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Hydrologic Modeling

> A: Use of mathematical
equations to estimate runoff
based on:
weather patterns
landuse
Source: http://www.und.nodk.du/ topography




Hydrologic Modeling

> A1:. 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)
o Use BMP List (rain garden)
° or

o 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)

« Infiltrate 91 percent of the total runoff volume through soil meeting
Ecology treatment criteria (for infiltration BMPs)

> 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)




Modeling Tools

> 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

« Allow sizing without hydrologic modeling




Modeling Tools
Single-Event Methods

> Input single storm event
> Output peak flow rates

> Typical methods
SCS
SBUH
StormShed
SWMM
HEC-HMS
SUSTAIN
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Modeling Tools
Continuous Models

Input long-term rain and
evaporation

Output continuous runoff,
peak flow, & duration
Typical programs

HSPF

WWHM

MGS Flood

KCRTS

YUY

SUSTAIN

InfoWorks

Runoff (cfs)

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

Time (hrs)

(sayoul) |fejurey




Modeling Tools
Simplified Sizing Tools

> Represent BMP footprint area as % Imp. Area
(“sizing factor”)
> Prescribed design criteria

> Engineer not needed for small projects (e.qg.,
<10,000sf imp.)

» GSI|-Calc available for western WA Lowlands

> Jurisdiction-specific sizing tools also available

(e.g., Seattle, Bellevue, Edmonds, Kitsap
County, Pierce County)




Modeling Tools
Simplified Sizing Tools

Kitsap County: Pavement sized as function of
contributing impervious area and precipitation

Design Infilt. Forest Standard
Rate (in/hr) M B

Sizing Equation

Permeable Pavement Facility
6 inch 0.25 0.1100
ponding 0.5 0.0187
depth 1.0 0.0048
Permeable Pavement Surface

S|Ope <= 0.13 — 0.249 0.005 Aggregate Depth (m) —
2% > (.25 0.01 0 M x Precip. (in)

Area (sf) = Impervious Area (sf)
X [M x Precip. (in) + B]




Modeling Tools
Simplified Sizing Tools

Kitsap County Pre-Sized Calculator

Kitsap County BMP Sizing Calculator for Flow Control G S I 'Cal C
Site Mean Annual Precipitation —* ,7

Mew and Fieplaced Impervious Area — | ] Permeable Pavement (2 to 5 % Slopes with Berms)

Flow Control Standard Achieved? —

LID Runoff Reduction Methods Fagility Size Credit

Eietained Trees —Permezble Pavernent (2 to 5% Slopes with Berms)
Enizting Evergreen # Trees Total Canopy Areaof Trees o l:‘:[ '”"" - |
Exizting Deciduous # Trees Total Canopy Areaof Trees 103 [ior min 50 sktree)

Dlew Trees

Mew Evergreen #Trees 60 =f
Mew Deciduous #Trees 20 sf

Design Permeable Required
Infiltration iunﬁn Pavement Ponding Area Mitigated
Total Area Mitigated by Trees Reate (nfhi) e (5 Area (5f) Depth () <7
Dispersion 032 3500
" N PP #1 - p
Diownzpout or Sheet Flow Disperzed Impervious Area = IO'ZS —I I I 3500
EBermeable Pavement Surface
PP #2 |Select Sne =1 I I

Subgrade slope 23 Permeable Pavement Area
Subgrade slope 265 Permeable Pavenent Area PP #2 ISEleE[ one ;I I

4" Growth Medium Wegetated Rioof Area PP #4 ISEIE(l e ;I I
8" Growth Medium Wegetated Roof Area

Area Mitigated by LID Runoff Reduction Methods ok Total Area Mitigatad

LID Infiltration Facilities Facility Size Equation

i i il (uithout Underdsain) Enter Site — Design Requirement:

Ponding Depth in Bioretention Bottom Area [ _Precip Average Subsurface Fonding Depth Perrmeable Pavement
Diesign Infiltration Rate (See Mote 1)

Requirements Shoker Course
Enter Site QEF Reatd)

EBermeable Pavement Facility
Ponding Depth (1) in Permeable Pavement Area [ Precip & 1
Diesign Infiltration Rate inthr

Pluz Permeable Pavement Facility Area Expand Image

Area Mitigated by LID Infiltration F acilities — | I \_ i i
Traditional Infiltration Facilities y Size Ba (See Note 2)

Equation rMCheck Dam Spacing
waries

Mot
Fiock Trench Enter Site 1. The average subsurface ponding depth [(D1 + D2 /2] within the aggregate storage reservoir s the depth
X - . . required for SLOrMWater management. The minimum aggregate design depth shall be the greater of the depth
Die=ign Infiltration Rate : inthr Trench Length [ Precip & required to achieve this subsurface ing and the rini o b required for design koading.
2. Permeabie pavement achieves the water quality treatment standard if native soil meets Ecology treatment soil
requirements. Alternatively, 8 treatrment layer may be included.

lless Chamber Enter Site
Die=ign Infiltration Rate | |infhr Chamber Length [ Precip &

Area Mitigated by Traditional Infiltration F acilities ——a Motas: shosquare fact #=Nlumber, fi=feet, in=inches hr=haur

Total Area

Flow Control Standard Achieved >—

Mates:
LID - low impact development sF - square feet i - inch
presip - precipitation Fr - fect inthr - inch per haur i Herrera Environmental Consultants)
1] Average subsurface ponding depthin aggregate storage reservair. Wersion: 01-26-10)




Modeling Guidelines

(General Summary- See 2012 LID Volume 3, Appendix IlI-C for details)

Base Material Subgrade | Model Surface as:
Slope

Above
Surrounding

Grade e Any

Partially or Yes Any

Below No
Surrounding
Grade

Impervious surface

Mix landscape/impervious on underlying
soil type

Impervious surface

Impervious surface routed to gravel
infiltration trench (same size as the
pavement area). Trench depth =
aggregate depth below surrounding grade

Impervious surface routed to gravel
infiltration trench (same size as the
pavement area). Trench depth =
subsurface storage depth if berms
(nominal 1/2-inch if no berms)




Permeable Pavement Types
Subgrade Slope 0 to 2%

Rainfall

Choker Course Permeable
(If Req'd) Pavement

Surface
Aggregate
Storage
Reservoir

Lat%FaI fldw along re&atlvel
impermeable subbasg8?,

-> can neglect lateral flow
-> subsurface storage depth modeled = aggregate thickness




Permeable Pavement Types
Subgrade Slope >2 to 5% (no berms)

Rainfall

Choker Course Permeable
(If Req'd) Pavement

Surface
Aggregate
Storage
Reservoir

\ Native Soil

-> subsurface storage depth modeled = average subsurface ponding depth
(when no berms, may be estimated as = 1/2")

-> cannot neglect lateral flow




Permeable Pavement Types
Subgrade Slope >2 to 5% (with berms)

Average Subsurface Ponding Depth
(See Note 1)

Choker Course

Permeable
(If Req'd) Pavement

Surface

Aggregate
Storage
Reservoir

Native Soil

Berm/Check Dam Spacing
- cannot neglect lateral flow varies

-> subsurface storage depth modeled = average subsurface ponding depth
= water depth before berm overtopping* or overflow

*function of slope, check dam height, and check dam spacing



Permeable Pavement Types

Run-on?:
> Always designed to manage rain falling on the permeable pavement area
> May also be designed to mitigate run-on (flow from other areas)

Rainfall
Choker Course

(If Reqg'd) Permeable
Pavament Run-on from

Surface other areas?

Aggregate

Aggregate ; g gtorage
Depth = I , > & eservoir

k Native Soil




Modeling Tools

HSPF Basics — Model Inputs

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

> Land Cover Types
o Impervious areas
Slope

o Pervious areas
Vegetation
Soil type (A, B, C/D)
Slope
o Regional calibrated parameters (Dinicola 1990)

> BMP Configurations




Model Representation
Gravel Trench Parameters

Pavement area*

| Raised overflow pipe

XA & Subsurface ponding

depth in storage reservoir
controlled by overflow or
berms in subbase

Aggregate layer
thickness and porosity

Wearing Course

Aggregate

Q Overflow

Subbase

Subbase infiltration rate

* May include additional contributing area




Model Representation
Model Configuration

Precipitation

______________________ Only aggregate available for
Evaporation A EERee

| Runoff/ In}‘a(ﬂow

B |
\ | To GW
Porosity

Pavement area (and area e
draining to it, if any) Infiltration l

Point of
Compliance

to native

»

Gravel trench area l

Theoretical riser

Wearing Course Q Overflow

Where flow control standard
must be met

Aggregate Subbase

Note: Only aggregate under overflow invert modeled




Model Representation
Gravel Trench Routing

Ex. Cross Sections Ex. SSD Table

Stage | Area | Storage | Infilt. | Overflow
(ft) (sf) (cf) (cfs) (cfs)

0.0 0 0 0

0.1 |10,000 | 1,000 |0.0579
0.2 |10,000 | 2,000 |0.0579
0.3 |10,000 | 3,000 |0.0579
— Oy ——- 0.4 |10,000 | 4,000 |0.0579
Exfiltration 0.5 |10,000 | 5,000 |0.0579
0.6 |10,000 | 6,000 |0.0579
0.7 |10,000 | 7,000 |0.0579
@ overiiow 0.8 | 10,000 | 8,000 |0.0579

== 0.6" -

Storage

Wearing Course

Aggregate Subbase

Overflow Elevation = top of pavement
or invert of overflow pipe




Permeable Pavement
Modeling Examples

> Flow Control in Creek basin (WWHM2012)

> Water Quality Treatment (WWHM2012)

» CSO Reduction (SWMM)




Flow Control in Creek Basin
WWHM2012 Example — Explicit Method

Site in King County

Soil is till (0.25 inch/hour design infiltration rate)
Permeable pavement facility is 10,000 sf
Receiving run-on from 5,000 sf of additional area

Design goal = Ecology Stream Duration standard
(assuming a predeveloped forest condition)

Size aggregate depth (ave. subsurface ponding depth)

SIZING FOR FLOW CONTROL GOAL —
MAY NEED TO BE THICKER TO SATISFY OTHER
DESIGN GOALS (EX. LOADING)




Sizing for Flow Control

Option Menu
> Precipitation/Evap. M wwHM2012

File Edit Help  Summary Repaort

Data - Select county ; R
and location on map

=10l x|

> Computational Time
Step 9 15 mInUteS - : T L . Site Information

Site Mame|Example]
Address
Ciky

&k Options 3 fo . 69 = ,
i | 4 E 3 '. 9 Gage |SEEItEIC |
| Recharge | - A - ' Precip Factor  [1 oon
e :

[ Use DOT data

Foint of Compliance Timestep Project Bun Time

I
_ Start
" 5Minute I1948.-"'| 0407 0000
& 15Minute Erd

© 30Minute [2009/08/30 24.00
€ Haurly

= Dail
aily -

M ap Contrals

Release Timestep | gl glil

Restare Defaults |




Sizing for Flow Control

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

& WWHM2012
File Edit Yiew Zoom Help

DSHE 2R

@schematic

PMecsd=N0ssdlE| o2 a]

B |m] 5|l <% Basin 1 Predeveloped

i ] Mitigated

Run Scenario

Basic Elements

E=

LI Tl by

Commercial Toalbox

Move Elements

4
EHEl

Save uy | Load «.y | I

| ——

Subbasin Nﬁm‘:|F‘redeveIoped Farest

Surface Interflow Groundwater

Flows To: | ] [

Area in Basin

Available Pervious Acres

I~ Show Orly Selected

Awvailable Impervious Acres

= |~ A/, Forest, Flat I

ROADS/FLAT 1]

| 275 Forest Hed 0

ROADS/MOD

|~ A/B, Forest, Steep

ROADS/STEEP

[~ A/B. Pasture, Flat

ROOF TOPS/FLAT

I~ &/B. Pasture, Mod

DRIVEW&YSFLAT

[~ A/E. Pasture, Steep

DRIMEWATSAMOD

[~ &/B. Lawn, Flat

DRIVEMWAYS/STEER

I~ A/B, Lawn, Mod

[~ A/B. Lawn, Steep

SIDEWALKS MOD

Lk Forest Pt |
¥ C.Faorest, Mod

SIDEWALKS/STEEP
PARKINGAFLAT
PARKINGAMOD

|~ LC.Pasture, Flat

PARKING/STEEP

[~ C.Pasture, Mod

L INC T INC I I T 1T R N (N IRC W IR

POND

|~ C.Pasture, Steep

[~ L. Lawn, Flat

[~ C.Lawn, Mod

|~ C.Lawn, Steep ]
|- SAT. Forest, Flat [

PerviousTatal 0. 3444 Acres
Impervious T atal D Acres
Basin Takal 0. 3444 Acres

Deselect Zem |

|
|
|
|
|
|
|
SIDEWALKS/FLAT |
|
|
|
|
|
|
|

HIE R EEE R E R EEEREE

Parous Pavement

15,000 sf

Select By:l G0 |




Sizing for Flow Control

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

= WWHMZ012
File Edit Wiew Zoom Help

DEE &Baa Plesd=N 08 @lE oo e

SCENARIOS S

Subbasin Name:|[Fredeveloped Forest |

Pl eled Surface Interflow
Flows To: | | [

[ mitigated ed

_—_ =% point OF Compliance

Basic Elements

Element:  Predeveloped Faorest

POC Outlet Select POC anD

|

|

]

|

]

[+ Surface Flow ]
v Interflow |
[T Groundwater %
]

|

]

|

]

[

[0 Tioolbax Connect |

HE R E R EEEEEEESEEE

[~ C. Lawn, Flat

[~ C.Lawn, Mod
Commercial Toolbox [~ C.Lawn, Steep
T | SAT. Farest, Flat

Move Elements PerviousT atal 03444 Acres
@’ Impervious T atal El Acres
QZI Q‘QI B azin Total 03444 Acres
a4 |
Save iy | Loadx, | e |
ﬂﬂ g Deselect Zera | Select By: GO

1




Sizing for Flow Control

Developed Mitigated Basin - Area contributing runon to permeable pavement....

& WWHM2012
File Edit Yiew Zoom Help

DEHE 2R Pasd=N O alsE oao|

SCENARlOS =~ || Element Name Impervious Runon

x|
| I Designate as Bypass for F
Runoff Type Surface Interflow Groundwater
Downstream Connection i | [o | [o |

] Mitigated Element Type Lateral Impervious Flow Bagin |

LT | change I
IR SEEETT Lateral &rea [ac) 01148
Baszic Elements

D Predeveloped

ateral
perv
asin

Pro Elements

LI Tioslboy

Commercial Toolbox

Move Elements

£
Save ny | Load mp |

1




Sizing for Flow Control

Developed Mitigated Basin Continued: Route to Permeable Pavement Module

A WWHMZ012
File Edit WYiew Zoom Help

D % B@

™ [ b b [ ™
w] [zl
SCENARIOS

Pacsd=00ssdlE oo o]

x|
| ™ Designate as Bypass for F

Element Name |Impewi0us Bunan

Runoff Type Surface Interflow Groundwater
ED Predeveloped Downstream Connection Permeable Pavemer| (0 i I

Mitigated EIemgnt Type Lateral Impervious Flaw Basin |
Impervious [IMPLMD] Type ROADSAMOD LAT

| change |
Run Scenario

Lateral Area [ac) 01148
Baszic Elements

From Basin ko a Basin

Floves Fram: Flow Ta:

v Surface Flow ISurface Flaw g

Caommercial Toolbox

ove Elements
@%@ Impervious land surface over
|

T gravel trench with infiltration

| ——




Sizing for Flow Control

Developed Mitigated Basin Continued: Characterize Permeable Pavement

B wwHMZ012
File Edit WYiew Zoom Help

DS BB

Pacsd=R0sdlE oo 0|

o)+ m] @]k

[N Schematic

SCENARIOS

™

L [ Predeveloped

Hitigated

Fun Scenario

Basic Elements

& Permeable Pavement 1 Mitigated

Facility Name (Faresieraenni ] €= Name
Ulutle

Outlet 3
Downstream Connection [ | [0 | [o |
Facility Type Permeable Pavement |

‘LArea __Quick Pavement |

Facility Dimension Diagram |

Facility Dimensions Overflow Data |
Favement Length [ft]

100 -
Pavemeant Bottor Width [ff] I Ponding Depth Above Pavemnent [ft] |D.1 ‘TI I

H=

D Toee Davement

Effective Tatal Depth [f) 25 T
e stone T 0 Depression

et Vel storage before runoff

Section

(weir flow over edge)

Diameter Height
(in) {fo

Underdrain |D——| |D——|

Layers for Permeable Pavement
I—
i
1]
2

Favemnent Thickness [ft]

Favement porozity (0-1]
Sublayer 1 Thickness [ft)
Sublayer 1 porosity [0-1]
Sublayer 2 Thicknesz [ft) il
Sublayer 2 parozity [0-1] il

Commercial Toolbox I n fl I tratl 0 r

Native Sol

Move Elements

Infiltration W—I Storage Yolume at Top of Pavement [ac-ft) .230

Measured Infilration Rate (indhr) ID_5

Feduction Factar [infiltfactor) [o5 —|I Show Pavement Table [OpenTable  ~1
Usze Wetted Suface 4rea [sidewalls) IND —I Iitial 5 tage: [ft) 0
alaﬁmﬂl_‘ a

Total Yaolume Infiltrated [ac-ft) 0 Total Walume Through F.
Tatal Valume Through Riser [ac-ft] 0 Percent Infiltrated 0

&
e |

Save ®y | Load w.p | II

Size Pavement |
Target %: W%’ SSD Ta.ble




age age U arge lable

£ F
Btage Area Storage Dschrge btage Area Storage Dschrge
(ft) {acres) {acre-ft) (cfs) {cfs) (ft) {acres) (acre-ft) (cfs) (cfs)
0.000000 0O.229%568 0.000000 O0.000000 O.000000 = 1. 666667 0.220568 0.095654 0.000000 0O.057&870 =]
0.027778 0.229%5658 0.0015%4 0.000000 0O.057870

1.594444 0.229568 0.097248 0.000000 0.057870
0.055556 0.22%5658 0.003133 0.000000 0.057870

1.722222 0.229568 0.098842 0.000000 0.057870
0.083333 0.zZ%5658 0.0047833 0.000000 0.057870 ;

1.750000 0.229568 0.100436 0.000000 0.057870 o
0.111111 0.zZzZ%568 0.006377 0.000000 0.057870 —

1.777778 0.229568 0.102030 0.000000 0.057870 5=
0.13888%2 0.2ZZ%568 0.007%71 0.000000 0O.057870 —

1.805556 0.229568 0.103625 0.000000 0.057870
0.166667 0.2295658 0.009565 O0.000000 0O.057870 (]

1.833333 0.229568 0.10521% O0.000000 0.057870 >
0.124444 0.225%5658 0.011140 0.000000 0O.057870

1.861111 0.229568 0.106813 0.000000 0.057870 O
0.222222 0.22%5658 0.012754 0.000000 0.057870

1.88888% 0.229568 0.108407 0.000000 0.057870
0.250000 0.22%5658 0.014343 0.000000 0.057870

1.916667 0.229568 0.110002 0.000000 0.057870
n.277778 0.Z2Z3%568 0.015%42 0.000000 0.057870

1.944444 0.229568 0.111596 0.000000 0.057870
0.305556 0.2Z2Z%568 0.017536 0.000000 0.057870 —B7 575255 [ =270cfr 0 112190 0. 000nnn 0. nETAT0
0.333333 0.229%5658 0.019131 0.000000 0O.057870

2. 000000 0.229568 0.114784 0.000000 0.057570 ]
0.351111 0.22%5658 0.020725 0.000000 0O.057870 = =

2. 027778 0.22%568 0.121161 0.154167 0.057570
0.38888%2 0.22%568 0.02231% 0.000000 0O.057870

2.055556 0.22%568 0.127538 0.43p04% 0.0575870
0.416667 0.223%568 0.0239%913 0.000000 0.057870

2.083333 0.22%568 0.133%15 0.801073 0.057870
0.444444 0.zZZ%568 0.025508 0.000000 0O.057870

2.111111 0.229568 0.14029%2 1.233333 0.0575870
0.472222 0.2Z2Z%568 0.027102 0.000000 0.057870

2.138888 0.229568 0.146669 1.723636 0.0575870
0.500000 0O.229%5658 0.0286%4 0.000000 0O.057870
0.527778 0.229568 0.030290 0.000000 0.057&870 2.166667 0.229568 0.153046 Z.265778 0.0575870
D.555556 D.229568 D.DBIBBS D.DDDDDD D.DETBTD 2.194444 0.229568 0.15%423 Z.855207 0.0575870
D.583333 D.229568 0.033479 D.DDDDDD D.DSTETD 2. 222282 0.229568 0.1s5799 3.45839%3 0.0575870
Dlﬁlllll D.229568 0.035073 D.DDDDDD D.DSTBTD 2.250000 ©0.229568 0.172176 4.1s2500 0.057870
0.638889 D.229568 0.036667 D.DDDDDD D.DSTBTD 2.277778 0.229588 0.178553 4.875178 0.057870
0 GE6667 0.220568 0.038261 0.000000 0057870 SollEbEG Do B lSh DoGas b
0.6%94444 0.22%5658 0.03%856 0.000000 0.057870 2.361111 D.229568 0.19?684 7.226126 D.DSTBTD
0.722222 0.z22Z%5658 0.041450 0.000000 0O.057870 2.388889 D.229568 0.204061 8.075744 D.DSTBTD
0.750000 0.zZZ%5658 0.043044 0.000000 0O.057870 2.416667 D.229568 0.210438 8.956274 D.DSTBTD
n.777778 0.ZZ3568 0.044633 0.000000 0.057870 2'444444 D.229568 0.216815 9.866667 D.DSTBTD
0.805556 0.229568 0.046233 0.000000 0O.057870 : : : . :
0.833333 0.229568 0.047827 0.000000 0.057870 2. 472222 0.2Z%9588 0.2231%Z 10.805%7 0.057870
0.861111 0 0.049421 0.000000 0.057870 2.500000 0.229588 0.22%568 11.77333 0.057870 (I

229568

o

ISR




Sizing for Flow Control

Flow Duration Curve- Developed Unmitigated (Impervious)

M wwHMz012
File Edit WYew Help Summary Report

DEE % B2E Migd=s 0w dlla o2 o]

X

[l 501 FOC 1 Predeveloped =
. 801 POC 1 Mitigated flow Facility FAILED duration standard lfor 1+ £

Flowi{cfs) Predevr Mit Percentage Pass/Fail
L0051 17085 129616 755 Fail
0054 15490 126365 515 Fail
.0ase 14061 123114 875 Fail
.1059 12791 120141 2939 Fail
oosl 11565 117275 1014 Fail
0064 10505 114366 1055 Fail
0066 Q552 111628 1168 Fail
aages 5745 109061 1246 Fail
0071 S0z9 106602 1327 Fail
o073 7341 104155 1419 Fail
.0ave 6735 101789 1511 Fail
.oave 5181 99565 1610 Fail
L0051 57z8 27405 1701 Fail
L0053 5311 95330 17594 Fail
o056 49189 93234 1595 Fail
.oogs 4569 91245 1997 Fail
.0091 4226 89170 2110 Fail
L0093 3945 7245 ZZ09 Fail
.00sa 3645 §5320 2340 Fail
ao9s 3386 S3566 2487 Fail
0101 3136 81512 2608 Fail
o103 2913 Soos0 2749 Fail
.0105 2705 TE4Te 2597 Fail
L0108 2492 TREZ9 3083 Fail
0110 2312 75289 3256 Fail
L0113 2138 T3TTO 3450 Fail
0115 1972 72187 3660 Fail
L0115 1529 70618 35871 Fail
LO1z0 1703 59355 4074 Fail
0123 1574 57974 4318 Fail
L0125 1444 o645 4615 Fail
0125 1322 65300 4939 Fail
L0130 1231 53910 5191 Fail

0133 1153 62626 5431 Fail -
e ,]H. ammem e - }_J

:
¢
3
0
]
L

= 001
10E5 1064 1E3 10E2

P=ercent Timese Exceeding

Shearn Protection Duratifin I LID Duration I Flow Frequency I W ater Quality I Hudrograph
etland [nput v alumes LIC Report I Recharge Duration | Recharge Predeveloped | Recharge Mitigated
Analyze datasets

AIIDatasetsI Flow I Stage I Precip I Ewap

Flood Frequency ethod

f* Log Pearson Type Il 178
 wieibull

" Cunnane

" Gringarten

I e T e o e e e o e e e e e e e e e Y e R s e Y Y s Y o s o Y o

-




Sizing for Flow Control

Flow Duration Curve- Developed Mitigated (with Permeable Pavement)

B WWHMZ012
File Edit ‘iew Help Summary Report

D & BB A== 0w dl&E o2 0|

S
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Sizing for Flow Control

lteratively Sized Storage Aggregate Depth to Meet Duration Standard

M WWHM2012
File Edit View Zoom Help

DEE 2@ e edE= OrSdllE 20|

Fiai

W schematic =¥ Permeable Pavement 1 Mitigated

SCENARIOS Facility Name |Permeable Paverment 1
Outlet 1 Outlet 2 Outlet 3
(I Predeveloped Downstream Connection i | [o | [o

Facility Type Permeable Pavement |

Suick Pavernent
Run Scenario Facility Dimension Diagram_|

Baszic Elements

P Mitigated

Facility Dimensions Overflow Data [
Pawement Length [f) i
Pavement Bottom Width [f] Ponding Depth Above Pavement (ft) ID_1 —I

Effective Tatal Diepth [ft)
Bottam slope [ft/t])

Effective Volumns Factar.
Fro Elements D

L0 Toofbox: Layers for Permeable Pavement

Pavement Thickness [ft) l:l Diameter Height
Pavement porosity [0-1 (in) {ft)

redltl Sublayer 1 Thickness [ft] 0.46 Underdrain Iﬂ_ﬂ IU_‘%I
1

Sublayer 1 porasity [0-1] 025

m e Sublayer 2 Thic:k.ness [f) i}
Sublayer 2 poragity [0-1] i}

: I f . Infiltration W_l Storage Yolume at Top of Pavement [ac-ft] 527
Commereial Toolba nrti Measured Infiltration R ate (inhr) ID.5 —I
al m Reduction Factor [infitfactor) jos = Show Pavement Table [OpenTable -~

LUss wietted Suface diea (oidewalel ol lvitial Slage i) 3
r u n Total Yolume Infiltrated [ac-ft) ha.E72 Total Yolume Through Facility [ac-ft H8.E7E
Total Yolume Through Riser [ac-ft) 0.004 Percent Infiltrated 99.99

Size Pavement I

|
| Target "u: |1DD —I
Save >w| Load » y | lWed 5:0Bp - defaulif1] - Firish Mitigated




Sizing for Flow Control

Flow Frequency Results

™ WWHM2012
File Edit WYiew Help Summary Report

DS E| & BB

WiWYHMZ2012

Zan't compute Flow Frequency analysis. There are too many zero Flows,

10 Year
25 Year
50 Year
100 Year

Annual Peaks
1949
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Analyze datasets 1961

1962
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1966
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A\IDalasetsl Flow I Stage | Precip | Evapl POC 1 ' ‘ 1970
. ood Frequency Method i;:;

Use Grlngorten Or aLogF'earsonTypelll‘l?B 1973
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Weibull Method for - pmare 1
zero annual flows
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Performance & Infiltration Rate

Example: Permeable Pavement in King County designed to achieve
Creek Protection Duration Standard (Forest on Till)

Example Aggregate Storage Reservoir Depth by Infiltration Rate

—— Permeable Pavement Facility
(100% Runaon)

—=— Permeahle Pavement Facility
\ (A0% Runon)

kY

—e— Permeahle Pavement Surface
\1 (no Runor)
& \

™,
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Design Infiltration Rate {inches/hour)




Water Quality Treatment

Same WWHM2012 Example




Sizing for Treatment

Percent Infiltration- at least 91% of entire runoff file
Infiltration through soils meeting Ecology treatment soil requirements

M WWHM2012
File Edit View Zoom Help

DEE 2@ e edE= OrSdllE 20|

Fiai

W schematic =¥ Permeable Pavement 1 Mitigated

SCENARIOS Facility Name |Permeable Paverment 1
Outlet 1 Outlet 2 Outlet 3

O Predeveloped Downstream Connection i | [o | [o

Facility Type Permeable Pavement |

Suick Pavernent
Run Scenario Facility Dimension Diagram_|

Baszic Elements

P Mitigated

Facility Dimensions Overflow Data |
Pavement Length [ft)
Pavement B ottarn Width [it] Ponding Depth Above Pavement (ft) |r—|
Effective Tatal Diepth [ft)
Bottam slope [ft/t])

Effective Volumns Factar.
Fro Elements D

LD Toolbox Layers for Permeable Pavement

Pavement T hickness [ft] i} Diameter Height
Pavement porosity [0-1] il {in) (Y
Sublayer 1 Thickness [ft] Underdrain Iﬂ_ﬂ IU_‘%I
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Sublayer 2 Thickness [ft] i}
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Total Yolume Infiltrated [ac-ft) ha.E72 Total Yolume Through Facility [ac-ft H8.E7E
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Further Analysis
WWHM2012 Example




Further Analysis

LID Performance Standard

B WwWHMZO012
File Edit Wew Help Summary Report
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Further Analysis

Hydrograph

& WWHM4 PPWSUExample
File Edit W%iew Help Summary Report
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Further Analysis

Time Series Export

B WWHM2012
File  Edit
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Modeling Tools

MGSFlood Basics

> S i m i Ia r i n p Ut aS r@ Porous Pavement Structure: Porous Pavement
p rese nted fo r WW H M Structure Mame FPorous Pavement

> EXleCt representatlon Porous Pavement .
\ urface
of berms and T CheckDams
subsurface ponding o Tl

Precipitation Evaparation T

Gravel Bed

Porous Pavement Length [ft]

Porous Pavement Width [ft]

Porous Pavement Slope [Ft/ft)

Pavement Infiltration Rate [in/hr)

HNumber of Cells Along total Trench length

Trench Cell Length [ft]

Trench Cell Width [ft]

Trench Cell Depth [ft)

Gravel Porosity [Percent]

Trench Slope [ftSft] 0.005 Ok Cancel
Native Soil Sat Hydraulic Conductivity (in/hr) | 1.000




Modeling Tools

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

C h a ra Cte r| St| CS Subcatchment Type Basis for Scaling Effective
TIA Factor(s) (%) | Impervious Surface
> BMPs 1A~ s

ROW —informal IS ar site

Calculated
survey

61

o LID controls _ -

a I | OW eX p I I C It Parcel —wiexisting IMP surface discharges | Site survey Calculated

I directly to the public drainage system

rnfoéjglll n g through a pipe or surface channel

O Parcel —w' existing IMP surface discharges | Site survey Calculated
to the private pervious surface or privaie
drainage feature (e.g., rock pockets, large
vegetated area)

GI5 = geographic information system
IMF = impervious

ROW = righf-ofway

TiA = tofal 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

GS| Type Surface | Pavement

Soil

Storage

Underdrain

Bioretention A

J

*-.'

Porous Pavement o

J

Bioswale o

0

W = required

o = optional

G5l = green stormwater infrasfructure
SWMM = stormwater management model

Rainfall ET Runon

Overflow ¢

7]
Surface Layep/ Infiltratign
/

—
|
Soil Layer
Storage Layer :
Underdrain | |

Infiltration

Source: SWMME Usar's Guide

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



SWMM Basics

Permeable Pavement Parameters

;i‘lh . 3 ‘Q}

KJ  Scenario;
i 011-160 GSI

LID Control Editor

LID cortrols: Mame
= Tite AW._RG RW_RE
- Simulstion Opbors Huin'h';ﬁ'isl:_ﬁslcms | LDtype:
- Oimatolagy row_gsi Eiu:-izl.ata-@inr! Call ==
i Hydology RW_Dizconnect
-~ Fain Gages zlley_qsi
-~ Subcachments
- Bryefars
Srow Pada Vegetarive cover fracton)

Unit Hydrocraphs
- LID Cantrals Surface roughness (Mannings n)

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

Storage denth (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




Table 12-4.

SWMM Basics

Permeable Pavement Parameters

SWMMS Input Parameters for Permeable Pavement Facility GSI

Vertical
Layer

Property

Description

Unit, Field
ID, or Data
Type

Example
Value

Data Source

Surface

Storage depth

Surface depression
storage

Inches

0.1

GSl design

Surface
roughness

Manning’s n for
overland flow

Dimensionless

0.0115

SWMMS guidance

Vegetated
volume

Proportion of surface
that is vegetated

0 for
pavements

SWMM5S guidance

Surface slope

Slope of pavement
surface

%

<h%

GSl design

Pavement

Thickness

Thickness of the soll
layer

Inches

GSI design

Void ratio

Volume of pore
space relative to total
soil volume

Fraction

GSl design

Impervious
surface fraction

Ratio of impervious
paver material to total
area

Fraction

GSl design

Permeability

Permeability of the
pavement layer

Inches/hour

GSl design

Clogging factor

Number of pavement
layer void volumes of
runoff treated it takes
to completely clog
the pavement

Number

Not used

Height of a gravel
layer below the sail
layer

Inches

GSl design




SWMM Basics

Permeable Pavement Parameters

Table 12-4. SWMMS5 Input Parameters for Permeable Pavement Facility GSI

Vertical Property Description Unit, Field Example
Layer ID, or Data Value

Yoid ratio Yolume of void space i 66 LTCP
relative to the volume (equivalent to
of solids in the layer 0.4 porosity)

Infiltration rate Rate at which water |Inches/hour ’ SPU or
infiltrates into the geotechnical
native sail below the analysis
storage layer

Clogging factor | Total volume of Dimensionless Not used
treated runoff it takes
to completely clog
the bottom of the
layer divided by the
void volume of the
layer

GSI = green stormwater infrastructure
LID = low-impact development

LTCP = long-term control pian

SPU = Seattle Public Utifities

SWMM = stormwater management mode/




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




GSI| Evaluation Process

Flow Model Model
Monitoring Development Calibration

Evaluation

€] Gl
Feasibility Preliminary

Analysis

Control
Volume
Estimation

Gl Model

Validation

Pilot Project Construction

J

»

&

Post-
Const.
Monitoring

J

Gl Project Implementation

Full Imple-
mentation




GSI| Modeling

RainWise Practices
> 2 Rainfall ET
S Overflow ¢ T

(non-infiltrating with underdrain)

Right-of-way CIP Practices

->
- Underdrain

Infiltration




GSI| Modeling

. Modeled using EPA
SWMM5

. 32-year long term
simulations performed

. Feasibility Analysis

overlaid with model
subcatchment delineation
to develop input files
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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 (MG/year)

Reduction | % Reduction
0.16
5.0

0.97

Without Gl

Basin 152
Control Volume (MG)
Events/year

Annual Overflow
Volume (MG/year)

Without Gl

| % Reduction
19%
9.8 26%

Reduction

1.04

9.58 33%




Resources

WWHM

http://www.clearcreeksolutions.com/

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

SILY

http://www.epa.gov/athens/wwaqtsc/html/swmm.html

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




Questions and Answers

777




Contact Information

> Alice Lancaster, PE
alancaster@herrerainc.com

&. HERRER/

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




