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PROGRAM OVERVIEW

e 2012: Public and private
partners engage state
legislature to fund program

* June 2012: LID Training
Steering Committee convened

e 2012-2013: Washington State
LID Training Plan developed:
www.wastormwatercenter.org/ [
statewide-lid-training-program- P

plan

e 2014: Training program built
from state LID Training Plan
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PROGRAM OVERVIEW

Implement second phase of
trainings (September 2014
through May 2015)

e 49 trainings offered in
western and eastern WA first
year

e 45 trainings scheduled for
western and eastern WA in
current phase (through June
2016)

* Three levels: Introductory,
Intermediate, and Advanced

o Statewide LID Certificate now
available
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Introduction to LID
for Inspection &
Maintenance Staff

Introduction to
LID for Inspection &
Maintenance Staff

Introduction to

LID for Developers &
Contractors: Make
Money be Green

Intermediate LID
Topics: NPDES Phase
| & Il Requirements

Intermediate
LID Design:
Bioretention

Intermediate
LID Design:
Permeable Pavement

Intermediate LID
Design: Site
Assessment, Planning
& Layout

Intermediate LID
Design: Rainwater
Collection Systems &
Vegetated Roofs

Intermediate
LID Design:
Hydrologic Modeling
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Advanced Topics for
Long-term LID
Operations:
Bioretention

Advanced Topics in
LID Design:
Hydrologic Modeling

5.

Advanced Topics for
Long-term LID
Operations:
Permeable Pavement

Advanced Topics in LID
Design: Bioretention
Media and Compost
Amended Soils

6.2

Advanced Topics in
LID Design:
Bioretention

Advanced Topics in
LID Design:
Permeable Pavement

Advanced Topics in
LID Design: Site
Assessment,
Planning & Layout

Advanced Topics in
LID Design: Rainwater
Collection Systems &
Vegetated Roofs
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AGENDA

infroduction

v

review hydrologic modeling basics

exercises #1-4

v

advanced modeling discussion

v

wrap up

v
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LEARNING OBJECTIVES

Gain an intermediate to advanced level of
knowledge using WWHM and MGSFlood to
predict pre- and post-development flow volumes
and durations.

2. Learn intermediate to advanced level skills to

= 7 ’ size bioretention, permeable pavement, and
s vegetated roofs in residential and commercial
N settings using WWHM and MGSFlood.

| 1L\ Y 3 Understand the advantages and limitations of
SRR WWHM and MGSFlood and are introduced to
WS Wy additional modeling tools for specific predictions

Statewide LID Training Program HYDROLOGIC MODELING

Mm DEPARTMENT OF
Egghﬁg}: ADVANCED TOPICS IN LID DESIOGN



LOGISTICS

SCHEDULE

* 8-hour classroom training with breaks as
needed

e Lunch (provided)

OTHER LOGISTICS
* Restroom location

* Food

* Turn off cell phones

e Sign in and sign out

Statewide LID Training Program HYDROLOGIC MODELING
-_n DEPARTMENT OF
ECOLOGY ADVANCED TOPICS IN LID DESIGN {1
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exercises #1-4
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advanced modeling discussion
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Advanced Modeling Topics: Optimizing Detention

19.3 Guidelines for Adjusting Pond Performance
General guidance for adjusting the geometry and outlet works of stormwater ponds to meet
the duration standard were developed by King County'®, are summarized in Figure 19.6,
and described below. Refinements should be made in small increments with one
refinement at a time.

1. Bottom Orifice Size — Adjust the bottom orifice to control the lowest arc of the
postdeveloped flow duration curve. Increase the orifice size to raise the arc, decrease 1t
to lower the arc.

2. Height of Second Orifice — The invert elevation of the second orifice affects the point
on the flow duration curve where the transition (break in slope) occurs from the curve
produced by the low-level orifice. Lower the invert elevation of the second orifice to
move the transition point to the right on the lower arc. Raise the height of the second
orifice to move the transition point to the left on the lower arc.

3. Second Orifice Size — Adjust to control the arc of the curve for postdeveloped
conditions. Increase the size to raise the arc, decrease 1t to lower the arc.

4. Pond Volume — Adjust the pond volume to control the upper end of the duration curve.

Increase the volume to prevent overflow, decrease the volume if the duration curve is
substantially below the overflow level.

MGS Flood User Manual (2009)

Statewide LID Training Program HYDROLOGIC MODELING
-_n DEPARTMENT OF
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Advanced Modeling Topics: Optimizing Detention

0.80 0.80
S — Q50 — e — . IncreasethePond _ _ __ _ __ Q50
L N N Riser Crest 0709 . .. ... _ _VolumetoPrevent = piser Crest
Overflow I
0.60 - | 0.60 A .
Second Arc Corresponds to Increase the Upper Orifice
050 - Discharge from First Plus 0.50 - Diameter to Move the Upper
0 Second Orifice 0 / Curve up, Decrease it to
% 0.40 1 ‘g’ 0.40 A Move it Down
E 0.30 4 First Arc Corresponds i g3 -
’ to Discharge from ’
020 4 Lower Orifice 0.20 - Increase the Lower Orifice
| Diameter to Move the Lower
0.10 4 Transition Point Controlled - — - - — o — - 1]!2 Qz 0.10 Curve up, Decrease it to - — o — 1..12 Qz
by Height of Second Orifice | Move it Down
0.00 T T T T T . 0.00 . T T T .
0.000001 0.00001 0.0001 0.001 0.01 0.1 1.0 0.000001 0.00001 0.0001 0.001 0.01 0.1 1.0
Exceedance Probability Exceedance Probability
—— Predeweloped —— Postdeweloped —— Predeweloped —— Postdeweloped
Figure 19.6 — General Guidance for Adjusting Pond Performance
MGS Flood User Manual (2009)
Statewide LID Training Program HYDROLOGIC MODELING
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Advanced Modeling Topics: Optimizing Detention

» Analyze the duration curve from bottom to top. and adjust orifices from bottom to top.

» The bottom arc corresponds with the discharge from the bottom orifice. Reducing the
bottom orifice discharge lowers and shortens the bottom arc while increasing the bottom
orifice raises and lengthens the bottom arc.

» Inflection points in the outflow duration curve occur when additional structures (orifices,
notches, overflows) become active.

» Lowering the upper orifice moves the transition right on the lower arc and raising the upper
orifice moves the breakpoint left of the lower arc

» The upper arc represents the combined discharge of both orifices. Adjustments are made to
the second orifice as described above for the bottom orifice.

» Increasing the facility volume moves the entire curve down and to the left. This 1s done to
control riser overflow conditions. Decreasing facility volume moves the entire curve up
and to the right. This 1s done to ensure that the outflow duration curve extends up to riser
overflow.

MGS Flood User Manual (2009)

Statewide LID Training Program HYDROLOGIC MODELING
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Advanced Modeling Topics: Importing Precip

| Thurstan2012

=]

Ba viAvHM2012 [= =] =

File Edit Wiew Help Surnrmary Report

D E %EBB@ A &Sk
. ™ .

mimiE S

A48 Thurston2012 (el | =

] =

| [J Use'wsS-D0OT data

Site Information

Site Mame
Addresz

City

Precip Factor I:I

Map Contrals

QR

<4

[5A1/2018 [12:08 PH y

Select Tools

Statewide LID Training Program

DEPARTMENT OF
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Advanced Modeling Topics: Importing Precip

- Tools

Standard Impart Features | GIS Impu:urtl S50 Import | Element Eu:unneu:ti-:uni

=]

~HSPF Input File Impart/E xpart
[rmpart Exizting |nput File Perlnds From:

[ IMPORT P&RAMETERS |

Import Dataset — allows users
to import any time series
data in comma-delimited file
or text file.

Statewide LID Training Program

n DEPARTMENT OF
- ECOLOGY

State of Washington

HYDROLOGIC MODELING
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Advanced Modeling Topics: Importing Precip

Irmport Datasets

Select Data File

Specify time series type. Can

Erowse | ||

IIF'HEE vIIIIn Timestep I

be precipitation, flow,

Out Timestep

Conztituent Start Date I End D ate I eva pOFatIOn, or Stage data
|15 MIN |

D atazet Murnber(s]

Dezcription

— Mizsing Values

f* Azzign I—‘I

{~ Repeat Last Yalue
" Previous Maonth

" Previous Year

 Awverage early

[rprt

Specify start date, end date,
timestep, and the timestep to
be used in the model.

Cloze

Statewide LID Training Program

n DEPARTMENT OF
=l ECOLOGY

State of Washington

HYDROLOGIC MODELING
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Advanced Modeling Topics: Importing Precip

D atazet Murnber(s]

Dezcription

- Mizsing Y alues
f* Azzign I—‘I
{~ Repeat Last Yalue
" Previous Manth
i~ Previous Year

 Awverage early

[rprt

Cloze

Irmport Datasets
Select Data File
Browse | ||
Constituent Start Date I End Date I
[FREC =] InTimestep | Out Timestep [15 MIN =]

A WDM data set number
between 1 and 9999 must be
assigned.

Select missing value method.

Statewide LID Training Program

n DEPARTMENT OF
=l ECOLOGY

State of Washington

HYDROLOGIC MODELING
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Advanced Modeling Topics: HSPF Parameters

PERLNDS — Pervious Land Segments — model parameters that
define interception, infiltration, and movement of moisture through
soil.

PERLND parameter definitions:

LZSN =lower zone storage nominal (inches)

INFILT =infiltration capacity (inches/hour)

LSUR =length of surface overland flow plane (feet)

SLSUR =slope of surface overland flow plane (feet/feet)
KVARY =groundwater exponent variable (inch )
AGWRC =active groundwater recession constant (day ™)
INFEXP =mfiltration exponent

INFILD =ratio of maximum to mean infiltration

BASETP =base flow evapotranspiration (fraction)
AGWETP =active groundwater evapotranspiration (fraction)
CEPSC =interception storage (inches)

UZSN =upper zone storage nominal (inches)

NSUR =roughness of surface overland flow plane (Manning ’s n)
INTFW =intertflow index

IRC =interflow recession constant (day ™)

LZETP =lower zone evapotranspiration (fraction)

MGS Flood User Manual (2009)

Statewide LID Training Program HYDROLOGIC MODELING
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Advanced Modeling Topics: Editing HSPF
Parameters

B VAHM2012 (e @]l=]
File Edit ‘iew Help Summary Repart )
DFE =@ HESk
™ Y A
| )] Select Tools

£f Thurston2012 IEI
[Thurston2012 |

Site Information

Site Mame
Address
City
Precip Factor [:I

[J Use'w5-DOT data

[

Map Contrals
aas 4o
[5/1/2018 [12:08 PM 4
Statewide LID Training Program HYDROLOGIC MODELING
e ECOLOGY
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Advanced Modeling Topics: Editing HSPF

Parameters
& Tools =l

Standard Impart Features | GIS Impu:urtl S50 Import | Element Eu:unneu:ti-:uni
~HSPF Input File Impart/E xpart

IMPLND — parameters for
simulation of runoff and

[rmpart Exizting |nput File Perlnds From: Water quallty C0n5t|tuent5
| IMPORT PERAMETERS | _ _
T Fredeveloped from impervious land
areas.
View / Edit IMPLNDs PRLND — parameters for

simulation of runoff and
water quality constituents
from pervious land areas.

Statewide LID Training Program HYDROLOGIC MODELING
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Advanced Modeling Topics:

B3 « Wiews £ Edit IMPLMDs
USER|IM |OUT |EMGL|METER | ATMP | SHOVY | WAT [SLD |G | 10AL [ATMP2 [ SHOWZ | IWAT2 [SLDZ | WG2 | IQALZ |PVIL |PYR [CEMO|RT
ROADSIFLAT 1 1 1 27 1] ] 1] 1 1] 1] ] ] 1] 4 1] 1] 1] 1 4 1]
ROADSIMOD 1 1 1 27 1] 1] 1] 1 1] 1] 1] 1] 0 4 1] 1] 1] 1 g 0
ROADSISTEEP 1 1 1 27 0 ] 0 1 n 0 ] ] 1] 4 0 0 0 1 4 1]
FOOF TOPSIFLAT 1 1 1 27 0 ] 0 1 n 0 ] ] 1] 4 0 0 0 1 4 1]
DRMNEWYAYSIF LAT 1 1 1 27 0 ] 0 1 n 0 ] ] 1] 4 0 0 0 1 4 1]
DRMNMEWAT S OD 1 1 1 27 1] 1] 1] 1 1] 1] 1] 1] 0 4 1] 1] 1] 1 g 0
DRMNEWSAYSISTEEP 1 1 1 27 0 ] 0 1 n 0 ] ] 1] 4 0 0 0 1 4 1]
SIDEWVSALKSIFLAT 1 1 1 27 0 ] 0 1 n 0 ] ] 1] 4 0 0 0 1 4 1]
SIDEWALKSMOD 1 1 1 27 0 ] 0 1 n 0 ] ] 1] 4 0 0 0 1 4 1]
SIDEWVALKSISTEEP 1 1 1 27 0 ] 0 1 n 0 ] ] 1] 4 0 0 0 1 q 1]
PARKIMGIF LAT 1 1 1 27 0 ] 0 1 n 0 ] ] 1] 4 0 0 0 1 4 1]
PARKINGIMOD 1 1 1 2T 0 ] 0 1 n 0 ] ] 1] 4 0 0 0 1 4 1]
PARKINGISTEER 1 1 1 27 0 ] 0 1 n 0 ] ] 1] 4 0 0 0 1 4 1]
FOMD 1 1 1 27 0 ] 0 1 n 0 ] ] 1] 4 0 0 0 1 q 1]
Forous Paverment 11 1 1 27 1] 1] 1] 1 1] 1] 1] 1] 0 4 1] 1] 1] 1 4 0
Porous Paverment 1 1 1 27 1] 1] 1] 1 1] 1] 1] 1] 0 4 1] 1] 1] 1 g 0
Change IMPLND by land cover.
Statewide LID Training Program HYDROLOGIC MODELING
DEPARTMENT OF
LT Sl 24



Advanced Modeling Topics:

B+ Wieww / Edit IMPLMD: |- s
LSUR |sLsUR|MSUR BRETSC[PETMAX [PETMIN |[RETS [SURS
ROADSIFLAT s00| o0o01| o1f 04 0 0 0 0
ROADSMOD s00] 005 o1 oo8 0 0 0 0
ROADSISTEEP s00] 01| o1 o005 0 0 0 0
ROCF TOPS/FLAT s00| oo01| o1 o4 0 0 0 0
DRIVEWAYSIFLAT s00] o001] o01f 04 0 0 0 0 LSUR — overland flow length (ft)
DRIVEWAYSMOD s00] 005 o1 oo8 0 0 0 0
DRIVEWAYSISTEER | 400] 01| 0410 005 0 0 0 0
SIDEWALKSFLAT J| 400] oo oaff o4 0 of o o SLSUR - slope of overland flow (ft/ft)
SIDEWALKSMOD s00] 005 01§ o008 0 0 0 0
SIDEWALKS/STEEPN 400] 01| 0410 005 0 0 0 0 _
PARKINGIF LAT s00] 001] 01 04 0 o| o] o NSUR — Manning’s n
PARKINGIMOD a00| 005 01 o008 0 0 0 0
PARKINGISTEEP s00] 01| 01§ 005 0 0 0 0
POND s00] o0o01] o1 o4 0 0 0 0
FPorous Pavement 400 0.01 0.1 0.1 1] ] 1] 1]
Porous Pavement 400 0.01 0.1 0.1 1] ] 1] 1]

*Note that the 2012 SWMMWW (Amended 2014) only allows the user to edit LSUR, SLSUR, and NSUR as
these are parameters whose values are observable at an undeveloped site, and whose values can be
reasonably estimated for the proposed development site.

Statewide LID Training Program HYDROLOGIC MODELING
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Advanced Modeling Topics: Editing HSPF
Parameters in MGS Flood

2 MGSFlood - [New Docurnent]
£ File Edit Options Help

(=N =
[ [=][x]

FEHE BRS¢ MM EE

— Expornt Simulated Timesenes to ASCII File
_I Expoart Timezerie: at Selected Subbasin/Link

| =

COutput Frequency Dizplay:

* Maximum
& Houly  Minimurn
 Daiy  Average
= Manthly

i~ Yearly

— Export Storm Hydrographs
— Expont Hydrographs at all Subbasing and Links
Hydrograph Length in Days [100 mazimum) I—?
"Select SubbasindLink Stats to Determine Storm 0 ates

| =

Export Hudrographes at All Subbazine and _I
Links

— Expont Flood Hydrograph for Selected Date

I 0240241951 1200

d Parameter Region ——
_I Edit HSPF Parameters —Wetland Hydroperiod Analysis
B G EE arameter Begions Wetland Hydroperiod Analysiz Input _|
|1. USGS Defaul ~|
—Seaszonal Flow Frequency and Duration Settings
Seazonal Frequency and Duration [nput _I
Export Seazonal Peak Flow and Antecedent Fainfall _I
)
Project Location l Scenario l Sirnulate 1 Graphs IJ_ Tools I I
[ 1:05 PM

Select Tools Tab

Edit HSPF Parameters

Statewide LID Training Program
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Advanced Modeling Topics: Editing HSPF
Parameters in MGS Flood

’ﬁ HSPF Pararneters El

Till Outwash

Forest | Pasture| Grass | Forest | Pasture| Grasz |Wetland] Boof Impervious

LZ5HM [IM]

LSUR (ft)

AGWRC | 0396 || 093] oass|| 09| o9 || omse|| osw || oimo LSUR — overland flow length (ft)
INFEXP | 2oo zooff zoofl zoofl zoofl 200f t10.00) | 200

INFILD | zoo]] zoofl zoofl zooff zo0f] 200) 200|200

BASETP [T om]|[ o] owm{[ ool oo ool ooo|] oo SLSUR - slope of overland flow (ft/ft)
AGWETP | ooo| oooff ooofl ooofl ocoofl ooofl oFD|| 080

CEPSC (in) | ozo| otoff otofl o2l ociofl o010l oao) | 040

H ’
UZSN (in 0500 || o2g0( 0250 o0500(| 050000 osoofl o000 | 0125 i NSUR — Manning’s n
I NSUR 0350 (| ozsof| ozs0|] o03so(| ozs0|| o280 oso0| o0ss0 | 0.100 'l

TNTrw 0 N B P W
IRC (infday) || 050 osof| osoff oro|l orofl oFofl oFof| o040
LZETP | oyo|l ozs| ozl owfl ozs|] ozs)l oeo|| 080
RETSC AL
Evaporation Scale Factor Iﬁ Red Indicates Mon-Default Value

(] Cancel U zer | Default

*Note that the 2012 SWMMWW (Amended 2014) only allows the user to edit LSUR, SLSUR, and NSUR as
these are parameters whose values are observable at an undeveloped site, and whose values can be
reasonably estimated for the proposed development site.

Statewide LID Training Program HYDROLOGIC MODELING
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Advanced Modeling Topics:

PERLNDS — Pervious Land Segments — model parameters that
define interception, infiltration, and movement of moisture through

SO | I . Pervious Land Segment (PERLND)
Till Soil Outwash Seil Saturated Soil
Forest/Pasture/ | Green
Parameter Forest Pasture Lawn Forest Pasture | Lawn or Lawn Roof
LZSN 4.5 4.5 4.5 5.0 5.0 5.0 4.0 1.25
INFILT 0.08 0.06 0.03 2.0 1.6 0.8 2.0 0.05
LSUR 400 400 400 400 400 400 100 50
SLSUR 0.1 0.1 0.1 0.05 0.05 0.05 0.001 0.001
KVARY 0.5 0.5 0.5 0.3 0.3 0.3 0.5 0.5
AGWRC 0.996 0.996 0.996 0.996 0.996 0.996 0.996 0.10
INFEXP 2.0 2.0 2.0 2.0 2.0 2.0 10.0 2.0
INFILD 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
BASETP 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AGWETP 0.0 0.0 0.0 0.0 0.0 0.0 0.7 0.8
CEPSC 0.2 0.15 0.1 0.2 0.15 0.1 0.1 0.1
UZSN 0.5 0.4 0.25 0.5 0.5 0.5 3.0 0.13
NSUR 0.35 0.3 0.25 0.35 0.3 0.25 0.5 0.55
INTFW 6.0 6.0 6.0 0.0 0.0 0.0 1.0 1.0
IRC 0.5 0.5 0.5 0.7 0.7 0.7 0.7 0.1
LZETP 0.7 0.4 0.25 0.7 0.4 0.25 0.8 0.8
MGS Flood User Manual (2009)
Statewide LID Training Program @ HYDROLOGIC MODELING
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Advanced Modeling Topics: HSPF Parameters

IMPLNDS - Impervious Land Segments — model runoff parameters
for impervious surfaces.

Parameter| Value
LSUR 500
SLSUR 0.01
NSUR 0.1
RETSC 0.1

IMPLND Parameter Definitions:

LSUR = length of surface overland flow plane (feet)

SLSUR = slope of surface overland flow plane (feet/feet)

NSUR = roughness of surface overland flow plane (Manning ’s n)
RETSC = retention storage (inches)

MGS Flood User Manual (2009)
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Introduction to LID
for Inspection &
Maintenance Staff

Introduction to
LID for Inspection &
Maintenance Staff

Introduction to

LID for Developers &
Contractors: Make
Money be Green

Intermediate LID
Topics: NPDES Phase
| & Il Requirements

Intermediate
LID Design:
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Intermediate
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Design: Site
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Advanced Topics for
Long-term LID
Operations:
Bioretention

Advanced Topics in
LID Design:
Hydrologic Modeling

5.

Advanced Topics for
Long-term LID
Operations:
Permeable Pavement

Advanced Topics in LID
Design: Bioretention
Media and Compost
Amended Soils

6.2

Advanced Topics in
LID Design:
Bioretention

Advanced Topics in
LID Design:
Permeable Pavement

Advanced Topics in
LID Design: Site
Assessment,
Planning & Layout

Advanced Topics in
LID Design: Rainwater
Collection Systems &

Vegetated Roofs
31



DEPARTMENT OF

w=4:006v  Statewide LID Training Program

CERTIFICATE

Two certificates now available:
e LID Design certificate

* Long-term LID Operations
certificate

Sign out!
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For information on training and other
resources, visit the Washington
Stormwater Center website:

http://www.wastormwatercenter.org

Stay connected through Social Media
e Come “Like” our Page

e Sign up to follow and get Tweets

Emerging Technologies - TAPE

We partner with the Department of Ecology to

Resource Program

Home | AboutUs | ContactUs

[

for use use in

Washington State, as well as foster the development and use of new stormwater technologies.

UPCOMING EVENTS

I “Innovative Approaches To
27  Financing And Funding
Stormwater And Green
Infrastructure Investments
The focus of this webcast will be to cover
three alternatives o traditional funding
streams for s...More

EEG Webcast: Green Infrastructure
3 And Smart Growth
REGISTER! U.S. EPA's Green
Infrastructure Program and Office of
Sustainable Com...More

[EEEl  Tips To Engage Non-Operator
4 Landowners In Conservation -
FREE Webinar Series
Register for free Webinar series — see
detalls below Selling natural resource
conservali...More

NEW THIS WEEK

WASHINGTON STATE MUNICIPAL
STORMWATER CONFERENCE

NOVEMBER 5™ AND 6™, 2014

November 5th-Half-day session for forums,
workshops, and training

November 6th--Main conference day

L

MUNIGIPAL

STORMUATER CONFERENCE

Pt 58,

Development Program

Emerging Technologes

00:00 il | 23
StormTrek

JOIN OUR EMAIL LIST

CURRENT NEWS

8.21.14 Ecology's Marine News: EYES
OVER PUGET SOUND
Surface Conditions Report, August 18, 2014

8.20.14 Plan Aims To Improve Quality Of
Yakima Tributaries
Public comment period runs through Sept. 22

8.13.14 GULD Awarded For Basic,
Enhanced, Phosphorus And Oil Treatment

8.7.14 Promoting The Vision2Action
Symposium Is A TEAM Effort!

The time has come to announce the Stormwater LID
‘Sympesium planned for Friday October 3!

VIEW ALL

ONLINE RESOURCES

33
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QUESTIONS

Further questions? Contact:
training@cascadiaconsulting.com
(206) 449-1163

@ HERRERA  /Rscapia

CONIULTING GEQUPF

MUTUAL
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'0 DESIGN COMPANY

MITHUN

Kindred &“ StormwaterONE:
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