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Introduction

GOALS:

v Improve understanding of Rate and Volume
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(Quantity) Stormwater Design
v Improve understanding of strategies to achieve points

v Share successful LEED documentation methodology

v Share past Lessons Learned




Rate & Volume Design

Agenda

.  Design intent

. Design Goals requirements
lll. Typical Strategies

V. Sample calculation

V. Lessons learned



@hf Rate & Quantity

General Intent

v' Reduce net stormwater runoff rate and gquantity
leaving the site
Rate = Discharge rate (CFS)
Quantity = Runoff volume (Acre-FT) or (Cu.Ft.) or (Depth)

Typically quantity rules are set by regulatory group or professional
guidance (LEED)

“Permanently” capture stormwater volume on site to meet quantity
point intent




@hf Rate & Quantity

Example Design Intents
LEED Version 3 :

v To limit disruption of natural hydrology by reducing
Impervious cover, increasing on-site infiltration,
reducing or eliminating pollution from stormwater
runoff, and eliminating contaminants. No stormwater
Increase or 25% reduction depending on %
Impervious.

v" City of Chicago
Capture %2” first flush of new impervious runoff




Typical Strategies - Rate

Stormwater Design — Rate Control

Typical Strategies - Rate
Reduced impervious — Synergy with Quantity
Open Space
Green roof
A. Restricted outflow (detention)
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Rate control is often a standard
regulatory requirement
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Typical Strategies - Quantity

A. Reduced Impervious
1. Open Space
2. Green roof
B. Infiltration
1. Permeable pavement
2. Soak aways
3. Rain gardens
4.  Bio-infiltration
C. Stormwater Re-use/Rainwater Harvesting
1. Cisterns

Dry Detention typically is not a quantity
strategy (based on past CIR)



Typical Strategies — Quantity

Maximize Open Space | Protect Natural Areas
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FOTAL PRSUECT

PROPOSED OPEM SPACE:

EXHIBIT FOR S5 CREDHT 5.2

Reduced impervious

GREEN ROOFS AND

1. Increase Open Space LANDSCAPE
. Reduce aisle widths and sidewalk widths
. Increase planter islands widths
. Undrained permeable pavement subgrade w/
appropriate freeboard
2. Green Roof
. Intensive vs. extensive green roofs
. Manufacturer test data —




NOTES;
1. PIPES 1 THROUGH 7 ARE TO BE SLOPED
DOWNWARD TOWARDS INFLOW PIPE AT 0.50%

Watertight system

Sensors and control systems
Pumps

Overflow and backwater
considerations

Backflow protection
Stormwater pre-treatment
Maintenance and drain down

PER PLAN,

2. STORAGE PIPES ARE TO STORE
RANWATER FOR USE AS IRRIGATION. IRRIGATION
PUMPS AMD EQUIPMENT ARE TO DRAW WATER FROM
STRUCTURE NO. 39. SEE IRRIGATION PLANS
FOR FURTHER DETALS.

3. PIPES 1 THROUGH 7 ARE TO BE EQUIPPED
WITH END CAFS, BOTH END CAFS ON EACH FIFE
ARE TO BE MODIFIED TO ACCERT 6" HDPE INFLOW

ANNEA NN

FIPE WITH A WATER TIGHT FIT. CONTRACTORS
IS TO COMSULTANT MANUFACTURER FOR
MODIFICATION RECOMMEMDATIONS.
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SECTION WIEW
LOOKING SOUTH

Stormwater Re-use/Rainwater Harvesting

1. Irrigation
. Above ground and below ground cisterns available

. Cistern sized based on July irrigation demand. Verify drainage
area supports demand

. Above ground fairy simple and extra benefit of visual feature
. Below ground cistern involves complicated integrated design

2. Toilet Flushing and washdown
POTENTIAL IMPACT: Subtract irrigation tank volume from gross site runoff volume




Typical Strategies - Quantity

Stormwater Design — Quantity Control

Infiltration Methods:
Permeable pavement Soak aways/French Drain
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Infiltrate Stormwater

aka aquifer recharge

Infiltration

One of two typical scenarios:
Soil support high rate of infiltration
Soils do not support high rate of infiltration




Infiltration Volume

Infiltration - Soil supports infiltration

Test soils to establish infiltration rate. Double ring infiltrometer,
Guelph Permeameter, Falling head test

Generally K factor in/hr is useful to determine if
soils are suitable for infiltration but not useful for
preparing a simple hand calculation.....

The infiltration volume over 24 hrs= ??77??

Image from Surechem.com



ight Do lower permability soils rule out infiltration?

Slow Infiltration - Soil does not support high rate of infiltration (aka Clay or Silt
Loam)

Even with 0.1 in/hr rate of infiltration, it would appear there still is
value as over time mounded water in infiltration basin will drain to
water table.....

Infiltration volume is the volume of infiltration basin below
overflow. Actual aquifer recharge during 24 hour period is
generally neglected for quantity calculation purposes

IMPACT: Subtract infiltration volume from gross site runoff volume



@hf Infiltration Volume

Common calculation methods:

Complex:

v Apply falling head rate at time steps through a design storm
v Green Ampt - Dynamic Differential Equation

v Darcy’s Law - Dynamic Differential Equation

Simpler:

v Volume in vs. Volume out
Wv=(P*Rv*A)/12
Rv=0.05+0.91a

RV = from studied value

Most Simple:

v’ Size infiltration basin based on small storm runoff volume and
provide 100% storage. Treat as retention basin neglect infiltration
and evapotranspiration



CHABTER 12 - DETENTION STORAGE

Fage 24 of 48

2.1.6 Permeable Pavement

5
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Logic Behind Using Rational Method: e s o g e
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Drawbacks:

v Technically meant for conveyance
calculations

v Old technology

v’ Potentially subjective

IDOT Drainage Mamsal

08/01/04

v’ Average infiltration outflow rate is not constant
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Sample Calculation

DELINEATE PROPOSED BMP DRAINAGE AREAS

[ 1] Inilet Filter How rane 2075 A A BO% 0g
e it T Inlet Filser Flow rate T4l NiA LT AT o1
Adethad &2 Inket
Subtoto) Filkter £E3 [ ]
- s Subtotal Method #1 +
Mathod #2 59542 | Tets) Avea Trewted
o Lamatat s 8 Unireated [V 4530 [TE) [T [ N/,
. s, - sams E72
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T e
BIO-INFILTRATION
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Treatment

Tatal Drainage Arca
*Treatment Flow Rate and Peak T55 remowal rate based on Manufactsrer Data
** according ta Bulletin 70 rainfall data 17 depth stomm o with 100 annual probsaility has 1 br duration

Captwred for

559142

!

T2

ISTORAGE WOL 1442 CF) —3 Gaal: 808 of Average Aansal s

1 osaw| - sow ok
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BIO-SWALE = :f::;:mt IMET
ZONE =5
ISTORAGE WOL 1414 CF¥ STORM SEWER
3 ————— INFILTRATION AREA
UMDERDRAIN




PRE-DEVELOPMENT RATE AND QUANTITY

Sample Calculation

Determine gross rate and quantity

Proiect Data |

Site Area =

64072 SF
1.47 Acre

0.61
0.08 hr
5.0 min

Rational Method Existing Rate Calculation

Q=cia

O-Lyr = 0.61 ¥
= 3.35 cfs

Quyr= 061 X
= [ 4.10 cfs

Rational Method Existing Quantity Calculation|

V=cda

Vlyr' 0.61 X
= 8389 CF
Vay= 0.61 x

10315 CF

Al POST-DEVELOPMENT RATE AND QUANTITY A2
In-this case storm criteria defined by
Rainfall Data LEED 1 & 2-YR 24 Hr Proiect Data | Rainfall Data
Bullletin 70 Will County Site Area = 64072 SF Bullletin 70 Will County
1.47 Acre
1-yr 2-yr 1-yr 2-yr
Peak Intensity @ Te(in/hr): 3.72 4.56 c= 0.76 Peak Intensity @ Tc(in/hr): 3.72 4,56
24-hr Rainfall Depth (in): 2.57 3.16 Tc= 0.08 hr 24-hr Rainfall Depth (in): 2.57 3.16
5.0 min
Gross Post Development Rate Calculation Note - Gross Volume is reduced
by flow restrictor
¢ = Runoff Coefficient QO=cia ¢ = Runoff Coefficient
i = Peak Rainfall Intensity (in/hr) i = Peak Rainfall Intensity (in/hr)
A=Area (Acres) A= Area (Acres)
3.72 X 1.47 Qqy= 0.76 X 3.72 X 1.47
= 417 cfs |
1
4.56 X 1.47 (SEmES 0.78 X 4.56 X 1.47
= [ 5.1 cfs |
Gross Post Development Quantity Calculation | Note - Gross Volume is be reduced
Through bio-infiltration
¢ = Runoff Coefficient V=cda ¢ = Runoff Coefficient
i =Rainfall Depth 24-hr Storm i =Rainfall Depth 24-hr Storm
A =Area (Acres) A = Area (Acres)
2.57 X 64072 X 1/12 V= 0.76 X 2.57 X 64072 X 1/12
= 10464 CF |
3.16 x 64072 x 1/12 Vay= 0.76 x 3.16 x 64072 x 1/12
= 12866 CF




Sample Calculation

INFILTRATION STORAGE VOLUMES A3

DESCRIPTION: The site contains multiple bicinfiltration zones and biswales that store water for infiltration.
These infiltration zones consist of gap graded stone underlayment that is undrained by convention methods.
IThe wolume o.! of the big-infiltration storage reduces the gross runoff volume.

Bio-Infiltration Fone #1
4' stone catchment of CA-7 Void ratic 38%

Area (SF) | Depth (FT) | volume (cF) |
949 4 1443

Bio-Infiltration Zone £#2
4' stone catchment of CA-7 Void ratic 38%

Area (5F)| Depth (FT) | Volume (CF) |
282 4 733

Bio-Infiltration Zone # 3
4' stone catchment of CA-7 Void ratic 38%

Area (SF)| Depth (FT) | Volume (cF) |
668 4 1015

Bio-Infiltration Zone £ 4
4' stone catchment of CA-7 Vaid ratic 3B%

Area (SF)| Depth (FT) | Volume (CF) |
653 4 993

Bio-Swale Fone # 5
4' stone catchment of CA-7 Vaid ratic 3B%

Area (SF) | Depth (ET) | volume (cF) |
930 4 1414

TOTAL INFILTRATION ss97 lcr Infiltration
VOLUME CAPACITY: Volume




Check that goals
are met...

Sample Calculation

SUMMARY AND ANALYSIS AS5.1

TARGET RATES AND VOLUMES:

Existing impervious exceeds 50%, therefore reduce runoff by 25%

Target Q= 251 75% Predevelopment Rate

Refer to Al for Predevelopment Rate
Target Q- = 3.08 75% Predevelopment Rate
Target Wy~ 6292 75% Predevelopment Volume

Refer to Al for Predevelopment Vol

Target V.~ 7736 75% Predevelopment Volume

GROSS RATES AND VOLUMES:

—1

Gross Qa,.= 417 REF. A2
Gross Qz.= 511 REF. A2
Gross V= 10464 REF. A2
Gross V= 12866 REF. A2
MNET RATES AND VOLUMES: AL2

REDUCE GROSS RUN-OFF RATE THOUGH USE OF RESTRICTORS,
INFILTRATION STORAGE VOLUME IS PROVIDED TO STORE VOLUME/FLOW QUE

Logic check
MNetly, .= 1.98 cfs < 251 ORN REF A4
MNet Qg = 1.98 cfs < 5.08 ORN REF A4
REDMUCE GROSS RUN-OFF BY INFILTRATION STORAGE WVOLUME:
Met V= Gross W - Infiltration WV REFER TO A3 FOR INFILTRATION
STORAGE VOLUME
Net V.= 10464 - 5597 = 4867 - 6292

MNet Vg = 12866 - 5597 = T269 - T736

Logic check

OKY

OKV




Lessons Learned

v' Watch out for the goats tongue!

BIOSWALE TRENCH
SECTION D-D

v Underdrain Placement
Ice dams from

Green roof

2 Cl-‘ii
TER FABRIC
a fan

. 3
ENGINEERED SOIL—
AHDSCAFE FLAM SPECIFICAITON

GEOTEXTILE DRAINAGE FABRIC—]
TO ENVELOPE PIPE

WASHED ——
PEA GRAVEL

4" PERFORATED HDPE—"
SHOULD BE PITCHED
TOWARDS STORM SEWER

IRV

9DUIT TO AVOID ROOT BALLS

/ EXC€SS|Ve erOSive LIGHT POLE FOUNDATION—1

JNDERLAYMENT AT LIGHTPOLES
(REFER TO ELECTRICAL PLANS)

DEE. FLAN

forces
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Other Modeling Methods

Pond Pack
v Infiltration rate option
v Multiple pond design

Recarga Bio-infiltration model
v University of Wisconsin Model
v Includes Evapotranspiration
v' Suitable for wetland detention modeling
v' Suitable for site and neighborhood scale models
v' Does not model gap graded storage layer
EPA SWMM
XP SWMM
WINSLAMM
SUSTAIN



METHOD COMPARISON

1” Rainfall, 1.47 acres, C=0.76, Cn=90, Type D

sail, clay sub saoill

Method
Rational Method

TR-20

Recarga

HYBRID
METHOD?

Required Storage calculated
0.09 acre-ft ->0.24 Acre-ft

soak away
0.06 acre-ft ->0.16 Acre-ft
soak away
1.0 acre-ft (sand storage clay
subsoil) B | [ RECHROAVGNZS.
— . i B e
= *
—e = "
e | el
e et ]
[
L. ] peL. .o

T
i

i
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Typical LEED Requirement:
In plain english......

Remove 80% Total suspended soils (TSS) for 90%
of the average annual rainfall

By designing BMP’s in accordance with local
standards

OR

Provide product data to demonstrate compliance



Typical Strateqies:

A. Planning and Development Strategies (Non

Structural)

1. Day lighting stormwater/disconnected
Impervious

2. Clustered development/maximized open
space

3. Preserve natural drainage features and
depressions

4. Xeriscape

5. Reduce impervious

6. Reduce disturbance

7. Protecting other natural areas

But what is peculiar about these items?
Difficult to measure them for TSS removal with out before and
calculations and detailed environmental analysis.....



Stormwater Design — Quality Control

\ LS8 Typical Strateqgies:
X A. Structural Treatment train of BMP’s

Including:
1. Bio Swales Notice what is not listed:
i . i A. Greenroofs alone
2. Vegetatlve Filter StI’IpS B. Dry Bottom Detention alone
3. Rain gardens C. Native plantings alone
4. Bio-Infiltration systems
5. Infiltration trenches
6. Soak Aways/French Drains
7. Permeable pavers
8. Level Spreaders
9. Wet Detention
10. Constructed Wetland Detention

11. Constructed Wetlands
12. Pre-engineering systems

Manufactured systems
13. Inlet Filters




WATER QUALITY

Sample Calculation

Remember:

Remove 80% Total Suspended Soils (TSS) for 90% of the average
annual rainfall

SO FIRST THINGS FIRST

CAPTURE 90% OF THE DRAINAGE AREA FOR
TREAMENT!

OR IT'S ALL FOR NAUGHT.......



WATER QUALITY

Sample Calculation

Remember:

Remove 80% Total Suspended Soils (TSS) for 90% of the average
annual rainfall

But what is TSS and how do you measures its removal.....

Due to the measurement difficulties designers typically look for TSS
removal rate guidance from the local regulatory agency such as:

A. DuPage County
B. Lake County
C. LEED (As of Version3)



WATER QUALITY

Sample Calculation

DuPage BMP Manual is a great

reference

20. Dry Detention Basin: Fxtended detention with
forchay amd micropsss]

24, Constructed Wetland Detention: Shallow
Belarsh

USGBC Reference Guide has a table too....

Table 2. Management Practices for Remaoving Total Suspended Solids from Runoff

21. Wet Detention Pond: Pormancnt pool equal to 25, Constracted Wetland Detention: Combination
h Aimperyi Pond W etland
:s W nmmm!ewm Permanen 1 pool equal o 26. Constructed Wetland Detention: Extended Average TS | Probable Rage Factors to Consider
2.5 (W), where (V) =mcan storm runofT. Wetland Detention
23, ‘Wit Detention Pond: Permancal pool equal to Removal of TS5 Removal
A0 (W) approxmmately 2 weeks retention.
Effectiveness of Managment Practices for Total Suspended Solids Removal from Runeff
Table 2-2 Pollutant Removal Rates of Urban BMP Designs - - - - -
Infiltration Basin 75% 50 - 100% s0il percolation rates, trench surface area, stoarge volumes
- Y F_ Infiltration Trench 75% 50 - 100% | soil percolation rates, trench surface area, stoarge volumes
2/ = 5 = . 25 ) _ A -
3 2 £ f =f £ | = =2 Vegetated Filter Stip 65% 40-90% runaff wolume, slope, soil infiltration rate
|3 F(<5 5| £ | 5] E| £°
BMP - ~ - = = = = - - = T - -
T Sty . Grass Swale 0% 20- 40% runeff walume, slope, soil infiltration rates, vegetative cover,
[ & Q (o] 1] o Low 50 X % Removal
» - 3 2 g 2 : Moderte _!] :l i‘;um buffer Ienglh
2 » » o
tate W [Hie 8% Removal R
2 | el alla | o | ol 5] o ] | for 3w e Parous Pavement 0% 60 - 90% percolation rates, storage volume
o * e e e T =L Open Grid Pavement 0% 60-90% | percolation rates
E - » » - » k] @ & @ [Mederae . . .
¥ ejlo|lo|lale|lale]|e]|e | Sand Filter Infiltration - .
7 o|la|lo|lo|e|le|a]| e s |m Basin B0% 60 - 90% treatment valume, filtration media
Iafilizstes Treack "
: : 2 : : : : 2 : :. ”,.;,"'m Water Quality Inlet 35% 10 - 35% maintenance, sedimentation staeage volume
0 o | |olo oo z]e|= |m - y
Water Quality Inlet with _
Pervisws Pavemeni
m plalolalo|lale]|le| e Mo sand Filter B0% 70 90% sedimentation storage velume, depth of filter media
12 e(al|a| |0 =] mw
e e 2 alejela v ®l® OilfGrit Separator 15% 10-25% sedimentation storage velume, outlet canfiguration
4 L] ™ & ®| > ® & & @ (righ
Extended Dentention D .
m; Y L e e " 45% 5-90% slorage velume, dealenlion time, pond shape
" - (o] ] [ ] » (] L] 2 2 Moderats Pand
eloa|lo|ajlalela]|®| 2 Mo
‘,: o | a|lo|lolala|s]|a] = |w Wat Pand 60% 50 - 90% pool voluma, pond shape
B Deieation Fead
a ™ 3 ® Extended Dentention Wal _
: : ® 2 3 ; g :\ g ® ﬁ Pand 80% 50 - 50% pool volume, pond shape, detention Lime
Wit Peornrien Pewd. :
:I; : : f; i 2 3 g 3 S dodenie Constructed Stormwater £5% 50 - 50 storage valume, detention time, paal shape, wetland's biota,
e LI I I I I e ‘Wetlands seasonal variation
Coasiracied W otlaad
2 - w » ® £ & |Moderaic
:; d|o|@|@]o]|e]| | &]| S M Source: Eveiranmental Pratection Agency's Guidance Specifying Management Measures for Sources of Non-Paint Pallution in Coastal Waters, Table
= plojo | & B] & |ueh 4.7, January 1993,
12
Section 2

for instance if the design infiltrates100% of
Jbut if design

Use engineering judgment to select range of treatment...
the tributary volume then it would be reasonable to assume 90-100% TSS removal...
infiltrates 50% of required volume then adjust rate down....



WATER QUALITY

Sample Calculation

B S B ot ool - ! MERAER DOMAE Treatments are cumulative;

21, Wt Ik Ponad: For pool equal to 25, Constructed Wetland Detention: Combination
0.5 inchy SIOTage Per Inpervious sre., Pond W etlnd

22, Wet Detention Pomd- P-:'lmnenl.p'un] equal o 26, Constructed Wetland Detention: Extended

2.5 (Wi, wherns (VW) =mcan storm rumaofT. Wetlamnd [Detention

23 Wet Detention Pnuc.l Permenent pool cqual o

26 o ape 2 weeka reniion Treatment Rate 1 = 80%

Table 2-2 Pollutant Removal Rates of Urban BMP Designs

= . - Treatment Rate 2 = 50%
/“/f//:;*/*/ /;/// Treatment Rate 3 = 80%
s o e o e e e e b | ] After T1 20% TSS remains
B T o o T e e [ [ e | After T2 10% TSS remains
B e s S After T3 2% TSS remains
A HHHHHH HH
s BaA R0 ERE Cumulative TSS removal
mamHHHERHHHEH - rate = 98%
BHABRREEEA=
= e AnnnnOnnn=s Site typically have multiple
= o ol o a2 [ 2] 2 [ @ b treatment Trains, determine
= 5 N 1 R e B I O S TSS rate by area....develop
A HHHHHHHHH - a “weighted” rate.

1



WATER QUALITY

Sample Calculation

Remember:

Remove 80% Total suspended soils (TSS) for 90% of the average
annual rainfall

But what is the average annual rainfall.....?

USGBC LEED V3 defines treating a 1” storm event as treating
the average annual rainfall for our region

Regulatory rules soon to come......



@hi WATER QUALITY
: [ , Sample Calculation

50,000 SF site total
45,000 SF Captured by BMP’s >90% OK

30,000 SF Permeable pavement drains to infiltration trench to dry basin with larger
bio-infiltration at outlet

Treatment Train 1: 1) permeable pavement 80% 2) an infiltration trench, 50% 3) bio-
infiltration basin 80% -> Treatment Rate = 98%

10,000 SF Building drains to small bio-infiltration basins to infiltration trench to larger
bio-infiltration at outlet

Treatment Train 2: 1) bio-infiltration basin 70% 2) infiltration trench 50% 3) bio-infiltration
basin 80% -> Treatment Rate = 97%

5,000 SF Native Landscape to larger bio-infiltration at outlet
Treatment Train 3: 1) Filter Strip 40% 2) bio-infiltration basin 80% Treatment Rate = 88%

Weighted rate = {30000(.98) + 10000(.97) + 5000 (.88)}/ 45,000 = 97% TSS removal
Provide BMP volume information in appendix format to document capacity.

TSS Method Proposed By DuPage County Ordinance Revision follow similar methodology



WATER QUALITY

Sample Calculation

Trains 1,2,3 end at infiltration basin with 100% stay on for 1” design

o mna

C

i in any form

e i, stored. or t

te may ba

G: engdwg=chi\ 08~ 4578~ 03_PDZ3\dwg \BASE \Drainagesrec BWF. dgn

IE1EZS AN 1x7T

LY HLME GEMERATED BY 1 OF RLNOFF: TR
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WATER QUALITY Sample Calculation

Remember:

Remove 80% Total suspended soils (TSS) for 90% of the average
annual rainfall

We have captured 90% of the drainage area
We have determined a weighted treatment rate

Sized system to hold/treat 1” depth of rainfall similar to
Quantity point

We have met the point requirements



Regulatory Trends

«City of Chicago — Volume Based Design Component (SS6.1) retain ¥2” volume control for new
impervious

DuPage County, IL — Water Quality BMP Component (SS6.2)

sDuPage County, Lake, McHenry IL Future - Water Quantity BMP Component (SS6.1)

*Cook County, IL MWRD Future — Water Quality 1” treatment for Discharge to waterway
(5S6.2)

*Cook County, IL MWRD Future — Water Quantity 1” treatment for Discharge to combined sewer
(5S6.1)

*Will County, IL - BMP requirement to show no adverse impact (SS6.2)

*USACE — BMP requirement as part of 404 permit (SS6.1 & SS6.2)

*Federal Projects — Energy Independence Act, restore natural condition (SS6.1 and SS6.2)
Project over 5000 SF

*Wisconsin IDNR — Infiltration requirement 60%-90% average annual predevelopment infiltration
volume

*New Jersey Stormwater Management— Maintain 100% of average annual preconstruction
groundwater recharge.

*Ohio — Big Darby Watershed - overall site post-development groundwater recharge equals or
exceeds the predevelopment groundwater recharge

*North Carolina - control and treat the stormwater runoff from all built upon areas of the site from
the first 1.5 inches of rain

*West Virginia MS 4 - The first 1 inch of rainfall must be 100% managed with no discharge to
surface water Not just a LEED issue anymore, and it certainly isn’t going away....



Thank you!

Wight & company | Wightco.com

Tom Powers P.E., CFM, LEED AP, CPESC
Tpowers@wightco.com



