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Presentation Overview

> Performance Standards

> Modeling Guidelines, 2 k
Tools, Concepts T

> Bioretention Types

> Applications
Flow Control
Water Quality Treatment

Combined Sewer
Overflow Reduction

Wetland Protection

> Hydrologic Modeling - W“’




Hydrologic Modeling

> A: Use of mathematical
equations to estimate runoff
based on:
o Weather patterns
o landuse
e Soll

Source: http://www.und.nodk.du/ ® topography




Hydrologic Modeling

> Al: Characterize hydrologic
conditions
« Predeveloped
o Current
« Post-project

> A2: Design mitigation

Source: http://www.und.nodak.edu/

> A3: It's fun!




Hydrologic Modeling

> A: Start to finish
o preliminary design (sizing)
 final design (optimization)
o demonstrate requirements met
(permit submittals)

Source: http://www.und.nodak.edu/




Performance Standards

> On-site Stormwater Management (MR #5) (NEW 2012)
« Use BMP List (rain garden)
0]

« Meet LID Performance Standard (match flow durations to pre-
developed condition from 8% to 50% of the 2-year peak flow )

> Runoff Treatment (MR #6)

o Infiltrate 91 percent of the total runoff volume through soil

meeting Ecology treatment criteria (for infiltration BMPSs)

> Flow Control (MR #7)

« Match flow durations to pre-developed condition from 50% of the
2-year to the 50-year peak flow

> Other Flow Control Standards

« Combined Sewer or Capacity Constrained Basins (peak-based
standards)




Hydrologic Modeling
Methods

> Single-event models
o May be appropriate for conveyance sizing

> Continuous models

o Required for sizing flow control (MR7) and
treatment (MR6) BMPs

> Simplified sizing tools
« Will be covered in class exercise



Hydrologic Modeling
Single-Event Methods

> Input single storm event
> Output peak flow rates

> Typical methods
SCS
SBUH
StormShed
SWMM
HEC-HMS

Runoff (cfs)

¥

1 Rainfall (in)

Unmit. Runoff (cfs)
Mit. Runoff (cfs)

Time (hrs)

A
=
>
—
L
=
)
O
>
D
2
N—




Hydrologic Modeling
Continuous Models

Input long-term rain and
evaporation

Output continuous runofft,
peak flow, & duration
Typical programs

HSPF

WWHM

MGS Flood

KCRTS

SWMM

SUSTAIN

InfoWorks

Runoff (cfs)

[ Rainfall (in)
Unmit. Runoff (cfs)
Mit. Runoff (cfs)

Time (hrs)

(sayoul) |fejurey




Bioretention Types

Without Underdrain
Relies on infiltration to native soll
Can meet on-site list requirement
Can provide effective WQ treatment for some pollutants

Can provide effective flow control and meet duration standard
for many soil conditions

Inlet

Protection
Bottom Width
(See Note 1)

Design
Ponding
Depth

Bioretention Soil Mix
(12" min. for Flow Control,
18" min. for Treatment Std,
Std, See Note 2)
Overflo v Stricture .

Notes:

1. Bottom width shall be a minimum of 2 feet and bottom area shall be flat (0% slope).

2. Imported bioretention soil shall meet City of Seattle specifications (minimum design infiltration rate of 3
inches per hour and 40% porosity).




Bioretention Types
With Underdrain

Some infiltration to native soil
Can meet on-site list requirement
Can provide effective WQ treatment for some pollutants

May not be able to meet duration standard alone, but can
contribute as part of a system to achieve flow control goals
(raised underdrain and orifice improve performance)

Inlet

Protection
Bottom Width
(See Note 1)

Design
Ponding
Depth

s
Native Soil /

Overflow Structure

Bioretention Soil Mix L
(18" Min. See Note 2) " Underdrain
Notes:
1. Bottom width shall be a minimum of 2 feet and bottom area shall be flat (0% slope).
2. Imported bioretention soil shall meet City of Seattle specifications (minimum design infiltration rate of 3 inches per
hour and 40% porosity).




Bioretention Types

With Underdrain & Liner/Impermeable Container

No infiltration to native soill
Can meet on-site list requirement
Can provide effective WQ treatment for some pollutants

Cannot meet duration standard alone, but can
contribute as part of a system to achieve flow control goals
(orifice improves performance)

Planter Width
(See Note 1)

Design
Ponding
Depth

Roadway

Bioretention Soil Mix

Underdrain

Native Soil /




Current Modeling Guidelines

> Implicit Method (2005 LID Manual)

o Lump surface ponding and storage in BR soll
. Effective depth = ponding depth + BR solil depth x void ratio (%)
« MGS Flood and WWHM3

o Neglects movement of water through layers

> Explicit Method

« Explicitly represents:
Surface ponding
Infiltration into BR soil and native soll
Storage in BR soll
Overflow
Underdrain flow
« MGSFlood4, WWHM4, WWHM2012




WWHM/MGSFlood Basics

Model Inputs

> Meteorological Data
o Rainfall (5-min, 15-min, hourly)
o Evaporation (daily)

> Land Cover Types

o Impervious areas
Slope

« Pervious areas
Vegetation
Soil type (A, B, C/D)
Slope

o Regional calibrated parameters (Dinicola 1990)

> BMP Configurations




WWHM/MGSFlood Representation

Bioretention Module Parameters- Explicit

Inflow

“Swale” bottom —
area and slope

Side slope

|

Freeboard |

Effective
depth

A

verflow

Riser !
height

Bioretention soil
infiltration rate

|

‘ Riser
- diameter

~_Native soil l Bioretention soil
infiltration rate O thickness and porosity

Piping

Bioretention Soil Subbase

Aggregate

Q Underdrain

Diameter and elevation of

underdrain (if any)

* Showing “riser outlet structure”
(alternative: “vertical orifice and overflow”)




WWHM/MGSFlood Representation

Bioretention Module Parameters- Implicit

“Swale” bottom —
area and slope

Inflow

. Bioretention

~<
~
W
oy
vl

Side slope

e |

Freeboard |

Effective
depth

y

verflow

Riser S .~

height

Native soil
infiltration rate

Effective subsurface
storage

Native Soil

N

Riser
diameter

Bioretention soil
thickness and porosity

Subsurface storage modeled
as effective storage depth
(soil depth x porosity)




WWHM/MGSFlood Representation

Model Configuration

Precipitation L
ecipitatio Precipitation

Evaporation :
aporatio Evaporation

y | RunoﬁMerﬂqw I

l To GW ISurface
\ Infiltration | . storage

to soill

Subsurface
storage (voids)

v
Infiltrationl \ / Underdrain flow .
to native @, g

Where flow control standard |
must be met

Contributing area

Point of Compliance

Bioretention Module

Bioretention Soil O Underdrain

Aggregate Native Soil




WWHM/MGSFlood Representation

Bioretention Surface Routing- Explicit

Surface SSD Table

Overflow Area Storage Infilt. Overflow
— ) (cf) (cfs) (cfs)

: 0 0 0
Surface 304 243 | 0.0035
storage ' |

328 253 0.0038
352 263 0.0041
376 273 0.0044
388 278 0.0045
400 283 0.0046

Infiltration
to soil




Bioretention Sizing Examples

> Flow Control in Creek Basins ( WWHM)

> Water Quality Treatment ( WWHM)

> Flow Control for CSO Reduction (SWMM)




Flow Control

IN Creek Basin
WWHM4 Example- Explicit Method

Site in Seattle

Size bioretention cell to meet creek protection goal
(Ecology flow duration standard)

Predeveloped condition = forest on till

Native soil is till (0.25 inch/hour design infiltration rate)
Bioretention cell (12” ponding depth, no underdrain)

Receiving runoff from 2,000 sf of impervious area (0.046 acres)
Using bioswale module in WWHM4

15 minute time-step
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Start

Timestep
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End

" 30-Minute |1998.:’DE|£3IJ 24.00
" Hourly

" Doaily

Releaze Timeastep

£

Site Information
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[ Use DOT data




Sizing for Flow Control

Predeveloped Basin - Select area, solil type, land cover and slope

A WWHMA
File Edit Yiew Help Summary Report

D & dB2R

Subbasin Nam

Surface Interflow Groundwater
Flows To: | | [ | [

I~ Show Only Selected

Area in Basin

Fun Scenario Available Pervious Acres Available Impervious Acres

B asic Elements

Predevelop

ed Forest

-Move Elements

-

I~ &/B. Forest, Flat

ROADS/FLAT

I AJB, Forest, Mad

ROADS/MOD

[~ A/B. Forest, Steep

ROADS/STEEP

|~ A/B, Pasture, Flat

ROOF TOPS/FLAT

I~ A/BE. Pasture. Mod

DRIMEWEYSAFLAT

I~ A/B, Pasture, Steep

DRIVEMWEYS/MOD

| A/B. Lawn, Flat

DRIVEWAYS/STEER

I &/B. Lawn, Mod

SIDEWAALKS/FLAT

[~ &/B, Lawn, Steep [o

SIDEWALKS MOD

sl |

v C. Forest, Mod

i |

PerviousT otal

T T roes, oieen

SIDEWALKS/STEEP

PARKINGAFLAT

PARKINGAMOD

[ L. Pasture, Flat

PARKINGASTEEP

[~ L. Pasture, Mod

POND

[~ L, Pasture, Steep

(o |

| C. Lawn, Flat

I~ L. Lawn, Mod

| C. Lawn, Steep

[ SAT. Forest, Flat

Porous Pavement

=HE E S EE B E EEE B E EE

Save vy | Load w.y ‘

w1
v iz

boes
ke
boes

Impervious T atal

Bazin Total

Select By:| G0

% Deselect Zero




Sizing for Flow Control

Predeveloped Basin = Point of Compliance

File Edit Yiew Help Summary Report

D & s B2

SCENARIOS

Subbasin Name|Predeveloped Forest |

Surface Interflow Groundwater
Flows To: | | [ | [

Fredeveloped

[ Mitigated

— lected
== Point Of Compliance @ hus  Acres

Run Scenario

Basic Elements

Element:  Predeveloped Faorest

POC Outlet ADD

[w Surface Flaw
[w [rterflaw
[ Groundwater

HDDDDDDDDDDDDDH

|~ C.Lawn, Flat
-Move Elements [~ C Lawn, Mod
@ |~ C. Lawn, Stesp
& 3 B> | AT Foms Pt

Savewy | Loadwy PerviousT otal 0.046 Acres
R Impervious T atal D Acres
N | # Basin Total 0.045 Acres

4

|Thu 1:4Bp - default[1] - Finish Predeveloped LJ - Deselect Zero Select By- J— i




File Edit Yiew Help Summary Report

DEE & + 2R

@+ @]

[ia pate

- ()
Subbasin Nam¢ 1Impervi0us Surk I Designate as Bypass for POC:

[ Predeveloped Surface Interflow Groundwater

Flows To: | | [ | [

Area in Basin [~ Show Orly Selected

Mitigated

Run Scenario Available Pervious Acres Available Impervious Acres

- | [ AJB, Forest, Flat CAF| AT
Eazic Elements
> [~ A/B. Forest, Mod [ ROADSA4OD
RUal a2 TEEF

]

|

[~ A/B. Forest, Steep |
[~ AJB. Pasture, Flat ROOF TOPS/FLAT |
[~ A/B. Pasture, Mod DRIVEW/AYS/FLAT |
[~ AZB. Pasture, Steep DRIVEMWAYSMOD |
[ &/B. Lawn, Flat DRIVEMWATS/STEER |
SIDEWALKS/FLAT |

|

|

|

|

|

|

|

0,046

[~ A/, Lawn, Mod

[~ AZB. Lawn, Steep SIDEWALES MOD
[~ C.Forest, Flat SIDEWALKS/STEER
[~ C.Forest, Mod PARKIMG/FLAT

[~ LC.Forest, Steep PARKING MOD

[~ C.Pasture, Flat PARKING/STEEP
[~ C.Pasture, Mod FOMND

[~ LC.Pasture, Steep Porous Pavement
[~ C.Lawn, Flat

-Move Elements r éﬁ’ L

@ [~ LC.Lawn, Steep
QEE‘@ | ZAT, Faest Fiat

Savewy | Loaduy PerviousT otal D Acres
T Impervious Tatal 0.046 Acres
vy ] # + Wl Basin Total 0.04F Acres

4 »

|Thu 1:46p - defaull[1] - Finizh Predeveloped L] - Deselect Zero Select By: J— i

o o

5505505555501 =]

=HEEEEE S EEEEEE EEE EEE




Sizing for Flow Control

Developed Mitigated Basin Continued: Route to Bioswale Module

File Edit “iew Zoom Help

Dz & +B2R

Surface Interflows Groundwater
Flows To:  [Suface Swale 1 | [Surface Swale 1 | [

; Mitigated Area in Basin ]! Show Only Selected

Run Scenaria Available Pervious Acres Available Impervious Acres

ﬂ [~ A/B. Forest, Flat i RO&DS/FLAT | [0

[ A/B, Forest, Mod 0 RO&ADS MO0 | [0.048
[~ A/B. Forest. Steep 0 ROADS/STEEP | 1]
[~ A4B, Pasture, Flat |D ROOF TOPS/FLAT |
b 0 DRIVEWATS/FLAT |
meend From Basin to conveyance DRIVEWATS /MO0 |
DRMEWATS/STEER |
SIDEWSLESFLAT |
|
|
|
|
|
|
|

Bazic Elements

Flaw Fram:

SIDEWALKGMOD
SIDEWALKS/STEER
FARRING/FLAT
FARKING/MOD

LID Toalbox B Eimdsien PARRING/STEEP
PFOND

Porous Pavement

[v Surface Flow

[v Interflow

-Move Elements

Save xy | Load =y I PerviousT otal D Acres
w IEI Impervious Total 0.046 Bores
vy L] Basin Total 0.04E Aores
4

|Thu 1:48p - defaul[1] - Finish Predeveloped LJ 2 e e Select By: {—. =




File Edit “iew Help Summary Report

@[+ )

yCnematic _ HE Bio die galed
SCENARIOS ~ | Facility Name Bio Swale 1 ame

T Outlet 1 Outlet 2 Outlet 3
b [ Predeveloped Downstream Connection i | [0 | [0 |
:f.‘; Mitigated Facility Type Bioretention Swale |
[ Use Simple Swals Default Swale
Fun Scenario I~ Underdrain Used
Basic Elements Swale Bottom Elevation (f) [0 ]
Swale Dimensions H H
Swale Length [f) 20000 <€——— Dimensions
Swale Bottorn YWidth () 10.500
Freeboard [ft) B 500
Jverroad Flooding Outlet Structure Data J
Effective Total Depth [ft] 25 1Hiser Qutlet Structure —‘:‘{
Bottom slope of Swale (ft/ft] [7.000 Outlet Structure Data
Left Side Slope [HA) 2000 Rizer Height Above Swale surface (ft] ]1— -—:-i
Riight Side Slope [HAY] 3000 Riser Diameter in]  [12 —=
Material Layers for Swale Riser Type  [Flat =]

Layer1 Layer2 Laper3

Depth () 1.000 | |0.000
Soi Laper Amended 30 indhr
Soil Layer 2 GRAVEL Orifice Diameter Height

Soil Layer 3 GRAWEL = Number (in) ()

-
-

Edit Soil Types | | e T

o . 2 0 =l

| Uze Embankment Slope if thiz iz a roadside embankmdnt. e et

: <A TR N ] =

- - mbankrent Slope [ft/f) 0.000
Swveny | Losdss | Infiltration to ~SWOW SWHIE THOTE TOpen 10— o1
: : . L Swale Volume at Rizer Head [ac-ft) .0o3
T it Native Sail => Native Infiltration  [ve5 = Total Volume Infilrated (ac-H] 0
A 1] g = = Measured Infiltration Rate (indhr) 05 ~=8 Total Valumne Through Riser [ac-ft] 0
Reduction Factar (infilt*fact | —= 8 TatalVolume Through Facility[ac-ft 0
|Thu 4550 - WLl E xemple - Fiish Miigated L] eduction Factor [infilkfac o.r] 05 : otal DL,II'I.'IE! rough Facility[ac-ft)
. WUze Wetted Surface Area [sidewalls) sl Percent Infilrated 0



Sizing for Flow Control

Stage Storage Discharge Table

- [Bx]
Area Storage Dschrge Infiltration
(acres) ({acre-ft) (cfs) (cfs)
Mative

.gooooo
.gooooon
.gooooon
.goopoo
.gooooon
.aoooaon
.gooooon
.goopoon
.gooooon
.aoooaon
.gooooon
.goopoon
.gooooon
.gooooo
.gooooon
gooooo

o Amended M ative[wetted surface]

. 018855 000714
018855 000714
017306 000733
L0177 56 . 000752
.O01sz07 .ooo771

.oooooo
027473
0545945
. 082418
.1058590
A
. 164835
192308
.2158780
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R T
.302198
. 3256710
. 357143
. 384615

LO0EZ64
008234
. 0081549
. 008083
.oosoo7
007931
007856
. 007780
007704
007629
007553
. 00747y
00740z
007328
007250
L0717 5

.oooooo
.ooonss
000120
00018l
.000=z43
. 000305
. 0003es
. 000433
.00o493s
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LO00e31
.000e9s
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L0003 06
La0na7y

.ooooon
.oooooo
.aooooo
.oooooo
.gooooo
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.oooooo
.oooooo
.gooooo
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0025914
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003376
003611
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Sizing for Flow Control

Flow Duration Curve- Developed Unmitigated (Impervious)

™ WWHM4  WSU Example
File Edit ‘iew Help Summary Report

Ded &S L8R

3

501 POC 1 Predeveloped N
. 801 POC 1 Mitigated flow Fa0111tylFAILED duration Standardlfor 1+ £

Flow{cfs) Preder Mit Percentage PassfFail
0006 15565 115127 755 Fail
0006 14402 116146 506 Fail
0006 13443 114200 549 Fail
0006 12544 112324 5§95 Fail
.0oa7 117585 110466 239 Fail
.0oa7 11006 1056595 957 Fail
.0oa7 10330 1071535 1037 Fail
.0oa7 2639 105457 1094 Fail
0005 S004 103769 1152 Fail
0005 S436 102191 1211 Fail
0005 e 100524 1269 Fail
.0o00s TS00 99388 1325 Fail
.0o00s 7113 97914 1376 Fail
o002 8730 96336 1431 Fail
o002 583687 94510 1489 Fail
o002 5034 93268 1545 Fail
o002 S701 91900 1611 Fail
o002 imafep S0803 1679 Fail
0010 051 §9308 1757 Fail
0010 4526 8095 18zZ5 Fail
0010 4576 gegsl 1897 Fail
0010 43689 S5evy 1961 Fail
0010 4146 443z 2036 Fail
0011 3941 53257 2112 Fail
0011 3766 2170 21581 Fail
0011 3592 51101 2257 Fail
0011 3427 §0054 2336 Fail
0011 3278 79102 2413 Fail
.0oiz 3108 78050 2511 Fail
.0oiz 2993 76981 257z Fail
.0oiz 2852 75964 2663 Fail
.0oiz 2738 75017 2739 Fail
.0oiz 2609 74106 2540 Fail
0013 2489 73124 Fail

4
%

=2
]
=

g
S
3
0
o
L

0.00
10E-5 10E-4 10E-3 10E-2 10E-1 1

FPercent Timese Exceseding

Diurations Flow Frequency J Water Cuality Hydrograph

etland Fluctuation Recharge Duration ] Fiecharge Predeveloped Fiecharge Mitigated

Analyze datasets

Flood Frequency Method

* Log Pearson Type Il 176
" wheibull

(" Cunnane

(" Gringorten

|A|DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD




Sizing for Flow Control

Flow Duration Curve- Developed Mitigated (Impervious to Bioretention)

™ WWHM4  WSU Example
File Edit W%ew Help Summary Report

DEed S +B8 FHugdsEn

X
501 POC 1 Predeveloped The Facility PASSED b
. 801 POC 1 Mitigated fow it
TheIFa0111ty PASSED. l

Flow(cfs) Preder Mit Percentage PassfFail
0006 15568 67 o Pass

.0ooa 1440z 64 Pass

.0ooa 13443 64 Pass

ooos 12544 63 Pass

.0oav 11758 [ Pass

.0oav 11006 [ Pass

ooo7 10330 34 Pass

.ooov Q639 34 Pass

.ooos Q004 62 Pass

.0oos 5436 62
aaos 7944 62
.ooos 7500 61
.ooos 7113 61
ooos 6730 61
.ooo9 6367 61
.ooo9 6034 61
ooos 5701 61
.ooos 5394 61
0010 S0G1 61
o010 4526 61
0010 4576 61
0010 4369 60
o010 4146 59
0011 3941 59
0011 3766 58
0011 3592 55
0011 3427 55
0011 3278 55
.oo1z 3108 55
oo1iz 2993 58
.oo1z 28562 58
001z 2738 55
001z 2609 55

g
5
:
0
]
L

Pass

o

uli] & Pass

10E5 10E-4 10E-3 10E-2 10E-1 1 oo
Pass
Pas=
Pas=
Paz=
Paz=
Pas=
Pas=
Pasz
Pasz
Pasz
Pas=
Pas=
Pass

Perocent Time=s Exceaeding

Durations Flows Frequency J W ater Quality Hudrograph
etland Fluctuation Recharge Duration ] Recharge Predeveloped Recharge Mitigated

Analyze datazets

Pass

AIIDatasetsJ Flows JStage ]Plecip ]E\-'ap l POC1 ] ; Pass

Pass
Flood Frequency Method

+ Log Pearson Type Il 178
" weibull

" Cunnane

Pass
Pas=
Pas=
Paz=
Paz=

" Gringorten

e e e e S e T T R e R R e R e Rl

|A|DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD




Sizing for Flow Control

lteratively Sized Bioretention Area to Meet Duration Standard

= WWHM4 WSU Example
File Edit “iew Help Summary Report

D & +B2R

] E] (5]

I- [E]X| BioSwale 1 Mitigated
+ IFacility Name [BioSwae1 ]

Outlet 1 Qutlet 2

Outlet 3

Downstream Connection i | [o | [o

Facility Type Biaretention Swale |

I Use Simple Swale Default Swale

I~ Underdrain Used

Swale Bottom Elevation (ft)
Swale Dimensions
Swale Length [ft]

Swale Bottom ‘width [ft]

]

20,000
10500
—
0.500

Facility Dimension Diagram |

'|Hiser Qutlet Structure
(] = B

25

Effective Total Depth [ft]

Bioretention bottom area= 210 sf (10% of contributing impervious area)
Footprint area = 565 sf (28% of contributing impervious area)
(given 12" ponding, 6” freeboard, 3:1 side slopes)

Soil Layer 2 Orifice Diameter Height

Number (in) (1)
Tl

e

o e

GRAVEL ~|
GRAVEL ~]

Edit Soil Types
| Uze Embankment Slope if this iz a roadside embankment. 5
S Ermbankrnent Slops (it/R]

i~ Mave Elements Soil Layer 3

N
<33l

| I S 4
ITTHTL at

Save :-:,.y ‘ Load wy ]

almost 100%

o TR
v E

1|

Show Swale Table [OpenTate  —

Swale Volume at Rizer Head [ac-ft) .0o3

—>

L
rurjorl
- :

fes
fos -~

Native Infiltration
Measured Infiltration Rate (indhr)

]Thu 5:08p - WSLI Example - Finish Mitigated

Reduction Factor [infilt*factar)

[os =
[ves —

s WUse Wetted Surface Area [sidewalls)

Total Volume I nfiltrated [ac-ft)
Total Valume Through Riser [ac-ft)
Total Wolume Through Facility[ac-ft]

Percent Infilrated




Sizing for Flow Control

Flow Frequency Results

™ WWHM4 WSU Example
File Edit ‘iew Help Summary Report

DEeE & & 2@

miE

Cumulative Probability

Can't compute flow frequency analysis, There are oo many 2ero Flows.,

Annual Peaks
1949
1950
1951
1952
1953
1954
1955

1020 30 B0 FOO$0 90 98 9% 99995 100 1956
1957

Durations Flow Frequenay Mwater Quality Hydiograph i;:g

wietland Fluctuation echarge Duration Recharge Predeveloped ] Recharge Mitigated j Svr
Analyze datasets 1961

1962
1963
1964
1965
1966
1967
1968
r 1969
AIIDatasetsJ Flove J Stage ] Precip ] Evap l POC 1 I 1970

1971
Flood Frequency Method 1979

Log Pearsan Type |11 176 1973

bl 1974
" Cunnane 1975
" Gringorten 1976
1977

[ = I — I — I — IO — IO — I — I — I — I — O — IO — I — O — IO — I — O — IO — I — O — IO — I — I — I — IO — I — I — I — I — |
[— I — I — I — I — I — T — O — I — T — I — O — T — O — O — T — I — O — e — I — O — I — I — B — I — T — I — e — I — ]




Sizing for Flow Control

Flow Frequency Results

™ WWHM4 WSU Example
File Edit ‘iew Help Summary Report

DeEeE & & BR

Flow Fregquency s
Flow{cfs) Predeveloped Mitigated

2 Year = 0.0011 0.0000
5 Year .0018 .nooo
10 Year 0024 .0029
25 Year .0027 .0082
50 Year .0028 .0103
100 Year L0000 .noono

Cumulative Probability

Annual Peaks
1949
1950
1951
1952
1953
1954
1955

1M 20 0 80 TO g0 90 95 9% 99995100 1356
1957

Durations Flow Frequency wiater Quality Aol i;;g

‘wietland Fluctuation echarge Duration Recharge Predeveloped ] Recharge Mitigated j S
Analyze dataszets 1961

1962

Use Gringorten 1963

1964

or Weibull 1965

1966

Method for low 1967

1968
_ annual flows 1969
AIIDatasetsJ Flow J Stage ] Precip ] Evap Q! 1970

1971
Fload Frequency Method 1979

(" Log Pearson Twpe |l 176 1973
" wéeibull 1974
(_ Cunhane 1975
Gringarten 1976

[— I — T — I — T — I — IO — O — I — I — I — I — O — I — T — I — O — T — I — O — T — I — I — I — I — B — I — I — I — ]
(20— — I — I — I — I — I — I — I — I — IO — I — I — I — I — I — I — I — I — I — I — IO — I — I — I — IO — I — I — |




Water Quality Treatment
Same WWHM4 Example for Flow Control




Sizing for Treatment

Iteratively Size to Infiltrate 91% Runoff File

- WWHM4 WSU Example
File Edit Yiew Help Summary Report

DEE & & 2@
I [ A b L .
¢
M Schematic |- B[] < Bioswale 1 Mitigated
[ e -« Facility Name [Bioswae 1 ]
Outlet 1 Outlet 2 Outlet 3

Downsiream Connection i | [0 | [o
Facility Type Biaretention Swale |

I Use Simple Swale Diefault Swale

I~ Underdrain Used

Swale Bottom Elewvation (ft) IC]
Swale Dimensions
Swale Length [ft)

Swale Battorn “Width [ft)
reeboard [ft] Facility Dimension Diagram |

= I Effective Tatal Depth [ft] 2. '|F| izer Outlet Structure
J — = (] = [}

Bioretention bottom area= 66 sf (3.3% of contributing impervious area)
Footprint area = 300 sf (15% of contributing impervious area)
(given 12" ponding, 6” freeboard, 3:1 side slopes)

GRAVEL Orifice  Diameter Height
| ; Number (in it
[~ Move Elements { GRAVEL (in) (f9

l o il P | T
@g . Edit Sail Types o fgﬁ% Ig—“‘i

Use Embankment Slope if thiz iz a roadside embankment.

fittrat | Wembarkment Siope (1) [ 3D =1l =
= : Show Swale Table [OpenTabe —-
Savery | Loaduy 9 1%

Swale Volume at Rizer Head [ac-ft 3

%0 ] E Mative Infiltration FFES—_‘—-—] Total Yolumne Infitrated [ac-ft)

R T g — — — = Meazured Infiltration Rate [inhr) ﬁ5—' =4 TotalValume Through Rizer [ac-t]
Reduction Factor (infilt*factor) EE— =8 TotalVaolume Through Facilitelac-ft]

. WUse Wetted Surface Area [sidewalls) W = NFEcant Infiltrated

]Thu £:18p - 'WSL Example - Finish Mitigated




Sizing for Treatment

Check Drawdown Criterion- WQ volume infiltrated through facility in 48 hours

™ WWHM4 WSU Example
File dit  Wiew Help  Surimary Repar

== Analysis

Volume Infiltrated in 48 hrs = ponding area at mid-depth x infiltration rate x 48 hrs
=162 sf x 0.25 in/hr x 48 hours = 162 cf = 0.0037 acre-ft 0.0095 acre-ft

Analyze datasets
501 POC 1 Predeveloped How Does not meet

801 POC 1 Mitigated flaow
Ecology
recommendation

All Datasets | Flow | Stage | Precip | Evap




Further Analysis
WWHM4 Example




Further Analysis

Hydrograph

S WWHM4 WSU Example
File Edit Wiew Help Surmmary Report

& B B

Add Data File

002

[ Calendarysar

Graph

+ 0.006
0.004 T



Further Analysis

Report

 WWHM4 WSU Example
File Edit “iew Help Summary

Dz & % BB

FParameter Beport

WST Exatuple
S5ite Address:
City
Report Date

Gage
Data Start

Low Flow Threshold for POC 1
High Flow Threshold for POC 1
PREDEVELOPED LAHD USE

Hame H Fred

Ryrsaco =




Further Analysis

Time Series Export

™ WWHM4 WSU Example

File Edit w  Help Summary

HSPF Input File Impo
Import Existing lnput

SDATADOC. RAMN

T T T T
W 0o




SWMM Basics

Model Inputs

> Environmental Protection Agency’s (EPA’s) Stormwater
Management Model (SWMM)

> Meteorological Data Inputs
o Rainfall and evaporation
> Land Surface Table 5-1. Estimating Effective Impervious Surface Area

Characteristics
> BM PS FtDW informal ||ol]r‘:-ltP‘ E-allzjrafed
T p— --

HDW curh and quiter _ Calculated

al I OW eX p | | C |t Parcel —w/existing IMP surface discharges | Site survey Calculated
7 directly to the public drainage systam
m O d e I I n g through a pipe or surface channel
Of G S I Parcel —w/ existing IMP surface discharges | Site survey Calculated
to the private pervious surface or private
drainage feature (e.g., rock pockets, large
vegetated area)

GI5 = geographic informafion sysfem

IMP = impervious
ROW = righf-of-way
TIA = fofal impervious area




SWMM Basics

II-I- L) r' WiEm :

Trunk/Hydrograph Model

Skeletal Model

£ o9 f
t::::::‘*i:!:.r 30
48 ::,;.."1: 9

-u-nnmnnn-.n n-l’ :
an .Iq illlil-[_‘l__“l'hl] |[

||H|‘."‘,'|..'_-_-;-lll. |:_.:|.|.-|

Detailed Model

-1. ExaMPLE MODEL STRUCTURES AND SCALES




SWMM Basics

Without LID




SWMM Basics

LID Controls

Table 121. Compaosition of Vertical Layers in SWMM5

[ GSIType | Surface | Pavement | Soil | Storage [ Underdrain |
porter |V | [ T [ V[0
Foospaene | v | V| [ V[ e
Boe | T | [ e [ e | e

W = required
o = optional

G5l = green stormwater infrasfructure

Rainfall ET Runon

SWMM = stormwater management model

Overflow

Underdrain

Infiltration
Source: SWMMS User's Guide

FiGURE 12-2. FLOW PATHWAYS BETWEEN VERTICAL LAYERS REPRESENTING BIORETENTION




SWMM Basics

Bioretention Cell Parameters

;i‘lh . 3 ‘Q}

KJ  Scenario;
i 011-160 GSI

LID Control Editor

LID cortrols: Hame

= Title Hw_m; RWW_RE

- Smutztion Optors RainWise_Cisterns | LDtype:

- Oimatolagy row_gsi Eiu:-izl.ata-@inr! Call ==

i Hydlogy RW_Dizconnect
-~ Fain Gages zlley_qsi
- Subcaichments
- Ay ifers

Surace | Sgil Eil:lrau:_l..lnd:'dr.:in

Storage denth (n)

" e Vegetarive cover fracton)
Unit Hydrocraphs
- LID Cantrals Surface roughness (Mannings n)

i~ Hydraulics [\\5‘ Surface slpe pecent)
|=)- Mocee

Junciions
Ctialls

- Diwiders

- Storsge Lints

|=l- Linke=

o i

- Pumps

- Orfices

Del

FiGURE 12-3. GRAPHICAL USER INTERFACE FOR THE SWMMS5S LID CoNTROL EDITOR




SWMM Basics

Bioretention Cell Parameters

Table 12-2. SWMM5 Input Parameters for Bioretention GSI1

Vertical Property Description Unit, Field ample Data Source
Layer ID, or Data "."alue
Tyl
Surface Storage Ponding depth (donot  [Inches '
depth include freeboard)

Fraction of layer volume |Fraction GE-I Design
filled with vegetation

Thickness Thickness of the soil i
layer uD)
24 (with UD)

Conductivity | Hydraulic conductivity for | Inchesfhour
the fully saturated soil
Conductivity | Slope of the curve of log |Dimensionless |10 SWWM guidance;
: conductivity versus soil average of value
micisture content for sand plus value
for silt loam

Suction head il capillary suction med loarmy
the wetting front

Porosity Wolume of pore space Fraction I Rawls et al., 1998
relative to total soil
volume

Field capacity | YVolume of pore water Fraction A Rawls etal., 1998,
relative to total volume for loamy sand
after the soil has drained texture
fully by gravity

Willing point | Volume of pore water Fraction Rawls etal., 1998,
relative to total volume data; drﬁerpnce
for a well-dried soil in between total and
which only bound water effective porosity
remains




Underdrain

SWMM Basics

Bioretention Cell Parameters

Table 12-2. SWMM5 Input Parameters for Bioretention GSI

Property

Height

Yoid ratio

Infiliration
rate

Clogging
factor

Drain
coefficient

Drain Exponent of head in
exponent SWWM drain equal

Dirain offset

height

Description

Height of a gravel layer
below the soil layer

Volume of void space
relative to the valume of
solids in the layer

Rate at which water
infiltrates into the native
s0il below the storage
layer

Total volume of treated
runoff it takes to
completely clog the
bottom of the layer
divided by the void
volume of the layer
Coefficient of the
equation that calculates
the flow rate through the
underdrain as a function
of water level above the
drain height

Height of underdrain
pipe from the bottom of
the layer or rain barmel

Unit, Field
ID, or Data

Incheshour

Dimensionless

Example Data Source
Value
SPU

1 (without

Dy

& (with LID)
(Equivalent to 0.4
porosity)

Depends on
background
soil

To be provided by
SPUor
geotechnical
analysis

SWMM5 guidance

SPU




SWMM Basics

LID Usage Editor

U0 Usage Editor -
Il LID eprtrel name:

LID usages:

aley_gs |row_g Ad
[m"""_"'-lﬁj Mumber of replicate unte

[JLID accupies full subcaichment
Araa of each unit {3

% of subcatchment occupied

Top width of overiand flow
surface of each uni i)

R initily saturated
% of Impenicus area teated
[ ] Send outflow to pervicus area

Detailed report file {optional]

Ok

FIGURE 12-5. LID UsaGE EDITOR




Combined Sewer

Overflow Reduction
SWMM Example




Site Scale Optimization
Ballard Roadside Rain Gardens
Pilot Pro

W, [k 'g.’.*‘

--- ul.' "-

The Pilot The Problem The Fix




Green Infrastructure Evaluation
Process

Estimation

Flow Model Model \?c?lﬂ%oel
Monitoring Development Calibration

Analysis Evaluation

Gl €]
[ Feasibility] » [ AR ] » » [\(/Ballilzjﬂgt?c?rll]

r

Post-
Pilot Project Construction Const.
Monitoring

Full Imple-
mentation

\ J \




Green Infrastructure Modeling

RainWise Practices
->

>
(non-infiltrating with underdrain)

Right-of-way CIP Practices °"

b 2 Storage Layer

- Underdrain

Infiltration




Gl Modeling

s 0
ﬂl!lh‘ l,lJlJLl

. 32-year long term R
simulations performed | %ﬁﬂﬂ%ﬂuh
. Feasibility Analysis |
overlaid with model

subcatchment delineation

to develop input files

f
|

M ST

0

Il
lil_l.l

W
T

l

A
!




Basin Scale Optimization:
Basin-Specific Performance

Infrequent/Short Duration Overflows
==> (.32 gal/sf mitigated

Frequent/Long Duration Overflows

==> (.63 gal/sf mitigated

(@)
o
=
=
o
LL

Flow
30% Reduction

===C|ose to Compliance Capacity

Far From Compliance Capacity
60




Other metrics besides Control Volume

reduction

Basin 150

Control Volume (MG)
Events/year
Annual Overflow

Volume (MGlyear)

Without Gl | Reduction

%
Reduction

Basin 152

Control Volume (MG)
Events/year

Annual Overflow
Volume (MGlyear)

Without Gl | Reduction

1.04
9.8
9.58

%
Reduction

19%
26%
33%




Resources

LID Technical Guidance Manual
http://www.pierce.wsu.edu/Water Quality/LID/LID manual2005.pdf

WWHM

http://www.clearcreeksolutions.com/

MGSFlood
http://www.mgsengr.com/MGSFlood.html

HSPF
http://water.usqgs.gov/software/HSPF/

WDMUtils

http://www.epa.gov/waterscience/basins/b3webdwn.htm




Questions and Answers

297




Contact Information

> Alice Lancaster, PE
alancaster@herrerainc.com

&. HERRER/

> Dustin Atchison, PE
Dustin.Atchison@CH2M.com _—




