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Hydrologic Modeling

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

Source: http://www.d.nodak.edu/ hd 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) (2013 Permit)
« Use BMP List
or

« 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)

o 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)




Flow Duration Standards

> LID Performance Standard (MR #5)
> Flow Control (MR #7)
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Modeling Methods

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

> Continuous models

o Required for sizing facilities to meet the LID
performance (MR#5), treatment (MR#6), and flow
control (MR#7) standards

> Simplified sizing tools
« Allow sizing without hydrologic modeling

« Examples: Flow control credits for green roofs and
sizing equations for detention cisterns




Modeling Methods
Single-Event

> Input single storm event

> Output peak flow rates m— Rf"ﬁfa"(?(f)
> Typ|Cal methOdS Mit. Runoff (cfs)
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Modeling Methods

Continuous Simulation

Input long-term rain and
evaporation

Output continuous runoff,
peak flow, & duration
Typical programs

HSPF

WWHM

MGSFlood

KCRTS

SWMM

SUSTAIN

InfoWorks

Runoff (cfs)

L1

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

Time (hrs)
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Modeling Tools
HSPF Basics — Model Inputs

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

> Land Cover Types

o Impervious areas (IMPLNDS)
Slope
o Pervious areas (PERLNDS)

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

o Regional calibrated parameters (Dinicola 1990)

> BMP Configurations




Vegetated Roofs
Current Modeling Guidelines

> Implicit Method

o 3-8" growing media = model as till lawn

o >8" growing media - model as till pasture




Vegetated Roofs
2013 Permit Modeling Guidelines

> Implicit Method

« 3-8" growing media = model as 50% till lawn /
50% impervious area

o >8" growing media - model as 50% till pasture /
50% Iimpervious area




Vegetated Roofs
Current Modeling Guidelines

> Explicit Methods

« WWHM2012 and WWHM4

Modified PERLND parameters
Based on Hamilton Buildings in Portland
Considers material depth and vegetated cover

« MGSFlood4
Modified PERLND parameters (similar to WWHM)



Table 1. Eco-Roof HSPF Parameter Values

Vegetated Roofs
Modified PERLND Parameters

HSPF Parameter

Eco-Roof Value

Standard WWHM3 Value*

LZSN

0.75/1.25™

4.50

INFILT

0.05

0.03

LSUR

50

400

SLSUR

0.001

0.050

AGWRC

0.100

0.996

AGWETP

0.80

0.00

UZSN

0.075/0.125™

0.250

NSUR

0.55

0.25

INTFW

1.0

6.0

IRC

0.10

0.50

LZETP

0.80

0.25

* Value for till soil, lawn, flat slope

** Values dependent on depth of material (values shown for Portland east and west roofs: 3
inches and 5 inches of material, respectively)

Source: WWHM3 Eco-Roof Documentation, Memorandum prepared by Clear Creek Solutions
to Seattle Public Utilities, December 7, 2005.




Vegetated Roof Example

Flow Control ( WWHMA4)

> 1 acre
Vegetated Roof

In Seattle

Performance
relative to Ecology
Flow control
Standard

Predeveloped
condition is till
forest

Park Place




Vegetated Roof Example

Select Precipitation

9% MG5F lood - [Green Roof Example. fld]
£ File  Edit Options Help
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Vegetated Roof Example

Define Predeveloped Condition

&2 Filz Edit  Options  Help

= EHE | & B v s | ﬁ - ﬁ = [ % Scenatio 1: Predeveloped

—Scenarios

i Open
Scenario Mame Schematic

IF'redeveIu:uped | _

IF'::-stdeveIu:-ped I Subbasin 1

Lirk Connection Primary. ..

Edit. ..

[Define Watershed Layout by Clicking the Open o Copy

Schematic Button for the Scenano of Interest] Pasts

Deleke

Statigtics. ..

Set Point of Compliance at OutFlow
Lirtk \Water Surface Elevation Stats...

H Filter Strip
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Vegetated Roof Example

Define Predeveloped Condition

&2 Filz Edit  Options  Help

= EHE | & B v s | ﬁ - ﬁ = [ % Scenatio 1: Predeveloped

% Subbasin Land Use - Forest on Till x|

Edit
IFnrest on Till =

| Subbasin Area | T Runoff Components

Cower Ares (a0 Subbasin 1

Till Forest 1.000 _
Till Pasture 0.00a
Till Grazs 0.000
Outweash Forest 0.00a
Outwwash Pasture 0.00a
Outwwash Grass 0.00a
Saturated Soil 0.000
Green Roof 0.00a
L=zer 0.00a

Impetrvious § EI.EIIIIEIa

Total [acrez] 1.000

H Filter Strip

= Bioretention
k. | Cancel -

{ Forous
Y Pavement

Praoject Locatian J_ Scenario 1 Sirnulate I [araphs I Tools I
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Vegetated Roof Example

Define Developed Mitigated Condition

&2 File Edic  Options  Help

ZHES 4B - 2rHBQ

—Scenarios

i Open
Scenario Mame S chematic

IPredeveInped _I
IPDstdevelnped E _ Subbas

Lirk Connection Primary. ..
Edit. ..
[Define Watershed Layout by Clicking the Open e Copy
Schematic Button for the Scenano of Interest] Pasts
Delete
Statigtics. ..

Lirtk Water Surface Elevation Stats. ..

H Filter Strip
- Biaretention

Praoject Location J_ Scenario 1 Sirnulate




Vegetated Roof Example

Define Developed Mitigated Condition

&2 File Edic  Options  Help

= EH & | & B« o | 23 = > H i Jih Scenatio 2 : Postdeveloped
.l__:.- Subbasin Land Use - GreenRoof x|

Edit
| GreenFioof 4=

| Subbasin Area | T Runoff Companents

&

Caver Area (ac) Subbas”

Till Forest 0.000 Lirk Connection Primary. ..
Till Pasture 0.000 Edi. ..

Till Grass 0.000 ::1

Outwash Forest 0.0a0

Delete
Outwash Pasture 0.0a0 Skatistics. ..

Subiree) Cless 0.000 _ Set Point of Comphance at OutFlow

Saturated Sail 0.0a0 Lirk ‘Water Surface Elevation Stats...
Green Roof 1.000

ser 0.000
Impervious 0.0a0

T otal [acres] 1.000

H Filter Strip

: Biaretention
Ok | Cancel -

Praoject Location J_ Scenario 1 Sirnulate




Vegetated Roof Example
Define Developed Mitigated Condition

&2 File Edic  Options  Help

= EH & | & B« o | 23 = > H i Jih Scenatio 2 : Postdeveloped
4__:-' Subbasin Land Use - GreenRoof x|

Edit
IG reerfioof

Subbazin Area T |Runoff Components

Check to Enable Runoff Component @
Surface Interflow Groundwater Subbas”

Lirk Connection Primary. ..
Edit...

Copy

Pasts

Deleke

Statistics. ..

Lirtk Water Surface Elevation Stats. ..

Till Forest

Till Pasture
Till Grazs

Outwazh Forest
Outwazh Pasture
Outwaszh Grass
Wetland

Green Roof

User
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Vegetated Roof Example
Run Model

2% MGSFlood - [GreenRoofEx.fld]

&2 File Edit Options  Help

EEHE| {BEo - Em

— Selected Precipitation and Evaporation for Simulation: — — Computational Timestep
|nput: MG SRegions. mdb

Frecipitation: Seattle 33 in_bmin li 15 Min - il

Evaporation; Seattle 38 in MAP Time S5tep Guidance

—Simulation Time Span — Task - — Time Step
File: Limits Dietention Sizing 1-Hour
Start Date: 10401/ [1333 1040141933 00:00 WQ Wet Pool Volume | 15-minutes or 1-hour
End Date: 10014 [2057 1040142097 00:00 WQ Rate Sizing 15-minutes
(158 vears) CAVFS Sizing 1 5-minutes

[For Prefiminary or Test Buns, Sharten the End Date bo Convevance 5izing J-minutes to 15-mnutes
Reduce the Computation Time, e.g. 1041 /13386]

~ Compute Hunoff and Route Through Network — Predevelopment/Post Development Area Summary

{* Compute Stats for Campliance Subbazin/LinkOnly Predeveloped |Post Developed

" Compute Stats for All Subbasins/Links in Metwork Tatal Subbasin Area [ac) 1.000 1.000

| _ Area of Links That Include
hetis Precipitation/E vaparation [ac] 0.000 0.000

Total [ac) 1.000 1.000

Project Location 1 Scenarnio J_ Simulate araphs l Tools

| £:04 PM




Vegetated Roof Example
Duration Plot

&1 File Edit Options  Help

EHE BB - g HEl

—Plot Type

" Flood Frequency Flow Duration Plot

% Flow Duration == F efresh
" WSEL Frequency Flow Control Performance
" Hydrographs Eecursion =t 507 U2: BE0.3% FAIL
Becursion S0 %02 to L2: 1830 8% FAIL
Fredeveloped . Excursion 02 to Us0: 99993.0% FalL]|]
% Poz Excursion 02 to Q50 100.0% FAl
|Subs Subbasin = LID Performance | | |||

Fost Developed eicison s 510 7.8 AL
ISub: > j Excursion 8% 02 to 50°% 02: 630.3%

— Flow Duration Compliance

v Shaw Flow Duration Compliance

v Show LID Duration Compliance

\\

1005 1004

Exceedance Probability
E=part Current Graph ta File | # Predeveloped # Postdeveloped

[Right Click Graph ta Edit]

Project Location l Scenarnio Simulate Graphs 1 Tools

[E:03 PM




Vegetated Roof Performance
MGSFlood Module

BMP Performance in Seattle

50-yr Forest

4" Vegetated Roof
{(MGSFlood module)
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Vegetated roof reduces downstream BMP size




Vegetated Roof Performance
Implicit Methods

BMP Performance in Seattle

\.h'\\ 38" Yegetated Roof
\ {lawn on till}

50-yr Forest

4" Vegetated Roof
{(MGSFlood module)

=
=]
EES
1

Ecology Flow
Control Std

&
Ch
2
K-
T

50% 2-yr Forest

Ecology
LID Std

8% 2-yr Forest

1.00E-03 1.00E-02 1.00E-01 1.00E+00

PercentTime Exceeding

Vegetated roof reduces downstream BMP size



Minimal Excavation Foundations
Current* Modeling Guidelines

> Roof runoff dispersed on up gradient side of structure
Dispersion per BMP T5.10 (downspout dispersion)
Model roof as pasture on native soll
Highest credit available

Note: Area receiving credit reduced when step-forming is used
on a slope

> Roof runoff dispersed on down gradient side of structure

o Dispersion per BMP T5.10 (downspout dispersion) AND at least
50 ft of vegetated flow path that meets BMP T5.13

o« Model roof as lawn/landscape on native soill

* Same as 2013 permit guidelines
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LID Foundations Performance

Duration Plot
BMP Performance in Seattle
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Detention Cisterns
Current Modeling Guidelines

> Explicitly Model

o Vault/tank with low flow
orifice and overflow

> Orifice Limitations

o Minimum orifice size
typically will not achieve
creek protection flow
duration standards

o Useful tool for CSO control

Note: No recommendations in 2005 or 2012 LID Manual




Harvesting Cisterns
Current* Modeling Guidelines

> Explicitly Model

» Estimate average annual runoff volume
(V) using continuous model

o Size cisterns to provide storage, V

o For interior reuse, perform monthly
water balance

o Subtract roof area from site-wide
model if sizing flow control or water
guality treatment

> Recommendation

o Perform daily (or sub-daily if rainfall
data available) water balance model

o Factor results into site-wide model for ... =~ . l . _
flow control sizing . Chicago Cerltexfor Geei Kechnology

* Same as 2013 permit guidelines




Detention Cisterns
Model Representation

Downspout

) — D Overflow
Connection

High Water | Freeboard¢
Level

Detention To Approved
Discharge
Point —

Low Water
Level —--.

Sediment )
Storage

Low Flow
Orifice
* Can add faucet for rainwater reuse
upstream of low flow orifice




Detention Cisterns
Model Representation

Precipitation

Evaporation

y | RunoﬁMerflow

[
>

3

Contributing area Overflow
T

Detained flow

Point of Compliance

Vault/Tank Module

Where flow control standard T

Dead storage below low flow orifice must be met
invert can be neglected in model




Detention Cisterns
Routing

Stage Storage | Low Flow | Overflow
(ft) (%)) (cfs) (cfs)
0.00 0 0

0.25 7 0.0008
0.50 14 0.0012

0.75 21 0.0014

1.00 28 0.0016

1.25 35 0.0018

1.50 42 0.0020

1.75 49 0.0022

2.00 56 0.0024

iOOOOOOOOO

AAS) 63 0.0026

2.50 70 0.0028




Harvesting Cisterns
Model Representation

Downspout
Connection

High Water
Level

Low Water
Level —--.

HO

Freeboard |

p

)

Detention
Volume

Sediment
Storage

* Can add faucet for rainwater reuse

and/or low flow orifice

Overflow

—>

To Reuse
Point

To Approved

Discharge
Point —>

)




Harvesting Cistern Example
Water Reuse/ Flow Control

OPAL Community Land Trust, Orcas Island




Flow Control
OPAL - Site Location

Eastsound, WA (Orcas Island)

7-acre site, 34 new homes,
average roof size = 995 sq. ft.

3,000 gallon underground cisterns
with indoor reuse

Daily water balance model in
EXCEL

Size residual detention and WQ for
remainder of site (e.g., roadways,
driveways, lawns) - 2005 DOE
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Flow Control
OPAL - Site Plan

| ! o *
! ORjyAmLE . .
NEW VEGETATED CUTLET i i o ! rEFTDI DETENTIONFFE !

AN EY A SHALE PO I ! . AL SYSTEN.SEE SHEET =T SOALE INFEET

MOTE 1 EXFANDED WETLAND A, SEE H ALIOWAY 0 H FOR PN ARD PROF
NEW WATER —7

TREATME L 17 14 DA FIFE DOWN
=Y OTHERL TWISE LAE T0 MORTH
SEE NOTE 13 BEACS ROAD DITCH. SEE

&

H|VABLE POMOUS NOTES:

QRAISPAVEL WALOANY 1. EMCROACHNENT OF WELL RESSRVE AND
i WITH 12 14 ""‘“" RFORATED WETLAND BUFFER ENHANCEMENT AREAS
EXJSTING VEGET 9 B LNDERDRAN, 825 ON ADUACENT PROPERTY PERMISSBLE BY
TOAEMAM | J 3 PAOFERTY DWNER.

ENCAACHWENT DN FIZHER PADRERTY
* PEDESIRIAN MATHIAY, PERMESIILE BY AGREEMENT WITH BETER
FI8

HoFlTRATion

SAALE 81 T0 TREAT umroe = A UNLESS

15,202 50 FT PRETAMING ViR SEE WACTAA STANSARD

RORIWAY [ELEV.1RFT} SPECICATIONS FOR ROAD BRIDGE &40

Akl FUHOFF. MUNEIAL CoNsTRICTION POt
ACCEFTABLE SCHEDULE & PIFE MATERIALE.

STORMWATER MANACEMENT FOR HEW

VIATER TREATMENT FLANT MUST BE

PRYICED BY OTHERS, NOT [WCLUEED

HERZ.

THE SITE EXCAVATION WORK 13
o FUNOED % FART WY COMNLIMTY
-, - DEVELOPMENT ELDCK ORANT FUNDE. N
L A E GRDER 10 FROPERLY AGTOUNT FOR
Bl —f" bt % THEZE FLNDS, BIDOERS ARE T0 GIVIDE
THEIR EID GHTD TWO SHEETS, A5
A0 FT LONG 13 DI EICFITRATION SWALE - Mo FOLL oW
CONCHETE CLASS [V I0FTANIDE CHIF SEAL AQADIAAY 0 T TREAT 4500 5017 Bl SHEET A A TS PO ALL
ASHTY W 172 CULVEAT, wuntu GETATED COMVEYANCE OF RARKING RUNGFF. W) CRIVEVAYE. SLOME WO EAST OF THE MIDPROFERTY
INSTALLEG WITH ¥IN. 1 o/ TODRAR. SEE KOTE L. b
EIOFITRATION SIWALE 1 T0 TREAT 14200 57
¥, TREATED POMOL PAVENENT Fo AL
AUINCFF DISCHARGES TO CAEATED WETLAND, 5 ASPHALT ROADIAY py WO WEST OF THE WIG-PROPERTY
o AN PARKING, SEE LI
ROAD. EXTENT OF = =
GITCH MRV MENTS GOMFOST AMEND ENTIRE SITE MNAY FROM
MEEDEDTOEE SE IMFERWEABLE CHECH ROADWAYS AND BULDINGS ALL COMPOST
OETERMINED [N THE LEGENCK AN TT1 SROMOTE ANENDED AREAS (INCLUDING TARDS) MUST
FIELD. LELENLE FILTAATION BENEATH REMAR SO THE LIFE OF TrE FROSLCT
A CAN HOT BE CO .10
. FERY 1FT CONTE PERVIOUS LAND USE TYPE.
BOROUS FAVEMENT GRASEY | VEGETATED PROPERTY LINE
@ AEFHALT READVAY =23 Cowmecvance swis T p— 5 " FIDDF AND FOCTING DRANS NOT NCLUDED
AN ARG, SEE VEQETATED | WODDED
- e EIDFILTRATION SWALE EXISTIHG COMTOURS < CHAS SURT DRANINGS:
BIORETENTION CELL !
WITH 2" OF PONDING DRAINAGE FLOW WEW GROUND CONTOURS. F SLOPE ALL HOADWAY SUBFACES AND
fonstetne PARKING LOTS TO DAAIN AZ INDICATED BY

CATCHERSH HE DAAINAGE FLOW DRECTION,
NS TE WE TLANS STOHM SEAER

SITELIMITS ERFL PAOTECT ALL FIFE DITCH MLETS WITH
MMEATIGN ANHO e CRLARRY SPALLS.

=
=]
z
=
m
kS
2
o
=
o

5 i : i
TLITY EASENENT OETERMINED AFTER
TS Feous I PATHARY B e ARCHITETLRAL P ANS
JI?NI _::" JA;UE-K‘VKD' ARE COMPLETED (BY
PEGESTRIAN SOARDIWALK. ! OTHER
TRATION T
GRPASLE GRASSPA, LOCATION, kiaY 2«.‘0:’ PERFORATED
VIALKAAY . UNDEADAAIN FFE

EXISTIE T COMFOST 1
AMENDHEN N
3::@ ENTIAE SITE AREA AWAY FROM
R

DADWAYS AND BUILONGS
(NCLUDING YARDS)
EH WLST BE CEMPOST AMENSED

HGLY

SEE £ AHDHOTE 7.
CONSTRUCTION MODIFICATION SHEET

2200 S Awarnan ; , OPAL COMMUNITY LAND TRUST | jvimme
ulia 11 - g,

Husitrla, Waslgian p s = BEZ MOLNT BAKER ROAD 3|NGLE FAMILY HOUS|NG T
TESC ADGENDUM 2 - ADOED FHASING A% NEW SHEET sai2i-iea LOW IMPACT DEVELOPMENT srnseraset

ATFLLL ELSE, I MET GhE

HCH SCH E

REJBELIED BE o Z06-341-5080

REVIBED SFEET C:ﬂs‘ﬂ HERRERA =418

ENVURE TAL
T BN TANTE  hpSiwae serenihe e

DRAINAGE PLAN




Flow Control
OPAL — Design of Cisterns for Reuse

WATER LAUNDRY

HESE Bl \

FROM 1°

T SEFARATE FLUMEING
FOR TOILETS AND COLD

/— EMAMELED METAL, TILE, OR CEMENT TILE ROGE

© OF ENAMELED METAL GUTTER

20 YT OR HORE PIFE

VOLLMETRIE FIRST FLUSH
@ AFPROVED EQUAL, SIZED FOR 10
OF AAIN OVER ENTIRE RIOOF AREA

/—HCD'- WASHER & DISMETER 5054 PIFE WITH
' PLASTIC STAINLESS STEEL RPDF\ GRATE
VALVE 30K

10 WITH LOTKARLE LID

o == OVERFLOW TO BIOSETENTION
WATER TIGHT ELL ONEIT: SEETCE PE
PRESSUAE o

FOTABLE
WATER SUPFLY

RATED GASKET WATER T|GHT PRESSURE RATED
AR o g aes GASMET 103 P

SLOPE 12
e,

P R—

\ 4800 GALLON SISTERN (TYP)

DETAIL - CISTERN SCHEMATICS Sy
BCALE NTS

GETATION PER
PLANTING FPLAN, Pt

SEFARATICON STRUCTURE,
SEE NOTE 1

SEQTEXTILE

GROWTH MEDIUML EPARATION DRAINAGE
T FOR SEPARATION

a0MIL BVT
WATERFROOF
BAANE

ROCF DECK, METAL RCOF
{DESIGNED BY DTHERS)

MNOTES:

T, 14T HOLES DRILLED W 80TTOM THRD OF SERARATION
STRUCTURE TO EMABLE DRAIMAGS
CRCWTH MECILM TO WEET SPECIFICATION DESCRIBED ON
G2

00F SLOPE MUST BE ND GREA/
GREEN ROOF SECTION CONT =JE.J|'- ANA.cIrIDNLl:hAn
LOAD BETWEEN 30 AND 40 POUNDS FER 30, FT.IM
SATURATED CONDITIONS.
CVERFLOW FRCM GREEN ROCF WILL BE DIRECTED TE AN
ALLUACENT BORETENTION

DETAIL - GREEN ROOF ON COMMUNAL SHEDS

ST

TS

hOTEI!—\

ROM MEDILM TO DRAIN,

FROM 1* FOTABLE WATER SUPFLY

TO PRIMED TRAP

AUGE (TYP) -uﬁl WALVE [

O ENCID VALVE ¥1 WITH ELECTR| CAL BOX
MICRON FILTER, FOR MANUAL AND ALTOMATIC CONTRON
{NOTE 12 IMIAL FAIL SAFE OPEN. SEE NOTE

O
4* BACKFLOW PREVENTER
WILKINS B3 O ECUAL WITH DRAIN

T0 SEPARATE PLUMBING
INHOUSE FOR TOLET

o} o

O \—th:n VALVE (TYF)

SEE NOTES 13AND 14

FLOAT SWITGH CABLES TO
PLMP AND SOLENCID VALVE #1. _—

++ CJAVETER A, WOITE § SFE NOTES 204 21 0

LINION (TP HOSE BB

WATER TIGHT LID AND GASK:
800 GALLON DISTERN TYF)

FLOAT SWITCH
SEE NOTES 10 & 17

WATER TIGHT HPE
FENETAATION
(RATED 70 3 P8}

THREAD CN DEBRIS

SlﬂthLuSulLLL JH
RASS SCRZEN

:sus-nsa SORATIONS]

CISTERN NOTES:

PIPE SUPPCRTS NOT SHOWW
CONTRAGTOR 70 FIELD FIT SYSTEM.

EDWITH WATER FRIOR TO BATKFILL. WAKIMUM BURIAL OF CISTERN
MGUNT VALVES ANG APPURTENANEES IN ACEESSIBLE LOCATION.
INSULATE ALL EXPOSED PIFING WITH FOME WRAS.
COMPACT BACKFILL MATERIAL, USE FIFE WRAP FOR "HOT® S0ILS SUITASLE FOR ASPLICATION.
HLES3 OTHERWSE NOTEDL

_'éPF’?‘F‘FPPN.

o CISTERN WITH & INlLlwcrN_.. PIEING SET AT 12 ABVE TANK BOTTOM,

PUMF sH\_ BE GAUNDFOS MO8, 115 VOLT *ALLIN ONE" UNIT (0% APPROVED EGUALL 50 P5| OFF, 30 P5| ON OFERATING PRESSLIRE. FUMP AND
MANLAL DISCONNECT PER ELECTRICAL CODE.

VALVES SHALL BF LABELFD "CISTERN SUPPLY" DR * POTASLE WATER SUPPLY".

. ALL CISTERN AND HOUSEACLD WATER PIPING SHALL BE LABELED “NON-POTABLE® AND LABELS SHALL BE CLEARLY VSIBLE AT ALL WATER CLOSETS
AN LALINDORY WASHING MATHINES,

. INSTALL TWO FRALD PLASTECH 5-1500 TANKS (OR APFROVED EQUIVALENT) SIDE BY SII.'.E OR IN SZRIES. FOLLOW MANLIFACTURERS INSTRUCTIONS FOR
uNnEnc:ﬂ.Ju:!le’mu.mon AND ANCHORPNG TO COUNTERACT BLCVANCY. TANKS NOT |CLULAR TRAFFIS LOAZING. TANK
BIMENSIING ARE 51°H = TIL TANK FITTIHGS NOT SHOWN. COORDIMATE TANK PI'NI"‘U\YIF‘NS T SUPPLIER ANCVOR MANLIFAS

. FLOAT SWITCH FOR rwu-u WATER SUPPLY ON AND PUMP OFF AT ELEVATICN 15° ABOVE BOTTOM OF TANK.
77, FLOAT SWITCH FOR 17 POTASLE WATER SUPFLY OFF AMD BLNE DN AT ELEVATION 177 ABOVE BOTTOM OF TANK,
. ASCO SERIES MO 8240 OR APFROVED EQUAL
THE CISTERN CONFIGURATION A3 S-0WHN |5 DN WAY TO A1 ety LIRED zunam NS OF STORAGE FOR RODF RUNGE
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Flow Control

OPAL — Evaluation of Cisterns for Reuse

‘ Overflow (gal) ®™===Volume Stored (gal) —®— Rainfall (inches) ‘

gt £l b ikt o

Percent rooftop runoff detained by cistern 95%

=
<
)
2
©
£
2
<)
>

Rainfall (inches)

r 4.00

r 4.50

0 - T 5.00
1/31/1993 6/15/1994  10/28/1995  3/11/1997 7124/1998 12/6/1999 4/19/2001 9/1/2002 1/14/2004 5/28/2005
Date

Notes:
Large home (1,050 sq. ft. roof)
Assume 4 people per house

'Bé s%[nye g?dl|r5r?8a Iz?)lnunderground cisterns with indoor plumbing for toilet flushing, cold water for

Total daily water demand for reuse assumed to be 90 gal/day
Using daily rainfall data from OLGA station (Orcas Island)




Flow Control

OPAL — Evaluation of Cisterns for Reuse

Overflow (gal) =====\/olume Stored (gal) —®— Rainfall (inches) ‘

\ ] e .
\ U th "/ g .
, | ) R
1] & g vy 24, ii'
\I\I " | -i\! b4 . % | l l' 2

. | '\
i ‘ L 5 9| LR
j , »
juls | |||
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Percent rooftop runoff managed by cistern 88%
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n
= o
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=] 3]
2 e
© =
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=3 ©
=2 “
o c
> ‘T

14

r 3.50

r 4.00

r 4.50

o0 - 5.00
1/31/1993  6/15/1994  10/28/1995  3/11/1997  7/24/1998  12/6/1999  4/19/2001  9/1/2002  1/14/2004  5/28/2005

Date

Notes:
Average home size (995 sq. ft. roof)
Assume 4 people per house

lilmgézl) 1,500-gal underground cisterns with indoor plumbing for toilet flushing, cold water for laundry,

Total daily water demand for reuse assumed to be 58 gal/day
Using daily rainfall data from OLGA station (Orcas Island)




Flow Control

OPAL — Evaluation of Cisterns for Reuse

Overflow (gal) ====\/olume Stored (gal) —®— Rainfall (inches)

e
IS
{ |\||

e

—~

1]
= o
< RS
=) [}
2 =
(4] =
€ =
S <
=2 =
o f=
> T

o

5.00
1/31/1993 6/15/1994  10/28/1995  3/11/1997 7/24/1998 12/6/1999 4/19/2001 9/1/2002 1/14/2004 5/28/2005
Date

Notes:
Average home size (995 sq. ft. roof)
Assume 2 people per house

As L{maézl) 1,500-gal underground cisterns with indoor plumbing for toilet flushing, cold water for laundry,

Total daily water demand for reuse assumed to be 29 gal/day
Using daily rainfall data from OLGA station (Orcas Island)




Flow Control
OPAL — Residual Flow Control and WQ Treatment

> Modeling Approach

Continuous
hydrologic model

Larger sites - can
lump total roof area
and route through
equivalent lumped
cistern

Smaller sites 2 can
explicitly model
iIndividual cistern
performance within
site-wide model

4
=
5,
7
—
>
pd
m




Detention Cistern Example
Peak Reduction/ Flow Control

Lakewood RainCatchers, Seattle
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Peak Reduction

Cistern areas

—— Rain garden areas

A T

W

Monitoring station

Cistern pilot study area
Rain garden pilot study area
Mo infiltration zone
D Basin 43 boundary
[CT] subbasin boundar,

W
.




Peak Reduction

> Cistern modeling method

o Typical rooftop / cistern scenario for individual
home modeled in WWHM3

Half roof (870 sf) routed to cistern (500 gallon)
« Detained runoff timeseries exported and

multiplied by the number of homes in the
pasin

mported into InfoWorks CS to evaluate
performance




Peak Reduction

Option Menu

> Precipitation/Evap. - WWHW3Pro RCcistern. 25in
Data - Import N
timeseries from
InfoWorks model

Computational Time
Step = 15 minutes, 5
minutes preferred

Set Dates

te Precip/evap




Peak Reduction

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

™ WWHM3 Pro  RC-cistern0.25in
File Edit View Help

. Basin 1 Predeveloped

Subbasin Name{Easin 1 |

Surface Interflow Groundwater

Flows To: | | |

Area in Basin
Awvailable Pervious

| [ A, Forest, Flat

! _]_' _.&.-"B, Faorest. Mod

[~ A/B. Forest, Steep

[~ A/B, Pasture, Flat

[~ A/B. Pasture, Mod

[~ A/B, Pasture, Steep

| T~ AJB. Lawn, Flat

|~ AJB. Lawn, Mod

[~ AJB. Lawn, Stesp

[~ C.Forest, Flat

[~ |C, Forest, Mod

[~ C.Forest, Steep

| C. Pasture, Flat

[ E.Fasture, Mod

[~ C.Pazture, Steep

[~ C.Lawn. Flat

[~ E.Lawn. Mod

[~ Show Only Selected

Awvailable Impervious

v OADS MOD :

[~ ROOF TOPSAFLAT

[~ DRENEWAYS/FLAT

[~ DRIMEMWAYS/MOD

[~ DRENEWAYS/STEEP.

[~ EIDEWALKS/FLAT

[~ EIDEWALKS/MOD

[ SIDEWALKS/STEEP

[~ PARKING/FLAT

[~ PARKING/MOD

| PARKING/STEEP

= EEEE B E E EE =R

|| FOND

HEEEEEEEE R EEEREE SR

Move Elements | LJ [~ E Lawn, Steep

PerviousT atal Dl Acres Impervious Total Acres
Basin Tatal Acres

Deselect Zera ] Select By: GO ]




Peak Reduction

Developed Mitigated Basin = Impervious with same area and slope....

“* WWHM3 Pro RC-cistern0.25in
File Edit Wiew Help

DeE &

. Basin 1 Mitigated

Subbasin NameBasin 1 | T/ Dresignate as Bypass for POC:

Surface Interflow Groundwater

Flows To - [Waul 1

| [aul 1

Area in Basin
Available Pervious

| [ A, Forest, Flat

=l | _A.JB, Forest, Mod

[~ A/B. Forest, Steep

[~ &/B, Pasture, Flat

[~ AJB, Pasture, Mod

[~ A/B. Pasture, Steep

|~ &/B. Lawn, Flat

|~ A/, Lawn, Mod

I _A.-"B, Lawn, Steep

[~ C.Forest, Flat

[~ | C, Forest, Mod

| LC.Forest, Steep

[~ T, Pasture, Flat

[~ C.Pasture, Mod

| C.Pasture, Steep

[~ C.Lawn, Flat

[~ C.Lawn, Mod

[~ Show Only Selected

Awvailable Impervious

[+ FOADS MOD T

[~ ROOF TOPS/FLAT

[~ DRIVEWATS/FLAT

[~ DRIVEWAYS/MOD

[~ DRNVEWAYS/STEEP.

[~ SIDEWALKS/FLAT

I SIDEWALKS MOD

[~ SIDEWALKS/STEEP

[~ PARKINGAFLAT

| PARKING/MOD

[~ PARKINGASTEEP

== E = EE B E EEE =R

[~ FOND

= (== EE EE B EEEEEE EE E =

Move Elements LJ [~ C.Lawn, Steep

PerviousT otal l:l Acres Impervious Total Acres
Basin Total beres

Deselect Zera J Select By: GO J




Peak Reduction

Developed Mitigated Basin Continued: Route to vault module

“* WWHM3 Pro RC-cistern0.25in
File Edit “iew Help

b Ed &

i ault 1

Qutlet 1 Outlet 2 Qutlet 3
Downstream Connection [ | [0 | [0
Facility Type [ault |
I Precipitation Applied to Facilty Autavault | QuickVault |
I Evaporation Appied to Facility I Fixed ‘Width For Auto Wault
Facility Bottom Elevation (f) [0 |

Facility Dimensions
Lenath Qutlet Structure

width . (] RiserHeight () 2~
Effective Depth Riizer Diameter(in] :j

[

Rizer Tupe Flat
Motch Type

Infiltration [NO -~ Orifice Diameter Height QMax
Mumber (In} (Ft) (cfs)

Pond WYolume at Rizer Head [acre-ft] oo

Move Elements Pond Increment 010 “:“i
Show Pond Table  [Oper Table =




Peak Reduction

Stage Storage Discharge Table

Yault 1

Area Storage Dschrge

(acres) (acre-ft) (cfs) ‘ Area Storage Dschrge
(acres) (acre-ft)} (cfs)

.oooooo
027778
. 055556
. 083333
.111111
. 138889
. 1e6667
194444
222222
250000
L2778
. 305556
. 333333
.361111
.388868°%
416667
444444
LATZ2EZ22
.500000
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.555556
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.B38688°%
. BBEBET
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LT2REZ2E
.750000
LTS
. 805558
ki i k]
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. 000643
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.000643
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000643
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.oooooo
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.0oo17e
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Peak Reduction

Unmitigated R oof Runoff
—— Detained by Cisternwith 0.25" Orifice
—— Dretained by Cisternwith 0.5 Qrifice
—— D etained by Cisternwith 1.0" Orifice
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Flow|of =)

Figure 17. Comparison of roof runcff detention benefits for cisterns with varving orifice sizes




Peak Reduction

Figure 10. Performance of a cistern for a typical parcel
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Peak Reduction

Time Series Export

Standard Import Features ]

i~ HSPF Input File Import/E =port -
Import Exizting Input File

[TMPORT FARAMETERS |

Project Dataszets

2 18min prec [in)

R01 POC 1 Predeveloped flow

F01 Inflowe to POC 1 Mitigated

2801 POC 1 kMitigated flaw

1000 W aulk 1ALL OUTLETS Mitigated
[ WVIEW /EDIT FERLNDS ] 1007 Yaulk 1 OUTLET 1 Mitigated

1002 vaulk 1 OUTLET 2 Mitigated
[ VIEW/EDIT IMPLNDE | || 1003 %ault 1 STAGE Mitigated

Cancel

Start Date

{011 0/2001
End Date

111/30/2005

Timesztep Out
15 Minute

~




0 OrKs : [ eoP |a

@ File Edit MNetwork Selection Geo Results Tools  Wwindow Help

o] == BB VR B A | & o DR MR IS @

b B D | ol T e | 3K =l
==l
Item | Type | User | Drescription
GrouplC Baszing 39.40.41.42 43,165 Catchment ... rogneb
= Group C MNetworks Catchment ... rogneb
—-[E] Ewisting Conditions Metwork mullish...  Pervious area
E wizting Conditions - existing Metwork, alanca...
+ @ 100% disconnect MHetwark alanca...
+- [ Existing Conditions-Mew Areas Metwark alanca.. Areas corecte
Group C Flow Data Catchment ... rogneb
Giroup C Rainfall Catchment ... rogneb
Bl Oct-Dec 2000 Graph Templates and Flow Surveys Catchment ... mullizh
Overflows - Graph Templates and Flow Survey Catchment ... mullish
Bl ADS data Catchment ... mullish
Group C Metworks! Catchment ... rogneb
inecring Y alidation Engineering ... MullisH
&1 Gw Mltration Ground Infilt...  rogreb
Infloww Group alanca...
Cistern Effluent FlowD. 5in-0pt1 Inflow alanca...
Cistern Effluent Flow0. Sin-0pt2 1o alanca...
Cigtern Effluent Flow] Sin-0pt2 Irfloe alanca... -028
Cigtern Effluent Flow0. 25in-0ptl 1o alanca...
Ciztern Effluent FlowD, 25in-0pt2 Irflow alanca... m7-023
Ciztern Effluent FlowD. 25in-0pt2 Inflow alanca...
20% Cistern Effluent Flow0.25in Irflow alanca..  20% basinroo =0
100% Cistern Effluent FlowD. 25in Irfloe alanca..  20% basin roo
¥ Lake Washington Levels Lewel Group rogheb
D Overflow Simulations FRun Group mullizh =1
23 Mew Calibration Fiuns Fun Group miullizh
2 Syear Fun Group linderc
2 Theoaretical Curves Fun Group alanca... i)
21 Corected Basin 43 Areas Fun Group alanca...
=] Selection Lists Selection Li...  rogrneb
Statiztics Template Group Statiztics Te...  rkirsch...
Trade Flowe Trade “Wast... mullish
[&] Group C'waste “Water Group - B0 gal/cap/day ‘wiazte w'at..  rogneb



Peak Reduction

Time Series Import to InfoWorks

i InfoWorks C5 [4.50] - [Inflow (Time Varying Data) - 100% Cistern Effluent Flow0.25in {Read Only)]
") File Edit Evert Results Tools ‘Window Help

8] 2 &
Ab =l

x| - 067-008 067-015 067023 | 067-029 067-032 067-038
Item Tvpe | User | Descriptian N (MGD) (MGD) (MGD) (MGD) (MGD} (MGD)

Groupl Basin 39,40,41.42,43,165 Catchment .. rogneb 01-10-95 &t 21:15 0000205 0000205 0000091 |0000091 0000205 |O.000205
= Group C Metwarks Catchment ... rogneb 01-10-95 &t 21:30 0000205 0000205 (0000091 |0000091 0000208 |O.000205
=[] Evisting Condtions Metwork, mullish...  Pervious area 01-10-95 5t 21:45 0000205 (0000205  (0.00008%1 (0000091 (0000205 |0.000205
Eristing Conditions - esisting MHetwork alanca... 01-10-95 at 22200 0000091 0000205 | 0.000091 0.000051 0000205 000003

-+ [ 100% disconnect Metwork. alanca... 01-10-95 at 2215 0000081 (0000091 [0.00001 (0000081 (0000205 |0.00009
=[] Evisting Conditions-Hew Areas Metwark alanca..  Aress corects 01-10-95 st 22:30 0000091 0000094 0000000 0000000 0000081 |0.000091

=1 [ Existing Conditions-New Areas_Experimental  Matwork alanca... 01-10-95 ot 22:45 0000000 0000000  |0.000000  [0.000000 (0000000  [0.000000

= [ wallingford Advice Mehwark. tkirsch... 01-10-95 &t 2300 0000000 (0000000 (0000000 (0000000 (0000000 |0.000000

=[] Walingford Advice - PC=75 & IC=1...  Metwork tkirsch... 01-10-95 &t 2315 0000000 (0000000 (0000000 (0000000 (0000000 |0.000000

[ wallingford Advice - 50% Disx Mehwark. tkirsch... 01-10-95 at 2330 0000000 (0000000 (0000000 (0000000 (0000000 |0.000000

+1- [l Evisting Conditions-Recalibrated  Metwark alanca..  Mew Calibratic 01-10-95 at 2345 0000000 (0000000 [0.000000 (0000000  |0.000000  0.000000

Group C Flaw Data Catchment ... rogneb 01-11-35 &t O0CO0 0000000 (0000000 |0000000  |0000000 0000000 |O0.000000
Group C Rainfal Catchment .. rogneb 01-11-95 at 0015 0000000  |0000000 (0000000 (0000000 0000000  |0.000000
Oct-Dec 2000 Graph Templates and Flow Surveys Catchment ... mullish 01-11-95 at 00:30 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Overflows - Graph Templates and Flow Survey Catchment ... mullish 01-11-95 at 00:45 0000000 |0000000  |0000000 (0000000 0000000 |0.000000
A0S data Catchment ... mulish 01-11-95 &t 01:00 0000000 0000000  |0000000 0000000 (0000000  |0.000000
Catchment ... rogneb 01-11-85 st 01:15 0000390 |0000890  |0000593  |0000593 0000890 |0.000799

Engineering ... MullisH 01-11-85 &t 01:30 0003310 0003482 (0002305 |0002305 0003606 |0003195

Graund Infilt...  rogneb 01-11-95 st 01:45 0006034 |0.006331 0004200 (0004200  |0O0BS95 0005797

Inflows Group  alanca... 01-11-85 &t 000 0008308 |0O0BG96  |000S706  |0005797 | 0O0B993  |0007897

Cistern Effuent Flow.5in-Opt1 Inflow alanca... 01-11-95 st 0215 0010294 0010796 0007096 (0007098 (0011207 0009792
Cistern Effluent Flow0.5in-Opt2 Inflow alanca... 01-11-95 &t 0230 0012896  |0013489 000810 0008993 0013991 0.012302
Cistern Effluent Flow0.5in-Opt3 Inflow alanca... 01-11-95 at 02,45 0016000  [0016789  [0.011001 0011083 0017392 |0.015292

Cistern E ffluent Flow(. 26in-0pt1 Inflovs alanca... 01-11-95 at 0300 0013100 (0018390 (0012394 (0042589 0019806 004730

Cistern E ffluent Flowl. 25in-0pt2 Inflow alanca... 01-11-95 at 0315 0018330 0019334  [0.013101 0013193 (0020702 (D089

Cistern E ffluent Flowd. 25in-0pt3 Inflow alanca... 01-11-95 &t 0330 0019492 (0020496 (0013393 0043503 (0021204 0048693

20% Cistern Effluent FlowD. 25in Inflaw slanca.. 20%basintoo | |01-11-95 at 03:45 0019310 002029 0013307 (0013398 (0020999 (0018511

100% Cigtern Effluent Flow0.25in Inflovs alanca..  20% basin oo 01-11-95 &t 04:00 0018807 0019698 0012896 (0013101 0020405  |0.018009

[#] Lake Washington Levels Level Group  rogneb 01-11-95 at 04:15 0015009 [D018899 (0012334 (0012508 (0019492 [0.017210
[0 Overflaw Simulations Run Graup raullish 01-11-95 at 04:30 0017004  |0017803 (0011708 (0011800  [0018397  |0.016297
(23 Mew Calibration Runs Run Group  mullish 01-11-95 2t 04:45 0015909 (0016708 |0OM0SM0 (0011083 (0017301 |0.015201
[ Syear Run Group  linderc 01-11-5 5t 0500 0014790 0015488 0010141 0010284 0016000 |0.014106
[0 Theoretical Curves Run Group  alanca... 01-11-85 ot 0515 0013450 0014187 0009290 |0005404  0O4608  |0.012896
(1 Conected Basin 43 Areas Fiun Group alanca... 01-11-35 =t 0530 002211 002805 0002399 [000349 0393 (0011709




Peak Reduction

Preliminary Results, Basin-Wide InfoWorks Model
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Resources

LID Technical Guidance Manual
http://www.pierce.wsu.edu/Water Quality/LID/LID _manual2005.pdf
(Draft 2012 Manual does not yet have modeling section developed)

WWHM

http://www.clearcreeksolutions.com/

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

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

WDMUtils

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




Questions and Answers
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Contact Information

> Alice Lancaster, PE
&. HERRER/

alancaster@herrerainc.com N

> Robin Kirschbaum, PE, LEED

robin.kirschbaum@hdrinc.com
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