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LID BMP-Model Presentation

Overview of LID Concepts
New Developments
Urban Retrofits

Bioretention Monitoring - Model
Calibration

University of Maryland

BMP. Model for LID
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New Land Developments
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Conventional Pipe and Pond Centralized Control




Stormwater Management Pond
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Developed

— Developed Condition, with Conventional CN
/ and Controls

Existing Peak Runoff Rate
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Iform Distribution of Micro Controls




Residential Biloretention




Treatment of urban
runoff in the upland
plant / soil complex

CURB CUT
OPENING

Bioretention
“Rain Garden

\
INLET

DEFLECT

Multifunctional use
of green space




Existing
Ground

Gravel Moderately Pervious Solls



Uplands Pollutant Removal
Plants / Soil Flora -Fauna / Soil Chemistry

Phytoremediation
Trans | ocate metlglt?nglltism kY
Accumulate I
Metabolize

\olatilize  =Z&n,, Y §
Detoxify §= I "R ee
Degrade %l 9 _ £,.¢
EXUdateS " adames A1_ Sul;iﬁa; ) hﬂp::}nm:t':l:tf:uill
Bioremediation

- Contaminants
S0l IS Figure 1. The fate of =ail contaminants

Capture / Immobilize Pollutants In the root-zone



L_ow-Impact Development
Programs

(2)
Urban Retrofits
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LID Practices (No Limit!)

‘Creative Techniques to Treat, Use, Store, Retain, Detain and Recharge’

Bioretention / Rain Gardens
Strategic Grading

Site Finger Printing
Resource Conservation
Flatter Wider Swales

Flatter Slopes

Long Flow Paths

Tree / Shrub Depression
Turf Depression

LLandscape Island Storage
Rooftop Detention /Retention
Roof L_eader Disconnection
Parking Lot / Street Storage
Smaller Culverts, Pipes & Inlets

Alternative Surfaces

Reduce Impervious Surface
Surface Roughness Technology
Rain Barrels / Cisterns / Water Use
Catch Basins / Seepage Pits
Sidewalk Storage

\egetative Swales, Buffers & Strips
Infiltration Swales & Trenches
Eliminate Curb and Gutter
Shoulder Vegetation

Maximize Sheet flow

Maintain Drainage Patterns
Reforestation....................
Pollution Prevention..............



INQ

Itor

Mon

for

IES

Fac

10N

tent

Biore




|_aboratory Studies (Large Box)




Field Studies: Beltway Plaza




Field Studies: Landover




% Removal

Overall Results: Lead
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Hydrology Calibration

Inflow
LR2
LR3
LR4
= Simulated
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Runoff (cm/hr)

Head Development Curve (Laboratory)

Water Balance Total Infiltration == Rainfall (in/hr) Runoff Inflow Total Outflow Underdrain Outflow

0.0030 0.0
0.0025
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Flow (cfs)
Rainfall (in/hr)
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Inflow and Outflow Hydrograph and Water Balance (Laboratory)



o Modeled Zn
8 Observed Zn (<0.025 mg/L)

Woater Quality Calibration M L ancon 3
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Removal of Zn and TP through Time from Start (m)

bioretention box Removal of Zn, TP,and TN through
Inglewood (Largo) Biorentention system.




Overhead View of the Site







UMD Bioretention Hydrograph, July 28-29, 2003
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Total Lead, November 28, 2003
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Nitrate, November 28, 2003

0.30
1 —B- Inflow
B
1 N\
0.25 i ‘*\ Outflow,
1 \ Deep Cell
1 | \ - -® - Outflow,
0.20 1 { Shallow Cell
NO3-N I \
(mg) ] | "
0.15 &+ 3
! \
1 \

0 200 400 510]0) 800 1000

Time (mins)



BB Evaluation ComputerMogcule
SMP-DSS Phzise




Project Background

County-wide storm water monitoring
1993 to present

Development of HSPF model parameter
database

1995-1999

BMP Module development
Phase I: 1999 to 2003
100% County funded ($80,000)

Phase Il;: 2003 to Present

80% EPA Region I11; 20% County ($250,000)
EPA Office of Research & Development ($250,000)



Minimum Software Required:

Microsoft Office 2000 Professional



BMP Evaluation Method
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Simulated Flow and Water Quality Assessment



HSPF Landuse Representation

Industrial Site

Residential Site

Lower Beaverdam
Creek (006)

Commercial Site
(001)

@ Rain Gaging Stations
A Monitoring Stations Collington
Reach File, V3 Western Marbosy Roag Branch (008)
[ Subbasin Boundaries Branch (007)
[] Basin Boundaries
[ ] Watershed Boundaries

Forested Site
(005)

Agricultural Site

il Miles (004)

Projection Data: State Plane - 1983
Maryland

Site Location Map

Data Sources: Prince George's County Watershed Data




Computational Design

User designs/selects each
BMP and defines the flow
routing at the site

Flow and pollutant time

| ' ted through th
ke ““‘ ““\\\\\ SI’3e|\r/llle38 Orl? lIJI\; P nerc(\zyogrk i

Surface runoff flow and
pollutant loads from
contributing areas in site

Physical processes are
simulated in the BMP

Output timeseries and
data summary available at
each land, BMP, or
watershed outlet

o




BMP Physical Processes

Possible storage processes include:
Evapotranspiration
Infiltration
Orifice outflow
Weir-controlled overflow spillway
Underdrain outflow
Bottom slope influence
Bottom roughness influence
General loss or decay of pollutant
(Due to settling, plant-uptake, volatilization, etc)
Pollutant filtration through soil medium
(Represented with underdrain outfiow)

Depending on the design and type of the BMP, any
combination of processes may occur during simulation




BMP Class A: Storage/Detention

Evapotranspiration
Inflow: Outflow
— A .‘- 1 1 A A A A A .
[From Land Surface} G A Modified Flow &
' e f Water Quality

Overflow

Spillway

Storage

Bottom
Orifice

Underdrain
Outflow

Infiltration



BMP Class B: Open Channel

Inflow: Outflow:

From Land Surface Modified Flow &
Water Quality

Evapotranspiration

Overflow at
Max Design
Depth

Modified Flow &
Water Quality

Underdrain Qutflow Infiltration



Evapotranspiration

Soil Media
Storage and

Soil Layer Filtration

Infiltration Underdrain

Storage

Underdrain _—" l l l "~ Background

Outflow Infiltration

Figure 2.6 Processes considered in an underdrain struture




Holtan Infiltration Model
f =Gl AS;* + f,

veg. parameter 1
A —
______________ D
soil porosity
soil fC D T

void fraction

background fC



f =Gl AS*+ f_

Where

Gl: Growth Index of vegetation (% maturity,
1096 to 100%0)

A . \/egetative parameter

S,: Available storage in the soil layer (inches)

f.: Final constant infiltration rate (in/hr)



Estimates of Vegitative Parameter A in Holtan Infiltration Model
Basal area rating

Land Cover Poor condition Good condition
Fallow 0.10 0.30
Row crops 0.10 0.20
Small grains 0.20 0.30
Hay (legumes) 0.20 0.40
Hay (sod) 0.40 0.60
Pasture (bunch grass) 0.20 0.40
Temporary pasture (sod) 0.20 0.60
Permanent pasture (sod) 0.80 1.00
Woods and forests 0.80 1.00

(Source: Table 5.5.3 -- Maidment, 1993. p. 5.31))

Final Infiltration Rates fc by Hydrologic Soil Groups
Hydrologic Final rate, f . (in/hr)

Soil Group min max
A 0.30 0.76
B 0.15 0.30
C 0.05 0.15
D 0.00 0.05

(Source: Table 5.5.4 -- Maidment, 1993. p. 5.31)



General Water Quality

First Order Decay Representation

Mass, = Mass, x e =t

BMP Retention Loss Rates (1/day)

BMFEID | SO5L0 =00UAL (BOD, 5D -
0510800 1||-1||||||—
700
1.204000
1.204000 1.204000

0.693100
0.693100 0223100
0105400 0.223100




Underdrain Water Quality

Percent Removal
Underdrain percent

= Mass;. x (1 - PCTREM) removal is a function

Mass of the soil media

out

Mass;,, = Surface conc * underdrain flow

Underdrain Percent Removal (0-1)

BMFEID | SO5L0 =00UAL (BOD, 5D -




ao- Prince George's County EMP Evaluation Module -

File Edit “iew Help

DEHE » =0o 0DE T %06 @

Land Usze Types:

Forest
Agricultural
Commercial_Pervious
! Commercial_lmpervious
Industrial_Pervious
| Indusztrial_|mpervious
Low_Denzity_Res_Pervious
o Low_Density_Res_|mpervious
Med_Denzty_Res_Pervious

Med_Denzity_Res_Imperviaus_ —

High_Dengity_Res Pervious

! High_Density_Res_Impervious

BMP Tupes:

Landuse Menu

17 Buffer_Zone
Bioretention_B asin
Dn_wel o
47 Filter_Stip S
67 Level Spreader
B/ Grassed_Swale
Flain_Barrels

Cistern
197 Irfiltration_Trench

BMP Menu

-

N

O

onnect

/ = objects
_‘click-and-drag

”
-
-

OThe [aterface

"~ edit attributes




BMP Class A Example:

Bioretention

Class A BMP Configuration %

BrP M: Eztimated

Length [ft]. |40

onfiguration Eui T
wit Type

Drifice Height [Ho. £t |0

Orifice Diarneter (in): 2

Wieir Configuration

Wi Type “weir Height [Huw, ft):

Rectangular ‘Weir

fidth (B, it [0

Triangular ‘W eir

Yertex Angle [theta, deg): 170




BMP Class B Example:

Grassed Swale

Class B BMP Design

Slope 2

(Right)

Length ~—_ Bottam
Wyickh

L 1|:||:| |:|.|:|5
it [ft]: Slope 1:
Length (it |27 S 2 |_|_|_|5 o
b ax Depth [ft): | Slope 3: |:|_|:|5

BMPF Mame:  |Buffer_Zone Manning's n; |01




BMP Underdrain System:
Holtan Infiltration Method

Soil and Subsurface Flow Configuration E
Soil and subsurface [RIEG_—_G_—_G ;
; ; IR —— | Depth of Soi (Ds, ft):
flow c_onflguratlon AeWEeone | | o
IS aval Iable for soil porasity .-':'.,.:_1:_; 0 i ’, ._,.__1; | Soil Porozity [0-1];
both Class-A and S s

soil f o

C I ass- B B M P S o ,1 Py | ' "-.-"Tgetati'-.-'e Parameter A

woid fraction Soil Laver Infiltration [inhr):

v LConsider Underdrain Structure

Storage Depth (D, £): Media Woid Fraction [0-1]: Background Infiltration (inhr):

Cancel




Figure 6. MDE Design Example

Commercial Development
Maryland State Manual Example



LID Design Parameters

Design Example No. 2: Commercial Development - Claytor Community Center

1. Forest Condition: 3.0 Acre

2. Developed Condition: Commercial Development
1.9 acre Impervious
0.4 acre Woods
0.7 acre Pervious

Soil Type B: CN= 87 (proposed)
CN= 57 (Existing Condition; woods)
Design Storm = 3 in
12" Bioretention Storage = 0.375 acre (12.5% of the area)
2' Soil Layer in Bioretantion

Volume =0.375 acre-ft = 16335 ft°

3. Use Bioretention Basins of 91' X 180', total 0.376 acre




Class A BMP Configuration X

— B azin Dimenzions
Width [ft):

BrP M ame: IBiu:nretentin:un_Elasin

E stimated Cost: IEI

91

Length [Ft]; | 180

— Orifice Configuration

=
ih

&
By

08 ost |
-

>
|

'}EE+

Orifice Height (Ha, f: [ 0

Orifice Diameter [in); I 0

Wer Type

r

OF P P |

S
o

-

"‘f?- [
ye

Weir Configuration

Wwieir Height [Huw, f]: 1.0

Rectangular “Weir

Weir Crest width (B ft); 40

Triangular \Weir

Yertex Angle [theta, deg): 0.0

Cancel




Soil and Subsurface Flow Configuration

ver. parameter
Drepth af Sail (D=, f);

E
Soil Porosity [0-1];
0.3

YWegetatiee Parameter A
0.3

Soil Layer Infiltration [indhr):
0.3

background 1 .

—v Consider Underdrain Structure
Storage Depth [Dou, f); M edia Woid Fraction [0-1]; B ackground [nfiltratian [indhr);
|2 |n.5 0.25

| ] I Cancel




':53;.':" Prince George's County BMP Evaluation Module -
Fil= Edit YWew Help

D E 208 DavaofH@E? peveloped, LIp

Land Uze Types:

Forest
Augricultural ‘Yre"D e"lt 0.700
Commercial_Pervious
o Commercial_lmpervious
[nduztial_Pervious
o |ndustnal_Impervious
Low_Density_Fes Pervious
% Low_Densitby_Res_Impervious
Med Density Fes Pervious
Med Denszity Fes Impervious
High_Density_Res:_Pervious
s High Denzity_Res |mpervious

BMF Types:

ﬁ Crurnrmy_Swale
[ 7] Bioretention_Basin




Starm Selection Toal: Long Term Aszeszme

M.Mll ‘IWIMM“ “l LI]\JMJUM“IM .”n.ﬁi““.‘ll“ﬂ“t 'Wiuu MJJ‘M L.ﬂ“]dllﬂh]..h\ihﬂl“ ﬂhumhulﬂm I“M.hnlutﬂ mMIIthd& ol

Selected Aszeszment Period: 1 Srart Date Advads  rbar S Sk Tatal Rainfall:
January 1, 1989 to December 31, 1008 mEndDxe 4| »| 4| | «a|pp| | 407.56 in

Indicator Units Predeveloped Developed no BMPs Developed with BMPs

Flow | - 336 253,272 15,345
Sediment Tonsur 0477 2.203 0452
BOD-5 day IEdyr 418 A6 2490

Tatal Mitrogen |bdur 7h3 2289 0497
Total Fhosphorus Ibdur 0.836 217 0.030
Total Zinc IEdyr 0.251 1218 0.009

January 1, 1889 to December 31, 1988
003

™ Predeveloped Developed no BMPs Developed with BMPs

302
1)
1)
B0
5032
40
303
207

oz 4
o
[}

Flaw [Ft3ur) Sedirnent [ Tanstur] BOD-5 daw [1bdur] Total Mitrogen [Ibhwr]  Total Phaosphorus [1Br) Tatal Zinc [Ibhr]

0%




1. Forest Condition: 2.5 Acre

2. Dewveloped Condition: Commercial Development Com me rC|a| Slte

80% Impenious
5% Woods
15% Penious

Soil Type B: CN=90 (proposed)
CN= 55 (Existing Condition; woods, good condition)
Design Storm = 3 in
Cune A = 1.80"
Cure B = 1.78"

Volume = 2.5 x 1.80 /12 =0.375 acre-ft = 16335 ft°

3. Develped with BMPs: 5 Bioretentions (55' x 60') with 12" top storage, A =16500 ft* (15% of Site)

i

Peak Q Sediment BOD-5 Total Phosphorus Zinc
Nitrogen

O Predeveloped B Developed no BMPs 0O Developed with BMPs




— Storm Selection Tool: Weekly "Snapshot”

Al
Selected week begins 11/6/1996 (Falf) Zoom to Selected Week | The total rainfall this week is 2.94 in
Water Budget (in) Runoff
Summary - - - -
Developed No BMPs Lost to Infiltration Underdrain Outflow | Met Retained WWater Bypass Flow Pre-Developed
Tofal Weekly 2.9400 64131 5.7104 0.7048 0.0000 0.0000 3.2357
Max Hourly | 0.6500 | 14779 1.1692 0.0191 Mot Applicable 0.0000 1.1374

Water Budget for the Week

BMP Qutflow Distribution ™ Peak Flow (cfs)

Stormwater Yolume (in)

Total inflow 89% Mo BMPs W/ithr BAVIPs Pre-Developed

I Developed Mo BMPs

w Lost to Infiltration
100% B Underdrain Outflow
W MNet Retained WWater

0.019
M Bypass Flow
1%
0%‘0‘% 6.4131 0.7048 3.2357
Water Balance Total Infiltration e Rainfall {in/hr) Developed Nao BWPs Total Outflow -~ Underdrain Outflovs
1 600D 0.0
1.4000 4 Loz
1.2000 - Y
= 1.0000 - £
£ Lo =
z 06000 4 3
2 tos &
- 06000 | E
04000 4 1.0
0.2000 4 12
0.0000 ————————t—_———————— 14
11/06/26 0100 114786 0100 10806 0100 1108586 0100 11A0/86 0100 11A185 0100 114206 0100
Total Flow Hydrographs Developed No BWPs . Rainfall (in/hr) ——Pre-Developed —— Total Outflow
1.6000 0o
1.4000 - 02
1.2000 - 04 o
=
& 1.0000 - B
£ 05 £
z 0.6000 3
= 0g £
- 0.6000 4 &
0.4000 | 1o
02000 4 1.2
0.0000 14

106456 01:00 "AO7456  01:00 11/08/46  01:00 1109486  01:00 114086 01:00 11411586 01:00 A286  01:00
Al Al Al Al Al Al A

Fall Storm 1

14-hour duration
double-peak storm

14 hours duration
2.94 inches volume

Factors:

Short duration and
very high intensity

Double peak within
storm, causes high
second peak for
forested land

The water is falling
faster than it can
infiltrate into the
ground




Multiple Scenario Peak Flow
Comparisons for Selected Storms

Rainfall Peak Discharge (cfs)
Date Type

inches)

_gu198 | 1% Jsummer] 000 [ 05 | 00



— Storm Selection Tool: Weekly "Snapshot”

A
Selected week begins 10/18/1998 (Falf) Zoom to Selected Week | The total rainfall this week is 3.5 in
Water Budget (in) Runoff
Summary — : =
Developed No BMPs Lost to Infiltration Underdrain Outflow | Met Retained WWater Bypass Flow Pre-Developed
Tofal Weekly 3.5000 5.9569 6.1482 0.8110 0.0000 0.0000 0.3555
Max Hourly \ 14980 | 27315 14222 00191 ot Applicable 0.0000 0.1692
Water Budget for the Week BMF Outflow Distribution ™ Peak Flow (cfs) Stormwater Volume (in)
Total Inflow 88% Mo BMPs W/ithr BAVIPs Pre-Developed
F Developed Mo BMPs
w Lost to Infiltration
100% B Underdrain Outflow
W Net Retained Water
0.019 0.169
M Bypass Flow e
2%
0‘%0'31: 6.9569 0.8110 0.2555
Water Balance Total Infiltration  me Rainfall (infhr) Developed Mo BMPs Total Outflow  -------- Underdrain Outflow
30000 oa
0z
2.5000 0.4
06
20000 4 ?g g
% 1.5000 A 12 %
5 14
[ L]
1,000 - lg =
20
0.5000 4 22
24
0.0000 26

1041885  01:.00 10419485  01:.00 10/20/85 0100 10/21/85 0100 10/22/88  01.00 10/23/88  01.00 10/24/95  01:00

Total Flow Hydrographs
3.0000

Developed Mo BMPs  Rainfall (indhr) ——Pre-Developed

D000 -mmmmmmmmmm e e e oo e e e e e e o]

b1 11 T | PP

0 T s - Z-Z-Zz

Flow (cfs)

ADOOD o -nmeemmmemmm e mmm e e e e

[ 5000 o == mmmmmmmemmemsemem e e R

0.0000 T T T T T T T T y T y T T T T T T T T T T T T T T
1048568  01:00 10419788 01:00 10/20/88 01 10 G 01:00 10/22/96  01:00 10/23/88 01:00 10/24/88 01:00
Al Ahd Ahd Al Al Al Al

— Total Outflow

5
Rainfall (in/hr

Design Storm
24-hour Synthetic

USDA-SCS & U.S.
Weather Bureau

Storm placed in the
Fall (like the others)

Factors:

24-hour duration
(much longer than
others), single peak

10 dry-days prior to
the start of the storm

Under this idealized
condition, the forest
peak flow is 94%
lower than the urban
composite




Monitoring Station

‘ A

4 | Conventional Watershed

e s




Somerset Monitoring Program
{ LID vs Conventional Storm Response August 10,2001, Total Rainfal=1.26 in)

012 0.80
0.4 Inches Rain
Max intensity 2.7 infkr An addticnal Tc sy 1070
0.1 ‘_Z of4 mirutes for LID = Raingll (in)
@ e CF SiACre Cornentional + 060
g w—CF Sfacre LID
£ 0B 4 =
. T050 @
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Ew T
nw e S
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g T 0.20
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Time in Minutes




— Storm Selection Tool: Weekly "Snapshot”

Il
Selected week begins 11/24/1993 (Falf) Zoom to Selected Week The total rainfall this week is 4.03 in
Water Budget (in) Runoff
Summary - - - -
Developed No BMPs Lost to Infiltration Underdrain Outflow | Met Retained WWater Bypass Flow Pre-Developed
Total Weekly 4.0300 9.2010 7.0845 1.1649 0.0000 0.0546 5.3634
Max Hourly \ 0.8600 | 1 9561 07722 00191 ot Applicable 0.0119 1.8038
Water Budget for the Week BMP OQutflow Distribution m Peak Flow (cfs) Stormwater Volume (in)
Total Inflow 57% Mo BMPs W/ithr BAVIPs Pre-Developed
F Developed No BMPs
w Lost to Infiltration
100% W Underdrain Outfow - E
W Net Retained Water
o WM
M Bypass Flow
-
3%
1%\0‘31 9.2010 1.2195 5.3634
Water Balance Total Infiltration s Rainfall (infhr) Developed Mo BMPs Total Outflowr --------- Underdrain Outflow

2.5000

2.0000

1.5000 4

Flow (cfs)

1.0000 4

0.5000

0.0000

o
Rainfall (in/hr)

/2493 0100 112503 0100 112683 0100 102783 0100 1172893
2

Total Flow Hydrographs Developed Mo BMPs

 Rainfall (indhr

0100 11/29/83  01:.00 11/30/83  01:00

——Pre-Developed —— Tatal Outflow

2.5000 0o

0z

0.4

DO000 A ] P
E I
g 0 N N e e ..., 10 E
= 12 =
E 14 £
[ L1 1 T | B e PP P E PP EEEEEEPERTERRPERE 16 =

18

S 20

22

24

0.0000 . T T . T T . . T T T T . . - ' : T T " T T T " T T 25

11/24/83 0100 126683 0100 12683 0100 11/27/93 0100 112843 01 12943 0100 11/30/483 0100
Al Al Al AM Al Al Al

Fall Storm 2

12-hour duration
double-peak storm

2 consecutive hours of
intense rainfall in 2nd
peak (0.86, 0.8)

Factors:

16 hour storm
duration 4.03 in total
rainfall 1.66 inches in
2 hours

Generally higher
GW (not shown) due
to wetter-than-usual
Fall

The water is falling
faster than it can
infiltrate into the
around




— Storm Selection Tool: Weekly "Snapshot”

Fall Storm 3

2 consecutive events

Al
Selected week begins 10/13/1995 (Fall) Zoom to Selected Week The total rainfail this week is 3.36 in #1: 8 hrs : 2.21 inches
Summary G U _ #2: 9 hrs, 1.15 inches
Developed No BMPs Lost to Infiltration Underdrain Outflow | Met Retained WWater Bypass Flow Pre-Developed
Tofal Weeakly 3.3600 71237 53240 08021 0.0000 0.0000 2.6221
Max Hourly \ 0.7500 | 1 6943 0 5382 00191 ot Applicable 0.0000 14627
Water Budqet for the Week BMP Outflow Distribution m Peak Flow (cfs) Stormwater Volume (in)
Total Inflow 89% Mo BMPs W/ithr BAVIPs Pre-Developed
F Developed Mo BMPs
w Lost to Infitration
100% B Underdrain Outflow [
W Net Retained Water —|
0.019 F t -
M Bypass Flow ' - l a.C O rS L
|
0wt 0l 1% 7.1237 0.8021 2.6221

Total Cutflow

Water Balance

Total Infitration s Rainfall (infhr) Developed Mo BMPs

Short duration +

1.8000 0.0
1.6000 4 02 = - =
o High intensity
1.2000 e g
g 1.0 =
=i 1.0000 12 = - - .
Rainfall is coming
16 2
0.6000 4 1.8
faster than the
22
0.2000 4 a4 . -
2 ground can infiltrate
10/13/95 01:00 10/14/95 01:00 10/15/95 a1:00 10/16/95 a1:00 10/17/95 01:00 10/18/95 01:00 10/19/95 01:00

within that time
period

Total Flow Hydrographs ——Pre-Developed —— Total Outflow
1.8000
1.6000
1.4000 +--
1.2000
1.0000
0.8000 +--
0.6000 +--
0.4000 +--
0.2000
0.0000 T T T T T T f T T T T T T T T T T T T T T T T T
10/13/95 01:00 10414785 01:00 10415785 01:00 10/16/95 01:00 10/17/95 01:00 10/18/25 01:00 10/12/85
Al Al Al Al Al Al Al

Developed Mo BMPs  Rainfall (indhr)

Flow (cfs)

Rainfall (in/hr

01:00




— Storm Selection Tool: Weekly "Snapshot”

Summer Storm 1

Double-peak event

o i ' ' N

Selected week begins 8/1/1998 (Summer) Zoom to Selected Week | The total rainfail this week is 1.95 in 10 hour duration
summary _ eaBudeiin _ 1.95 inch volume
Developed No BMPs Lost to Infiltration Underdrain Outflow | Met Retained WWater Bypass Flow Pre-Developed
Total Weekly 1.9500 3.5300 3.3520 0.2792 0.0000 0.0000 0.0003
Mex Hourly | 04300 | 07338 07212 00191 Nat Applicable 0.0000 0.0002 AI m OSt no run Off
Water Budqet for the Week BMP Outfiow Distribution ™ Peak Flow (cfs) Stormwater Volume (in)

945, Mo BMPs W/ithr BAVIPs Pre-Developed fro m fo reSt

Total Inflow

F Developed Mo BhPs
w Lost to Infiltration
100% W Underdrain Outflow

W MNet Retained Water O
M Bypass Flow ' LR Ll FaCtO rS =
0% % 3.5800 0.2292 0.0003
W Total Infiltration  mes Rainfall (infir) Developed Mo BMPs Total Outflon --------- Underdrain O.utflow Summer event means
) e — higher interception,
R : evapotransporation
o _ Higher infiltration
O e e e potential, lower
runoff potential
Total Flow Hydrographs Developed Mo BMPs m Rainfall {indhr) —— Pre-Developed —— Total Outflow
S L. S 02 This intense double
~ 0 Y S £+ e peak event responds
T e P 13 S -
e i differently because of
- ég the season of the year

08/01/43 0100 080293 01:00 08/03/93  01:00 08/04/93  01:00 080593 01:00 08/06/93  01:00 08/407/93  01:00
Al Al Al Al Al Ahd Ahd




— Storm Selection Tool: Weekly "Snapshot”

Selected week begins 9/12/1989 {Summer) The total rainfall this week is 3.5 in

Zoom to Selected Week |

Summa Water Budget (in) Runoff
v Developed No BMPs Lost to Infiltration Underdrain Outflow | Met Retained WWater Bypass Flow Pre-Developed
Tofal Weekly 3.5000 6.5875 £.3108 0.2789 0.0000 0.0000 0.0481
Max Hourly | 1.0900 | 1.8779 1.8595 0.0191 Mot Applicable 0.0000 0.01639
Water Budqet for the Week BMP Outflow Distribution ™ Peak Flow (cfs) Stormwater Volume (in)
Total Inflow 96% Mo BMPs W/ithr BAVIPs Pre-Developed

F Developed Mo BhPs

w Lost to Infiltration -
100% W Underdrain Outflow

0'}2}43% 6.5875 0.2789 0.0481

W Net Retained Water
M Bypass Flow

Water Balance

20000
L= 0
8=
S
gm0 4
K,
[LBOO0 o == nnnemmnmmmmsemmmsenmm e
OBIO |
0
02000
0000 —————— e e
0941289 0100 094389 0100 094489 0100 094583 0100 09AGmI 0100 09479 0100 09M8ES 0100

Flow (cfs)

Rainfall (in/hr)

Total Flow Hydrographs
2.0000
1.8000 -
1.6000
1.4000 -
1.2000
1.0000 4
0.8000 -4
0.6000 4
0.4000 +
0.2000 4

0.0000 T T T T T T y T T T T T T T T T f T y T T T T T T T
09412/49 0100 0943/489 0100 0944/89  01:00 0945/489  01:00 0946489  01:00 0947489 01:00 0948489 01:00
Al Al Al Al Al Ahd Ahd

Developed Mo BMPs m Rainfall (indhr) — Pre-Developed —— Total Cutflow

Flow (cfs)

Rainfall (in/hr)

Summer Storm 2

1.62 in. over 4
hours with 1.09 in.
for 1 hr

1.84 in. scattered
over 14 hours with
0.78 in/hour peak

Factors:

Summer event means
higher interception,
evapotransporation

Higher infiltration
potential, lower
runoff potential

These intense rainfall
events respond

differently because of
the season of the year




— Storm Selection Tool: Weekly "Snapshot”

A
Selected week begins 2/2/1998 (Winter) Zoom to Selected Week | The total rainfall this week is 2.39 in
Water Budget (in) Runoff
Summary — : =
Developed No BMPs Lost to Infiltration Underdrain Outflow | Met Retained WWater Bypass Flow Pre-Developed
Tofal Weekly 2.3900 4.8843 4.3130 0.5729 0.0000 0.0000 0.7105
Max Hourly \ 0.1500 | 0 2984 02482 00191 ot Applicable 0.0000 0.1049
Water Budqet for the Week BMP Outfiow Distribution ™ Peak Flow (cfs) Stormwater Volume (in)
Total Inflow 88% Mo BMPs W/ithr BAVIPs Pre-Developed

F Developed Mo BhPs
w Lost to Infiltration
100% W Underdrain Outflow
W Net Retained Water

\ 4

0.019
M Bypass Flow BESSSSSSS R | —
2%
0%091 4.8843 0.5729 0.7105
Water Balance Total Infiltration  mes Rainfall (infir) Developed Mo BMPs Total Outflon --------- Underdrain Outflow
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Winter Storm 1

2.39 inches volume
28 hour duration

Factors:

Storm occurs in a wet
part of the year

Low intensity, long
duration storm

Even though it is a wet
season, forest peak is
65% lower than urban
because for this case,
duration has a stronger
Influence on peak flow
than volume
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GIS Linkage

LID — CSO Linkage

Optimization




