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Objectives for Today

\
What Is it?

Where is it located?

How Is it related to overall project
detention and retention?

How Is first flush retention volume
related to peak discharge reduction?




First-flush Retention '
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EPA: Stormwater that initially runs off an area will be more polluted
than the stormwater that runs off later, after the rainfall has 'cleansed’
the catchment. The stormwater containing this high initial pollutant load

is called the 'first flush'.

For PCRFCD, “First-flush” is shallow retention near the source of runoff
to mitigate increased stormwater volume due to development and to
promote beneficial use of stormwater runoff.

Using “First-flush” as the descriptor aligns the new requirement with the
retention volume specified by other agencies and strengthens County

stormwater quality reporting.



First-flush Retention
"
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Volume Required for Each Acre
of Impervious or Disturbed Area by Type of Area

Lower Permeability Riparian or
Area Resource Area
Impervious 1440 cu. ft./acre 1815 cu. ft./acre
Disturbed 140 cu. ft./acre 245 cu. ft./acre

Impervious Areas: All .5-inch runoff for CN=99 or 100
Disturbed Areas: .5-inch runoff difference D and C soils or D and B soils
Egs. 4 and 5, PC-Hydro User Guide with CN (not CN¥)




First-flush Site Locations
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e First-flush provided in each developed
watershed, and volume of first flush in that
watershed equals the requirement for that

watershed.

 Downstream of impervious area, with
flexibility for minimal site area exceptions.




First-flush Basin Location
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First-flush volume may be Example Watershed
Iocated i n Sto rmwater Total Watershed Drainage Area
harvesting basins or detention

basins.

In a detention basin, maximum el wing Lot e

. ] N ention basin B / \
ponding depth is 9”. ﬁ / W)F-- LN




First-flush iIn Stormwater

Harvesting Basins

o

In stormwater
harvesting basins,
pOndIng depth ShOUId Example Watershed

. Case 4
be 6” - 9 " Wlth Total Watershed Drainage Area
. . Stormwater Harvesting Basin Area
m I n I m u m free board Of U Area Draining to Stormwater Harvestin

3 inches.

Types of stormwater
harvesting basins:

Basins with an inlet  ,...¢28 i




Rainfall Only

Rainfall Only Basins —
Don’t count for First-flush




Expanded Area

WHEEL 5TOP PREVENTS WEHICLES FROM
ENTERING THE LANDSCAPE

RIBBON CURB ALLOWS RUNOFF TO ENTER
MEDIAN
VERTICAL CURB RETAINS RUNOFF IN MEDIAN,

PERMITTING [NFILTRATION AND
SUPPLEMENTING [RRIGATION TO VEGETATION Sn MEANDERING VEGETATED AND ROCKED SWALE ?
<Ry . N = -

VERTICAL CURE BARRIER TO FLOW

3" MIN FREEBOARD
APPROK 9" DEPTH

RIBEON CURE

L] PARKING LOT RUNOFF FLOWS THROUGH LANDSCAPED
MEDIAN, PERCOLATES INTO GROUND, WATERS.
< o PLANTS, FLOWS TO NEXT LANDACAPED AREA

Expanded Area Basins

Maximum area
draining to the basin
Is 2 times the basin
area.



Expanded Area

Landscape islands shown as contributing runoff in this
example could retain runoff from the adjacent expanded area.



Retention/Detention Requirements

o

First Flush Retention is required.

Reduction of post-developed peak discharge rates at downstream
concentration points is required.

* In Balanced Basins, post-developed flows are to be discharged
at the same rate as pre-developed flows.

 In Critical Basins, post-developed flows are to be discharged at
90% of pre-developed flow rates (or other percentage specified
by the Floodplain Administrator).



Peak Discharge Reduction

Attributable to
Stormwater Harvesting

-‘

Storage-indication method can be used for
basins with inflows and outflows.

RFCD developed the PC-LID spreadsheet as
an alternative, simplified method for
stormwater harvesting. PC-LID is available at
http://webcms.pima.gov/cms/one.aspx?portall
d=169&pageld=60265



http://webcms.pima.gov/cms/one.aspx?portalId=169&pageId=60265
http://webcms.pima.gov/cms/one.aspx?portalId=169&pageId=60265
http://webcms.pima.gov/cms/one.aspx?portalId=169&pageId=60265

PC-LID Development

TR

Rainfall and runoff measurements at a
Sierra Vista subdivision were
collected by the USGS.

EPA’'s StormWater
Management Model
(SWMM) was used
by RFCD to model
the subdivision runoff
and reproduced the
observed runoff
results within an
acceptable level of
error.
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Four scales of stormwater harvesting as a percent
of post-developed runoff volume were modeled:

10% 25% 50% 86%

B Stormwater Harvesting Volume
B Post-Developed Runoff Volume
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The % SWH Volume of Post-Developed
Runoff Volume (X, )

was plotted against modeled % peak
discharge reduction (H.,)



Modeled Reduction in Peak Discharge
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Stormwater Harvesting Factor
"

The resulting best-fit equation estimates the % peak
discharge reduction for any given value of

Basin Volume/Post-Developed Runoff Volume, X, .
The estimated % peak discharge reduction is the

Stormwater Harvesting Factor, H,.,,.



Regression Relationship
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Example Watershed

First-flush Retention and Peak Discharge Reduction in SWH
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Rainfall Only Basins = .018 acre

Watershed area draining to water harvesting = .76 acre
Watershed area = .782 acre
W, =.76/.782 = .96

First-flush Volume for lower permeability site:

.657 acre Impervious x 1440 cubic feet = 946 cubic feet
125 acre Disturbed x 140 cubic feet = 18 cubic feet
Total first-flush required = 964 cubic feet



Example Q SWH
\

100-year 10-year 2-year

From PC-Hydro:

Pre Peak Discharge (cfs) 4.8 2.0 0.5
Post Peak Discharge (cfs) 7.3 4.4 2.6
Runoff Volume (ac-ft) 0.173 0.105 0.060

From calculation:

SWH Basin Volume (ac-ft) 0.070

From spreadsheet:

Xrp 0.41 0.67 1.17=096=W,
H,, 0.40 0.67 .92
Qswh—rp (Cfs) 4.4 1.4 0.2

Balanced Basin Peak Discharge Reduction Achieved



Review PC-LID Spreadsheet




Introduce PC-LID

Hydrographs

Questions and Feedback




LID is an approach to land development (or
re-development) that works with nature to
manage stormwater as close to its source as
possible.
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Slow. Surfac&Frows
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iItrate»for Benefit

LID employs principles such as preserving and recreating natural landscape features, minimizing
effective imperviousness to create functional and appealing site drainage that treats stormwater
as a resource rather than a waste product. Applied on a broad scale, LID can maintain or restore
a watershed's hydrologic and ecological functions. LID has been characterized as a sustainable
stormwater practice by the Water Environment Research Foundation and others. (Source: EPA)




AM Data Sheet Preparer
Example Site Watershed (ﬂb
Wednesday, May 06, 2015 Run Date

BrownBag.xls Program File Name

Rev.11/2013

GOVERNING EQUATIONS: Vauhrp = Vpostrp ¥ (1 = Xip)

Ar=Ag - Anc
W, =Ag/ Ar
Xrp = MlN( Vbas / VpOSI-rpr WA )

Hyp = -0.3843 * X%, + 1.4618 * X,, - 0.133

sth-rp = onst—rp * (1 - Hrp)
V =H/3* (Atop + Abol + SQRT( Atop * Abol) )

VARIABLES: A acres area of the watershed that will flow to or through the stormwater harvesting basins
Ar acres total contributing watershed area
Ag acres gross area of watershed
Anc acres area of non contributing stormwater harvesting basins within a watershed
CBF dim critical drainage basin factor; CBF = 0.9 if project is within a critical drainage basin, otherwise CBF = 1
W dim percent watershed area draining to stormwater harvesting basins
Vpas acre-ft stormwater harvesting basin volume
Vpost-p acre-ft post development watershed runoff volume
Xip dim ratio of stormwater harvesting basin volume to watershed post-development runoff volume per return period
Vsuh-rp acre-ft runoff volume reaching the outlet of the watershed with stormwater harvesting basins, for each return period
Qswh-rp cfs post development peak discharge with stormwater harvesting basins, for each return period
Hyp dim stormwater harvesting factor

1. INPUT WATERSHED IDs & OTHER CHARACTERISTICS:

Post-Developed Watershed(s)
Pre-Developed Watershed FIRST WS SECOND WS THIRD WS FOURTH WS
Watershed ID: CP-E1 CP1
Gross Watershed Area (Ag, ac): 0.8 0.8
Critical Drainage Basin ? (Y/N): N
Non-Contributing Basin Area (Anc, ac): 0.012 0.000 0.000 0.000
Watershed Area to Stormwater Harvesting Basins (As, ac): 0.760 0.000 0.000
First Flush Retention Provided in Detention Basin (ac-ft): 0.000 0.000 0.000 0.000
2. INPUT PEAK DISCHARGES AND RUNOFF VOLUMES:
Post-Developed Watershed(s)
Pre-Developed Watershed FIRST WS SECOND WS THIRD WS FOURTH WS
Watershed ID: CP-E1 CP1 0 0 0
. ¥ CBF
Return Period | Qpre.p (cfs) Qpre(rzfs) Qpostrp (€FS) | Vpostrp (@C-ft) | Qpostrp (CS) | Vpostrp (@C-Tt) | Qpostrp (CS) | Vpostrp (@C-t) | Qposterp (CFS) | Vipostrp (aC-ft)
2-yr 0.5 0.5 2.6 0.060
10-yr 2.0 2.0 4.4 0.105
100-yr 4.8 4.8 7.3 0.173

BrownBag




3. INPUT IMPERVIOUS & DISTURBED AREAS BASED ON PRE-DEVELOPED WATERSHED, & CALCULATE FIRST FLUSH REQUIREMENT:

First Flush Area of First Flush
Classification of Watershed vs Proposed Use Volume ft¥/ac| Proposed Required
Table 2.1 Use (ac) | Volume (ft%)
Riparian/High Permeability, Proposed Impervious Area 1815 0.000 0
Nonriparian/ILow Permeability, Proposed Impervious Area 1440 0.657 946
Riparian/High Permeability, Proposed Disturbed Area 245 0.000 0
NonRiparian/Low )Permeability, Proposed Disturbed Area 140 0.125 18
Remaining Undisturbed Area, Pre-Developed Watershed (Info Only) 0.018
Total Required First Flush Volume 964|
4. INPUT INDIVIDUAL STORMWATER HARVESTING BASIN CHARACTERISTICS:
Basin Vol by
Post Stormwater Bottom Allowable Top Area Conic Non-
Developed Harvesting Area of Basin Ponding Depth of Basin Method or as Contributing
Equation for Basin Volume by Conic Projection Method Watershed Basin ID (Agas, f2) (H, ft) (Argp, ) Entered (ft®) Basin? (Y/N)
V = HI3* (Aigp + Apot + SQRT( Agp * Apor) ) 1 CP1 All Basins 3069 N
2 N
3 N
4 N
5
6
7
8
9
10
11
12
5. ACCUMULATE STORMWATER HARVESTING BASIN VOLUMES BY POST-DEVELOPED WATERSHED:
Post-Developed Watershed(s)
FIRST WS SECOND WS THIRD WS FOURTH WS
Watershed ID: CP1 0 0 0
Basin ID Volume (ft’) Basin ID Volume (ft’) Basin ID Volume (ft’) Basin ID Volume (ft’)
All Basins 3069
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0
0
0
0
0 0 0 0
0
0
0

BrownBag
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Vias: (ft%) 3069 0 0 0
Vpas, (ac-ft) 0.070 0.000 0.000 0.000
6. CALCULATE PEAK DISCHARGE AND RUNOFF VOLUME REDUCTION FACTORS due to STORMWATER HARVESTING BASINS:
Post-Developed Watershed(s)
FIRST WS SECOND WS THIRD WS FOURTH WS
Watershed ID: CP1 0 0 0
Contributing Watershed Area (Ar= Ag - Anc, ac): 0.8 0.0 0.0 0.0
% Runoff Available for SWH (W= Ag /Ay, dim): 0.960 0.000 0.000 0.000
Equations: Return Peroid Xip Hrp Xip Hrp Xip Hp X Hip
Xip = MIN( Vias / Vpost.rp, Wa) 2-yr 0.96 0.92 0.00 0.00 0.00 0.00 0.00 0.00
Hp=-0.3843* Xz,,D +1.4618 * X, - 0.133 10-yr 0.67 0.67 0.00 0.00 0.00 0.00 0.00 0.00
100-yr 0.41 0.40 0.00 0.00 0.00 0.00 0.00 0.00
7. CALCULATE PEAK DISCHARGE AND RUNOFF VOLUME with STORMWATER HARVESTING BASINS BY POST-DEVELOPED WATERSHED:
Post-Developed Watershed(s)
FIRST WS SECOND WS THIRD WS FOURTH WS
Watershed ID: CP1 0 0 0
sth-rp szh-rp sth-rp szh-rp sth-rp szh-rp sth-rp szh-rp
Equations: Return Period (cfs) (ac-ft) (cfs) (ac-ft) (cfs) (ac-ft) (cfs) (ac-ft)
Qsuh-rp = Qpostrp * (1 - Hp) 2-yr 0.2 0.002 0.0 0.000 0.0 0.000 0.0 0.000
Voun-p = Vpostrp * (L - Xrp) 10-yr 1.4 0.035 0.0 0.000 0.0 0.000 0.0 0.000
100-yr 4.4 0.102 0.0 0.000 0.0 0.000 0.0 0.000
|8. RESULTS due to placing STORMWATER HARVESTING BASINS WITHIN, and DEVELOPING WATERSHED: CP-E1
PEAK DISCHARGE: EIRST FLUSH RETENTION VOLUME:
Pre-Developed | Post-Developed Watershed Excess
Watershed with Stormwater Harvesting Attenuation Volume (ft°)
Qprerp ¥ CBF ZQswh-rp ZVsuh-p Required First Flush Retention: 963.6
Return Period (cfs) (cfs) (ac-ft) (cfs) Provided by Stormwater Harvesting Basins: 3069.0
2-yr 0.5 0.2 0.002 -0.3 Provided by a Detention Basin: 0.0
10-yr 2.0 1.4 0.035 -0.6 Total First Flush Retention Provided: 3069.0
100-yr 4.8 4.4 0.102 -0.4 Excess First Flush Volume: 2105.4

BrownBag
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