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RUNOFF DETENTION

Detention is required for an increase in impervious area greater than 1000 SF.
These criteria are cumulative over sequential site plans.

SITE LOCATION I

(A) DRAINAGE AREA = 1.37 Ac (B) MAXIMUM ALLOWABLE DISCHARGE = 132 CFS
IMPERVIOUS AREA = 0.82 Ac Existing "C" = 0.4
PERVIOUS AREA = 0.55 Ac (H) POND SIZE REQUIRED = 3541 CFT

(c) (B) (E) (F) (G)
RAINFALL INTENSITY AVE 30-YEAR |PERMITTED REQUIRED
DURATION 30-YEAR STORM COEF RUNOFF | OUTFLOW STORAGE

tHR] IGintHRY ICFT) ([CFT) CFTM
060 3551 789
0.60 5013 1578
0.60 5908 2367
0.60 6535 3156
0.60 7012 3946
0.60 7400 4735
0.60 7728 5524
0.60 8027 6313
0.60 8265 7102
0.60 8504 7891
0.60 8713 8680
8892 9469
14979 113633

10 MIN
20 MIN
30 MIN
40 MIN
50 MIN
60 MIN
70 MIN
80 MIN
90 MIN
100 MIN
110 MIN
120 MIN
24 HRS
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INSTRUCTIONS
A)]  DRAINAGE AREAS shall be calculated in acres and divided inta impervious and pervious areas.
B)  haRIbUM ALLOWABLE DISCHARGE {0} [CFS) shall be for a 10 wr storm - 30 min. duration
Q=Cla C = 0.40 for Previously Residential areas
| = 2.40 InchesHour C = 0.15 Far Previously Undeveloped area:
A = Drainage area in acres C = 0.00 for Mon-Storm sewer areas
ar C = Design Yalue for storm systern
Cl Inches of rainfall. given For a 30 vear storm. source: Camp, Dresser & Mokes, Inc.
December 1988 {l = 6.0t + 8.62]°0.811}
D) AVERAGE COEFFICIENT For runoff. used for all durations, is calculated by the weighted
average of pervious and impervinus areas, Using a pervious coefficient of 015
and anirnpervious coefficient of 0.90
[ie: AVE COEF = [IMPERVIOUS AREA ™ 0.90]+(PERVIOUS ARE A = D GMDRAINAGE ARE A

Complexity



What output information do we need?
o Water quality
o Runoff volume

o Cost




Review of

Models
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» Evaluates alternatives for
controlling stormwater
pollution including whole
life costs.

e Simple and quick to use

» Based on:
- Local Rainfall Data (hourly)
- Drainage Area Characteristics
- SCM Parameters
- Event Mean Concentrations

G 5l ? J
‘ \..-ruy.?t Ji-':-m\‘ F

BMP SELECT

(Water Environment Research Foundation)




« Site scale

e Evaluate alternative scenarios
e Including life cycle cost

« Can I meet TMDL limits with the SCMs that are
proposed? How much is it going to cost?

Central BMP Parameters Edit il x|

BMP Parameters

[ Extended Detentior :J Max Pond Volume (Acre- ‘ 324 Show BMP Sketch |

Caribating Area (ares) [ 17472 s I g;ﬁﬁ:ag Igl?aff"a vement

Waker quaity opture volume (indes) ﬁ Pﬁrg:;:ﬁ 21 Rain Gardens

= Retention Ponds

Base Cost [ A (§) | 375 Frinanring & Planniro Crate (4) ”I— Swales

Small Faciity BaseCost Adjustment Ratio ﬁ Lard Costs ($) ﬁ gllf)ll:‘ee?;f‘ltl M

O&M Coit as % of Capital Cost Other Costs () W Extended Detention
Replacement Coit as % of Capital Cost [—:—n—

Basins
Discount 2ate [ s ¢ Lfe Sran (years) | s
w

l

Example Applications
BMP SELECT




Evaluates sustainable : ——
deSig n On a Site_scale ZA;T‘?OLB‘éX; Welcome to the Green Values® Stormwater Toolbox
using research-based

tions for SCMs
Weather data is based on
o P . e Green Values® Stormwater Toolbox was originally developed primarily for use by planners,
s = engineers and other municipal staff. As a result, we’ve tried to err on the side of giving too much
G re a t La ke S re I O n hoa e~ technical information. However, we recognize that individuals are also interested in the benefits of
B . 7y green infrastructure, both for individual sites and to influence public policy.
- - (YO P reen values Calculators
Simple and quick to use =4

GREEN VALUES®
NATIONAL STORMWATER MANAGEMENT CALCULATOR

Based on: el ——

- Development type L I T
- Characteristics of development

o Site size
> SCM type Plavtar Boxel

Rain Gardens

Cisterns

Native Vegetation
Vegetated Filter Strips
Swales

Green Values Stormwater = . _

Calculator
(Center for Neighborhood Technology)




RESULTS

The difference between the conventional system and the green
intervention(s) you chose decreases the total 100 year life cycle costs
and increases benefits by $1,377,482! This strategy reduces peak
discharge by 28%.

« Comparing a conventional storm sewer
system to a green solution (SCMs)
- What is the cost savings?
- What is the water quantity benefit?

Example Applications

Green Values




Estimates annual
amount and frequency
of runoff from a site

Based on:

> Local soil conditions

- Land cover

o Historic rainfall records

Quick and easy

Calculations from EPA -
reen Roofs
R Vo T

Water Harvesting
Street Planters
Infiltration Basins

Downspout
Disconnection

National Stormwater Calculator
(USEPA)




1 National Stormwater Calculator |£l_&

Overview | Location | Soil Type | Soil Drainage | Topography | Precipitation | Evaporation | Land Cover | LID Controls | Runoff

Analysis Options Site Description| Summary Results | Rainfall Percentiles | Rainfall/Runoff | Runoff Frequency | Rete| *

Years to Analyze 30 Statistic Current Scenario Baseline Scenario
Annual Averages

Event Threshold (inches) 010 Average Annual Rainfall (inches) 3042 3042
Average Annual Runoff (inches) 17.05 2264

Ignore Consecutive Days Percent of All Rainfall Retained 4396 2557

Daily Event Statistics

Site Description | Summary Results | Rainfall Percentiles | Rainfall/Runoff | Runoff Frequency | Retention Frequency Jays ,UQ(’ YQ[JF L’I.-"ffl‘] Rafnfa{{ 65. 59 65. 59
Daily Rainfall BEtention Frequ\enc_iﬂ_‘j —— Jays per Year with Runoff 36.24 51.23

I e ‘ercent of Wet Days Retained 44.74 21.89

1 mallest Rainfall w/ Runoff (inc... 011 011

| argest Rainfall w/o Runoff (inc.. 048 0.23

Jax. Retention Volume (inches) 050 038

Percent of Time Attained

Target Rainfall Retention (inches)

* Annual volume reduction with proposed SCMs
e Climate change impacts

Example Applications

National Stormwater Calculator




e Models runoff, sediment and nutrient transport
within a watershed

® Based on. Green Roofs

Permeable Pavement

> Local soil type Water Harvestiil
Street Planters

> Land cover Infiltration Basins

Downspout
Disconnection

- Weather/rain data
> Topography
« SCS CN approach, USLE

Mapshed/AVGWLF

(Penn State PA DEP/Cornell University)




» Watershed analysis to meet TMDL
requirements
> Runoff
- Sediment Loading
> Nutrient Loading
e Streambank
erosion

calculations

Example Applications
Mapshed/AVGWLF




» Estimates the reduction
In nutrient/sediment
loads from various land
uses using SCMs

» Based on:
> Rain depth and rain
days
> Land cover
- SCM Tributary Areas

o USLE, Research-based gt;?;negglzf?’avement

Rain Gardens

SCM pollutant removal Water Harvesting

- _ 'ISt;gelst Ft’_lantgrs_
efficiencies, HUC-12 data Downspout Disconnection

....mMany more

Spreadsheet Tool for Estimating
Pollutant Load (STEPL)

(EPA)




Total N Load by Land Uses (with Total P Load by Land Uses (with
BMP) (Ib/yr) BMP) (Ib/yr)

4 y S

= Bd] File Edit View Insert Format Tools Data  Window Help STEPL

Total BODLoadbylandU : ] 5 |d (3 4| A & % 52 @B~ J 9~ ? L T -4} %l QBS%
BMP) (Ib/yr)

2 ‘_‘J ol "-J | '_T: Arial B ﬂ $ % <8 %
Al - =
iy B (5 D E G H |
[ ISTEPL Input Sheet: “alues in RED are required input. Change worksheets by clicking on tabs at the bottom. You entered
This sheet iz compozed of eight input tables. The first four tables require uzers to change inttial values. The nexd four tables (inttially hidden) co
Step 1: Select the state and county where your watersheds are located. Select a nearby weather station. This will automatically specify valu
Step 2: (a) Enter land uze areas in acres in Table 1; (k) enter total number of agricultural animals by type and number of months per vear that
(c) enter values for septic system parameters in Table 3; and (d) if desired, modify USLE parameters associated with the selected cour
Step 3. You may stop here and proceed to the BMPs sheet. If vou have more detailed information on your watersheds, click the Yes button in
Step 4 (a8) Specify the representative Soil Hydrologic Group (SHG) and soil nutrient concentrations in Table 5; (b) modify the curve number tak
() modify the nutrient concentrations (mg/L) in runoff in Table 7; and (d) specify the detailed land use distribution in the urban areain T
Step 5. Select BMPs in BMPs sheet. Step 6 View the estimates of loads and losd reductions in Total Load and Graphs sheets

1
2
3
4
i
5]
7
8
9

Show optional input tables ? ‘Yes | Mo I” Treat all the subwatershedsas partsof a single watershed M Groundw

State County Weather Station (for rain correction factors)

| Alabama j | Badwin l] | 0 Default j

1. Input watershed land use area {(ac) and precipitation {in)

Pasturelan User Feedlot Percent
Watershed |Urban Cropland Forest Defined Feedlots Paved

144 200 200 200 200 0 10

12 200 200 200 200 ] 10

W3 200 200 —il 1
I31 ¢ W nput (Ps [Tt Loa@(‘nm posed of four worksheets s
= o
Example Application
STEPL




« Web-enabled tool
» Quantifies cost effectiveness
of reducing runoff with LID/SCM

« Based on:
> Precipitation & ET data LIDRAwoder
- Land use descriptions I —— :
- SCM options to be considered

e Monte-carlo simulations

» User’'s manual and supporting documentation
not accessible

Low Impact Development Rapid
Assessment (LIDRA)

(Drexel University)




Determine if a
proposed SCM will
provide the annual
runoff reduction
necessary

- Annual and cumulative
cost

> Present value

Example Application
LIDRA




ABE Ho
@ Long Term Hydrologic Impact Analysis (L-THIA) ::::::::“e

Web-enabled screening

level tool

Quantifies impact of land

use change on water quantity and quality

Based on:

e Runoff Curve Number approach

e 30 years of precipitation data

e Event Mean Concentrations for pollutant loading estimation

Provides graphical and tabular runoff volumes and
associated pollutant loads

Long-Term Hydrologic Impact
Assessment Model (L-THIA)

(Purdue University)




Home

- 23 Witp: //danpatch.scm purdue odul~spuawd/L THIAZ/ihwa/output/cuppywe ) 1/nnolt hml - Microsolt Internet | |

ensrio Name : cuppyme | Land Use in hectares
Decxmentation eyl i
LTHIA e

in recharge and =

Relosd Dats
Pgevion
el

runoff from

existing or future . SR
land use

Total Annwal Volume (m"3)

I 3} Usstted Document - Micresslt Intenet Expbwres M=)
1B f& Vew favee lod

Average Annual Runoff Depth (mm)

e = 5] £ NARIO 2
= Pe L& Yew Faw h  Heb [ ]
O S Ite Average Annual Runoff Depth
- Watershed

Example Application
L-THIA




» GIS interface
» Watershed scale

» Analyzes changes in
stream flow and water
quality

» Based on:

o Tree canopy
o Impervious cover
- USGS gauging station

e Cumbersome to hand

delineate polygons

(0]
e Target audience is urban
planners and natural 1- ree

resource managers

i-Tree Hydro

(USDA Forest Service/SUNY-ESF)
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» How does the city- zw.; s
wide tree planting "= % . a1
effort affect annual & 57— =¥
runoff volumes? —

 What is the
pollutant load ff
dOWﬂStream from | iTree Predicted Annual Runoff for no Gl (Base)

and increasing GI (5 - 25%) in Syracuse, NY

the current land —
use? 60000

= 50000
=

-~ (0%)

% 40000 - B BASE (0%)

S— D(‘

€ 30000 - v

g “ os

& 20000 - %
Example — -

O -1 T L | = | S N .

- 3 Total Runoff Base Flow Overland  Impervious
Application
-
i-Tree Hydro




Excel based

Site-scale design tool

Generates surface runoff
hydrograph and routes

through user defined

SCMs

Analysis of peak flow, :
volume, and shape of the ;
hydrograph
Discrete storm events

only

Target audience: design

and municipal engineers

Site Development
Spreadsheet Tool (SDST)

(Tetra Tech)




STORMWATER CONTROL MEASURE!
SCM 1
Practice Tupe|Biaretention
Drainage Area [ac)
Discharge To|Offsite

" STEP5

User Input Mates and Comments

Sediment Strategy| T Filtration through vegetative or porous pavernent
-zec Entry| Auto Cale Rectangular Shape: User Defined Bottorn and Side Slopes

Cross Section

bAedia (ir)
Top
NA
NA
MA
Surface Storage
Bottorn| Sandy Loam
Total

Surface Storage Depth [in]
Media Storage Depth [in)
tedia (liriting] |nfiltration Rate [indar]

Outlet Tupe Drifice

Off=zet from bottorn [in]| 4.8

coefficientc|  OF

Area[sf] or Length (ft]| 0.2
“Wolurne below the offset [cf|

Example Application

SDST

Slope [f]  [f] wea(sl Yol 34 [sfvVal [cﬁ
*H TV (efl

18.0] 80.0

Allowenrea [=f)
Evaporation| Yes
Irnfiltration [through bottorn) | Yes

Mare| None| None
A AB | AC | AD | AE | AF | AB | AH
INDIVIDUAL SCM RESULT GTEP 6
SCM 1 0% 7-yeaill-yeall-year
Cpeak Infion (cfs] 08 24
Quiet(efs) 03 08
Overflawle 00 14
Ouflow(cE: g3 20
Depth Max(irl 126 180
Femsining 0.0 0D
Volum Inflow (<] 2,030 6265 811
ET(ef) I
Infil (cf) 583 658 665
Oulet[cf] 147 4311 6761 3379
Overflow(e 0 672 1661 3438
Cutflon (cF. 1477 5563 £.422 1247
Femaring o o o 0
Cortinwity S S S S
Continity Okay Okay Okay Okay
Dewalc Surface (W1 116 88 43 -3
Completelt 01 01 01 01

Sediment Criteria I ves (Filtered through media]

SCM 2 90% 2-yeaill-yeall-year
Gpeak Inflow (sfs) 0.0

Cutlet [sfs) 0.0

Overflom(c (g

Cutflow(cF 0.0
Depth Max(in 00

Femaining N

» Design and evaluate
SCMs for a site

Laver Side Width Len Surfac Total User Input Porosit Field Woid JserDe\Water
Capacit Ratio Yoid Sto Yol

Overri [cf)

redevelopment project

for multiple design

criteria

Al A 0 AN
STEP7

DRAINAGE AREA SUMMARY

Practice  Type age Area (ac) ; of Drainage Discharge To

SCM1

SCM2

SCM3

SCM4

Urcortrolled

Total

SEDIMENT CONTROL STRATEGY FOR UNCONTROLLED PORTIONS OF THE SITE
Feqired

TOTAL SYSTEM RESULTS
Pesurrence Interval

PEAK FLOW CPD Runoff [ofs).
Past Dev SA0 Uncariralled [cFs)

Post Dev SA0 Conralled [ofs)

ifference CFD - Post Dev [cfs)
Criteria

Criteria et (Y]

VOLUME CPD Runcff (cf)
Past Dev Funcff (cf)

ET(cf)

Infilration (cf)

Cuifiow (<f)

Pemairing Storage [<f),

Continuity Error (%)

Conlinuity Check,

Criteria

Criteria Met (YPN)

SEDIMENT Criteria et (V)
DEWATER TIpfee ‘Water Dewater Tirme (]|
Criteria

Criteria et (YA
Complete Drainage Dewater Time (Fr)]

Criteria

Criteria et (YN

= resLils are based on a 100-hour simuiation

90% Recurrence Interval

090
CPD Runoff

= == Post Dev SRO Uncontrolled

080
r Post Dev SRO Controlled

0.70

i
-
=
A
HY
=
il

I %
i \
\
Ne

120 130

125
Time (hr)




= Based on: e MATLAB application
0 Rainfall and evaporation file Desi tool f
0 Drainage area characteristics CSIGNTEORINEEE

1 Cross-section characteristics evaluating
e —*Lfv?:“k BiorzeEnfif:r:E:i:a:Z:ssiizui:j;igram performa_nce Of .
| ) bioretention facilities
R il i - and infiltration

Plant .C'\llrui\mhility
Facility Area (Less than 48 hours max.

. ; ponding is desirable) -

Tributary Area e .' AN
N ' 5 A fmax, Total

114 g 1

ious i i Lt
- A gt 1 LI e Hrs. 71.25 2335

o | Depressionzane {11 Lnls, ] ML K e A

| L 3 Number of g

Tributary Runof [ MOdeI Can SimUIate

Precipitation 2881

- i, =
L e | oy
& 1 e G W | . e
% = =
013 TET
Regional Ave ET in./da '. = e [ Z ol r I I ‘
S gu s Cont ey Y | Storage Layer g Underdrain Impenviaus Funof ez CO tI u O u S ra I I Ifa I I
imulation Type | Continuous A = i - - Flowrate |
E i lzan " = - i | = Pervious Runaff 47784 ,

Precip.File Name ,W - : 1 e i \ - :\,'7 m:"” Raingarde?n]\fvateg a Si n g Ie = eve nt’ O r

Output File Mame MackodAn: = .‘-_‘: ; T s | My Runon 106122 | 3883

Cammey Trem | prailn e Al I o Uuser SpECiﬁEd

Recharge 75684 | 262702
Target Stay-on 05 [in] Evaparation 28377 | 98497 I
Facility Area Ratio () | | 0002e 0TR[] Underclrain 0 0 VO u I I l‘ E

Input File Length 266 days

Soil Moisture -020818 | -D71217
Fun FAR
—— i Stay-on 28.3988 | 985727

Can target “stay-on
RUN SIMULATION
Developed by the University of Wisconsin-Madison CLEAR RESULTS
Civil & Environmental Engineering Water Resources Grou ; VO l II I le

(D. Atchison, A Dussailliant L Severson)

RECARG

(University of Wisconsin-Madison)




« Graphical interface _
Soil Type

e Tool to evaluate runoff Volume
Landuse Area \

volume and pollutant and

' ' Poll
loading from different T SLAMM—p Ot

o "'_ H
sources Rainfall f P
. pollutant, land
B Ba Se d on. Development Characteristics s

> Hydrologic characteristics
o Land use characteristics -

o Control characteristics

Design SCMs based on source of pollutant
Based on Dr. Robert Pitt’s research
Long-term simulations
Model includes cost data

» ArcSLAMM is under development

Description of Practices

Source Loading and Management
Model for Windows (WinSLAMM)

(University of Alabama/PV & Associates)
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« How often should street sweeping be
performed to reduce sediment load by 40%?

« Comparing BMP effectiveness for different
land use scenarios

Example Application
WinSLAMM
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» Create a prioritization strategy to
maximize stormwater benefits

» Evaluate if proposed SCMs will provide
CSO reduction benefits

PC:RA=0014

Example Application
SWMM
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Model Summary Table
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Tool selection depends on the objective
you are trying to achieve and the
questions you are trying to answer




« Comprehensive tool that combines site
design with cost effectiveness and
construction cost information

» Modeling the fate of pollutants that
stormwater transports into SCMs

» 2D-modeling of surface runoff and routing
through SCMs

What's Next...




Valerie Novaes, P.E.

Thank You!
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