repair, an
maintenance.)

Not Applicable

Show any outdoor storag
areas, including how materia
will be covered. &t how
areas will be agded and
bermed to prevent reon or
runoff from area and protecte|
from wind dispersal.

Storage of nohazardous
liquids shall be covered by
roof and/or drain to the
sanitary sewer system, and
contained by berms, dike
liners, or vaults.

Storge of hazardous materia
and wastes must be |
compliance with the locg
hazardous materials ordinan
and a Hazardous Materig
Management Plan for the sitg

Include a detailed description

materials to be stored, storagesaiaad
structural features to prevent polluta
from entering storm drains.

Where appropriate, referen
documentation of compliance with
requirements of local Hazardg
Materials Programs for:

A Hazardous Waste Generation

A Hazardou$aterials Redese
Response and Inventory

A California Accidental Release
Prevention Program

A Aboveground Storage Tank

A Uniform Fire Code Atrticle 80
Section 103(b) & (c) 1991

A Underground Storage Tank

See the Fact Sheets-BC
0 Out dlegoiad Container
Storagé a n33 ,udood
Storage of Raw Materd@ls i
the CASQA Stormwate
Quality Handbooks a
www.cabmphandbooks.com
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Source @ntrol BMP Requirements

I liseenliiEes il 2 € henYour SWQMPshall considerT heseSource Control BMPs

onthe ProjectSi t e

1 2 3 4
Potential Sources of Permanent Control$i Showon Drawings PermanentControlsii Listin Operational BMPSi Include in
Runoff Pollutants Table and N arrative Table and Narrative
C SGJ. Vehicle and ¢ Show ondrawings as appropriate: ¢ If a car wash area is n{ Describe operational measures

provided, describe measul implement the following (if
taken to discourage site | applicable):

Equipment Cleaning (1) Commercial/industrial facilities havi

C Not Applicable vehicle /equipment cleaning needs shall ei car washing and explain hd
provide a covered, bermed area for was these will be enforced )
activities or discourage hige/equipment ' ¢ Washwatefrom vehicle and
washing by removing hose bibs and insta equipment Wa_shlng operatior]
Signs pr0h|b|t|ng SUCh uses. Sha” not be dISChaI’ged to th

(2) Multidwelling complexes shall have storm drairsystem.

paved, bermed, and covered car wash C %ag r?r?gelzeégpépv?/itha\r/]v% tesrlr(;]r|1||
(unless car washing is prohibited onsite y .

hoses are provided with an autométi¢ sff C SeeFactSheet3C , oV
to discourage such use). and Equi pment

the CASQA  Stormwater
Quality Handooks at
www.cabmphandbooks.com

(3) Washing areas for cars, vehicles,
equipment shall be paved, designed to pre
runon to or runoff from the area, an
plumbed to drain to the sanitary sewer.

(4) Commercial car wash facilities shall
designed s thatno runoff from the facility
is discharged to the storm drain syst¢
Wastewater from the facility shall discharg
the sanitary sewer, or a wastewater reclam
system shall be installed.
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If T heseSources Will Be

onthe ProjectSi t e

Source @ntrol BMP Requirements

€ henYour SWQMPshall considerT heseSource Control BMPs

1
Potential Sources of
Runoff Pollutants

2

PermanentControlsi Showon

Drawings

3
PermanentControlsi Listin
Table and N arrative

4
Operational BMPSi Include in
Table and Narrative

¢ SGCK.
Vehicle/Equipment
Repair ang

Maintenance
¢ Not Applicable

Accommodate all vehic
equipment repair ar
maintenance indoors. (
designate an outdoor work a
and design the area to prot
from rainfall, ruron runoff, and
wind dispersal.

Show secondary containment |
exterior work areas where mo
oil, brake fluid, gasoline, di€
fuel, radiator flagi, acid

containing batteries or oth
hazardous materials or hazarg
wastes are used or stored. Dr;
shall not be installed within t
seondary containment areas.

Add a note on the plans that std
either (1) there are no floor drai
or (2) floo drains are connectt
to wastewater pretreatme
systems prior to discharge to

sanitary sewer and an indus]
waste discharge permit will

obtained.

¢ Statelat no vehicle repair ¢
maintenance will be do
outdoors, or else describe
requirel features of th
outdoor work area.

C State that there are no flg
drains or if there are flo(
drains, note the agency frg
which an industrial wag
discharge petim will be
obtained and that the des
meet s t hat
requirements.

C Statethat there are no tank
containers or sinks to be ug
for parts cleaning or rinsil
or, if there are, note th
agency from which &
industrial waste dischar
permit will be obtained an
that the design meets tf
agency0s req

In thereport note that all of the following
restrictions apply to use the site:

¢

No person shall dispose of, nor pern
the disposal, directly or indirectly
vehicle fluids, hazards materials, of
rinsewater from parts cleaning in
storm drains.

No vehicle fluid removal shall b
performed outside a building, nor ¢
asphalt or gund surfaces, whethe
inside or outside a building, except
such a manner as to ensure that
splled fluid will be in an area @
secondary containment. Leaki
vehicle fluids shall be contained
drained from the vehicle immediately

No person shall leave unattended d
parts or other open containe
containing vehicle fluid, unless su
contaners are in use or in an area
secondary containment.
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Source @ntrol BMP Requirements

If T heseSources Will Be
onthe ProjectSi t e

€ henYour SWQMPshall considerT heseSource Control BMPs

1 2 3 4
Potential Sources of Permanent Control$i Showon PermanentControlsii Listin Operational BMP4i Include in
Runoff Pollutants Drawings Table and N arrative Table and Narrative
¢ SGL. Fuel | ¢ Fueling areads shall have ¢ The property owner shall dry swe
Dispensing Areas impermeable floors (i.e., portlar the fueling area routinely.
¢ Not Applicable cement concrete or equivale C See the Business Guide She

smooth impervious surface) th dAut omoti ven Serics
are (1) graded at the minimu Stationsé in the

slope necessary to preve Quality Handbooks af

ponding; and (2) sepadatéom www.cabmphandbooks.com
the rest of the site by a grade brg

that prevents ruon of storm
water to theMEP.

¢ Fueling areasall be covered by
canopy that extends a minimum
ten feet in each direction from ea
pump. [Alternative: The fuelin
area must be covereadathe
cover0s mini mur
be equal to or greater than the a
within the grade break or fu
dispensing areal.] The canopy
cover] shall not drain onto th
fueling area.

1. Thefueling aeashdl be dfined asthe aeaexending aminimum of 6.5 fee from the corner of each fuel dispenser or thelength atwhich the hose
andnozzle asambly may beoperated plusa minimum of onefoot, whichever is greater.
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Source @ntrol BMP Requirements

i rlisseenliiEes il € henYour SWQMPshall considerT hese Source Control BMPs

onthe Project Si t e

1 2 3 4
Potential Sources of Permanent Control$i Showon PermanentControlsii Listin Operational BMP4i Include in
Runoff Pollutants Drawings Table and N arrative Table and Narrative
¢ SGCM. Loading Dock{ ¢ Show a prehinary design for thg ¢ Move loaded and unloaded itel
C Not Applicable loading dock area, includin indoors as soon as possible.
roofing and drainage. Loadir C See Fact Sheet 8@ , 50
docks shall be covered and/ Loading and un
graded to minimize reom to and CASQA Stormwater Qualit
runoff from the loading area. Ro Handbooks at
downspouts shall h@ositioned to www.cabmphandbooks.com

direct stormwater away from the
loading aga. Water from loadin
dock areas should be drained to
sanitary sewer where feasil
Direct connections to storm drair
from depressed loading docks
prohibited.

¢ Loading dock areas dramif
directly to the sanitary sewer sh
be equipped with a spill contr
valve or equivalent device, whi
shall be kept closed during perig
of operation.

¢ Provide a roof overhang over tk
loading area or install door skit
(cowling) at each bay thatklse
the end of the trailer.
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Source @ntrol BMP Requirements

i rlisseenliiEes il flen Your SWQMP shall considerT heseSource Control BMPs

onthe Project Si t e

1 2 3 4
Potential Sources of Permanent Control$i PermanentControlsii Listin Table and Operational BMPSi Include in
Runoff Pollutants Showon Drawings N arrative Table and Narrative
¢ SGCN. Fire Sprinkler ¢ Provide a means to drain fire sprinkler test y ¢ See the note in Fact Sheet §
Test Water to the sanitary sewer. 41, oBuil di ng
¢ Not Applicable Maintenance, 0
Stormwater Quality
Handbooks at
www.cabmphandbooks.com
¢ SGO. Miscellaneous C Boiler drainlines shall be directly or indirec
Drain or Wash Water connected to the sanitary sesymtem and ma
¢ Boiler drain lines not discharge to the storm drain system.
¢ Condensate drail ¢ Condensate drain lines may discharge
lines landscaped areas if the flow is small enough

runoff will not occur. Condensateidrdanes may,

Roofto . .
¢ P not discharge to the storm drain system.

equipment
Drai ¢ Rooftop moured equipment with potential t
¢ Drainage sumps produce pollutants shall be roofed and/or h

¢ Z%%fit?%] gutters, secondargontainment.
[
C Any drainage sumps onsite shall featur

¢ Not Applicable sediment sump to reduce the quantisgdiment
in pumped water.

¢ Avoid roofing, gutters, and trim maufecopper
or other unprotected metals that may leach
runoff.
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Source @ntrol BMP Requirements

i rlisseenliiEes il € henYour SWQMPshall considerT heseSource Control BMPs

onthe Project Si t e

1 2 3 4
Potential Sources of Permanent Control$i Showon PermanentControlsii Listin Operational BMPgi Include in
Runoff Pollutants Drawings Table and N arrative Table and Narrative
¢ SGP. Plazas, ¢ Plazas, sidewalks, and parking lots §
sidewalks, and be swept regularly to prevent tf
parking lots. accumulation of litter and debris.

G Not Applicable Debris from pressure washing shall

collected to prevent entry into the sto
drain system. Washwater containing
cleaning agent oredreaser shall b
collected and discharged to thatasy
sewer and not discharged to a stc
drain.
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SGQ Large Trash Generating Facilities

MS4 Permit Category
SourceControl

BMP Manual Category
Source Control

Applicable Performance
Stardard

Source Control

Primary Benefits
Source Control

Description

Storm water runoff from areas where trash is stored or disposed of can be polluted. In addition, loose
trash and debris can be easily transported by water or wind to nearby istonhetdyahannels,

and/or creeks. Trash generating facilities that generate large amounts of trash require special attention
to protect trash storage areas from rainfalpmurunoff, and wind dispersal. Large trash generating,
ortrash buillupareags i ncl ude but are not | imited to rest
serving food, and pet stores. The City Engineer may designate additional facilitieslikéhejoa

generate or accumulate large quantities of trash.

Example isometriview and plan view of an allowable trash enclosure facility is presented below. The
project applicant may be allowed to use an alternative trash enclosure design thanhanght be
appropriate for a project site if the alternative desigprisved byhte City Engineer.
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SGQ Large Trash Generating Facilities

<
o \ /— ROOF DRAINS
e W e / TO LANDSCAPE

~ /' ORBMP

=
59
GATE POST o -
(METAL) >
\ S5, NS~ T MINIMUM
‘ B CLEARANCE
DRAINS TO BMP OR I ~oSH FORLID TO
SANITARY SEWER —_ ks o0 1 OPEN9D®
6" RAISED / o 2
CURB
&' MIN.
/ OS%TYP. "~ OPTIONAL PEDESTRIAL
// / £ POST FOOTING -~ / GATE/WALK THROUGH
y GRADE BREAK ‘m‘“‘f»““m \— SOLID MASONRY BLOCK OR
GATE (2" OFF GROUNDS, METAL o 0p  REINFORCED MASONRYMWOOD
PREFERRED, OPEN TO 180°, SECURED IN agw"\ PANEL/BOARDS
OPEN OR CLOSED POSITION) e \~ SLAB @ OR NEAR GRADE (4"

REINFORCED CONCRETE MIN.)
ACCOMODATE FOR WEIGHT OF
ISOMETRIC VIEW TRUCK AND BIN

i 8" MIN. i
I 1
MIN.4~ T
CONCRETE - T
SLAB —|_ 6°RAISED | — PEDESTRIAN
BE COUPI?I’?ONAL l | b/ STE
&' MIN > )| l (OPTIONAL)
24" RAISED |
SIDEWALK | -
(OPTIONAL) —*1
CONCRETE T T
APRON —._ g

4 METAL GATE
PLAN VIEW

Typical Isometric and Plan View of a Trash Enclosure BMP

Design Adaptations for Project Goals

Source control BMPs reduce the amount of pollutants thare generated.This fact sheet
contains details on the additional measures retjupesvent or reduce pollutants in storm water
runoff associated with trash storage and handling for large trash generating facilities. The requirements
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SGQ Large Trash Generating Facilities

presented here dreaddition to the requirements of-S@hich requires all development projects to

protect trash storage areas from rainfaHpnymunoff, and wind dispersal:

1 Areas where trash containers are stored must be enclosed on four sides to prevent off
site transport of trash.Foursided trash enclosures typically consist of three wallethdides
one gated side. Trash enclosures limit the potential for trash to pollute storm water runoff by

limiting mobilization mechanisms (runoff-omy and wind dispersal).
1 Trash enclosures must be covered to minimize direct precipitation and prevent raitifa

from entering enclosuresStructural overhead covers are required as container lids are often

left open.

1 Enclosures must be hydraulically isolated from surrounding areaSlabs shall be sloped
such that any leaked materials will be contained witbirctbsure. Drains must be provided

that capture and direct potential leaks to the sanitary sewer or appropriate BMPs. Divert runoff
from surrounding areas away from théosaoce to prevent contamination and dispersion of

collected materials.

1 Owner must provide BMP storm water training to employee€Employee participation is
required to ensure that enclosures are properly maintained and kept clean.

Design Criteria and Considerations

All trash shall be stored in weaihetected receptacles/bins and rebjelanaterials shall be

protected against adverse weather conditions, which might render the collected materials

unmarketable. Trash enclosure dimensions will vary bapediested usage and the following

information is offered as an aid in planning meyegs. Businesses that use dumpsters must design
the enclosure to accommodate tyagel containers at a minimum. The tenants may use any dumpster
size that is appropréafor their needs, but the enclosure must be able to accommodate different

tenants wth varying waste production, including any recycling requirements. The design of the

enclosure must be signed and sealed by a California licensed engineer. Subsiacttiaing
calculations may be required. The location and design of the endlosqrerereview and approval
by the City Engineer. Building permits may be required.

The following recommendations for typical bin sizes are adopted from the CiydidBdcash
enclosure guidelines. The following bin/container measurements@me apprat e ( add
for side pockets):

Typical Trash Bin Sizes

Depth ~ Height (front)  Height (back)
3cubicyard| 7206 bi n, 430 420 700
4cubicyard| 726 bi n, 560 720 720

Filled weight should not exceed 1,000 pounds.

1. Enclosures shall be structurally strong and constructed of reinforced masonry block or wood

panels/boards. Structural requirements for enclosures are aeth#e@ity of San Diego
specifications for Wood and Masonry Fences.
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SGQ Large Trash Generating Facilities

http://www.sandiego.qgov/developmeswrvices/pdf/industry/infobulletin/ib223.pdf

. The enclosure should be constructed to the following minimum inside dimensions t
accommodate threeliayard dumpsters (larger enclosures may be necessary to
accommodate additional trash bins, recycling bins, and accessibility):

No.of Bins =~ Loading Depth
One Front 80 6 0 6 0
One Side 7.50 80 6 0
Two Front 160 6 0 60
Two Side 80 160 6 0

. The enclosure slab should be designed to keep storm water drainage out of the enclosure area,
typically sloped at 0.5%. Slab construction specifications will vary according to methods of
construction, but should be at least 4 inches of reinforced concrete.

. Study gates/doors shall be installed on all enclosures. Gates should not be mounted directly
onto the block wall or inside of enclosure. The enclosure should include hardware to secure
the gateds doors both open lachbdiween doossamd (i . e
sleeve in pavement).

. To prevent trash enclosures from contributing to storm water runoff pollution, all enclosures
must be fitted with a roof deigned to drain intesita landscape areas (where necessary)
and/or to appropriate BMPsThe roof must provide sufficient clearance to allow the
dumpster lid to open to the 90 degree position.

. Enclosure roofs not conforming to City specifications for Patio Covers may require a building
permit. Generally roofs not more than 12 feet in halghe grade and constructed with
conventional lighrame wood construction are considered acceptable. The use of metal roofs
is not recommended as they can act as a source of pollutants.

http://www.sandiego.gov/developmeswrvices/pdf/industry/infobulletin/ib206.pdf

. Dumpsters associated with food establishments shall be sized per County Health Department
requirements for wash down. Drains shall be connectetssthess grease interceptor.
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SGR Animal Facilities

MS4 Permit Category
Source Control

BMP Manual Category
Source Control

Applicable Performance
Standard

Source Control
Primary Benefits
Source Control

Description

Animal facilities have anwae&ed potential for bacterial loading. If animal fecal material comes into
contact with storm water, the storm water can become polluted. Animal facilities include but are not
limited to animal shelters, dog daycare centé&snagy clinics, groomerstpare stores, and
breeding, boarding, and training facilities. The City Engineer may designate additional facilities where
animal fecal material is likely to be found.

Design Adaptations for Project Goals

Source control BMPsreduce the amount of pollutats that are generatedThis fact sheet

contains details on the additional measures required to prevent or reduce pollutants in storm water
runoff associated with animal facilities. The requirements presented here are o duelisiource

control requements for all projects:

1 Dry weather runoff must be controlledDry weather runoff from hosed off areas as part
of animal facility operations must not drain to the MS4. Dry weather flows should be retained
on-site through implementation of BMPs or calgetind discharged to the sanitary sewer.

1 Outdoor activity areasmust be identified on site plansPlan reviewers must be able to
ensure that runoff from these areas is either diverted to the sanitary sewer or directed to
appropriate treatment BMPs. -Giteinspection of facilities, grading, and drainage may be
required

M Trash enclosures within animal facilities must be covered to minimize direct
precipitation and prevent rainfall from entering enclosuresStructural overhead covers
are required as contaitids are often left open.
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SGSPlant Nurseries and Garden Centers

MS4 Permit Category
Source Control

BMP Manual Category
Source Control

Applicable Performance
Standard

Source Control
Primary Benefits
Source Control

Description

Storm waterunoff from planiurseries and garden centers has an elevated risk of being polluted by
organics, nutrients, and/or pesticides. Nurseries and garden centers require special attention to protect
against these elevated risks. Plant nurseriegasteh cents include but ar not limited to
commercial facilities that grow, distribute, sell, or store plants and plant material. The City Engineer
may designate additional facilities if they are likely to be a source of organics, nutrients or pesticides.

Design Adaptations for Project Goals

Source control BMPs reduce the amount of pollutants that are generatethis fact sheet

contains details on the additional measures required to prevent or reduce pollutants in storm water
runoff associated with plant nurseriegasden centeaéilities. The requirements presented here are

in addition to the requirements of 8@rough S& which require all development projects to avoid

and reduce pollutants in storm water runoff:

1 Owner must provide BMP storm water training toappropriate empbyees.Employee
participation is required to ensure that source controls are properly maintained and behavioral
BMPs are followed.

1 Eliminate overwatering and overspraying of plantsOverwatering and overspraying of
plants increases dry wea flows and glutant loading, and wastes water. Delivery systems
and schedules should account for different plant types and containers.

9 Discharges from outdoor watering areas must be controlled?egular runoff from
outdoor watering can contribute-authorized dry weher flows to the MS4 (e.g., runoff
from watering the plants at garden centers). Runoff water is also likely to be polluted by potting
soil mixes and plants that contain fertilizers and/or pesticides. So, regular runoff should be
treated ator retained orsite through BMPs or discharged to the sanitary sewer.
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SCGT Automotive Facilities

MS4 Permit Category
Source Control

BMP Manual Category
Source Control

Applicable Performance
Standard

SourceControl
Primary Benefits
Source Control

Description

Storm water runoff from automotive facilities can pollute storm water runoff with oils and grease,
metals, and other pollutants. Pollutants sources can include maintenance acto/tegsioutside

storage areas, liquid materialagter and others. Automotive facilities require additional measures
because of the potential impact of pollutants. Automotive facilities include but are not limited to
facilities that perform maintenarar repair of vehicles, vehicle washing facilitibsetai gasoline

outlets. The City Engineer may designate additional facilities if they are likely sources of storm water
pollutants.

Design Adaptations for Project Goals

Source control BMPs reduce th amount of pollutants that are generatedThis fact shet

contains details on the additional measures required to prevent or reduce pollutants in storm water
runoff associated with automotive facilities. The requirements presented here are in #ualition to
requirements of SC through S& which require allevelopment projects avoid and reduce
pollutants in storm water runoff:

1 Auto repair, maintenance activities, fueling, and vehicle washing must be conducted
in covered areasActivity areas must be peoted from precipitation by permanent canopy
or roof gructures. Covers 10 feet high or less should have a minimum overhang of 3 feet on
each side, covers higher than 10 feet should have a minimum overhang of 5 feet on each side.
Overhang should be measifrom the perimeter of the hydraulically isolatedtyetrea.

1 Hydraulically isolate activity areasActivity areas should be protected fromanrthat
can mobilize pollutants and pollute uncontaminated storm water through the use of grading,
bermsor drains. Direct drainage from the hydraulicallyadaaea to an approved sanitary
sewer or a BMP.

1 Pave activity areas with hydraulic concrete or appropriately sealed asphalt cement.
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SCGT Automotive Facilities

Unpaved activity areas could contaminate ground water. So all activity area, including area for
fueling vehicles or equipmieshall be paved with hydraulic concrete. latka is already
paved with asphalt, apply an asphalt sealant to the pavement surface. Maintain the paved
surface to prevent gaps and cracks.
Provide sedimentation manhole with outlet. Automotive facilitieslischarging to the
sanitary sewer must followrsiards set by the City Industrial Wastewater Control Program
for the outlet design. See Appendix S: Sump/Clarifier Maintenance Standards found here for
the outlet design:

0 http://www.sandiego.gov/mwwd/environment/iwcp/other.shtml

Provide appropriate oil controls All equipment and vehicle washing activity areas should
include oil controls. Gsite wash recycling systems may be usei ¢ontrol if they meet
applicable efient discharge limits for the sanitary sewer.

Identify auto-related usage areas on site plans and describe activities and drainage.
Plan checkers must satisfied that grading and drainage will prevent contact betwe
pollutants and storm water. Drains vthin the facilities must be connected to the sanitary
sewer or a BMP. Verification may be required.

Owner must provide BMP storm water training to employees. Employee participation is
required to ensure that actiatgas are properly maintained anddiean.
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SD-A Tree Well

MS4 Permit Category
Site Design

Manual Category
Site Design

Applicable Performance
Standard

Site Design

Primary Benefits
Volume Reduction

Tree Well (Source: County of San Diego LID Manual i EOA, Inc.)

Description

Trees planted to intercept rainfall and runoff can be used as storm water management measures that
provide additional benefits beyond those typically associated with trees, including energy conservation,
air qualy improvement, and aesthetic enhancement. Typical storm water management benefits
associated with trees include:

1 Interception of rainfall & tree surfaces (roots, foliage, bark, and branches) intercept,
evaporate, store, or convey precipitation to thbefaié it reaches surrounding impervious
surfaces

1 Reduced erosiord trees protect denuded area by intercepting or reducing the velocity of rain
drops as they fall through the tree canopy

1 Increased infiltration d soil conditions created by roots and fédlaws promote infiltration

1 Treatment of storm waterd trees provide treatment through uptake of nutrients and other
storm water pollutants (phytoremediation) and support of other biological processes that
break down pollutants
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SD-A Tree Well

Typical treevell systencomporents
include:

1 Trees of the appropriat

species for site conditions al
OPTIONAL

constraints GRATE
] . CURB CURB CUT
1 Available growing space bas | runorr AN INET \ //S,ﬁ,év{,,{&s’gé{fﬁ(
on tree species, soil type, wa T o o
p 1 typ 1 PAVEMENT SURFACE PONDING\{\REA DISTRIBUTION LAYER

availability, surrounding lar [

uses, and project goals LR i L

1 Optional suspended paveme |« ¥ v~ *
design to provide strugal | Toon v
support for adjacent paveme |, A .
without requiring compactiol Schematic of Tree Well
of underlying layers

1 Optional root barrier devices as neededptbarrier is a device installed in the ground,
between a tree and theesidlk, intended to guide roots down and away feosidbwalk in
order to prevent sidewalk lifting from tree roots.

1 Optional tree grates; to be considered to maximize available space for pedestrian circulation
and to protect tree roots from compactidatesl to pedestrian circulation; tree grates are
typically made up of porous material that will allow the runoff to soak through.

1 Optional shallow surface depression for ponding of excess runoff

1 Optional planter box drain

SECTION

v v v v ¥||] © o o o © o o o © o o o © o o

o o
O O O
o o o o

vV YV ¥V OV ¥ ¥V OV V¥ ¥

0O 0 0 0 0 0

1

Design Adaptations for Project Goals

Site designBMP to provide incidental treatment Treewellsprimarily functions as site design
BMPs for incidental treatment. Benefits fioee wellsareaccounted for by adjustment factors
presented in Appendix Bhis credit can apply tiher landcaping treeas well (that meet the

same criteriajrees as a site design BMP are only credited up to 0.25 times the DCV from the project
footprint (with a maximum single tree credit volume of 300 ft

Storm water pollutant control BMP to provide treatmentApplicants are allowed design trees

as a paltant control BMP and obtain credit greater than 0.25 times the DCV from the project
footprint (or a credit greater than 4GGr&im a single te.For this option to be approved by the

City Engineerapplicant is guiired to do infiltration feasibilisggreening (Appendix C and D) and
provide calculations supporting the amount of credit claimed from implementing trees within the
project footprintThe City Engineehas the discretion to request additional anadfere approving

credits greater than28 times the DCV from the project footprint (or a credit greater tharf 400 ft
from a single tree).
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SD-A Tree Well

Design Criteria and Considerations

Tree wellsnustmeet the following design criteria and considerations. Deviairanhe below
criteria may be approvatithe discretion of th@ity Engineeif it is determined to be appropriate:

Siting and Design Intent/Rationale

Tree specieds appropriately chosen for the

development (private or public). For public

rightsof-ways, local planning guidelines an Proper tree placement aspukcies
zoning provisions for the permissible speci selection minimizes problems such a:
and placement of trees are consultddt of pavement damage by surface roots a
trees appropriate foreitlesign thatan be poor growth.

used by all county municipalities are provic

in AppendixE.26

—(

Location of treesplanted along public stree
follows local requirements and guidelines.
Vehicle and pedestrian line of sight are
considered in tree selection and placemen

Unless exemption is granted byGitg
Engineethe following minimum tree
separaon distance is followed

Minimum
Improvement distance to

. Tree Well | Roadway safety for both vehicular an
| Traffic Signal, Stop sign 20 feet pedestrian traffic is a key consideratic

Underground Utility ines for placement along public streets.

5 feet
(except sewer)
Sewer Lines 10 feet

Above ground utility
structures (Transformers, 10feet
Hydrants, Utility poles, etc

Driveways 10 feet

Intersetions (interseing

curb lines of two streets) | 22 'eC!

Underground utilities and overhead wires

are considered in the design and adoid Tree growth can damage utilities and
circumveted. Underground utilities are rout overhead wires resultimgservice
around or through the planter in suspendec interuptions. Protecting utilities route:
pavement applications. All underground

—(
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SD-A Tree Well

Siting and Design

Intent/Rationale

utilities are protected from water and roo

penetration.

through the planter prevents damage
service interruptions.

—(

Suspended pavemerdesign was developet
where appropriate to minimize soil compac

and improve infiltration and filtration
capabilities

Suspended pavemeavdsconstructed with an

approved structural cell.

Suspended pavement designs provid
structur&support without ampaction
of the underlying layers, thereby
promoting tree growth.

Recommended structural cells includ
poured in place concrete colun®ikja
Cells manufactured by Deeproot Gre:
Infrastructures and Stratacell and
Stratavault systemsnmufactured by
Citygeen Systems

—(

A minimum soil volume of 2 cubic feet per
square foot of canopy projection volume is
provided for each treea@opy projection are
is the ground area beneath the tree, measi

at the drip line.

The minimum soil volume ensures th:
there is adequat®sige volume to
allow for unrestricted
evapotranspiration.

A lower amount of soil volume may b
allowed at the discretion of Gy
Engineeif certified by a landscape
architect or agronomist. The retentior
credit from the tree is dirgct
proportionako the soil volume provide
for the tree.

—(

DCV from the tributary area draining to the
tree is equal to greater than the tree credit

volume

The minimum tributary area ensures-
the tree receives enough runoff to full
utilize the infiltration and
evapotranspiration potential provided
cases where the minimum tributary ar
is not provided, the tree dievolume
must be reduced proportionately to tr
actual tributary area.

—(

Inlet opening to the tree that is at least 18

inches wide.

A minimum 2 inch drop in grade from the ir

to the fnish grade of the tree.

Design requirement to ensure that the
runoff from the tributary area is not
bypassed.

Different inlet opemigs and drops in
grade mape allowed at the discretion
the City Engineelf calculations are
shown that the diversion flow rate
(Appendix B.1.2) from the tributary ar
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SD-A Tree Well

Siting and Design Intent/Rationale

Grated inlets are allowed for pedestrian can be conveyed to the tree. In cases

circulation. Grates need to be ADA complic where the inlet capacity miting the

and have sufficient slip resistance. amount of runof draining to the tree,
the tree credit volume must be reduct
proportionately.

Conceptual Design and Sizing Approach for Site Design

1. Determine the areagheretree wellan be used in the site design to achieve incidental
treatment.Tree wés reduceunoff volumes from the site. Refer to Appendix B.2. Document
the proposed tree locations in the SWQMP.

2. When trees are proposed as a storm water pollutant control BMP, applicant must complete
feasibility analysis in Appendix C Brehd submit etailed calilations for the DCV treated
by trees. Document the proposed tree locations, feasibility analysis and sizing calculations in
the SWQMP. The following calculations should be performed and the smallest of the three
should be used d@he volume éated by &es:

a. Delineate the DMA (tributary area) to the tree and calculate the associated DCV.

b. Calculate the required diversion flow rate using Appendix B.1.2 and size the inlet
required to covey this flow rate to the tree. If the propokgcdcannot anvey the
diversion flow rate for the entire tributary area, then the DCV that enters the tree
should be proportionally reduced.

i. Forexample, 0.5 acre drains to the tree and the associated DCV is 820 ft3. The
required diversion flow rateid 0 ft3/s, bubnly an inlet that can divert 0.05
ft3/s could be installed.

ii. Then the effective DCV draining to the tree = 820 ft3 * (0.0%/6.4P0 ft3
c. Estimate the amount of storm water treated by the tree by summing the following:
i. Evapotranspiratioaredit of 0.1 ‘amount of soil volume installed; and

ii. Infiltration credit calculated using sizing procedures in Appendix B.4.

Maintenance Overview

Normal Expected Maintenance.Tree health shall be maintained as part of normal landscape
maintenance. Additially, ensure #t storm water runoff can be conveyed into the tree well as
designed. That is, the opening that allows storm water runoff totfidhe tree well (e.g., a curb
opening, tree grate, or surface depression) shall not be blockedgfidldddrer otherise changed

in a manner that prevents storm water from draining into the tree well. A summary table of standard
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SD-A Tree Well

inspection and aintenance indicators is provided within this Fact Sheet.

Non-Standard Maintenance or BMP FailureTreeswellsare site desigBMPs that normally do

not require maintenance actions beyond routine landscape maintenance. The normal expected
maintenance degoed above ensures the BMP functionality. If changes have been made to the tree
well entrance / opening suchttihanoff is preented from draining into the tree well (e.g., a curb

inlet opening is blocked by debris or a grate is clogged causing flowofatound instead of into

the tree well, or a surface depression has been filled so runoff flows awayréemwety th BMP

is not performing as intended to protect downstream waterways from pollution and/or erosion.
Corrective maintenance willregquired to restore drainage into the tree well as designed.

Surface ponding of runoff directed into tree ugelsgpected tmfiltrate/evapotransprwithin 24

96 hours following a storm event. Surface ponding longer than approximately 24 hongs&aollowi
storm event may be detrimental to vegetation health, and surface ponding longer than approximately
96 hourdollowing a sirm event poses a risk of vector (mosquito) breeding. Poor drainage can result
from clogging or compaction of the soils surrawgnthe tree. Loosen or replace the soils to restore
drainage.

Other Special ConsiderationsSite design BMPs, ctu as tree wsll installed within a new
development or redevelopment project are components of an overall storm water management
strategy for the project. The presence of site design BMPs within a project is usually a factor in the
deermination of the aount of runoffto be managed with structural BMPs (i.e., the amount of runoff
expected to reach downstream retention or biofiltration basins that process storm water runoff from
the project as a whole). When site design BMPs are miatimedi or are remes, this can &l to

clogging or failure of downstream structural BMPs due to greater delivery of runoff and pollutants
than intended for the structural BMP. ThereforeCihe Engineemay require confirmation of
maintenance of sitdesign BMPs as paot their structtal BMP maintenance documentation
requirements. Site design BMPs that have been installed as part of the project should not be removed,
nor should they be bypassed byotging roof drains or fgrading surfaces withime project. If

changes are necessatonsult th€ity Engineeto determine requirements.
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Summary of Standard Inspection and Maintenance

The propertyowner is responsible to ensure inspection, operation and maintenance of permanent BMPs on their property unless
responsibility has befammally transferred to an agency, community facilitiest dmeowners association, property owners association,
or other special district.

Maintenance frequencies listed in this table are average/typical frequencies. Actual maintenantespesfscasnsi maintenance may
be required more frequgntMaintenance must be performed whenever needed, basedt@mante indicators presented in this table.
The BMP owner is responsible for conducting regular inspections to see when mainteadadessed on the maintenance indicators.
During the fist year of operation of a structural BMP, inspection ismezmmhed at least once prior to August 31 and then monthly from
September through May. Inspection during a storm event is also recon#fiemdied initial period of frequent inspections, themim
inspection and maintenance frequency can be deteraseedhb the results of the first year inspections.

Threshold/Indicator Maintenance Action Typical Maintenance Frequency

Tree health Rautine actions as necessary to maintaj finspect monthly.
tree health. fMaintain when needed.
Dead or diseased tree Removedead or diseased tree. Replace| fInspect monthly.
original plans. fMaintain when needed.
Standing water in tree well for longer thg Loosen or replace soils surrounding the §inspect monthly and after every-ifich
24 hours following a storm event tree to restore drainage. or larger storm event. If standing water

obseved, increase inspection frequenc

Surfacgonding longer than approximate to after every Oibch or larger storm

24 hours following a storm event may be

detrimental to tree health ﬂ(lf/lvgr:.tain when needed.

Presence of mosquitos/larvae Disperse any standing water from the tr fIinspect monthly and aftevery 0.8nch
well to neanplandscaping. Loosen or or larger storm event.rfosquitos are

For images of egg rafts, larva, pupa, anq replace soils surrounding the tree to re§ observed, increase inspection frequen

adult mosquitos, see drainage (and prevent standing water).| to after every Oihch a larger storm

http://ww w.mosquito.org/biology event.

fMaintain when needed
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Threshold/Indicator

Maintenance Action

Typical Maintenance

SD-A Tree Well

Frequency

Entrance / opening to the tree well is
blocked such that storm water will not dr
into thetree well (e.g., a curb irdgening
is blocked by debris or a grate is clogge
causing runoff to flow around instedd
into the tree well; or a surface depressio
filled such that runoff drains away from t
tree well)

Make repairs as appropriateetstore
drainage into the treeell.

fInspect monthly.
ffMaintain when needed.
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SD-B Impervious Area Dispersion

MS4 Permt Category
Site Design

(TN S | ‘ Manual Category
' ‘l (1) = Site Design

Applicable Performance
Criteria
Site Design

Primary Benefits
Volume Redumn
Peak Flow Attenuation

Photo Credit: Orange County Technical Guidance Document

Description

Impervious area disg@yn (dispersion) refers to the practice of effectively disconnecting impervious
areas from directly draining to the storm drain systeouting runoff from impervious areas such

as rooftops (through downspout disconnection), wgskamd driveways ok surface of adjacent
pervious areas. The intent is to slow runoff discharges, and reduce volumes. Dispersion with partial
or full irfiltration results in significant volume reduction by means of infiltration and
evapotranspiration

Typical dispersiocomponents include:

1 An impervious surface from which runoff flows will be routed with minimal piping to limit
concentrated inflows

1 Splah blocks, flow spreaders, or other means of dispersing concentrated flows and providing
energy disipation as needed

1 Dedicated pervious area, typically vegetated, with 8oil infiltration capacity for partial or
full infiltration

1 Optional soil amemdents to improve vegetation support, maintain infiltration rates and
enhance treatment of routéalfs

1 Overflow route dr excess flows to be conveyed from dispersion area to the storm drain
system or discharge point
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Typical plan and section view of aimpervious Area Dispersion BMP
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SD-B Impervious Area Dispersion

Design Adaptations for Project Goals

Site designBMP to reduce impervious area and DCVImpervious area dispersion primarily
functions as a site design BMP for reducing the effective imperviousness of a site by prialiding part
or full infiltration of the flows that are routed to pervious dispersion areathemdse slowing

down excess fles that eventually reach the storm drain system. This can significantly reduce the DCV
for the site.

Design Criteria and Considerations

Dispersion must meet the following design criteria. Deviations from the below oragriae
approved at the discretiohthe City Engineeif it is determined to be appropriate:

Siting and Design Intent/Rationale

Soil must have lortgrm infiltration
capacity for partial or full infiltration ar
be able to support vegetation to provi
runoff treatment. Amendmisio
improve plant growth must nioave
negative impacin water quality.

Dispersion is over areas with soil types ca|
of supporting or being amended (e.g., with
sand or compost) support vegetation. Med
amendments must be tested to verify that"
are not a source of pollutants.

—(

Full or partial infiltration requires
relatively largareas to be effective
depending on the permeability of the
underlying soils.

Dispersion has vegetated sheet flow over
relatively large distce (minimum 10 feet)
from inflow to overflow route

—(

Flat slopes facilitate sheet flows and
Pervious areas should be fiath(less than ~ minimize velocities, thereby improving
5% slopes) and vegeth treatment and reducing titeslihood of
erosion.

—(

Inflow velocities

o Inflow velocities are limited to 3 ft/s or less . | . . .
| High inflow velocities can cause erosi

use energy dissipation methods (e.g., ripre .
. scour and/orchanneling.
leve spreader) for concentrated inflows.

Dedlication

Dispersion areas must be owned by the pr
owner and be dedicated for the purposes ¢
dispersion to the exclusion of other future
that might reduce the effectiveness of the
dispersion area.

Dedicated dispersion areas prevent
future conversion totatnate uses and
facilitate continued full and partial
infiltration benefits.

—(

Vegetation
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SD-B Impervious Area Dispersion

Siting and Design Intent/Rationale

Dispersiortypicallyrequires dense armbust
vegetation for proper function. Drought
tolerant species should be selected to min
irrigation need#\ plant list to aid in selectiol
can be found in AppendixZb.

Vegetation improves resistance to
erosion and aids ranoff treatment.

—(

Conceptual Design and Sizing Approach for Site Design

1. Determine the areas whelispersiorcan be used in the site design to reduce thef@CV
pollutant control sizing

2. Calculate the DCV for storm water pollutant controApeendixB.2 taking into account
reduced runoff frordispersion

3. Determineif® MA i s consetdaredng8el f the i mpervio
a. 2:1 when thegwious area is composed ofdtologic Soil Group
b. 1:1 when the pervious areaamposed of kdrologic Soil Group

Conceptional Design and Sizing Approach for Storm Water Pollutant Treatment and Flow Control

DMAs using impervious area dispersion are considered to meet both pollutant control and
hydromodification flow control requments if ALL of the following criterg@e met:

1. All impervious area within the DMA discharges to the pervious area before the runoff
discharges from the DMA.

2. As a minimum, the top 11 inches of the pervious area uses amended soils in accordance with
the -F fact sheet and the pervious afsa meets the requirements for dispersion (e.qg.
slope, inflow velocities, etc.) in theBBEact sheet.

3. The impervious to pervious area ratio is 1:1 or less.

Maintenance Overview

Normal Expected Maintenance.Vegetate area shall be maintained as pambohal landscape
maintenance. Additionally, ensure that storm water runoff can be conveyed into the vegetated area as
designed. That is, the mechanism that allows storm water runoff from impervious area to flow into
the pervious area (e.g., a curb cuvaltanoff from a parking lot to drain onto adjacent landscaping

area, or a roof drain outlet is directed to a lawn) shall not be removed, blocked, filled, or otherwise
changed in a manner that prevents storm watedfeoning into the pervious area. Amary table

of standard inspection and maintenance indicators is provided within this Fact Sheet.

Non-Standard Maintenance or BMP Failurelmpervious area dispersion is a site design BMP that
normally does not requineaintenance actions beyond routindseape maintenance. If changes

have been made to the area, such as the vegetated area has been replaced with impervious area, or tl
mechanism that allows storm water runoff from impervious area to flow into thespedohas
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SD-B Impervious Area Dispersion

been removed (e.g., roodiths previously directed to vegetated area have been directly connected to
the street or storm drain system), the BMP is not performing as intended to protect downstream
waterways from pollution and/or erosion. Cdiveanaintenance will be requirecetstore drainage

into the pervious area as designed. If the pervious area has been removed, Cayt&ctdgineer

to determine a solution.

Runoff directed into vegetated areas is expecteditaibed within 286 hours following a star

event. Surfac ponding longer than approximately 24 hours following a storm event may be
detrimental to vegetation health, and surface ponding longer than approximately 96 hours following
a storm event posesiskrof vector (mosquito) breeding. Poomdige can resdtom clogging or
compaction of the soils. Loosen or replace the soils to restore drainage.

Other Special ConsiderationsSite design BMPs, such as impervious area dispersion, installed
within a rw development or redevelopment projecttangponents ofin overall storm water
management strategy for the project. The presence of site design BMPs within a project is usually a
factor in the determination of the amount of runoff to be managed witturstrBMPs (i.e., the

amount of runoff exgcted to reactiownstream retention or biofiltration basins that process storm
water runoff from the project as a whole). When site design BMPs are not maintained or are removed,
this can lead to clogging or fa@lof downstream structural BMPs due tatgredeliveryfaunoff

and pollutants than intended for the structural BMP. Therefor€jtyhEngineemay require
confirmation of maintenance of site design BMPs as part of their structurataBitéhance
documentation requirementse Siesign BMPs that have beestalled as part of the project should

not be removed, nor should they be bypassedrbytiieg roof drains or rgrading surfaces within

the project. If changes are necessary,lttdnsGity Engineeto detemine requirements.
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SD-B Impervious Area Dispersion

Summary of Standard Inspection and Maintenance

The property owner is responsible to ensure inspection, operation and maintenance of permanent BMPs on their property unless
responsibility has been formally transferred to an agenswragniacilities disct, homeowners assaion, property owners
association, or other special district.

Maintenance frequencies listed in this table are average/typical frequencies. Actual maintenancespssfscasnsit@maintenance may

be rguired more frequegtlMaintenance must berformed whenever needed, based on maintenance indicators presented in this table.
The BMP owner is responsible for conducting regular inspections to see when maintenance is needed based on théimaaimgenance in
During the fist year of operation afstructural BMP, inspection is recommended at least once prior to August 31 and then monthly from
September through May. Inspection during a storm event is also recommended. After the initial periodhspieetoesithe mmum

inspection and maanance frequency can be determined based on the results of the first year inspections.

Maintenance Action
Reseed, rplant, ore-establish vegetatio
per original plans.

Threshold/Indicator

Typical Maintenance Frequency

fInspect monthly.
ffMaintinwhen needed.

Poor vegetation establishment

Dead or diseased vegetation Remove dead or diseased vegetation, r;
seed, rplant, or reestablish vegetation p

original plans.

fInspect monthly.
ffMaintinwhen needed.

Overgrown vegetation Mow or trim as appropriate

fInspect monthly.
ffMaintinwhen needed.

Standing water in vegetated pervious ar
for longer than 24 hours following a stor
event

Surface ponding longer than approxima
24 hours following a storm event rhay
detrimental to vegetation health

Dispersany areas of standing water to
nearby landscaping (i.e., spread it out tc
another portion of the pervious area so
drains into the soil). Make appropriate
corrective measures such as adjusting
irrigation systim, or repairing/replacing
clogged or compad soils.

fInspect monthly and after every-idh
or larger storm event. If standing wate
observed, increase inspection frequen
to after every Giibch or larger storm
event.

TMairtainwhen needed.
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Threshold/Indicator
Presene of mosquitos/larvae

For images of egg m®flarva, pupa, and
adult mosquitos, see
http://www.mosquito.org/biology

Maintenance Action
Disperse any areas of standing water to
nearbylandscaping (i.e., spread it out to
anotter portion of the pervious area so i
drainsinto the soil). Loosen or replace s
to restore drainage (and prevent standir
water)

SD-B Impervious Area Dispersion

Typical Maintenance Frequency

fInspect monthly and after every-idh
or larger storm event. If mosquitos are
observed, increase inspection frequen
to after every O:ibch or larger storm
event.

ffMaintainwhen needed

Entrance / opening to the vegetated
pervious area is blocked such that storn
water from impervious area will not drait
into the pervious arée.g., a curb cut
opening is blocked by delwisa roof drain
outlet has been directly oacted to the
storm drain system)

Make repairs as appropriate to restore
drainage into the vegetated pervious ar

fInspect monthly.
ffMaintinwhen needed.
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SD-C Green Roofs

MS4 Permit Category
Site Design

Manual Category
Site Design

Applicable Perfamance
Standard

Site Design

Primary Benefits
Volume Reduction
Peak FlowAttenuation

Location: County of San Diego Operations Center, San Diego, California

Description

Green roofs are vegetated rooftggtems that reduce runoff volumes and raézd,storm water

pollutants through filtration and plant uptgkevide additional landscape amenity, and create
wildlife habitat. Additionally, green roofs reduce the heat island effect and provide eaowstjcal

air filtration and oxygen productidn terms of building design, they can protect against wtraviol

rays and extend the roof lifetime, as well as increase the building insulation, thereby decreasing heating
and cooling costs. There are twimpry types of green roofs:

1 Extensive 8 lightweight, low maintenance system withdofile, drought tolerartype
groundcoveimn shallowgrowing medium (6 inches or less)

1 Intensive 8 heavyweight, high maintenance system with a morelgerdenfigurabn and
diverse plantings thattay include shbs or treeg a thicker growing medium (greater than
6 inches)

Typical green roof components include, from top to bottom:

1 Vegetation that is appropriate to the type of green roof system, climate, angl waterin
conditions

1 Media layefplanting mix or enmgeered media) capable of supporting vegetation growth
9 Filter fabic to prevent migration of fines (soils) into the drainage layer
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SD-C Green Roofs

1 Optional drainage layer to convey excess runoff
1 Optional root barrier
1 Optionalinsulation layer
1 Waterproof membrane
9 Structual roof support capable of withstanding the additisight of a green roof
MEDIA LAYER
MIN. 90% COVERAGE ROBUST
VEGETATION
FILTER FABRIC
DRAINAGE LAYER
(OPTIONAL)
ROOT BARRIER
(OPTIONAL)
INSULATION LAYER
(OPTIONAL)
WATERPROOF MEMBRANE
SUPPORT LAYER MAX SLOPE < 40°

(20° PREFERRED)

PROFILE

NOT TO SCALE

Typical profile of a Green Roof BMP

Design Adaptations for Project Goals

Site designBMP to provide incidental treatment Green rofs can be used as a site design feature
to reducetherunoff generated fromhe site through replacing conventional roofihig. can reduce
the DCV and flow control requirements for the site.

Design Criteria and Considerations

Green roofs must eet the fowing design criteria. Deviations from Iteédow criteria may be
approved at the discretion of gy Engineelrf it is determined to be appropriate:
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SD-C Green Roofs

Siting and Design

Intent/Rationale

‘I' Roof slopei® 40% ( Roof s

20% argoreferred).

Steep roof slopes increases project comple
and requires supplemental anchoring.

Structural roof capacity design suppor
the calculated additional load (Ibs/sq. -
of the vegetation gromg medium and
additional drainage and barrigeta.

—(

Inadequate structural capacity increases tr
for roof failure and harm to the building anc
occupants.

Design and construction is planned to
completed by an experienced green r«
specialist.

—(

A green roof specialist will minimize
complicatns in implementation and potent
structural issues that are critical to green rc
success.

Green roof location and extent must
meet fire safety provisions.

—(

Green roof design must not negatively imp
fire safety.

Maintenance accesfigluded in the
green roof design.

—(

Maintenance will facilitate proper functionir
of drainage and irrigation components and
allow for removal of undesirable vegetatior
and soil testing, as needed.

Vegetation

Veget#on issuitable for thgreen roof
type,climate and expecteatering
conditionsPerennial, sefowing plants
that are drougHblerant (e.g., sedums,
succulents) and require little to no
fertilizer, pesticides or herbicides are
recommended/egetatiorpre-grown at
grade may allow plants to establish pr
to facing harsh roof conditions.

—(

Plants suited to thdesign and expected
growing environmemre more likely to
survive.

Vegetation is capable of coveng0%
the roof surface.

—(

Benefits of green roofs are greater with mc
surface vegetation.

Vegetation is robust and erosienistant
in order to withstand the anticipated
rooftop environment (e.g., heat, cold,
high wids).

—(

Weak plants will not survive in extreme
rooftop environments.

—(

Vegetation is fire resistant.

Vegetation that will not burn easily decreas
the chance for fire and harm to the building
and occupants.

Vegetation considers roof sun exposu
and shded areas based on roof slope
location.

—(

The amount of sunlight the vegetation rece
can inhibit growth therefore the beneficial
effects of a vegetated roof.
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SD-C Green Roofs

Siting and Design Intent/Rationale

- An irrigation system (e.g., drip irrigatic
| system) is included as necessary to
maintairvegetation.

Proper watering will increase plant survival
especially for new plantings.

Media is wellirained and is the Unnecessary water retention increases
appropriate depth required for the gre: structual loadng. An adequate media depth
roof type and vegetation supported. increases plant survival.

—(

A filter fabric is used farevent
migration oimediafines througthe
system.

Migration of media can cause clogging of tl
drainage layer.

—(

A drainage layer is provided if needed

convey runoftafely from the roof. The Inadequate drainage increases structural
drainage layer can be comprised of gr loading and the risk of harm to the building
perforated sheeting, or other drainage and occupants.

materials.

—(

A root barrier comsed of deres Root penetration can decrease the integrity
material to inhibit root penetration is  the underlying structural roof components i
used if the waterproof membrane will | increase the risk of harm ke tbuilding rad
provide root penetration protection.  occupants.

—(

An insulation layer is included as neec

to protect against the water in the Regulating thermal impacts of green roofs
drainage layer from extracting buildin¢ aid in contrding building heating andadimg
heat in the winter and cool air in the  costs.

summer.

—(

A waterproof membrane is used to

prevent the roof runoff from vertically

migrating and damaging the roofing  Waterdamaged roof matal$ increase the ris
material. A root barrier may be require of harm to the building and occupants.

to prevent roots from compromising th

integrity of the membran

—(

Conceptual Design and Sizing Approach for Site Design

1. Determine the areas where green roofs can be used in the site design to replace conventional
roofing to reduce the DCWhesegreen roofireas can be credited toward reducing runoff
generated through representation in storm water calculations as pErvioysrvious,
areas but are not credited for storm water pollutant control.

2. Calculate the DCyer Appendix .
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SD-C Green Roofs

Maintenance Overview

Normal Expected MaintenanceA green roof requires routine maintenance to: maintain vegetation
health; and maintain igté&y of the roof drainage system. A summary table of standard inspection
and maintenance indicators is provided within this Fact Sheet.

Non-Standard Maintenance or BMP FailureGreen roofs are site design BMPs that normally do

not requiremaintenance actions beyond the normal maintenance described above. If a roof leak is
discovered, it may be an indicator that the waterproof membranéleldasTfe waterproof
membrane (roof liner) shall be inspected and repaired or replaced as necessary.

Green roof systems normally receive only direct rainfall (not runoff from additional tributary area
directed into the system). It is expected to be draiitlein 2496 hours following a storm event.
Surface ponding longer than approximately 24 hoossifgjla storm event may be detrimental to
vegetation health, and surface ponding longer than approximately 96 hours following a storm event
poses a risk afector (mosquito) breeding, as well as risk of damage to the roof. Poor drainage can
result from clgging or compaction of the media, optional drainage layer, or drainage system. The
specific cause of the drainage issue must be determined and corrected.

Other Special Considerations Site design BMPs, such as green roofs, installed within a new
development or redevelopment project are components of an overall storm water management
strategy for the project. The presence of site design BMPs within aspusjeaily a factor in the
determination of the amount of runoff to be managed with structural BMPs (i.e., the amount of runoff
expected to reach downstream retention or biofiltration basins that process storm water runoff from
the project as a whole). ¥vhsite design BMPs are notntaaned or are removed, this can lead to
clogging or failure of downstream structural BMPs due to greater delivery of runoff and pollutants
than intended for the structural BMP. ThereforeCihe Engineemayrequire confination of
mainenance of site design BMPs as part of their structural BMP maintenance documentation
requirements. Site design BMPs that have been installed as part of the project should not be removed,
nor should they be bypassed byotding roof drain®r regrading srfaces within the project. If
changes are necessary, consultitiidengineeto determine requirements.
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SD-C Green Roofs

Summary of Standard Inspection and Maintenance

The property owner is responsible to ensure inspection, operatiomaiatehance ofgmmanent BMP®n their property unless
responsibility has been formally transferred to an agency, community facilities district, homeowners associatiorerpragstyation,
or other special district.

Maintenance frequencies tistethis tablera average/pjical frequencies. Actual maintenance needs -@esifec, and maintenance may

be required more frequently. Maintenance must be performed whenever needed, based on maintenance indicators paddented in this
The BMP ower is responsiifor condughg regular inspections to see when maintenance is needed based on the maintenance indicators.
During the first year of operation of a structural BMP, inspection is recommended at least once prior to August 3in#rigftben m
Septembehrough May.fspection during a storm event is also recommended. After the initial period of frequent inspections, the minimum
inspection and maintenance frequency can be determined based on the results of the first year inspections.

Threshold/Indicator Maintenance Acton Typical Maintenance Frequency
Poor vegetation establishment Reseed, rplant, or reestablish vegetatio| JIinspect monthly.
per original plans. fMain&inwhen needed.
Dead or diseased vegetation Remove dead or diseaseckteipn, re fInspect monthly.

seedre-plant, or reestablis vegetation pe| §Maintinwhen needed.
original plans.

Overgrown vegetation Mow or trim as appropriate. flinspect monthly.
TMainainwhen needed.
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Threshold/Indicator

Maintenance Acton

SD-C Green Roofs

Typical Maintenance Frequency

Standing water in BMP for longer than 2
hours follaving a storneven

Surface ponding longer than approxima
24 hours following a storm event may bg¢
detrimental to vegetation health

Disperse any areas of standing water to
nearby landscaping (i.e., spread it out tc
another portion of the green roof so it
drains intahesoil). Make appropriate
corrective measures such as adjusting
irrigation system, clearing underdrains,
repairing/replacing clogged or compacts
soils.

fInspect monthly and after every-idh
or larger storm event. If standing wate
observed, imeag inspection frequency
to after every Giibch or larger storm
event.

ffMaintinwhen needed.

Presence of mosquitos/larvae

For images of egg rafts, larva, pupa, an
adult mosquitos, see
http://www.mosquito.ordpiology

Disperse any areas of standing water to
nearby landscaping (i.e., spread it out tc
another portion of the green roof so it
drains into the soil). Loosen or replace ¢
to restore drainage (and prevent standir
water).

fInspectmonthly and aftezvery 0.5nch
or larger storm event. If mosquitos are
observed, increase inspection frequen
to after every O:ihch or larger storm
event.

ffMaintinwhen needed

Leaks or other dame to waterproof
membrane

Repair or replace as apjiea

fInspect memiane if leak is observed.
fMaintinwhen needed.
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SD-D Permeable Pavement (Side Design BMP)

MS4 Permit Category
Site Design

Manual Category
Site Design

Applicable Performance Standard
Site Design

Primary Benefits

Photo Credit: San Diego Low Impact Development Design
Manual

Description

Permeable pavement is pavement that allows forTypical Permeable Pavement
percolation through void spaces in the pavement components (Top toBottom)
surface into subsurface layers. Permeable pav
reduce runoff volumes and rates and can pr“"lﬁ%‘dding layer for permeable surface
pollutant control via infiration, filtration, sorption Aggregate storage layer wiptional
sedmentation, and biodegradation processes. W[]ﬁﬂerdrai(s)

used as a site design BMP, the subsurface laye
designed to provide storage of storm water runot
that outflow rates can be controlled via infitnaitnto
subgradsoils. Varying levels of storm wateatment and flow control can be provided depending

on the size of the permeable pavement system relative to its drainage area and the underlying
infiltration rates. As a site design BMP permeabla@atvareas aresigned to be selétaining and
aredesigned primarily for direct rainfall.-8Hining permeable pavement areas have a ratio of total
drainage area (including permeable pavement) to area of permeable pavement of 1.5:1 or less.
Permealdl pavement surfas can be constructed from modpéarer units or paver blocks, pervious
concrete, porous asphalt, and turf pavers. Sites designed with permeable pavements can significantly
reduce the impervious area of the project. Reduction in impeswitaces decsss the DCV and

can reduce the fqmint of treatment control and flow control BMPs.

BReable surface layer

""OtiGnal final filer course layerver
1cchﬁjcompacted existing subgrade

Design Adaptations for Project Goals

Site design BMP to reduce impervious area and DCVPermeable pavement without an
underdrain can be used as a siigmésature to dhice the impervious area of the Bit replacing
traditional pavements, including roadways, parking lots, emergency access lanes, sidewalks, trails an
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SD-D Permeable Pavement (Side Design BMP)

driveways.

Conceptual Design and Sizing Approach for Site Design

1. Determine the areaghere permeablgvements can be used in the sgd to replace
conventional pavements to reduce the DCMse areas can be credited toward reducing
runoff generated through representation in storm water calculations as pervious, not
impervious, areabut are not cdited for storm water pollutant d¢ood.

2. Calculate the DCYer Appendix B, takinginto accouhreduced runoff from permeable
pavement areas

Maintenance Overview

Normal Expected Maintenance.Routine maintenance of permeable pavemeunt@ssiemoval

of materials such as trash and debris accumulated on the paving surface; vacuuming of the paving
surface to prevent clogging; and flushing paving and subsurface gravel to remove fine sediment. If the
BMP includes underdrains, check and efetedrains. A smmmary table of standard inspection and
maintenance indicators is provided within this Fact Sheet.

Non-Standard Maintenance or BMP Failurelf the permeable pavement area is not drained
between storm events, or if runoff sheet flows attr@egsrmeable pament area and flows off the
permeable pavement area during storm events, the BMP is not performing as intended to protect
downstream waterways from pollution and/or erosion. During storm events up to the 85th percentile
storm event (appxamatly 0.5 to Inch of rainfall in San Diego County), runoff should not flow off

the permeable pavement area. The permeable pavement area is expected to have adequate hydraul
conductivity and storage such that rainfall landing on the permeable tpaveroaoff fromthe

surrounding drainage area will go directly into the pavement without ponding or overflow (in properly
designed systems, the surrounding drainage area is not more than half as large as the permeable
pavement area). Following the st@weni there shdd be no standing water (puddles) on the
permeable pavement area.

If storm water is flowing off the permeable pavement during a storm event, or if there is standing
water on the permeable pavement surface following a storm evenantislisator of logging

somewhere within the system. Poor drainage can resulloiggmg of the permeable surface layer,

any of the subsurface components, or the subgrade soils. The specific cause of the drainage issue mus
be determined and correct&duface or subdace ponding longer than approximately 96 hours
following a stornevent poses a risk of vector (mosquito) breeding. Corrective maintenance, increased
inspection and maintenance, BMP replacement, or a different BMP type will be feppined. |
drainage grsists after flushing of the paving, subsurface gravel, anédiaram{s) when applicable,

or if it is determined that the underlying soils do not have the infiltration capacity exp€&ited, the
Engineeshall be contded prior to any additional e#s or reconstruction.

Other Special Consideratios. Site design BMPs, such as permeable pavement, installed within a
new development or redevelopment project are components of an overall storm water management
strategy fothe project. The presence ¢ slesign BMPs within a project is usually a fiactoe
determination of the amount of runoff to be managed with structural BMPs (i.e., the amount of runoff

E-47 February 2020



SD-D Permeable Pavement (Side Design BMP)

expected to reach downstream retention or biofiltration Hzsipgsocess storm water runioém

the project as a whole). When site design BMR®0t maintained or are removed, this can lead to
clogging or failure of downstream structural BMPs due to greater delivery of runoff and pollutants
than intended for thetructural BMP. Therefore, tity Engineemay require confirmatioof
maintenance of site design BMPs as part of their structural BMP maintenance documentation
requirements. Site design BMPs that have been installed as part ofttebqurinjemt be removed,

nor should they be bggsed by mouting roof drains or +grading surfaces within the project. If
changes are necessary, consultitiid=Engineeto determine requirements.

Therunoff storage and infiltration sacé area in this BMP are not readily accessible because they a
subsurface. This means that clogging and poor drainage are not easily corrected. If the tributary area
draining to the BMP includes unpaved areas, tineesgdibad from the tributary draieaayea can

be too high, reducing BMP function or cloggingBti. All unpaved areas within the tributary
drainage area should be stabilized with vegetation. Other pretreatment components to prevent
transport of sedimend the paving surface, such assgbasgfer strips, will extend the life of the
subsurface compents and infiltration surface. Along with proper stabilization measures and
pretreatment within the tributary area, routine maintenance, including preventive
vacuum/regenerative air street s\wegps key to preventing clogging.
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SD-D Permeable Pavement (Side Design BMP)

Summary of Standard Inspection and Maintenance

The property owner is responsible to ensure inspection, operation and maintenance of permanent BMPs on their property unle:
responsibity has been formally transferredncagency, community facilities district, homeowners assograperty owners association,
or other special district.

Maintenance frequencies listed in this table are average/typical frequencies. Actual meedsraarc@pecific, and maimance may
be required more frequently. Maintenance must foenped whenever needed, based on maintenance indicators presented in this table.
The BMP owner is responsible for conducting regular inspections to seawterante is needed based on tlr@enance indicators.
During the first year of operation afteuctural BMP, inspection is recommended at least once prior to August 31 and then monthly from
September through May. Inspection during a storm eveotrecal®mended. After the initialipdrof frequent inspections, the minimum
inspection and maimance frequency can be determined based on the results of the first year inspections.

Threshold/Indicator |

Maintenance Action \ Typical Maintenance Frequency

Preventive vacuum/regenerative a@est
sweeping

Pavement should be swept with a vacuu
power orregenerative air street sweeper
maintain infiltration through paving surfa

Schedule/perform this preventive actio
least twice per year.

Accumulatia of sediment, litter, or debris
on permeable pavement surface

Remove and properly dispose of
accunulated materials. Inspect tributary 4
for exposed soil or other sources of
sediment and apply stabilization measur|
sediment source areas. Agolyrce control
measures as applicabledtarses of litter or
debris.

fInspect monthly and after evergich
or larger storm event.

fRemove any accumulated materials fo
at each inspection.
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Threshold/Indicator

SD-D Permeable Pavement (Side Design BMP)

Maintenance Action

Typical Maintenance Frequency

Weeds growing on/through the permeab
pavement surface

Remove weeds and add features as
necessary togvent weed intrusion. Use
non-chemical methods (e.g., insteiad
pesticides, control weeds using mechan
removal, physical barriers, and/or physia
changes in the surrounding area adjacel
pavement thawill preclude weed intrusior
into the pavement

fInspect monthly.

fRemove any weeds found at each
inspection.

Standing water in permeable paving are|
following a storm event, or runoff is
observed overflowing off the permeable
paving surface during arstoevent

This condition requires investigatidrvay
infiltration is not occurring. If feasible,
corrective eion shall be taken to restore
infiltration (e.g., pavement should be sw¢
with a vacuum power or regenerative air
street sweeper to restorelirgtion rates,
clear underdrains if underdsaare present
BMP may require retrofit if infiltration
canna be restored. Theity Engineeshall
be contacted prior to any repairs or
reconstruction.

fInspect monthly and after every-iadh
or larger storm event. If standing water
observed, increase inspection frequeng
after every O-ihch or larger stormvent.

Mainfainwhen needed.
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Threshold/Indicator

SD-D Permeable Pavement (Side Design BMP)

Maintenance Action

Typical Maintenance Frequency

Presence of mosquitos/larvae

For images of egg rafts, larva, pupa, and
adult mosquitos, see
http://w ww.mosquito.org/biology

If mosquitos/larvae are observed: first,
immediatgl remove any standing water b
dispersing to nearby landscaping; secon
make corrective measures as applicable
restore BMP draage to prevent standing
water.

If mosquitos pesist following corrective
measures to remove standing water, or
BMP deign does not meet the-Béur
drawdown criteria because the underlyin
soils do not have the infiltration capacity
expected, th€ity Engineeshall be
contactedd determine a solution. A
different BMP type, or a Vector
Management Plan prepared with
conairrence from the County of San Die(
Department of Environmental Health, mg
be required.

fInspect monthly anafter every O-fich
or larger storm event. If mosipgi are
observed, increase inspection frequenc
after every O:ihch or larger storm even

IMaininwhen needed.

Damage to permeable paving surface (g
cracks, settlement, misaligned paver blo
void spaces between paver blocks need
materiad replenished)

Repair or replace damaged surface as
appropriate.

fInspect annually.
ffMaintinwhen needed.
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SD-E Rain Barrels

MS4 Permit Category
Site Design

Manual Category
Site Design

Applicable Performance Standard
Site Design

Primary Benefits

Photo Credit: San Diego Low Impact Development Design
Manual

Description

Rain barrels are containers that can capture ropfr%’/pical Rain BarrelComponents
runoff and store it for future use. With controlled tmirstorage container, barrel or tank for
and volume release, the captured rainwater can be hdthg captured flows
for irrigation or alternative greyater between stormlnlet and associated valves and pip
events, thereby reducing runoffuvoes and associated@utlet and associated valves anithg
pollutants to downstream waterbodies. Rain barrel QMﬁrﬂo"l" outlet
to be smaller systems, less th@m gallonsThey have Opt!ona pump :

. . . Optional first flush diverters
low installation cost$reatment can be achieved wheg— :

i barrel q ; N dstlonal roof, support$oundation,
rain barrelsra used as part of a treatm.ent tral.n along WitDel indicator, and other accessoric
otherBMPs that use captured flows in applications that
do not result in discharges into the storm drain systeftoggoare the ideal tributary areas for rain

barrelsDue t o San Di e g ocaibarrelsrmaydfill anly a fevatimes eacls yean e

Design Adaptations for Project Goals

Site designBMP to reduce effective impervious area and DCV Barrels can besad as a site
design feature to reduce the effective impervious area of the site by rewmingff from the
site discharge. This can redheeDCV and flow control requirements for the site.

Conceptual Design and Sizing Approach for Site Design

1. Determine the areas where rain barrels can be used in the site design to capture roof runoff to
reduce the DCV. Rain barrels reduce the effectiesviogs area of the site by removing
roof runoff from the site discharge.

E-52 February 2020



SD-E Rain Barrels

2. Calculate the DCYer Appendix B, takinginto accoutreduced runoff from permeable
pavement areas

Maintenance Overview

Normal Expected Maintenance.Rain barrels can be expecte@dcumulate some debris that is

small enough to pass through the inlet into the storage container. Leacesmmagte at the inlet.
Ancillary parts including valves, piping, screens, level isdiaatbother accessories will wear and
require occasmal replacement. Maintenance of a rain barrel generally involves: removing accumulated
debris from the inletha storage container on a routine basis; and replacement of ancillary parts on
an ameededasis. A summary table of standard inspection anemaaice indicators is provided

within this Fact Sheet. If the system includes a pump, maintenance of tslegilbeased on the
manufacturerds recommended maintenance pl an.

Non-Standard Maintenanceor BMP Failure. If any of the followingcenarios are observed, the
BMP is not performing as intended to protect downstream waterways from pollution and/or erosion
Corrective maintenance, increased inspection and maintenance, BMP replacemeenioB & Biffer
type will be required.

1 The inlets found to be obstructed at every inspection such that storm water bypasses the rain
barrel. The rain barrel is not fuantng properly if it is not capturing storm water. This would
require addition of ancillafsatures to protect the inlet, such asests on roof gutters.

1 The rain barrel is not drained between storm events. If the rain barrel is not drained between
stormevents, the storage volume will be diminished and the rain barrel will not capture the
requred volume of storm water from subsegs®mrms. This would require implementation
of practices onsite to drain and use the stored water, or a different Bsite ifsencannot
be reliably sustained.

Other Special ConsiderationsSite design BMPs, suab rain barrels, installed within a new
development or redevelopment project are components of an overall storm water management
strategy for the project. The mese of site design BMPs within a project is usually a factor in the
determination of the amnt of runoff to be managed with structural BMPs (i.e., the amount of runoff
expected to reach downstream retention or biofiltration basins that process statmoffafrem

the project as a whole). When site design BMPs arainatined or are remex, this can lead to
clogging or failure of downstream structural BMPs due to greater delivery of runoff and pollutants
than intended for the structural BMP. ThanesftheCity Engineemay require confirmation of
mairtenance of site design BMPs as phtheir structural BMP maintenance documentation
requirements. Site design BMPs that have been installed as part of the project should not be removed
nor should they be bypassed byotging roof drains or fgradingsurfaces within the project. If

changs are necessary, consulCitye Engineeto determine requirements.
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Summary of Standard Inspection and Maintenance

SD-E Rain Barrels

The property wner is responsible to ensure inspection, operation and maintenance of permanent BMPs on their property unless
responsibity has been formally transferred to an agency, community facititeshdisieowners association, property owners association,

or other special district.

Maintenance frequencies listed in this table are average/typical frequencies. Actual maeedsraarc@tpecific, and maintenance may

be required more frequgntMaintenance must be performed whenever needed, basectemantg indicators presented in this table.
The BMP owner is responsible for conducting regular inspections to seawtegrance is needed based on the maintenance indicators.
During the fist year of operation of a structural BMP, inspection is rezwachat least once prior to August 31 and then monthly from

September through May. Inspection during a storm eveotrecalmmended. After the initial period of frequent inspections, threimin
inspection and maintenance frequency can be deternsiegcbahe results of the first year inspections.

Threshold/Indicator

Accumulation of debris at the inlet

Maintenance Action

Remove and properly dispose of

accumulated materials.

fInspect monthly and after every-i@dh

Typical Maintenance Frequency

or Iarger storm event.

TRemove any accumulated materials fd
at each inspection.

Outlet blocked

Clear blockage.

fInspect montly and after every @irfich
or larger storm event.

fTRemove angccumulated materials fou
at each inspection.

Accumulation of debris the storage
container

Remove and properly dispose of
accumulated materials.

flInspect twice per year.
TMaininwhen needg

Leaks or other damage to storage conta

Repair or reptee as applicable.

flInspect twice per year.
fMainfainwhen needed.

E-54

February 2020



Threshold/Indicator

Maintenance Action

SD-E Rain Barrels

Typical Maintenance Frequency

Standig water in storage container betw|
storm events outside of normal use
timeframe for the stored water. Normal t
timefrane is 36 to 96 hours following a
storm event.

Use the water astended, or disperse to
landscaping.

fInspect monthly and after everyi@ich
or larger storm event. If standing wate
observed, increase inspection frequen
to after every G:ibch or lager storm
event.

ffMaintainwhen needed.

Presence ahosquitos/larvae

For images of egg rafts, larva, pupa, anc
adult mosquitos, see
http://www.mosquito.org/biology

If mosquitos/larvae are observed: first,
immediately remove any standing wate
using thevater as intended for irrigation
alternative grey water, or by or dispersif
landscaping; second, check outlet for
blockage and clear blockage if applicab
restore drainage; third, install basrserch
as screens that prevent mosquito acces
the storage container.

fInspect monthly and after every-idh
or larger storm evenf mosquitos are
observed, increase inspection frequen
to after every Giibch or larger storm
event.

ffMaintinwhen reeded.

Leaks or other damage to ancillary parts
including valves, piping, screens, level
indicators, and other accessories

Repair oreplace as applicable.

fInspect twice per year.
fTMaintinwhen needed.

Rain barrel leaning or unstable, damage
roof, suorts, anchors, or foundation

Make repairs appropriate to correct the
problem and stabilize the system.

flInspect twice per year.
fMaintainwhen needed.
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SD-F Amended Soils

MS4 Permit Category

Ste Design

Manual Category

Site Design

Applicable Performance Standard
Site Design

Primary Benefits

Volume Reduction
Peak ow Attenuation

/" AR

Photo Credit: Orange County Techn@aidance Documen

i
t

Description

Amended soils are soils whose physki@hical, and biological characteristics have teged ibm

the natural condition to promote beneficial storm water characteristics. Amended soils shall be used
as part of SEB Impervous Area Dispersion, where applicable. Typical storm water mahagemen
benefits associated with amended soils include:

1 Improved hydrologic characteristicA amended soils can promote infiltration, decrease
runoff rates and volumes, and more effectivelygotitants from storm water runoff

1 Improved vegetation healtlii amemled soils provide greater moisture retention, anelchlt
chemical and biological characteristics that can result in healthier plant growth, reduced
irrigation demands, and reduced neetkftilization and maintenance

1 Reduced erosioi amended soils produbealthier plant growth and reduced runoff which
results in reduced soil erosion

Not all amended soils have the same storm water benefits, the soil amendment used should be suited
for the design purpose and design period of the amended area.

Design Adaptations for Project Goals

Varying categories of soil @mdments have different benefits and applications. Mulch is a soil
amendment that is added at grade, rather than mixed into thiellsbilteduces evaporation and
improves retention. Shavings and cotrggescommon soil amendments that improve biolagidal

chemical properties of the soil. Sand can be used as an amendment to improve the drainage rates of
amended soils. Native soil slEapnay need to be analyzed by a lab to determine the specific soil
amendments needed to achieve the desired infiltratemjon, and/or filtration rates.
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Design Criteria and Considerations

SD-F Amended Soils

Soil amendments must meet the following design criteriarsmtecations. Deviations from the
below criteria may lagproved at the discretion of the City Engineer if appropriate:

Siting and Design

Intent/Rationale

When mulch is used as an amendment,
applied at grade over all planting areas
depth of 36.

Mulch should be applied on top and
mixed intounderlying soils

When shavings or compost is used a:
amendment, it is rototilled into the natod
to a mi ni mum dept

preferred).

If soil is not completely mixed the ove
benefit will be reduced.

Compost meets thiteria in Appendix F.3.1

If poor quality compost is used, it v
have negative impact to water quality

Sil amendments are free of stones, stu
roots, glass, plastic, metal, and other delett
materials.

Large debris in amended soils caumse
localized erosion. Trash/harm
materials can result in personal injur
contamination.

Mixing of soilsare done prior to planting

Soil mixing before planting results i
more homogeneous mixing and
reduce the stress on plants.

Care igaken around existing trees and sh
to prevent root damage during construc
and soil amendment application.

Preservation of existing establisl
vegetation is an important part of ¢
design and erosion control.

Soil amendments are applied at the en
construction

Soil amendments applied too soon in
construction process may become ¢
compacted redugj effectiveness.

Soil amendments are compatible with pla
vegetation

The soil amendments impact ¢ and
salinity of the soil. Some plants h
sensitive pH and/or salinity tolerar
ranges.

Conceptual Design and Sizing Approach for Site Design

T

When soil amendments are used a runoff factor of 0.1 can be used for DCV calculation for

the amended area.

Amended soils should be used as part €8 8Dpervious Area Dispersion, and to increase

the retention volume wther BMPs

E-57

February 2020



SD-F Amended Soils

Maintenance

Annual matenance may be required to determine reapplication requirements of amended soils.
Amended soils should be regularly inspected for signs of compaction, waterlogging, and unhealthy
vegetation.
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HU -1 Cistern

MS4 Permit Category
Retention

Manual Categowy
Harvest and Use

Applicable Performance
Standards

Pollutant Control

Flow Control

Primary Benefits

VolumeReduction
Photo Credit: Water Environment Research Foundation: WERF.org Peak Flow Attenuation

Description

Cisterns are containers that capture rooftop runoff and store it for future use. With controlled

timing and volume release, the captured rainwater can be used for irrigation or alternative grey water
between storm events, thereby reducing runoff velamek associated pollutants dovdstream

water bodies. Cisterns are larger systems (generally>100 gallons) that caontmned|f
aboveground or below ground systems. Treatment can be achieved when cisterns are used as part of
a treatment train alomgth other BMPs that use captufows in applications that do not result in
discharges into the storm drain system. Rooftops are the ideal tributary areas for cisterns.

Typical cistern components include:

Storage container, barrel or tank for holdapguced flows
Inlet and assoc&d valves and piping

Outlet and associated valves and piping

Overflow outlet

Optional pump

Optional first flush diverters

= =2 =4 -4 A4 -5 -

Optional roof, supports, foundation, level indicator, and other accessories
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GUTTER W/
LEAF GUARD

DOWNSPOUT

OVERFLOW OUTLET

CISTERN ACCESS TREATMENT IMP
CISTERN
NOTES:
ELUW GRMTRUL ! 1. DESIGNER SHALL ACCOUNT FOR

OUTLET ORIFICE AND ACCOMOQDATE FOR
POSSIBLE OVERFLOW.

2

2. OVERFLOW OUTLET CAPACITY
SHALL EQUAL OR EXCEED
POTENTIAL RUNOFF VOLUME AND
RATE.

3. CISTERN PROVIDES FLOW
CONTROL ONLY. USE IN
COMBINATION WITH TREATMENT
IMP.

4. PROVIDE ACCESS FOR CLEAN
OUT OF OUTLET ORIFICE. SEE
FLOW-THROUGH PLANTER

ENERGY DISSIPATION

q-' _ OUTLET DETAIL.
4_" OUTLET, 2@ MIN
v s, DISCHARGE TO APPROVED (10 TREATUENT P) B e T e
LOCATION (GUTTER, OPENINGS TO THE WATER
STORM DRAIN, ETC.) SURFACE AND/OR ENSURE
CISTERN COMPLETE DRAINAGE.

Source: City of San Diego Storm Water Standards

Design Adaptations for Project Goals

Site designBMP to reduce effectiveimpervious area and DCVCisterns can be used as a site
design feature to reduce the effective impervious area of the site by removing roof runoff from the
site discharge. This can redueeCV and flow control requirements for the site.

Harvest and use for storm water pollutant controlTypical uses for captured flows include
irrigation, toilet flushing, cooling system makeup, and vehicle and equipnmant washi

Integrated storm water flowcontrol and pollutant control configuration. Cisterns provide flow
control in the form of volume reduction and/or peak flow attenuation and storm water treatment
through elimination of discharges of pollutants. Additiomattintrol can be achieved lyng the

cistern to include additional detention storage and/dimeafutomated flow release controls.

Design Criteria and Considerations

Cisterns must meet the following design criteria. Deviations from the belewraitdre approved
at the discten of theCity Engineeif it is determined to be appropriate:
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Siting and Design Intent/Rationale

Draining the cistern makes the storag
volume available to capture the next
storm

Cisterns are sized to detain the full EV  The applicant has an option to use a

contributing areand emptyvithin36hours  different drawdown time up to 96 hou
if the volume of the facility is adjusted
using the percent capture method in
Appendix B.4.2.

Flow control provideiow attenuation
benefits and limits cistern dischaoge
downstream facilitieliring stom
events.

—(

Cisterns are fitted with a flow control devic
such as an orifice or a valve to limit outflov
accordance with drawdown time requireme

—(

Cisterns are designed to drain completely,
leaving no standing water, and all entry po
are fitted wvth traps or screens, or sealed.

Complete drainagand restricted entry
prevents mosquito bigat

—(

Leaf guards and/or screens n@vided to
prevent debris from accumulating in the
cistern

Leaves and organic debris can clog tl
outlet of the cistern.

—(

Properly functiomig outlets are needec
to maintain proper flow control in
accordance with drawdown time
requirements.

Access is provided for maintenance and tr
cigern outlets are accessible and designec
allow easy cleaning.

—(

Cisterns must be designed and sited such
overflow wil be convged safely overland to
the storm drain system or discharge point.

Safe overflow coeyance prevents
flooding and damage of property.

—(

Conceptual Design and Sizing Approach for Site Design and Storm Water Pollutant Control

1. Catulate the DCV fosite desigperAppendix B.

2. Determine the locations on the site where cisterns can be located to capture and detain the
DCV from roof areas without subsequent discharge to the storm drain system. Cisterns are
best located in close proximity to building and otheedaifuctures tminimize piping.

Cisterns can also be used as part of a treatment train upstream by increasing pollutant control
through delayed runoff to infiltration BMPs such as bioretention without underdrain facilities.

3. Use the sizing worksheetAppendix B.3o deermine if full or partial captuoéthe DCV
is achievable.

4. The remaining DCV to be treated should be calculated for use in sizing downsti@am BMP
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Conceptual Design and Sizing Approach when Storm Water Flow Control is Applicable

Controlof flow rates agfor duration will typically require significant cistern volumes, and therefore
the following steps should be taken prior to determination of site design and storm water pollutant
control. Predevelopmenand allowable peptoject flow rees and duratiorshould be determined

as discussed @hapter &f the manual.

1. Verify that cisternsiting and design criteria have been Destign for flow control can be
achieved using various design configurations, shapes, and quantities of cisterns.

2. lteratively deterime the cistern storage volume required to provide detention storage to
reduce flow rates and durations to allowable limits. Flow rates and durations can be controlled
from detention storage by altering outlet structure orifice sizé¢s)veatdr controlvalve
operation.

3. Verify that the cistern is drawdown within 36 hours. The drawdown time can be estimated by
dividing the storage volume by the rate of use of harvested water.

4. |If the cistern cannot fully provide the flow rate and duredioinol requiredby this manual,
a downstream structure with additional storage volume or infiltration capacity such as a
biofiltration can be used to provide remaining flow control.

Maintenance Overview

Normal Expected Maintenance.Cisterns can be expeatte accumulate sediment and debris that

is small enough to pass through the inlet into the storage container. Larger debris such as leaves or
trash may accumulate at the inlet. While the storage container is generally a peuntaresnt st
ancillary pastincluding valves, piping, screens, level indicators, and other accessories will wear and
require occasional replacement. Maintenance of a cistern generally involves: removing accumulated
sediment and debris from the inlet and géontainer on a rowd basis; and replacement of
ancillary parts on an-aseded basis. A summary table of standard inspection and maintenance
indicators is provided within this Fact Sheet. If the system as a whole includes a pump or other
electrical agpment, maintenance df h e equi pment shall be base:
recommended maintenance plan.

Non-Standard Maintenance or BMP Failurelf any of the following scenarios are observed, the

BMP is not performing as intended to protect downstretenwags from pollutioand/or erosion.

Corrective maintenance, increased inspection and maintenance, BMP replacement, or a different BMP
type will be required.

1 The inlet is found to be obstructed at every inspection such that storm water bypasses the
cisten. The cistern is ndanctioning properly if it is not capturing storm water. This would
require addition of ancillary features to protect the inlet, or pretreatment measures within the
watershed draining to the cistern to intercept larger debriss sackeas on roof guteor

E-62 February 2020



HU -1 Cistern

drainage inserts within catch basins. Increase the frequency of inspection until the issue is
resolved.

Accumulation of sediment within one year is greater than 25% of the volume of the cistern.
This means the sediment loaairfrthe tributary draiga area has diminished the storage
volume of the cistern and the cistern will not capture the required volume of storm water.
This would require pretreatment measures within the tributary area draining to the cistern to
intercept seadhent.

The cistern isat drained between storm events. If the cistern is not drained between storm
events, the storage volume will be diminished and the cistern will not capture the required
volume of storm water from subsequentrnss. This would require implementation of
pradices onsite to drain and use the stored water, or a different BMP if onsite use cannot be
reliably sustained.
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Summary of Standard Inspection and Maintenance

HU -1 Cistern

The property owner is responsible to ensure inspection, operation and maintenance of perRPmremtti&d property unless

responsibility has been formally transferred to an agency, community facilities district, homeowners associatiogrpragaecigitom,

or other special district.

Maintenance frequencies listed in this table are atygmagéfrequencies. Actual maintenance needs-apesifie, and maintenance may

be required more frequently. Maintenance must be performed whenevebasedezh maintenance indicators presented in this table.

The BMP owner is responsible for cariohg regular inspections to see when maintenance is needed based on the maintenance indicators.
During the first year of operation of a structural BMP, itiepés recommended at least once prior to August 31 and then monthly from
September through Mayspection during a storm event is also recommended. After the initial period of frequent inspections, the minimum

inspection and maintenance frequency cdatbemined based on the results of the first year inspections.

Threshold/Indicator Maintenance Action

Accumulation of sediment, litter, or de

Typical Inspection and Maintenance

Frequency

at the inlet accumulated materials. larger storm event.
TRemove any accumulated makefound at
each inspection.
Outlet blocked Clear blockage. Tinspect monthly and after everyi@idh or

Iarger storm event.

{Remove angccumulated materials found at
each inspection.

Accumulation of sediment, litter, or del Remove and properly dispose of
in the storage container accumulated materials.

fInspect monthly. If the BMP is 25% full* or
more in one month, increase inspection
frequency to monthly plus after evenyirich or
larger storm event.

TRemove materials annually (minimum), or
frequently when BMP is 25% full* (or at
manufacturer threshold if manufacturer
threshold is less than 25% full*) in less than
year, or iiccumulation blocks outlet
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Threshold/Indicator

Maintenance Action

HU -1 Cistern

Typical Inspection and Maintenance

Standing water in storage container
between storm events outside of norm
use timeframe fdhe stored water.
Normal use timeframe is 36 to 96 hour
following a storm event depending on
purpose and design of the cistern.

Use the water as intended, or dispe
to landscaping.

Implement practices onsite to drain
and use the stored water.

Confact theCity Engineeto
determine a solution if onsite use
cannot be reliably sustained.

Frequency

fInspect monthly and after everginch or
larger storm event. If standing water is obse
increase inspection frequency to after every
inch orlarger storm\ent.

fMairtainwhen needed.

Presence of mosquitos/larvae

For images of egg rafts, larva, pupa, a
adultmosquitos, see
http://www.mosquito.org/biology

If mosquitos/larvae are observedt fi
immediatelyemove any standing
water by using the water as intende
for irrigation or alternative grey watg¢
or by dspersing to landscaping;
second, check cistern outlet for
blockage and clear blockage if
applicable to restore drainage; third
instal barriers suchs screens that
prevent mosquito access to the stol
container.

fInspect monthly and after every-i@dhor
larger storm event. If mosquitos are observe
increase inspection frequency to after every
inch or larger storm event.

I Maintin when needed.

Leaks or other damage to ancillary pa
including valves, piping, screens, leve
indicators, andther accessories

Repair or replace as applicable.

fInspect twice per year.
fMainainwhen needed.

Leaks or other damage to storage
container

Repair or reptee as applicable.

fInspect twice per year.
TMaintaiinwhen needed.

Cistern leaning or unstable, danage
roof, supports, anchors, or foundation

Make repairs as appropriate to corr
the problem and stabilize the syster

fInspect twice per yea
T Mainainwhen needed.
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INF -1 Infiltration Basin

MS4 Permit Category
Retention

Manual Category
Infiltration

Applicable Performance
Standard

Pollutant Control
Flow Control

Primary Benefits
Volume Reduction
Peak Flow Attenuation

Photo Credit: http://www.stormwaterpartners.com/facilities/basin.html

Description

An infiltration basin typically consists of an earthen basin with a flat bottom constructed in naturally
pervious soils. An infiltration basin retains storm water and allows it t@teapd'or pecolate

into the underlying soils. The bottom of an infiltration basin is typically vegetated with native grasses
or turf grass; however other types of vegetation can be used if they can survive periodic inundation
and long inteevent dry peods. Treatmenis achieved primarily through infiltration, filtration,
sedimentation, biochemical processes and plant uptake. Infiltration basins can be constructed as linear
trenchesor asunderground infiltration galleries

Typical infiltration basiromponents inclde:

il
il

Inflow distribution mechanisms (e.g., perimeter flow spreader or filter strips)
Energy dissipation mechanism for concentrated inflows (e.g., splash blocks or riprap)

Forebay to provide pretreatment surface ponding for captured diogrgpretreatmen
mechanisms may be used if they meet the requirements included in Appendix B.6.

Vegetatiorselected based on basin use, climate, and ponding depth
Uncompacted native soils at the bottom of the facility

Overflow structure
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Typical plan and section viewof an Infiltration BMP

Design Adaptations for Project Goals

Full infiltration BMP for storm water pollutant control. Infiltration basins can be used as a
pollutant control BMP, designed to infiltrate runoff from direct rainfall asnedfafrom adjaent

areas that are tributary to the BMiffiltration basins must be designed with an infiltration storage
volume (a function of the surface ponding volume) equal to the full DCV and able to meet drawdown
time limitations.

Integrated storm water flow contol and pollutant control configuration. Infiltration basins can
also be designed for flow rate and duration control by providing additional infiltration storage through
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increasing the surface ponding volume.

Recommended Siting Criteria

Sting Criteria Intent/Rationale

Placement observes geotechnical
recommendations regarding potentic
hazards (e.g., slope stability, landslic
liquefaction zones) and setbacks (e.
slopes, foundations, utilities).

Must not negatively impastisting site
geotechnical concerns.

—(

Sdectionand design of basmbased
on irfiltration feasibility criteria and
appropriate design infiltration rate (S
Appendix C and D).

Must operate as a full infiltration design an
must be supported by draiaagea and -situ
infiltration rate fedsility findings.

—(

Recommended BMP Component Dimensions

BMP Component Dimension Intent/Rationale

Freeboard minimizes risk of
uncontrolled surface discharge.

Freeboard O 2 inches

Gentler side slopes are safer, les
prone to erosion, able to establis
vegetation more quickly and eas
to maintain.

Ponding Area Side Slopes 3H:1Vor shallower

A forebay to trap sediment can
decreaskequency of required

Settling Forebaydlume O 25% of f ac maintenanc®ther pretreatment
devices may be used in accorda
with Appendix B.6.

Design Criteria and Considerations

Infiltration basins must meet the foliogvdesign criteria. Deviations from the below criteria may be
approved at the discretion of iy Engineeff it is determined to be appropriate:

Design Criteria Intent/Rationale
‘I’ Finshgr ade of t h @&%f Flatter surfaes reduce erosion and
recommended). channelization with the facility.
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Design Criteria Intent/Rationale

~7

Prolonged surface ponding reduce volume
available to capturebmequent storms.

Infiltration of surface ponding is limit: The applicant has an optiorue a differen

to a36-hour drawdown time. drawdown time up to 96 hours if the volum
of the facility is adjustegingthe percent
capture method in Appendix B.4.2.

Inflow and Overflow Structures

A

Inflow and outflow structures are
accessibley required equipment (e.g
vactortruck)for ingection and
maintenance.

Maintenance will prevent clogging and ens
proper operation of the flow control
structures.

—(

Inflow velocities are limited tdt& or

less owuse energy dissipation methoc High inflow velocities can cause erosion, s
(e.g., riprap, level spreader) for and/or channeling.

concentrated ihdws.

—(

Overflow is safely conveyed to

downstream storm drain system

discharge poinSize overflow structui Planning for overflow lessens the risk of
to pass 10@ear peak flow for eine Property damage due to flooding.
basins and water ajity peak flowor

off-line basins.

Conceptual Design and Sizing Approach for Storm Water Pollutant Control

To design infiltration basins for storm water pollutant control mmlifjofv controlrequired), the
following steps should be taken:

1. Verify thatsiting and design criteria have beat, including placemeand basin area

requirementgprebay voluméot includedn infiltration footprint for sizingand maximum
slopes fobasin sidesd bottom.

. Catulatethe DCVperAppendix Boased on expected site design runoff for tribataas
. Use the sizing worksheet (Appendix B.4) to determine if full infiltration of the DCV is

achievable based on the infiltration storage vaaltnidated frm the surface ponding area

and depth for maximum 3éour drawdown time. The drawdown time can be estimated by
dividing the average depth of the basin by the design infiltration rate. Appendix D provides
gui dance on e Vatbrwratee i ng a siteds i nfi
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Conceptual Design and Sizing Approach for Storm Water Pollutant Treatment and Flow Control

Control of flow rates and/or durations will typically require signisigate ponding volumand
therefore the following steps should be taken o deterrmation of storm water pollutant control
desgn. Predevelopmerand allowable peptoject flow rates and durations should be determined as
discusseth Chapter ®f themanual.

1. Verify thatsiting and design criteria have been met, inclpiiingmentaind basin area
requirementgorebaywolume(na included in infiltration footprint for sizinghd maximum
slopes for basin sides and bottom.

2. lteratively determine the surface ponding required to provide infiltration storage to reduce
flow raes and duratic to allowable limits while adhering te thaximum 36our
drawdown time. Flow rates and durations can be controlled using flow splitters that route the
appropriate inflow amounts to the infiltration basin and bypass excess flows to the
downstream storrdrain system or discharge point.

3. If an infitration basircannot fully provide the flow rate and duration control requitbd by
manual an upstream or downstream structure apfiropriatestorage volume such as an
underground vault cae lnsed to proge additional control.

4. After theinfiltration basinhas been designed to meet flow control requirements, calculations
must be completed to verify if storm water pollutant control requirdméetst the DCV
have been met.

Maintenance Overview

Normal Expected Maintenance. Infiltration basins require routine maintenance to: remove
accumulated materials such as sediment, trash or debris from the forebay and the basin; maintain
vegetation health if the BMP includes vegetation; and maimeguiiy iaf sideslopes, inlets, energy
dissipators, and outlets. A summary table of standard inspection and maintenance indicators is
provided within this Fact Sheet.

Non-Standard Maintenance or BMP Failurelf any of the following scenarios are obserhed, t

BMP is not prforming as intended to protect downstream waterways from pollution and/or erosion.
Corrective maintenance, increased inspection and maintenance, BMP replacement, or a different BMP
type will be required.

1 The BMP is not drained between st@veits. Surfee ponding longer than approximately

24 hours following a storm event may be detrimental to vegetation health, and surface or
subsurface ponding longer than approximately 96 hours following a storm event poses a risk
of vector (mosquito) beeing Poor dranage can result from clogging of the underlying native
soils, or clogging of covers applied at the basin surface such as topsoil, mulch, or rock layer.
The specific cause of the drainage issue must be determined and corrected. -Feresurface
basins (@., not underground infiltration galleries), surface cover materials can be removed and
replaced, and/or native soils can be scarified or tilled to help reestablish infiltration. If it is
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determined that the underlying native soils have doeepacted or d not have the
infiltration capacity expected, or if the infiltration surface area is not accessible (e.g., an
underground infiltration gallery) gy Engineeshall be contacted prior to any additional
repairs or reconsttion

1 Sediment, trash, or debbaccumulation has filled the forebay or other pretreatment device
within one month, or if no forebay or other pretreatment device is present, has filled greater
than 25% of the surface ponding volume within one maintayafe&his means the load
from the tributary drainage area is too high, reducing BMP function or clogging the BMP.
This would require adding a forebay or other pretreatment measures within the tributary area
draining to the BMP to intercept the mateifals pretreatment componerst present, or
increased maintenance frequency for an existing forebay or other pretreatment device.
Pretreatment components, especially for sediment, will extend the life of the infiltration basin.

1 Erosion due to concentratstbrmwater runoff flow thasinot readily corrected by adding
erosion control blankets, adding stone at flow entry points, or mgradirey to restore
proper drainage according to the original plan. If the issue is not corrected by restoring the
BMP b theoriginal plan and gradiee City Engineeshall be contacted prior to any additional
repairs or reconstruction.

Other Special Considerationslf the infiltration basin is vegetated: Vegetated structural BMPs that

are constructed indhviagnity of, or connected to, an existingsiictional water or wetland could
inadvertently result in creation of expanded waters or wetlands. As such, vegetated structural BMPs
have the potential to come under the jurisdiction of the United State€éps of Engineers,
SDRWQCB, California Dagment of Fish and Wildlife, or the United States Fish and Wildlife
Service. This could result in the need for specific resource agency permits and costly mitigation to
perform maintenance of the structural BMieng with proper placement of a struct@iIP,

routine maintenance is key to preventing this scenario.
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Summary of Standard Inspection and Maintenance

INF -1 Infiltration Basin

The property owner is responsible tousmsnspection, operation and maintenance of permanent BMPs on their property unless
responsibility has &e formally transferred to an agency, community facilities district, homeowners association, property owners associatiol

or other special district.

Maintenance frequencies listed in this table are average/typical frequencies. Actual maintenasitespesificagend maintenance may

be required more frequently. Maintenance must be performed whenever needed, based on maintenance inditatotisiptabéant

The BMP owner is responsible for conducting regular inspections to see when masmeeaeckbased on the maintenance indicators.
During the first year of operation of a structural BMP, inspection is recommended at least ondagugirdl and then monthly from
September through May. Inspection during a storm event is also recamAlgIthe initial period of frequent inspections, the minimum

inspection and maintenance frequency can be determined based on the resu#tsyafahm$pections.

Threshold/Indicator

Accumulatiorof sediment, litter, or debris
in forebay and/or basin

Maintenance Action
Remove and properly dispose of
accumulated materials, (without damage
vegetation wheapplicable).

Typical Maintenance Frequency

fInspect monthly. If the forebay is 25%
full* or more in one month, increase
inspection frequency toonthly plus after
every 04nch or larger storm event.

fRemove any accumulated materials fo
within the infiltration area at each
inspection

TWhen the BMP includes a forebay,
materials must be removed from the
forebay when the forebay is 25% full*,
if accumulation within the forebay block
flow to the infiltration area.

Obstructed inlet or outlet structure

Clear blockage.

fInspectmonthly and after every Gngh
or larger storm event.

Remove any accumulated materials fo

at each inspection.
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Threshold/Indicator

Maintenance Action

INF -1 Infiltration Basin

Typical Maintenance Frequency

Poorvegetation establishment (when the
BMP includes vegetated surface by desi

Reseed, rplant, or reestablish vegetatior]
per originaplans.

fInspect monthly.
ffMaintainwhen needed.

Dead or diseased vegetation (when the |
includes vegetated surface ésigh)

Remove dead or diseased vegetation, re
seed, rplant, or reestablish vegetation pe
original plans.

fInspect monthly.
IMainainwhen needed.

Overgrown vegetation (when the BMP
includes vegetated surface by design)

Mow or trim as appropriate.

fInspe¢ monthly.
ffMaintinwhen needed.

Erosion due to concentrated irrigation flc

Repair/reseed/replant eroded areas and
adjusthe irrigation system.

fInspect monthly.
ffMaintinwhen needed.

Erosion due to concentrated storm wate|
runoff flow

Repair/reseedfe-plant eroded areas, ang
make appropriate corrective measures s
as adding erosion control blankets, addi
stone at flow entry points, or minor re
grading to restore proper drainage accol
to the original plan. If the issue is not
corrected by resting the BMP to the
orighal plan and grade, tGdy Engineer
shall be contacted prior to any additiona
repairs or reconstruction.

fInspect after every 6irich or larger storn
event. If erosion due to storm water flo
has been observedgiease inspéah
frequemy to after every Gidch or larger
storm event.

fMaintinwhen needed. If the issue is n¢
corrected by restoring the BMP to the
original plan and grade, tbigy Engineer
shall be contacted prior to any addition
repairs or reconstruction
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Sanding water in infiltration basin withoy
subsurface infiltration gallery for longer t
24-96 hours following a storm event

Make appropriate corrective measures §
as adjusting irrigation system, removing
obstructions oflebris or invasive
vegetton, or removing/replacing clogged
or compacted surface treatments and/or
scarifying or tilling native soils. Always
remove deposited sediments before
scarification, and use a hauided rotary
tiller. If it is determined thdte underlying
native soilkawe been compacted or do ng
have the infiltration capacity expected, tf
City Engineeshall be contacted prior to g
additional repairs or reconstruction.

fInspect monthly and after every-idh
or larger stornevent. If standing water is
observed, increase inspection frequeng
after every O-ihch or larger storm event

ffMaintinwhen needed.
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Threshold/Indicator

Maintenance Action

INF -1 Infiltration Basin

Standing water in subsurface infiltration
gallery for longer than-86 hours
following a storm event

This condition requires investigation of
infiltration is not occurring. If feasible,
corrective action shall be taken to restor
infiltration (e.g., flush fine sediment or
remove and replace clogged soils). BMF
require retrofit if infiltration canhbe
restored. Th€ity Engineeshall be
contacted prior to any repairs or
reconstruction.

Typical Maintenance Frequency

fInspect monthly and after every-i@dh
or larger storm event. If standing water
observed, increase inspection frequenc
after every.xinch or larger storm event

IMaininwhen needed.
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Threshold/Indicator

Maintenance Action

INF -1 Infiltration Basin

Presencefanosquitos/larvae

For images of egg rafts, larva, pupa, anc
adult mosquitos, see
http://www.mosquito.org/biology

If mosquitos/larvae are olrwed first,
immediately remove any standing water
dispersingo nearby landscaping; second
make corrective measures as applicable
restore BMP drainage to prevent standir
water. For subsurface infiltration gallerie
ensure access covers are tightg, with
gaps or holes no greater than 1/16 inch,
and/or irstall barriers such as inserts or
screens that prevent mosquito access tg
subsurface storage.

If mosquitos persist following corrective
measures to remove standing water, or
BMP deigndoes not meet the 9®ur
drawdown criteria because the dyae
native soils have been compacted or do
have the infiltration capacity expected, tf
City Engineeshall be contacted to
determine a solution. A different BMP ty
or a \ector Management Plan prepared
concurrence from the County of San Die
Department of Environmental Health, mg
be required.

Typical Maintenance Frequency

fInspect monthly and after every-i@dh
or larger storm event. If mosquitos are
observed, increase inspection frequieng
after every O-inch or larger storm event

IMaininwhen needed

Damage tstructural components such ag
weirs, inlet or outlet structures

Repair or replace as applicable.

fInspect annually.
fTMainainwhen needed.

025% full o

i s degth fron theeddsiga ottoid elevétionttahthee crest of the outflow structuiiétfedeight to the outflow opening is 12 inches from the bottom

elevation, then the materials must be removed when there is 3 inches of acauthigatmuld be magkl on theoutflow structure)
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INF -2 Bioretention

MS4 Permit Category
Retention

Manual Category
Infiltration

Applicable Performance
Standard

Pollutant Control
Flow Control

Primary Benefits
Volume Reduction
Treatment

Peak Flow Attenuation

Photo Credit: Ventura County Technical Guidance Document

Description

Bioretention (lmretention without underdrain) facilities are vegetattzate water systems that filter

water through vegetation and soil, or engineered media prior to infiltrating int@ifatiVeese

facilities are designed to infiltrate the full DCV. Bioretefatidities are commonly incorporated into

the site witln parking lot landscaping, along roadsides, and in open spaces. They can be constructed
inground or partially abovegrousdch as planter boxes with open bottoms (no impermeable liner

at the bottomto allow infiltration. Treatment is achieved throlightion, sedimentation, sorption,
infiltration, biochemical processes and plant uptake.

Typical bioretention without undeaith components include:
1 Inflow distribution mechanisms (e.g, perimeder $breader or filter strips)
1 Energy dissipation mechanitr concentrated inflows (e.g., splash blocks or riprap)
1 Shallow surface ponding for captured flows
1 Side slope and babiottom vegetation selected based on expected climate and ponding depth
1 Non-floating mulch layer (optional)
1 Media layer (planting mix engineered media) capable of supporting vegetation growth
1

Filter course layer consisting of aggregate to preventtégomigf fines into uncompacted
native soils or the optional aggregatageolayer

1 Optional aggregate storage layer for additiditimation storage

E-77 February 2020




































































































































































































































































































































































































































































































































































































































































































































