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NOAA Atlas 14, Volume 6, Version 2
Location name: San Rafae看, CaIifomia, USA*
Latitude: 37.983O, 」ongitude: "122.524o

Eievation: 92,32 ft請
書sou「ce: ESRI Maps
*★ source. USGS
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Erosion and Sediment ControI Handbook
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Fige 4.5　A nomograph of overland flow time. (10) Enter left margin with sIope
length; mOVe right to sIope curve and down to C value; and find overland travel time
On right margin.

. Calculate the average sIope by computing the di鯖erence in altitude between

the highest and lowest points of the flow path and dividing by the distance
between those points.

・ Find or compute the C value.

. Enter the graph on the left margin with the overland tr8Vel distance; mOVe to
the right to the correct sIope curve; mOVe down to the C value; and then move
OVer tO the right margin.
● Read the overland frow time from the right-hand scale.

EXAMPLE 4.5

Given: A §jte 50O ft (152 m) long with 5 percent average slope and a C value ofO.30.

Find: Overland flow time.

So/‘‘fro桝　From Fig. 4.5, the estimated flow time is 22 min.
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Technica看Memorandum

PrQjectTitle:　Region 2 NPDES Phase II PermitSupport

PrQject No,:　10005.001

Bioretention Performance ModeIing

Su助ect:　　Evaiuating Hydromodification Performance of Bioretention

Date:　　　」une 25, 2014

To:　　　　　　Dan CIoak

F「om二　　　　Tony Dubin

丁his technicai memorandum describes the modeIing analysis that was performed to determine whether

bioretention fac冊es sized usingthe criteria included in Region 2 NPDES Phase = permit wouid achieve the

Permit’s hydromodification requirementl. This memo describes the modeiing method, reSuIts and implica-
tions.

Model Setup and App「oach

Stormwater runoff and bioretention performance were sjmuIated using HSPF, Which is a physica=y-based,
COntinuous hydroiogy model distributed by the USEPA. HSPF was used to simuIate (1) pre-Pr。ject runoff from

a rep「esentative l-aCre Of scrub/range vegetation iand, (2) post-PrQject runoff from a l-aCre impervious

Surface and (3) ou冊ows from a bioretention faciIity that receives its input f「om the l-aCre impervious area,

The HSPF modeI parameters and bioretention modeiing approach were adapted from the Contra Costa HMP,

丁ime series input data fo「 the modei incIude hourly rainf訓from the Kentfieid gauge (from 」anuary 1995 to

March 2014) and evapotranspiration data from the Califomia lrrigation Management lnformation System
(CIMiS) gauges at Novato (」anuary 1995 to 」anuary 2OO2) and Point San Pedro (December 2002 to March
2014). Evapotranspiration vaIues for the ll month period between the two gauge records we「e estimated

for each caIendar day by computing the average of the evapotranspiration values measured on that same
day in other years" Table l summarizes the model setup and bioretention fac帥ty configuration.

1 The hydromodification requirement is described in Section E.12.e(f) of the State Water Resources ControI Board Water QuaiIty
Order No. 2013-OOOl-DWQ NPDES GeneraI Permit No. CASOOOOO4 - Waste Discharge Requirements (WDRs) for Storm Water
Discharges from Sma= Municipal Separate Sto「m Water Systems (MS4s).



Evaluating Hydromodification Performance of Bioretention

ModeI Setup Item ModeI Value

Scenarios simuIated
Pre-PrOject condition (SCrub/range vegetation〉

PosトPrOject condition (100% paved area)

Post-PrOject, mitigated f¶ow routed through biorctention)

Rainfall data

Evapotranspiration data

Bioretention dimensions

Kentfieid gauge, hourly accumulations (」an. 1995 to Mar.‾2014)

CIMiS daiIydata from Novato (1995-2002) and PointSan Pedro
(2002-20 14)

NRCS HydroIogic Soii Group D (Clay). HSPF parameters based on
Coれtra Costa HMP anaIysis.

PIan area = 4 percent of impervious tributary area
Surf∂ce reServOir depth = 6 inches (elevation of catch basin inlet〉

Freeboard = 2 inches (from catch basin inIet to top of bioretention)
Bioretention so冊epth = 18 inches

Gravel depth = 12 inches

Bioretention underdrain

Bioretention infiIt「ation

4-inch diameter pipe with its crown elevation set equai to top of

graveI layer

ln輔ratio冊ate from grave=ayerto native soiIs = 0.25 in/hr

囲墨

ModeI Simu!ations and Results

」ongterm simuIations were run for the three scenarios ljsted above, HourIy fIows for each scenario were

exported from the model and then separated into distinct storm events2. Each storm event was evaIuated to
determine a) the peak f10W rate and b) the recur「ence intervaI for each significant storm event (the top lOO

events over the 19 year simuIation period).

The simuiated bioretention performance was examined in deta冊ortwo la「ge storm events to better under-

Stand the function of each part of a bioretention faciIity. Fjgure l and Figu「e 2 show the sjmuiated infIows,

Ou珊OWS and wate「 depths within a bioretention fac掴ty for a Iarge storm event in earIy December 2004 that

PrOduced 6-5 inches of rain over a three day period.

丁he bioretention was dry at the start of the event and the so=s accommodated the first wave of stormwater

runoff, PrOViding t「eatment and percolating water into the grave=ayer. Later in the event, aS both the gravei

layer and the bioretention soiI/Surface storage layers became saturated, StOrmWater WaS discharged from
both the underdrain and the catch basin inlet located at the top of the surface storage layer, The downward
SIoping po巾On Of the biue line in Figure 2用ustrates inf冊ation from the g「ave。ayer to the surrounding soiIs.

For sma=er events, a旧ncoming stormwater would infiItrate to surrounding soils or be discharged via the

underdrain.

2 The t-me Series of modeled f-ow rates were div-ded into distinct events using the partial duration series method, Which is prefera-

bie for frequency anaIyses of reIativeiy common storm/hydroIogic events (<5 to lO years).



EvaIuating Hydromodification Performance of BioretentiOn

Figure l" Bioretention infIbws and ou珊OWS for large December 2004 event

山- Water dept掴n §0冊surface ponding laγer　　　-Water depth in g「ave冊Yer

Figure 2o Water depths within the graveI and so=/Surface storage Iayers for Iarge December 2004 event
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Evaluating Hydromodification Performance of BioretentlOn 一一一一　一一一一一一一都五〇
ヽ

The NPDES Phase ll permit covering parts of Marin, Napa, Sonbma葛ahd SoIano Counties spec陥es that the

Peak 2-year Outf10W from the bioretention fac=fty cannot exceed the pre-Pr。ject peak 2-year fIow for the

PrQject sjte" The bioretention outflows and pre-PrQject fIows were compared for the 2-year reCurrenCe and for
Other sto「ms up to the lO-yea「 reCurrenCe level (Figure 3). The resuIts demonstrate thatthe bio「etention

fac冊y dimensions included in the permit wiI看iimit peak outf10WS to leveis that are beiow the pre-Pr。ject

Peak fIows・ No亡e: 771e COmpahson ofsto仰s > 2years was performed on/y becauseJ had the automated　-
too/S aIready /n pIace,

1.8       0、 

○○◆-PosトP「Qject駁o「etentionPeakOutflow(Cfs)    

-十回置Pre-PrQjectPeakFIow(Cts) 

1.6 1.4 電1.2 o ヽ-1 書1、0 細〇〇 〇番 悪0"8 (」 ○○6 0.4 0.2 0.0    --Q2 

(   

1　　　2　　　3　　　4　　　5　　　6　　　了　　　8　　　9　　1 

Recu「rencelntervaI(year§) 

Figure 3" The NPDES permit’s bioretention sizing criteria wi旧educe peak fIows beIow pre-PrQject

leveIs for the 2-year reCurrenCe eVent requi「ed by the permit and for larger sto「ms,

Conciusions

HSPF mode=ng was used to evaiuate whether a bioretention facility sjzed with the criteria incIuded in the
Region 2 NPDES Phase ll permit wouId controi 2-year Peak fiows to pre-P「。ject IeveIs. This anaIysis was

Performed using rainfa= data co=ected at Ken冊eId, Which is among the wettest areas cove「ed by the permit,
and for NRCS Group D (CIay) so=sタWhich is the most commoniyfound so旧ype within the permit area.

The modeljng results show the bio「etention,s peak 2-year Outflow rate wouid be 7 percent Iower than 2ryear

Peak fIows for pre-Prqiect conditions"丁he bioretention facility would also controI peak fIows for sto「ms up to
the lO-year reCurrenCe intervai,
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