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INTRODUCTION

The WWHMZ2012 is the updated edition of the Western Washington Hydrology Model,
replacing WWHM3. It was designed by the Washington State Department of Ecology,
AQUA TERRA Consultants, and Clear Creek Solutions, Inc. (the successor to the
Washington offices of AQUA TERRA Consultants). This version has more options than
WWHM3. The user can model almost any hydrologic condition related to stormwater
control and design.

This user manual and development of WWHM2012 was funded by the Washington State
Department of Ecology Contract No. C1200124 with Clear Creek Solutions, Inc. Clear
Creek Solutions staff responsible for the WWHM2012 and this user manual are Joe
Brascher, Gary Maxfield, and Doug Beyerlein.

Purpose

The purpose of the WWHMZ2012 is to size stormwater control facilities to mitigate the
effects of increased runoff (peak discharge, duration, and volume) from proposed land
use changes that impact natural streams, wetlands, and other water courses.

The WWHM2012 provides:
e A uniform methodology for the 19 counties of Western Washington
e A more accurate methodology than single event design storms
e An easy-to-use software package

The WWHM2012 is based on:

Continuous simulation hydrology (HSPF)

Actual long-term recorded precipitation data
Measured pan evaporation data

Historic vegetation (for Predeveloped conditions)
Regional HSPF parameters

Parameter values can be modified for local conditions.
What’s New in WWHM2012

WWHM2012 gives the user greater modeling flexibility, options, and accuracy. Version
3 included some simplified approaches to modeling stormwater LID (low impact
development) facilities. WWHM2012 includes modeling elements that more accurately
represent these stormwater facilities.

Specific changes and additions in Version 2012 include:
e Ability to run on Microsoft Windows 7 operating systems either on a workstation
(single computer) or network.
e Updated precipitation data through water year 2009 (September 2009).
e Model simulations using a 15-minute time step in place of an hourly time step.
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15-minute precipitation data in place of hourly data.

Updated water quality design flow calculations.

Improved AutoPond capabilities to optimize sizing of stormwater ponds and
vaults.

New bioretention swale element that accurately represents bioretention and rain
gardens with or without underdrains and/or infiltration to the native soil.

New CAVFS (compost amended vegetated filter strips) element to accurately
represent roadside bioretention-based water quality facilities.

New green roof element to accurately model storage, evapotranspiration, and
runoff from vegetated roofs.

New porous pavement element to accurately model the movement of water
through the pavement and subgrade.

Added SSD Table element options.

Automated sizing options for infiltration facilities.

Revised flow duration analysis with two duration standards: (1) Stream Protection
Duration, and (2) LID Duration.

Revised wetland hydroperiod criteria calculations.

New LID reporting features.

Computer Requirements

Windows 2000/XP/Vista/7 with 200 MB uncompressed hard drive space
Internet access (only required for downloading WWHM?2012, not required for
executing WWHM2012)

Pentium 3 or faster processor (desirable)

Color monitor (desirable)

Before Starting the Program

Knowledge of the site location and/or street address.

Knowledge of the actual distribution of existing site soil by category (A/B, C, or
saturated).

Knowledge of the planned distribution of the proposed development (buildings,
streets, sidewalks, parking, lawn areas) overlying the soil categories.

An idea of a first approximation of the top surface area for a trapezoidal or
irregular-shape pond (if used).
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QUICK START

Below is a brief set of steps that show how to use the WWHM2012 to quickly size a
stormwater detention pond.

1. Select the county in which the project site is located.

M WWHM2012 [BEE

File Edit View Help SummaryReport

D Sl ibe HESd=NossdlR| 00|

E Snohomish

Site Information

Site Mame]
Address
City

[ Use DOT data

Map Contrals

aal4

|9/23/2012 | 214 PM

Click the down arrow in the box in the upper left corner. A list of all 19 Western
Washington counties is shown. Scroll down to find the county you want. Left click on
the county name. The county map will then show on the map screen.

Locate the project site on the map. Use the map controls to magnify a portion of the map,
if needed. Select the project site by left clicking on the map location. A red square will
be placed on the map identifying the project site.
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= WWHM2012

Ele Edit View Help SummaryReport
DEH & il dEsd=NospElGR o0 a|

@7 &) =111

Site Information

Site Name]
Address

Gage [Everst

[ UseD

Map Controls

Qs g

| 9/23/2012 | 315 P

The WWHM2012 selects the appropriate rain gage record and precipitation

multiplication factor. In this example the rain gage record is Everett and the Everett
precipitation data are multiplied by a precip factor of 1.20.
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2. Use the tool bar (immediately above the map) to move to the
Scenario Editor. Click on the General Project Information button. 2y ”‘ﬂ

The General Project Information button will bring up the Schematic

Editor.
FrTNIY

The schematic editor screen contains two

scenarios: Predeveloped and Mitigated. S

SCENARIOS |

Set up first the Predeveloped scenario and then
the Mitigated scenario.

Check the Predeveloped scenario box.

Left click on the Basin element under the
Elements heading. The Basin element is the
upper left element.

Select any grid cell (preferably near the top of the
grid) and left click on that grid. The basin will
appear in that grid cell.

The entire grid can be moved up, down, left, or
right using the Move Elements arrow buttons.

The gird coordinates from one project can be
saved (Save x,y) and used for new projects (Load

X,Y).
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M WWHM2012
Fle Edit View Help Summary Report

DEE & i

CiS Ml

BEE]

SCENARIOS

= Subbasin Nameffesn1 |
;‘ Predeveloped Surface Interflow Groundwater
L —| Flows Ta: | ] [ ] [
= |
i [ Mitgated Area in Basin [~ Show Only Selected
Run Scenario Available Pervious Acres Available Impervious Acres
HasGEloant |~ A/B. Forest, Flat 0 I~ ROADS/FLAT 0
— Basin 1 [~ A/B, Forest, Mod i [~ ROADS/MOD 0
EEE E [~ A/B. Forest. Steep 0 I~ ROADS/STEEP 0
. [~ A/B. Pasture, Flat 0 I~ ROOF TOPS/FLAT 0
[~ A/B. Pasture, Mod 0 I~ DRIVEWAYS/FLAT 0
E = [~ AJB, Pasture, Stesp 0 [~ DENEWAYS/MOD 0
== [~ A/B. Lawn 0 I~ DRIVEWAYS/STEEP 0
| ms [~ SIDEWALKG/FLAT E
Pro Elements [ &BlawnSteep | [0 N |~ SIDEWALKS/AMOD 0
|w C.Forest, Flat 10 ’ I~ SIDEWALKS/STEER 0
= Ny [~ T Forest, Mod 0 [~ PARKINGLAT 0
% EE T [~ PARKING/MOD O
LID Toolbox [~ LC.Pasture, Flat 0 I~ PARKING/STEEP 0
[~ L. Pasture, Mod i} I~ POND li]
[~ L.Pasture, Steep 0 I~ Porous Pavement 0
[~ L. Lawn, Flat li]
[~ C. Lawn, Mod 0
Commercial Toolbox I~ T, Lawn, Steep 0
. | B o 0
- Mave Elements PerviousTotal Acies
‘ Inpervious Total [T Acies
E@ Basin Total Acies
Saveny | Loadwy | | Deselect Zern Select By: b
IFEE=l o | -
| 972372012 220 P

To the right of the grid is the land use information associated with the basin. Select the
appropriate soil, vegetation, and land slope for the Predeveloped scenario. For this
example we will assume that the Predeveloped land use is 10 acres of C soil (till) with
forest vegetation, on a flat (0-5%) slope.
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BEE]

™ WWHM2012
Fle Edit View Help SummaryReport
DEE & +Ba PESd=EN @OvP A lE
[ [ [
SELNanS || Subbasin Nameflans |
Predsveloped Surface Interflow Groundwater
- Flows To: | ] [
I Mitigated Area in Basin [~ Show Only Selected
Run Scenario Available Pervious Acres Available Impervious Acres
«|[~ A/B. Forest, Flat 0 I~ ROADS/FLAT 0
Basic Elements
[~ A/B, Forest, Mod 0 [~ ROADS/MOD 0
[~ A/B. Forest, Steep 0 [~ ROADS/STEEF 0
T /B, Pasture, Flat 0 [~ RODF TOPS/FLAT 0
Connect To Element | isture, tod 0 I~ DRIVEWAYS/FLAT 0
[~ 576 et 5w 0 I DRVEWAYSHMED i
S rnect bement . Lawn, Flat 0 I~ DRNMEWAYS/STEEP a
— [~ &7B. Lawn, Mod 0 [~ EIDEWALKS/FLAT 0
Compute Recharge [~ AJB, Lawn, Steep [t} [~ SIDEWALKS/MOD 0
Find Blement |w L. Forest, Flat [~ SIDEWALKS/STEEP 0
[~ L. Forest, Mod 0 I~ PARKING/FLAT 0
e putBlemet [~ E.FaestSteen 0 [~ PARKINGZMOD q
- Copy Element
LID Toolbox . o [~ L. Pasture, Flat [t} [~ PARKING/STEEP 0
Delete Element [ L. Pasture, Mod 0 [~ POND 0
Duplicate Predeveloped [~ C,Pasture, Steep 0 I~ Porous Pavement 0
S et [~ B Lawn.Fat 0
Load Element [~ L. Lawn, Mod i
Commercial Toalbox
Run Predeveloped I E.Lawn, Steep d
' Run Mitigated [~ SAT Foreat Flt 5
Clear All
Moo Import Basin Location b T Acies
4 Impervious Tolal  [1_____] Aeres
& 3 e e
5 ) Load x|
aveny | Loaduy | | Deselect Zero SelectBy:[ GO
® #| %
IRE= # | | ______
9/23/2012 321 P

The outlet from this land use drainage basin will be selected as our point of compliance

for the Predeveloped scenario. Right click on the basin element and highlight Connect to

Point of Compliance.

The Point of Compliance screen will be shown for
Predeveloped Basin 1. The POC (Point of Compliance)
outlet has been checked for both surface runoff and
interflow. These are the two flow components of
stormwater runoff. Do not check the groundwater box
unless there is observed and documented base flow
(spring flow) on the project site.

] == point Of Compliance

Element:  Basin 1

ul | FOC Outlet Select POC ~ ADD

v Suiface
v Interflovw
[ Groundwater

Connect

Click the Connect button in the low right corner to connect this point of compliance to

the Predeveloped basin.
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M WWHM2012 E]E]E]

Fle Edit View Help SummaryReport

DEEH & i@ PESd=EN @S A lE
™ ™ ™ ™ ™ ™
&
B Schematic. ‘ !E | =¥ Basin 1 Predeveloped lg]
SlHERE = Subbasin Name[Basn1 |
Predsveloped Surface Interflow Groundwater
— Flows To: | I [ I [
Area in Basin I~ Ghow Only Selected
Run Scenario Available Pervious Acres Available Impervious Acres
T | ﬂr A/B, Forest, Flat 0 I~ ROADS/FLAT 0
—___jllBasin 1 [~ A/B, Forest, Mod 0 [~ ROADS/MOD 0
"' " -“ [~ &/B. Forest, Steep 0 [~ ROADS/STEEF i}
4 [~ A/B. Pasture, Flat 0 [~ ROOF TOPS/FLAT fi]
[~ A/B. Pasture, Mod 0 I~ DRNEWAYS/FLAT 0
[~ A/B. Pasture, Steep [t} [ DRIVEWAYS/MOD 0
[~ A/B, Lawn, Flat 0 I~ DRNMEWAYS/STEEP 0
[~ &/B. Lawn, Mod 0 I~ SIDEWALKS/FLAT 0
Pro Elements [~ A7B. Lawn, Steep 0 [~ SIDEWALKSAMOD 0
| LC.Forest, Flat [~ SIDEWALKS/STEEP 0
= [~ LC.Forest, Mod 0 I~ PARKING/FLAT i}
% EE [ T_Foiest Steep 0 [~ PARKING/MOD 0
LID Toolbox [~ LC.Pasture, Flat [t} [~ PARKING/STEEP 0
[~ T_Pasture, Mod 0 [~ FOND 0
[~ L.Pasture, Steep 0 I~ Porous Pavement 0
[~ C.Lawn, Flat 0
[~ L. Lawn, Mod 0
Commercial Toolbox [~ T, Lawn, Stesp 0
' jr SAT, Forsst, Flat 0
Move Elements—— FerviousTotal Aores
£ Impervious Tolal L] Actes
é@ Basin Total Acres
Save sy | Load sy | : !
| eselect Zern SelectBy:[ G0
P -
vi— % | » —
| 9/23/2012 3:23 PM

After the point of compliance has been added to the basin, the basin element will change.
A small box with a bar chart graphic will be shown in the lower right corner of the basin
element. This small POC box identifies this basin as a point of compliance.

To compute the runoff at the POC for the Predeveloped scenario click on the “Run
Scenario” button. When “Run Scenario” is clicked WWHM?2012 creates an HSPF UCI
(User Control Input) file and runs HSPF at a 15-minute time step for the entire length of
the precipitation record. Time series output (runoff data) at the POC is saved to the
HSPF WDM file for later analysis.
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3. Set up the Mitigated scenario.

™ WWHM2012
File Edit View Help Summary Report

DEH & sB@E

[ &) [

=

SCENARIOS

= [[3lfx| = Basin 1 Mitigated

= Subbasin Name[fasn1 | I Designate az Bypass for POC:
Surface Interflow Groundwater
—| Flows To: | [
Area in Basin I~ Show Orlp Selscted
Available Pervious Acres Available Impervious Acres
- [~ A/B. Forest, Flat 0 I~ ROADS/FLAT 1]
Basin 1 jl‘ AJB, Forest, Mod 0 [~ ROADS/MOD 0
[ A/B. Forest, Steep 0 I~ ROADS/STEEF 0
[ A/B, Pasture, Flat | [@ [~ RODF TOPS/FLAT 0
[~ A/B. Pasture, Mod 0 I~ DRIVEWAYS/FLAT 0
[~ A/E, Pasture, Steep 0 I~ DRVEWAYS/MOD 0
:l_ A/B, Lawn, Flat 0 I~ DRNMEWAYS/STEER a
[~ A/B, Lawn, Mad 0 I~ SIDEWALKS/FLAT 0
Pro Elements [~ &7B.Lawn, Steep 0 [~ SIDEWALES/MOD 0
v C.Forest, Flat 0 I~ SIDEWALKS/STEEP 0
[~ C Forest, Mod 0 I~ PARKING/FLAT 0
[~ C.Forest, Steep 0 I~ PARKING/MOD 0
LID Toolbox [~ C.Pasture, Flat [t} I~ PARKING/STEEP 0
[~ LC.Pasture, Mod [t] [~ POND i}
[ LC,Pasture, Steep 0 I~ Porous Pavement 0
[ ELawn Pt B
[ L. Lawn, Mod 0
Commercial Toalbox [~ E.Lawn Steep 0
' ~|r o e 0
- Move Elements PerviousTatal ] Aces
! Impervious Total - [T | Acies
E@ Basin Total [ Aces
Shrey I Lead 1 | Deselect Zera Select Ey:,— GO
v # g ] _ E—
9/23/2012 4:02 P

First, check the Mitigated scenario box and place a basin element on the grid.
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M WWHM2012

Fle Edit View Help SummaryReport

DEEH & i@

BEE]

@ T

. . - [EfX]| = Basin 1 Mitigated
SCENARIOS “H Subbasin Name[Basin1 | [ Desigrate as Bypass for POC:
[ Predeveloped Surface Interflow Groundwater
Flows To: | I [
Miigated Area in Basin [ Show Onlp Selected
Run Scenario Available Pervious Acres Available Impervious Acres
T ﬂr A/B, Forest, Flat 0 v ROADS/FLAT 2
Basin 1 [~ A/B, Forest, Mod 0 [~ ROADS/MOD 0
[~ &/B. Forest, Steep 0 I~ ROADS/STEEF i}
[~ A/B. Pasture, Flat 0 v ROOF TOPS/FLAT 1
[~ A/B. Pasture, Mod 0 v DRNVEWAYS/FLAT 1
[~ A/B. Pasture, Steep [t} I~ DRVEWAYS/MOD 0
[~ A/B, Lawn, Flat 0 I~ DRNMEWAYS/STEEP 0
[~ &/B. Lawn, Mod 0 v SIDEWALKS/FLAT [
[~ A/B. Lawn, Steep 0 [~ SIDEWALKS/MOD 0
[w LC.Forest, Flat 0 I~ SIDEWALKS/STEER 0
[~ LC.Forest, Mod 0 I~ PARKING/FLAT i}
[ T_Foiest Steep 0 [~ PARKING/MOD 0
LID Toolbox [~ LC.Pasture, Flat [t} I~ PARKING/STEEP 0
[~ LC.Pasture, Mod [t} ¥ POND 0.5
[~ L.Pasture, Steep 0 I~ Porous Pavement 0
[w LC.Lawn, Flat 5
[~ L. Lawn, Mod 0
Commercial Toolbox [~ T, Lawn, Stesp 0
' jr SAT, Forsst, Flat 0
- Move Elements—— FerviousTotal Aores
£ Ipervious Total hores
EE‘J@ Basin Total Acres
Save sy | Load sy | : !
| eselect Zern SelectBy:[ G0
:
vi— % | »
| 9/23/2012 414 PH

For our 10-acre project site Mitigated land use we have:
5 acres of C soil, lawn, flat
2 acres of roads, flat
1 acre of roof tops

1 acre of driveways, flat
0.5 acre of sidewalks, flat
0.5 acre pond

The pond 0.5 acres is an estimate, as we don’t really know the size of the surface area of
the pond until we size it. But for the purposes of computing the Mitigated scenario
runoff we will assume that the pond surface area acts like an impervious surface.

We will add a trapezoidal pond downstream of the basin.

10
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™ WWHM2012

Fle Edit View Help SummeryReport

DEEH & @

BEE]

1513 [ e

S RIOS

Run Scenario

Basic Elements

| Connect To Blement

- [Bfx]| = Basin 1 mitigated

Subbasin Nﬂme I Designate as Bypass for FOC:
Surface Interflow Groundwater
Flows To: | I [

Area in Basin
Available Pervious

Acres

I~ Show Only Selected

Available Impervious Acres

Connect to Paint Of Compliance o i P e

Disconnect Element

Fro Elements

Disconnect POC
Compute Recharge

Find Element

Eiks
LID Toolbox

Cut Element
Copy Element

Delete Element
Duplicate Predeveloped

Save Element

Commercial Toolbox

Load Element

Run Predeveloped
Run Mitigated
Clear Al

- Move Elements——

Import Basin Location

Save iy | Load xp 1

5!17—| #

Deselect Zero

Besin Tolal s

Select By: GO

«|[~ A/B. Forest, Flat 0 v ROADS/FLAT |2
jl_ A/B, Forest, Mod 0 [~ ROADS/MOD 0
A/B. Forest, Steep 0 I~ ROADS/STEEF 0
]| aB, Pasture, Flat 0 v ROOF TOPS/FLAT 1
[~ VB, Pasture, Mod 0 v DRIVEWAYS/FLAT 1
i} I~ DRIVEWAYS/MOD 0
[~ A/E, Lawn, Flat 0 I~ DRNMEWAYS/STEEP a
[~ A/B. Lawn, Mod 0 v SIDEWALKS/FLAT 0.5
[~ A/B, Lawn, Steep 0 [~ SIDEWALKS/MOD 0
| LC.Forest, Flat 0 I~ SIDEWALKS/STEEP 0
[~ C.Forest, Mod 0 I~ PARKING/FLAT 0
[~ LC.Forest, Steep 0 I~ PARKING/MOD 0
[~ C.Pasture, Flat 0 I~ PARKING/STEEP 0
[~ E.Pasture, Mod o I FOND
[~ L, Pasture, Steep 0 I~ Porous Pavement 0
[ L. Lawmn, Flat 5
[~ L. Lawn, Mod 0
[~ C.Lawn, Steep 0
:_J [~ SAT. Forest, Flat 0
riousTotal Acres
Impervious Total Acies

9/23/2012

The trapezoidal pond element is placed below the basin element on the grid. All water

flows down the grid.

Right click on the basin and select Connect To Element. A green line will appear with
one end connected to the basin
and the other end connected to a

green box. With the mouse
pointer pull the other end of the

line down so that the green box

Flaww From:

| From Basin to Conveyence

is on top of the trapezoidal pond
and click on the pond. This will
bring up the From Basin to
Conveyance screen. As with the
Predeveloped scenario we want
to only connect the surface flow
and the interflow from the basin

to the pond. Click OK.

[w Surface Flow

[w  Interflow

[ Groundwater

11
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= WWHM2012
Fle Edit View Zoom Help
DEH S|sa@ HEsd=N@éwvsam
™ ™
] =]
B Schematic -_l@gl M&;
SCENARIOS =4 Subbasin NamefBasn1 | | Designate as Bypass for POC:
O Frodveloped Surface Interflow Groundwater
— Flows To:  [Tiapezoidal Fond 1 | [Trapezoidsl Pond 1 I [
i 4 Mitigated Area in Basin [~ Show Orly Selected
Run Scenario Available Pervious Acres Available Impervious Acres
— — — — |~ BB Forest, Flat 1o |v ROADS/FLAT z
Basic Elements
[~ BB, Forest, Mod 0 [~ 'ROADS/MOD 0
[~ AZB. Forest, Steep 0 [~ FOADS/STEER 0
!r 7B, Fasturs, Flat | [o |v ROOF TOPS/FLAT 0
[ 7B, Pasture, Hod 0 | DRIVEWEYS/FLAT i
[ A7B. Pasture, Steep 0 [~ DRVEWATS/MOD 0
' A7B, Lawn, it 0 [~ DRVEWAYS/STEER 0
Trapezoidal Pond 1 [~ A7 Lown, Mad 0 |v SIDEWALKS/FLAT 05
Pro Elements [~ A7B, Lawn, Steep 0 [~ SIDEWALKS/MOD 0
v T Forsst izt 0 |~ SIDEWALKS/STEER 0
!r C_ Forest, Mod o [~ PARKING/FLAT 0
[ C.Faest Stesp 0 [~ PARKING/MOD 0
LID Toolox [ T Pasture, Flat 0 [~ PARKING/STEER 0
[~ C.Pasture, Mad 0 ¥ POND 05
[ T Pastue, Stesp O [~ Farmus Pavement 0
|
| C.Lawn, Flat 5
[ Ellawn Med 0
Commercial Toolbox [~ I, Lawn, Steep 0
- |~ SAT, Forest, Flat 0
- Move Elements - PerviousTotal Acies
£ Impervious Total Acres
& 3 Bt o
Saveny | Loady,
S FEEE Deselect Zero SelectBy:[ | _ &0
Eo -
¥ [PE nl A 2 =" —
[ | 9/23/2012 421 PH

A line will connect the land use basin to the trapezoidal pond.

12
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- WWHM2012
Fle Edit View Help SummeryReport

DEE & $Bb@’ HESd=NesPEaEE ©

@7 ] 51 o

- IT”E”§| <% Trapezoidal Pond 1 Mitigated Ig] L
SCENARIOS ~ = ||Facility Name [Tiapezsidal Fond 1 Facility Type  [Trapezoidal Pand
Outlet 1 Outlet 2 Outlet 3
O Predsyeloped Downstream Connections [0 i | [0 |
Mitigated ™ Precipitation Applied to Faciity AutoPond | Quick Pond |
Aun Scenatio - iEV.Ei “U"!ADD“Ed-m Facility Facility Dimension Diagram
AR Facility Dimensions Outlet Structure Data
Facility Bottom Elevation [f] fil Fiiser Height [f r "’5
Bottom Length (f 0 Riser Diameter (in) |D »-{
Bottorn width [ft] 0 Riser T s
ype Flat =
Effective Depth () 0 Notch Typs -—i
Left Side Slope (H] fi}
Battom Side Slope (HA] 0
Right Side Slops [HAY
Trapezoidal Pond 1 Tng o D'_[W] g
LS 4 Orifice  Diameter Height
e iltration o - Number (in) (f9)
Connect To Element i .
1
O T B T

Analyze
LID Toolbox \ jsconnect Element
W\s

Compute Recharge Pand Yolume at Riser Head (ac-ft] 1]
Find Element Show Pond Table  [OpenTable  —|
Cut Element Initial Stage (f)

Commercial Toolbox

Copy Element
- Delete Element
Duplicate Predeveloped Tide Gate iTime Serigs | Demand |
Save Element Dieterming Outlet Wyith Tide Gate
<‘;|’ @ Load Element I Use Tide Gate
—9%

Move Elements

Run Predeveloped Tide Gate Elevation (ff) o Downstream Connection | = |
T o T Run Mitigated o
vetfiow Elevation (fi o lterations o
Save xy | Load x.p l Clear Al ()

Import Basin Location

ém—| # o

| | 8/23/2012 | 4:22 PM

|

Right click on the trapezoidal pond element to connect the pond’s outlet to the point of
compliance. Highlight Connect to Point Of Compliance and click.
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M WWHM2012
File Edit View Help SummaryReport

DEE & ¥Bb@ HNESgd=N0sPalE Tca

@7 5] =11 o

[- S]] 3 irapozoidal pond 1 itgated

= || Facility Name |Trapezoidal Pond 1 Facility Type  (Trapezoidal Pand
Outlet 1 Outlet 2 Outlet 3
Downstream Connections [ | [0 | [ |
I~ Precipitation Applied to Facilty AutoPond | QuickPond |
B I Ev.?piuratmr! Apphad-ln Facility Facility Dimension Dlﬂglﬂ_m_!
P EEREE Facility Dimensions Outlet Structure Data
Facility Bottom Elewation [ft] 0 Fiiser Height (f) l—«ﬂ __‘1
Bottom Length (f 0 Riser Diameter (in) |g —{
Battom Width [ft) 0 Riser T *
we  [Fiat =
Effective Depth (1) 0 Notch Tups
Left Side Slope [H] 0
Bottam Side Slope (HAV) i
Right Side Slope [HAY] [i]
Ve ZRIEEE Tkl 4 Ornifice  Diameter Height
Infiltration Mmoo = Number (in) ()

= Point Of Compliance 1 lo =0 o=

- T T
LID Toolbox Element:  Trapezoidal Pond 1 3 o [ =
POC Dutlet Select POC ADD i PondVolume ot Riser Head (scf) 0

¥ Outlet 1 Show Pond Table  [Open Table  —]

Initial Stage (ft)

Commercial Toolbos

Move Elements——
{ 4

Connect I 3 d l
Gl

T~ Use Tide Gate

Tide Gate Elevation (ft) o Downstream Connection | -
o Iterations

Qwerflow Elevation (ff) o

Savery | Loaduy |

ﬁm nl A

| | 9/23/2012 | 4:24 P

-
|

The Point of Compliance screen will be shown for the pond. The pond has one outlet (by
default). The outflow from the pond will be compared with the Predeveloped runoff at
the same point of compliance. The point of compliance is designated as POC 1
(WWHM2012 allows for multiple points of compliance). Click on the Connect button.

14



Western Washington Hydrology Model 2012 User Manual

M WWHM2012
File Edit View Help SummaryReport

DEH S|lsa@ FESd=ENeéysalG| o

@7 5] =11 o

|Z||E|[Z| | 3 Trapezoidal Pond 1 Mitigated 3

SCENARIOS = |Facility Name |Trapezoidal Pond 1 Facility Type  (Trapezoidal Pand
Outlet 1 Outlet 2 Outlet 3
O Predsveloped Downstream Connections [ | [0 | [ |
Mitigated ™ Precipitation Applisd to Facty AutoPond | Quick Pond |
B I Evaporation Applied to Facilini Facility Dimension Dlﬂglﬂ_m_l
P EEREE Fa_'?"“y Dimensions Outlet Structure Data
Facility Bottom Elewation [ft] 0 Fiiser Height (f) lD—- p__{
Bottom Length (f 0 Riser Diameter (in) |g —{
Bottom Width [ft] [i] ReeiTne W—’—i
Effective Depth (1) 0 Notch Tups
Left Side Slope [H] 0
Bottam Side Slope (HAV) i
I
Right Side Slope [HAY
\EJ‘ Trapezoidal Pond 1 b o L D“_[W]] L
Fho Elements Bpsletsnas 4 Orifice  Diameter Height
Infiltration Mmoo = Number (in) ()
T o Ao
A TR B TR
LID Toolbos i T - | TRt
Pond Yolume at Riser Head [ac-ft) o
Show Pond Table  [OpenTatle
Initial Stage (ft)
Comrmercial Toolbow
Tide Gate iTime Series | Demand |
R I = Determine Qutlet With Tide Gate
@1@ T~ Use Tide Gate
P Tide Gate Elevation (ft) o Downstream Connection | - 1
[ Save ny I Load l Qverflow Elewation (ft) o Iterations o

ﬁﬁ kT >

| | 9/23/2012 | 4:26 P

€

The point of compliance is shown on the pond element as a small box with the letter “A”
and a bar chart symbol in the lower right corner.
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4. Sizing the pond.

* WWHM2012 (AT

File Edit View Help Summary Report

DEH & $Bai HMagd=léssdl&E oaa|
™ ™ ™ ™ ™ ™
(&
W Schematic [- [=[x| = irapezoidal Pond 1 itigated .
SCENARIOS | ~_~l|Facility Name Facility Type
Outlet 1 Qutlet 2 Outlet 3
Downstream Connections |0 0
™ Precipitation Applied to Faciity [ AutoPond | YQuickPond |
TR ™ Evaporation Applied to Faciity Facility Dimengi$h Diagram |
S Elmene il T
iser Height [ft] b~
Bottom Length (1 0 Riser Diameter (i) [o =
Bottom width (ft) 0 |
Effective Depth [f) [i] Motch Type

P Trapezoidal Pond 1
A ic Pond Adjuster

0-1 min

| B Predeveloped
B Mitigated

<----2-10 min--—> 10 min+
Fast Thorough

- EI Pond Depth (incl. 1 ft freeboard) [ 7]t
LID Toolbax | | Pond length to width ratio:

Pond Side Slopes: ER

Bottom Length: [ |ft

Botomwign: [ It

Volume at riser head: acre ft

Comrmercial Toold
Choose Dutlet 5 tucture

' i 1 orifice & rectangular notch j

Progress:

- Mowe Elements

EwS
B @ Create Pond Optimize Pond ]
= Accept pond Close i

Savexy I Load

X E ]
¥ R L - J s | )

=

9/23/2012 [ 42TPM

A trapezoidal stormwater pond can be sized either manually or automatically (using
AutoPond). AutoPond will be used for this example.

Click on the AutoPond button and the AutoPond screen will appear. The user can set the
pond depth (default: 7 feet), pond length to width ratio (default: 1 to 1), pond side slopes
(default: 3 to 1), and the outlet structure configuration (default: 1 orifice and riser with
rectangular notch weir).
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To optimize the pond design and create the smallest pond possible, move the Automatic
Pond Adjuster pointer from the left to the right.

P trapezoidal Pond 1
Automatic Pond Adjuster

> ]|

10 min+
Thorough
Pond Depth [incl. 1 ft lleebua[d] -fl

Pond length to width ratio: - to1

<----2-10 min---->»

Pond Side Slopes: to1
Bottom Length: [ ft

Botomiwictn:. [ ft

Wolume &t riser head: acre ft

Choose Dutlet Structure

B

| 1 orifice & rectangular notch
Progress:

Ny
Create Pond Optimize Pond
Close |

The pond does not yet have any dimensions. Click the “Create Pond” button to create
initial pond dimensions and optimize the pond size and outlet structure.

Diﬂ\éléﬂhﬁ

HEasd=Névsadl&| o

[O[X]| 3 Trapezoidal Pond 1 Mitigated

Facility Name  [Trapszoidal Pord 1 Facility Type

Run Scenario

Basic Elements

atic Pond Adjuster

Outlet 1

Outlet 2

Outlet 3

Downstream Connections [0 | [

| [

1™ Precipitation Applied to Faciity

Auta Pand I

Quick Pond |

I Evaporation Applied to Faciity
Facility Dimensions

Facility Bottom Elevation [f] 0 Riser Height [ft]
Battom Length [ft] 1328305133 Riser Diameter (in)
Bottom width [ft) 132.8385133) Riser Type
Effective Depth (1) ifi Natch Type

Facility Dimension Diagram

Outlet Structure Data
|
e+
[Notched =
[Rectangular

.
¥ Rt SEE e ) v

Pro Elements ‘ [ J | Il Predeveloped
Olmn <210 min—> _ 10 min+ 102 | gated
Fast Thorough ~ A! ey,
E EI Pond Depth (incl. 1 ft freeboard) it IE
LID Taalbes | | Pond length te width ratie: | 1] to 1 8. s / \
L
Pond Side Slopes: [ 3]t 1
Botiom Length: [132.838513]ft ; WWHM2012
Bottom wigth:  [132.838513] ft 0 Autopond Finished
Wolume at riser head. 3193 acre ft i 0.5
|
Commercial Too\g oK
Choose Dutlet Structure -
|1 orifice & rectangular notch E| 03
Progress: \ ’
Move E\emants Computing pond size. ~
CaompLting pond size. L3
E; Fond Compuied, = 017
Optimize Pond | {0E-1 10E-3 10E-2 10E-1 1 10 100
Accept pond Cl i
Savexy | Loa llc;ell:llll — Parcent Time Excacding

| 972372012

| 5:24 PM

€3

When “Create Pond” is clicked the WWHM2012 first computes the Predeveloped runoff
then the flow frequency for the Predeveloped runoff. From the flow frequency results

1
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half of the 2-year and the 50-year flows are identified. This is the range selected for the
stream protection flow duration analysis. The Predeveloped flow duration values
between half of the 2-year and the 50-year are plotted on the screen in blue.

The WWHM2012 computes Mitigated runoff. AutoPond selects initial pond and outlet
structure dimensions and the Mitigated flow is routed through the pond. The outflow
from the pond is analyzed and the Mitigated flow duration is plotted on the screen in red.

AutoPond compares the Mitigated flow duration results with the Predeveloped flow
duration values. If the Mitigated flow duration values are greater than the Predeveloped
values AutoPond increases the size of the pond or alters the outlet structure based on
predefined rules and automatically reruns the Mitigated runoff through the revised pond.
If the Mitigated flow duration values are less than the Predeveloped values AutoPond
decreases the size of the pond or alters the outlet structure and automatically reruns the
Mitigated runoff through the revised pond. Either way, AutoPond continues this exercise
until the smallest possible pond is designed. At that point AutoPond announces that it is
finished. Click OK. The pond is now sized.

The user may continue to manually optimize the pond by manually changing pond
dimensions and/or the outlet structure configuration. After making these changes the
user should click on the “Optimize Pond” button to check the results and see if AutoPond
can make further improvements.
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M WWHM2012

Fle Edit View Help SummaryReport

Dl & sl

HESd=N 0Bl oaa

BEE]

e

SCENARIOS

@[] =]

[ Predeveloped

Mitigated

Run Scenario

Basic Elements

Pro Elements

-

LID Toolbox

Trapezoidal Pond 1 I

Commercial Toolbos

i~ Move Elements——

4>
<3

Saveny | Load = |

._ E”Zr =¥ Trapezoidal Pond 1 Mitigated

= {Facility Name [Trapezoidal Pond 1 Facility Type  |Trapezoidal Pond
Outlet 1 Outlet 2 Outlet 3
Downstream Connections [0 | [0 | [ |
I Precipitation Applied to Facility g Wi EORg ] Quick Pond i
I Evaporation Applied to Facility Facility Dimension Diagram
Facility Dimensions Outlet Structure Data
Facilty Battom Elevatian (1 O FssrHeghtf) [~
Battom Length [ft) 1328385139 Riser Diameter (i) [13 —{
Bottom width ] [EEEEESEE [ TR PO o
Effective Degih (1 :
ective Depth (1] 7 Notch Type  [Rectangular =1
Left Sida Slopm (4 % NotchHeight () [z368
Bottom Sids Slope [HAV) = NotchWidh (1)  [7,0403 —
Right Side Slope [HAY] 3
Top Side Slope (H/V) 3 Orifice  Diameter Height
Infiltration Mmoo = Number (in) ()
1 e o
e o P
3 o P
Pond Yolume at Riser Head [ac-ft) 3182
Show Pond Table  [OpenTatle

Initial Stage (ft)

—

Tide Gate | Time Series | Demand I
Determine Outlet Wyith Tide Gate -

T~ Use Tide Gate
Tide Gate Elevation (ft)

Qwerflow Elevation (ff)

]

[

0 Daownstream Connection -

o Iterations o

| 9/23/2012

527 P

|

The final pond dimensions (bottom length, bottom width, effective pond depth, and side
slopes) and outlet structure information (riser height, riser diameter, riser weir type, weir

notch height and width, and orifice diameter and height) are shown on the trapezoidal

pond screen to the right of the Schematic grid.

19



Western Washington Hydrology Model 2012 User Manual

5. Review analysis.

* WWHM2012 (AT

File Edit View Help Summary Report

DEd & & @ PESg=0eéspal%| o2
™ (S b b b b
G| D
= Analysis IZ‘ — E|
E' The Facility PASSED -
P—] 1.02 T !sg . 8071 POC 1 Mitigated flow The Facility PASSED. :l
& G,
~
[} Flow(cfs) Predev Mit Percentage Pass/Fail _]
E o081 0.1679 19797 18989 95 Paszs _]
~ 0.1765 17066 12080 70 Paszs
0.1851 14617 9437 64 Paszs
; 059 0.1937 12803 8224 64 Pass
O 0.2023 10823 6994 64 Paszs
i 0.2109 9539 6053 63 Paszs
u- 038 0.2185 8205 5232 63 Paszs
0.2281 7071 4466 63 Paszs
0.2367 6192 3874 62 Paszs B |
0.2453 5319 3281 61 Paszs
017 i 0.2539 4708 27396 58 Paszs
10E-E 10E-4 10E-2 10E-2 10E1 1 1o 100 0.2625 4081 3331 57 Pane
Percent Time Exceading 0.2711 3544 2008 56 Pass
0.2797 3148 1691 53 Paszs
Shieam Protection Duration l LID Duration I Flaw Frequency J i ater Quality Hydrograph J Sy £ Lo = ot
‘Wetland Fluctuation | LID Report ] Recharge Duration J Recharge Predeveloped Recharge Mitigated j g;g:: z:;z ii:g :i i:z:
aralyze datascls 0.3141 1887 1033 54 Pass
0.3227 1661 943 56 Paszs
0.3313 1509 878 58 Paszs
0.3399 1377 837 60 Paszs
0.3485 1252 790 63 Pass _:d‘
0.3571 1150 742 64 Paszs [
0.3657 1071 698 65 Paszs
0.3743 ioio 652 64 Paszs
0.3829 951 646 67 Paszs
AIIDalasels; Flow Stage | Precip | Efp POC1 0.3915 887 636 71 Fass
0.4001 820 627 T6 Paszs
Flood Frequency Method 0.4087 778 22 79 Pane
& Lag Pearsan Type Il 178 0.4173 731 §15 84 onns
; \E""e‘h“” 0.4259 687 608 88 Pass
hoane 0.4345 646 €00 92 Paszs —j
LAl 0.4431 621 585 94 Pass 2
< | >
% [0 I | ! L | __Jia
‘Y rm—|‘ # 0 >
10402002 (72aM

The Analysis tool bar button (third from the left) brings up the Analysis screen where the
user can look at the results. Each time series dataset is listed in the Analyze Datasets box
in the lower left corner. To review the stream protection flow duration analysis (50% of
the 2-year flow to the 50-year flow) at the point of compliance click on the POC 1 tab at
the bottom. This will run the stream protection flow duration analysis for both the 501
POC 1 Predeveloped flow and 801 POC 1 Developed flow.
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M WWHM2012
File Edit View Help SummaryReport

DEEH & i@

BEE]

@7 ] =111

= Analysis

= T
ﬁw‘ #I A

Hi The Facility PASSED
= e A !3 The F: ility PASSED
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E Flow(afs) Predev Mit Percentage Pass/Fail
E 0 Rl 679 19797 18989 95 Pass
~ 0. " =3
0.1851
; 059 0.1937
O 0.2023 10923 €994 64 Pass
J 0.2109 9539 €053 63 Pass
u- 03 0.2195 8205 5232 63 Pass
0.2281 7071 4466 63 Pass
0.2367 €192 3874 62 Pass i
Rerr, 0.2453 5319 3281 61 Pass
017 &Y 0.2539 4708 2796 59 Pass
10E-5 10E-4 10E-3 1062 10E-1 ] 10 100 oo i sl Fone
et G TS RIS 0.2711  354¢ 2008 56 Pass
0.2797 3148 1691 53 Pass
Sheam Protection Duration | LD Duration | FlowFrequency | waterQualty | Hpdrograph [ [9-2823 2738 1472 53 s
Wellard Fluchuatin_]_LID Report_| _ Fiecharge Duration | Rechaige Predeveloped | Rechaige Miigated | (02002 2870 1232 52 Fass
0.3055 2156 1148 53 Pass
analvze datascls 0.3141 1887 1033 54 Pass
01 POC 1 Predevelaped flow 0.3227 1661 943 56 Pass
£01 POC 1 0.3313 1508 878 58 Pass
0.3399 1377 837 60 Pass
0.3285 1252 730 63 Pass
0.3571 1150 742 64 Pass
0.3657 1071 €98 65 Pass
0.3743 1010 €52 64 Pass
0.3829 951 626 67 Pass
AllDatasets | Flow | Stage | Pieoip | Evap _ POC1 0.3915 887 636 71 Pass
0.4001 820 627 76 Pass
Fload Frequency Method el S fase
 LogPearson Type Il 178 Pl G SE e
T wieibull 0.4259 687 608 :1:3 Pass
" Cunnhane 0.4345
I Gringorten
|
»

[10/10/2012

|

The stream protection flow duration plot for both Predeveloped and Mitigated flows are

shown along with the specific flow values and number of times Predeveloped and

Mitigated flows exceeded those flow values. The Pass/Fail on the right indicates whether
or not at that flow level the Ecology flow control standard criteria were met and the pond

passes at that flow level (from half of the 2-year flow to the 50-year). If not, a Fail is

shown; one Fail fails the pond design.
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6. Produce report.

File: Edit View Help

FEsd=N ey dlG vaa

DEHE S0

Ml 501POCT Predeveloped|  |The Facility PASSED
Il =01 POC 1 Mitigated flow
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~
[] Flow(cfs) Predev Mit Percentage Pass/Fail |
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& g 176 § 12080 70 Fass
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O 6994 64 Fass
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038 4466 63 Pass
3874 62 Pass ||
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017 Formatted report with charts in pdf format. Report opens in pdf viewer. 2796 59 Pass
1065 it POF Repart 2331 57 Pass
2008 56 Pass
¥ Draft Fieport 1691 53 Pass
S Digralint based epat il e
Wetland Fluctuation b
e Landuse Report 1148 53 Fass
Analyze datasets 1033 54 Pass
507 POC 1 Fredh e s s
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. 852 64 Pass
I™ Include LID Duration Standard 46 67 Pass
AIIDaIasaIsI Flow Stage €36 il Pass
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_I €22 78 Pass =
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& \é\a’e\bul\ 0.4259 687 €08 i} Pass
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B =———— E
% [ ‘ | T I
¥ [ _1; A L

| ) 104042012 | 7:25 A

Click on the Reports tool bar button (fourth from the left) to generate a project report.
You have the option of producing the report that contains all of the project information
and results in a number of different formats. Click on “Text Report” button to generate
output file in WordPad format.
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Scroll down the Report screen to see all of the results.

T4 Snohomish 1.rtf - Microsoft Word BF®

! Fle Edt View Insert Format Tools Table Window Help Type a question forhelp =i
P E 3 AR B 0 83 R ]S w0 - @) ded

:ﬁ Normal + Couri v, Courier New - 10 - \1 u \ 4= | - by A'!
il

iz

Eg N T B TR SR R -SRI O A0

| WWEM2012 =
PROJECT REPORT

&l

Project Name: Snohomish 1
Site Name:

Site Address:

city :

Report Date: 10/10/2012
Gage : Everstt

Data Start : 1948/10/01
Data End : 2009/08/30
Precip Scale: 1.20
Version : 2012/10/0%

Low Flow Threshold for POC 1 : 50 Percent of the 2 Year

High Flow Threshold for POC 1: 50 year

PREDEVELOPED LAND USE

Name : Basin 1
Bypass: No

GroundWater: No

Pervioms Land Use Acres
¢, Forest, Flat 10

Pervions Total 10

Impervious Land Use Acres

Impervions Total o
El= o = v i
fpawy lg [auosheesy N NCOM Ay Bl & - A-s=Ead)

Page 1 Sec 1 116 | At 1 ln1 Col 1 E English (U.S

CRC-Rr

|
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7. Save project.

a5

Flow(cfs) Predev Mit Percentage Pass/Fail
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Pass
Pass
Pass
Pass
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Pass
Pass
Pass
Pass
Pass
Pass
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Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
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0.2281 7071 4466
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0.3571 1150 742
0.3657 1071 698
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AllDatasets | Flow | Stage | Pieoip | Evap _ POC1 0.3915 887 636
0.4001 820 627
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+ LogPearson Type Il 178 0.4173 731 £1s
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% [ 1 |
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€

To save the project click on File in the upper left corner and select Save As.
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Savein: | |53 projects ﬂ IiF "
Ty rz.‘“ default.whm
gb Bl default[o]. whm
My Recent F g Snohomish 1.whm
R Testl.'.r-.'hm
?i_' Testz.'.r-.'hm
Desktop
My Documents
My Computer
L File name: || j Save |
MyNetwork ~ Saveastype:  |WWHM2012 Project Files | Cancel
Places

Select a file name and save the WWHM2012 project file. The WWHM2012 project file
will have a file extension name of whm. The user can exit WWHM2012 and later reload
the project file with all of its information by going to File, Open.
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MAIN SCREENS

@] ] =] 1

WWHM2012 has six main screens. These main screens can be accessed through the
buttons shown on the tool bar above or via the View menu.

The six main screens are:

Map Information

General Project Information

Analysis

Reports

Tools

LID (Low Impact Development) Analysis

Each is discussed in more detail in the following sections.
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MAP INFORMATION SCREEN

“ WWHM2012 Snohomish 1
Fle Edit View Help SummaryReport

DEE & sm@ PEEd=N 0 llE| T 20|
O
h

[

Site Information

Site Name|
Address
City

Precip Factor

[ Use DOT data

8l il | 2

Map Contrals

aaH

| 9/25/2012 | 357 AM

The Map Screen contains county information. The map is directly linked to the
meteorological database that contains precipitation and evaporation data. The
precipitation gage and precip factor are shown to the right of the map. They change
depending on the project site location.

The user can elect to use Washington State Department of Transportation (DOT)
precipitation data developed by MGS Consulting by checking the “Use DOT data” box to
the right of the map. When the DOT data box is checked the map screen changes to
show a map of the entire 19 counties of Western Washington with the area for which the
DOT precipitation data are available outlined (the data are not available everywhere).

The county selection can be changed by clicking on the pulldown menu above the map
and selecting one of the 19 Western Washington counties.

The user can provide site information (optional).
The user locates the project site on the map screen by using the mouse and left clicking at
the project site location. Right clicking on the map re-centers the view. The + and —

buttons zoom in and out, respectively. The cross hair button zooms out to the full county
view. The arrow keys scroll the map view.
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GENERAL PROJECT INFORMATION SCREEN

™ WWHM2012 Snohomish 1
Fle Edit View Help Summary Report

o

0= H é & B E jealil] ==l
SCENARIOS = Subbasin Nameffasn1 |
T e Surface Interflow Groundvater
= — Flows To: | | [
[ (1 Mitigated ATenin Bosin I~ Show Orly Selected
Run Scenario Available Pervious Acres Available Impervious Acres
[~ A/B. Forest, Flat 0 v ROADS/FLAT 0
Basin 1 jr AJB, Forest, Mod 0 [~ ROADS/MOD 0
1 [~ AJB. Forest, Steep 0 [~ ROADS/STEEP 0
[~ A/B, Pasture, Flat 0 v ROOF TOPS/FLAT 0
[~ A/E, Pasture, Mod [t} ¥ DRIVEWAYS/FLAT il
[~ A/B. Pasture, Steep a [ DRANMEWAYS/MOD li]
[~ A/B. Lawn, Flat 0 [~ DRIMEWAYS/STEEP 0
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The project screen contains all of the information about the project site for the two land
use scenarios: Predeveloped land use conditions and the Mitigated (developed) land use
conditions. To change from one scenario to another check the box in front of the
scenario name in the upper left corner of the screen.

Predeveloped is defined as the existing conditions prior to land use development. Runoff
from the Predeveloped scenario is used as the target for the Mitigated scenario
compliance. Unless there are special circumstances, the Department of Ecology requires
that Predeveloped land use be Forest. However, the model will accept any land use for
this scenario.

Mitigated is defined as the developed land use with mitigation measures (as selected by
the user). Mitigated is used for sizing stormwater control and water quality facilities.
The runoff from the Mitigated scenario is compared with the Predeveloped scenario
runoff to determine compliance with Ecology standards.

Below the scenario boxes are the Elements. Each element represents a specific

stormwater feature (basin, pond, etc.) and is described in more detail in the following
section.
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The project screen also contains the Schematic Editor. The Schematic Editor is the grid

to the right of the elements. This grid is where each element is placed and linked

together. The grid, using the scroll bars on the left and bottom, expands as large as
needed to contain all of the elements for the project.

All water movement on the grid must be from the top of the grid down.

The space to the right of the grid will contain the appropriate element information.

To select and place an element on the grid, first left click on the specific element in the
Elements menu and then left click on the selected grid square. The selected element will
appear in the grid square.

The entire grid can be moved up, down, left, or right using the Move Elements arrow

buttons.

The grid coordinates from one project can be saved (Save x,y) and used for new projects

(Load x,y).
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The Basin element represents a drainage area that can have multiple combinations of
soils, vegetation, land slopes, and land uses. A basin produces three types of runoff: (1)
surface runoff, (2) interflow, and (3) groundwater. Surface runoff is water flow on the
surface of the soil. Interflow is shallow, subsurface runoff. Groundwater is deeper
movement of water in the soil and may drain into the stream channel downstream of the
project site.

The user can specify where each of these three types of runoff should be directed. The
default setting is for the surface runoff and interflow to go to the stormwater facility;
groundwater should not be connected unless there is observed base flow or spring flow
occurring in the project drainage basin.

The user can change the default name “Basin 1” to another more appropriate name, if
desired.

The user inputs the number of acres of appropriate basin land use information. Pervious
land use information is in the form of soil, vegetation, and land slope. For example, “C,
Forest, Flat” means SCS soil type C (till), forest vegetation, and flat (0-5%) land slope.
There are three basic soil types: A/B (outwash soils), C (till), and SAT (saturated/
wetland/hydric soils).
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There are three basic vegetation categories: forest (second growth Douglas Fir), pasture
(non-forested natural areas/scrub/shrub rural vegetation), and lawn (sod lawn/grass/
landscaped urban vegetation).

There are also three land slope categories: flat (0-5%), moderate (5-15%), and steep

(>15%).

Impervious areas are divided into five types with three different slopes. The four types
are: roads, roofs, driveways, sidewalks, and parking. The slope categories are the same

as for the pervious land use (flat, moderate, steep). Pond area is also listed as an
impervious area.

Runoff credits are included in the ten pervious land categories at the bottom of the
Available Pervious list (see below).
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These ten land uses are:
(1) C/IMP DISP/FLAT = Dispersal of impervious area runoff on C soil with flat slope.
(2) C/IMP DISP/MOD = Dispersal of impervious area runoff on C soil with moderate

slope.

(3) C/IMP DISP/STEEP = Dispersal of impervious area runoff on C soil with steep

slope.
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(4) A/B/IMP INF/FLAT = Infiltration of impervious area runoff on A/B soil with flat
slope.

(5) A/B/IMP INF/MOD = Infiltration of impervious area runoff on A/B soil with
moderate slope.

(6) A/B/IMP INF/STEEP = Infiltration of impervious area runoff on A/B soil with steep
slope.

(7) SAT/IMP DISP/FLAT = Dispersal of impervious area runoff on saturated soil with
flat slope.

(8) SAT/IMP DISP/MOD = Dispersal of impervious area runoff on saturated soil with
moderate slope.

(9) SAT/IMP DISP/STEEP = Dispersal of impervious area runoff on saturated soil with
steep slope.

(10) GREEN/ECO-ROOF = Half impervious; half C soil, lawn, with flat slope.

These runoff credits have been included in WWHM2012, but have been superseded with
new elements and are not the recommended approach to use to model these conditions.
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PERVIOUS LATERAL BASIN

= WWHM2012 [AEET
Fle Edit View Help Summary Report
DS S s 2i Pasd=N el 00cd

(1) [ Sk

RO [ | | | | [CoeralBasinl ]
Runoff Type Surface Interflow Groundwater
f 14 Fredeveiaped Downsiream Connection 0 iE o |
-”F‘:?.'- [ Migated Element Type Lateral Pervious Flow Basin |
Soil PERLND Type ‘ Ehanggl
Fun Scenario Lateral Area (ac) ]
Basic Elements
Tools @

iweailable Soil Types (PERLMNDS)

(Check anly one

% [~ AJB, Forest, Flat
[~ A/B. Forest. Mod
I~ A/E. Forest, Steep
EEE) [~ AJB, Pasture, Flat
LID Toolbox [~ A/B, Pasture, Mod
[~ A/B. Pasture. Stesp
[~ A/E. Lawn, Flat
[~ AJE, Lawn, Mod
.LJ [~ AJB, Lawn, Steep
Commercial Toolbox
' Accept I Cancel
- Move Elements ——
£
<3
[ar] @ L
Saveny | Load sy |
X i |
Uyl H | o1 1 > &

9/25/2012 (1017 AN

The pervious lateral basin is similar to the standard basin except that the runoff from the
lateral basin goes to another adjacent lateral basin (impervious or pervious) rather than
directly to a conveyance system or stormwater facility. By definition, the pervious lateral
basin contains only a single pervious land type. Impervious area is handled separately
with the impervious lateral basin (Lateral | Basin).

The user selects the pervious lateral basin land type by checking the appropriate box on
the Available Soil Types Tools screen. This information is automatically placed in the
Soil (PERLND) Type box above. Once entered, the land type can be changed by clicking
on the Change button on the right.

The user can change the default name “Lateral Basin 1” to another more appropriate
name, if desired.

The user enters the number of acres represented by the lateral basin land type.

If the lateral basin contains two or more pervious land use types then the user should
create a separate lateral basin for each.
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IMPERVIOUS LATERAL BASIN
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The impervious lateral basin is similar to the standard basin except that the surface runoff
from the lateral impervious basin goes to another adjacent lateral basin (impervious or
pervious) rather than directly to a conveyance system or stormwater facility. By
definition, the impervious lateral basin contains only impervious land types. Pervious
area is handled separately with the pervious lateral basin (Lateral Basin).

The user selects the impervious lateral basin land type by checking the appropriate box
on the Available Impervious Coverages screen. This information is automatically placed
in the Impervious (IMPLND) Type box above. Once entered, the land type can be
changed by clicking on the Change button on the right.

The user can change the default name “Lateral | Basin 1” to another more appropriate
name, if desired.

The user enters the number of acres represented by the lateral impervious basin land type.

If the lateral impervious basin contains two or more impervious land use types then the
user should create a separate lateral | basin for each.
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TRAPEZOIDAL POND
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In WWHM2012 there is an individual pond element for each type of pond and
stormwater control facility. The pond element shown above is for a trapezoidal pond.
This is the most common type of stormwater pond.

A trapezoidal pond has dimensions (bottom length and width, depth, and side slopes) and
an outlet structure consisting of a riser and one or more orifices to control the release of
stormwater from the pond. A trapezoidal pond includes the option to infiltrate runoff, if
the soils are appropriate and there is sufficient depth to the underlying groundwater table.

The user has the option to specify that different outlets be directed to different
downstream destinations, although usually all of the outlets go to a single downstream
location.

AutoPond will automatically size a trapezoidal pond to meet Ecology flow control
standards. QuickPond will instantly create a pond without checking it for compliancy
with Ecology standards.

AutoPond is only available in the Mitigated scenario.

The user can change the default name “Trapezoidal Pond 1” to another more appropriate
name, if desired.
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Precipitation and evaporation can be applied to the pond. The default standard setting is
not to apply precipitation and evaporation, but to treat the pond surface area as an
impervious surface.

The pond bottom elevation can be set to an elevation other than zero if the user wants to
actual elevations. All pond stage values are relative to the bottom elevation. Negative
bottom elevations are not allowed.

The pond effective depth is the pond height (including freeboard) above the pond bottom.
It is not the actual elevation of the top of the pond.

Pond side slopes are in terms of horizontal distance over vertical. A standard 3:1 (H/V)
side slope would be given a value of 3. A vertical side slope has a value of 0.

The pond bottom is assumed to be flat.

The pond outlet structure consists of a riser and zero to three orifices. The riser has a
height (typically one foot less than the effective depth) and a diameter. The riser can
have either a flat top or a weir notch cut into the side of the top of the riser. The notch
can be either rectangular, VV-shaped, or a Sutro weir. More information on the riser weir
shapes and orifices is provided later in this manual.

After the pond is given dimensions and outlet information the user can view the resulting
stage-storage-discharge table by clicking on the “Open Table” arrow in the lower right
corner of the pond information screen. This table defines the pond’s hydraulic
characteristics.
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The storage vault has all of the same characteristics of the trapezoidal pond, except that
the user does not specify the side slopes (by definition they are zero).

AutoVault and QuickVault work the same way as AutoPond and QuickPond.
AutoVault is only available in the Mitigated scenario.

The user can change the default name “Vault 1” to another more appropriate name, if
desired.
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A storage tank is a cylinder placed on its side. The user specifies the tank’s diameter and

length.

AutoTank and QuickTank work the same way as AutoPond and QuickPond.

AutoTank is only available in the Mitigated scenario.

The user can change the default name “Tank 1” to another more appropriate name, if

desired.
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An irregular pond is any pond with a shape that differs from the rectangular top of a
trapezoidal pond. An irregular pond has all of the same characteristics of a trapezoidal
pond, but its shape must be defined by the user.

There is no AutoPond option for an irregular pond. It is recommended that the user first
use the trapezoidal pond element with AutoPond to determine the general dimensions and
outlet structure configuration of the pond. With that information a similar-size irregular
pond with the same outlet structure configuration as the trapezoidal pond will either meet
Ecology flow control standards or require only minor changes in surface area and volume
to meet the standards.

The user can change the default name “Irregular Pond 1” to another more appropriate
name, if desired.

To create the shape of an irregular pond the user clicks on the “Open PondPad” button.
This allows the user to access the PondPad interface (see below).
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The PondPad interface is a grid on which the user can specify the outline of the top of the
pond and the pond’s side slopes.

The user selects the line button (second from the top on the upper left corner of the
PondPad screen). Once the line button is turned on the user moves the mouse over the
grid to locate the pond’s corner points. The user does this in a clockwise direction to
outline the pond’s top perimeter. The user can select individual points by clicking on the
point button immediately below the line button. Once selected, any individual point can
be moved or repositioned.
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The default side slope value is 3 (3:1). The side slopes can be individually changed by
right clicking on the specific side (which changes the line color from black to red) and
then entering the individual side slope value in the slope text box.

The grid scale can be changed by entering a new value in the grid scale box. The default
value is 200 feet.

PondPad Controls and Numbers

Clear:
Line:
Point:

Sq Ft:
Grid Scale:
Grid X:
Grid Y:

Area:
Slope:
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The Clear button clears all of the lines on the grid.

The Line button allows the user to draw new lines with the mouse.
The Point button allows the user to move individual points to alter the
pond shape and size.

Converts the computed pond area from square feet to acres and back.
Changes the length of a grid line. Default grid scale is 200 feet.
Horizontal location of the mouse pointer on the grid

(O is the upper left corner).

Vertical location of the mouse pointer on the grid

(O is the upper left corner)

Top area of the pond (either in square feet or acres).
Side slope of the selected line (side of the pond).
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The gravel trench bed is a trench or bed filled with gravel that is used to spread and
infiltrate runoff. It can also have one or more surface outlets represented by an outlet
structure with a riser and multiple orifices.

The user can change the default name “Gravel Trench Bed 1” to another more
appropriate name, if desired.

The user specifies the trench length, bottom width, total depth, bottom slope, and left and
right side slopes.

The material layers represent the amended soils and their design characteristics (thickness
and porosity). These are the soil layers added to the gravel trench bed to filter the runoff
prior to dispersal.

QuickTrench will create a gravel trench bed with default values without checking it for
compliancy with Ecology standards.
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SAND FILTER
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The sand filter is a water quality facility. It does not infiltrate runoff, but is used to filter
runoff through a medium and sent it downstream. It can also have one or more surface
outlets represented by an outlet structure with a riser and multiple orifices.

The user can change the default name “Sand Filter 1” to another more appropriate name,
if desired.

The user must specify the facility dimensions (bottom length and width, effective depth,
and side slopes. The hydraulic conductivity of the sand filter and the filter material depth
are also needed to size the sand filter (default values are 1.5 and 2.0, respectively). The
goal of the sand filter is meet the Ecology treatment standard of filtering at least 91% of
the total runoff volume.

The filter discharge is calculated using the equation Q = K*I*A, where Q is the discharge
in cubic feet per second (cfs). K equals the hydraulic conductivity (inches per hour). For
sand filters K = 1.5 in/hr. Sand is the default medium. If another filtration material is
used then the design engineer should enter the appropriate K value supported by
documentation and approval by the reviewing authority.

Design of a sand filter requires input of facility dimensions and outlet structure
characteristics, running the sand filter scenario, and then checking the volume
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calculations to see if the Percent Filtered equals or exceeds 91.0%. If the value is less
than 91% then the user should increase the size of the sand filter dimensions and/or
change the outlet structure.

Similar to AutoPond in the trapezoidal pond element, the sand filter element has an
option to automatically size the sand filter. The user can set the target percentage for
being filtered (91% of the total runoff volume to meet the Ecology water quality
treatment standard).

45



Western Washington Hydrology Model 2012 User Manual

BIORETENTION
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The bioretention element (also called a rain garden) is a depression filled with one to
three layers of amended soil that is used to filter runoff. It is a new WWHM2012
element, not previously available in WWHM3. It can also have one or more surface
outlets represented by an outlet structure with a riser and multiple orifices or a vertical

orifice and weir overflow structure.

The user can change the default name “Bioretention 1” to another more appropriate

name, if desired.

The user specifies the bioretention length, bottom width, total depth, bottom slope, and

left and right side slopes.

The material layers represent the amended soils and their design characteristics (thickness
and vertical water movement). These are the engineered soil layers added to the
bioretention facility to filter the runoff prior to dispersal.

Each amended soil type has appropriate drainage characteristics assigned based on
literature values. When a soil type is selected by the user then WWHM2012
automatically assigns the appropriate values for:

1. Wilting: wilting point (0-1)
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K min: minimum hydraulic conductivity (cm/hr)

K Sat: maximum saturated hydraulic conductivity (cm/hr)
VG n: Van Genuchten number (from literature)

A: alpha (constant)

L: lambda (constant)

BPH: bubbling pressure head (cm)

Noohkown

The user can see the values for any of the soil types by selecting the soil type from the
pulldown menu:

“iew/ Edit Soil Types

:.: L
SMM e

Restore Defaults

Edit Soil Types |

If none of the available soil types represents the amended soil planned for use on the site
then the user can select a new soil type and input the appropriate values into the above
input table.

Note that SMMWW is the required soil mix specified by the Department of Ecology for
the top soil layer in bioretention facilities.

The second amended soil layer should be an intermediate material that is intended to
prevent loss of fine material out of the engineered top layer soil mix into the gravel
underlayer (layer 3).

The third (bottom) amended soil layer should be gravel.

A full list of Ecology-approved soil mixtures is shown in Table 1.
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Table 1. WWHM2012 Soil Mixtures

Wilting | Kmin Ksat

Soil Type Point | (cm/hr) | (cm/hr) | VG n A L BPH
SMMWW

(Ecology

standard) 0.0650 0.85 3.00 15.24 6.50 1.40 7.50
GRAVEL 0.0050 0.42 10.00 | 1260.00 | 0.50 1.19 0.20
Sand 0.0200 0.42 3.00 23.56 6.00 0.69 7.26
ASTM 1 0.0900 0.41 1.50 2.54 7.50 0.75 8.50
ASTM 2 0.0825 0.42 1.55 5.08 7.30 0.88 8.30
ASTM 3 0.0750 0.43 1.60 7.62 7.10 1.00 8.10
ASTM 4 0.0725 0.44 1.65 10.16 7.00 1.15 8.00
ASTM 5 0.0700 0.45 1.70 12.70 6.90 1.30 7.90
ASTM 6 0.0675 0.46 1.85 15.24 6.50 1.40 7.50
ASTM 7 0.0667 0.47 2.00 17.78 6.45 1.50 7.45
ASTM 8 0.0659 0.48 2.15 20.32 6.43 1.58 7.43
ASTM 9 0.0651 0.49 2.30 22.86 6.41 1.66 7.41
ASTM 10 0.0643 0.50 2.45 25.40 6.39 1.74 7.39
ASTM 11 0.0635 0.51 2.60 27.94 6.37 1.82 7.37
ASTM 12 0.0627 0.52 2.75 30.48 6.35 1.90 7.35
ASTM 13 0.0619 0.53 2.90 33.02 6.33 1.98 7.33
ASTM 14 0.0611 0.54 3.05 35.56 6.31 2.06 7.31
ASTM 15 0.0603 0.55 3.20 39.00 6.30 2.14 7.30
ASTM 24.32 0.0590 0.55 3.20 39.00 6.25 2.25 7.20
ASTM 35.46 0.0550 0.55 3.25 90.10 6.20 2.30 7.00
ASTM 50 0.0500 0.55 3.30 127.00 6.15 2.35 6.80
ASTM 60 0.0490 0.55 3.35 152.40 6.10 2.40 6.40
ASTM 100 0.0450 0.55 3.40 254.00 6.05 2.45 6.00

Wilting: wilting point (0-1)

K min: minimum hydraulic conductivity (cm/hr)

K sat: maximum saturated hydraulic conductivity (cm/hr)
VG n: Van Genuchten number (from literature)

A: alpha (constant)

L: lambda (constant)

BPH: bubbling pressure head (cm)

Table 1 values are from Schaap and Leij, 1998 soil parameter estimations using Rosetta.

As new soil mixtures are approved by Ecology they will be added to WWHM2012.
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Check Ecology’s 2012 Stormwater Management Manual for Western Washington to
determine the appropriate Ksat (maximum saturated hydraulic conductivity) safety factor
to use.

The user has the option of including an underdrain and/or infiltration into the native soil
underneath the bottom amended soil layer (soil layer 3).

The bioretention surface area automatically receives rainfall and produces
evapotranspiration. Due to this model input the bioretention surface area should be
excluded from the basin element’s total surface area.

Default Swale will create a bioretention facility with default values without checking it
for compliancy with Ecology standards.

The water movement through the soil column calculations are based on the methodology
described in Appendix A: Bioretention Modeling Methodology.
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The green roof element or vegetated roof (also called an eco-roof) is soil and vegetation

placed on top of an impervious roof. It is a new WWHM2012 element, not previously
available in WWHM3.

The user can change the default name “Green Roof 1” to another more appropriate name,
if desired.

The user specifies the green roof surface area, soil depth, roof slope, type of vegetative
cover (ground cover, shrubs, or trees), and length of the longest runoff path to reach a
roof drain (length of rooftop). Default input values are automatically included with the
element. They should be changed to reflect actual roof conditions.

The green roof surface area automatically receives rainfall and produces
evapotranspiration. Due to this model input the green roof surface area should be
excluded from the basin element’s total surface area.

If the green roof is connected to a downstream element or is selected as a point of
compliance the user should make sure that the groundwater runoff is included. Unlike
the other drainage area elements (basin element, etc.), the green roof groundwater always
contributes to the total runoff. The groundwater has nowhere else to go.
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POROUS PAVEMENT
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The porous pavement element (also called permeable pavement) is an impervious basin
element that drains directly to storage layer similar to a gravel trench bed. The porous
pavement element is a new WWHMZ2012 element, not previously available in WWHMS3.

The user can change the default name “Porous Pavement 1” to another more appropriate
name, if desired.

The user specifies the pavement length, bottom width, total depth, and bottom slope.

The porous pavement layers represent the pavement layer and two subgrade layers and
their design characteristics (thickness and porosity). The subgrade layers (Sublayer 1 and
Sublayer 2) are available to provide storage prior to discharge through infiltration to the
native soil or discharge via an underdrain.

QuickPavement will create a porous pavement feature with default values without
checking it for compliancy with Ecology standards.

The porous pavement surface area automatically receives rainfall and produces

evapotranspiration. Due to this model input the porous pavement surface area should be
excluded from the basin element’s total surface area.
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CAVFS stands for Compost Amended Vegetated Filter Strip. The CAVFS element is
similar to the bioretention element, but is typically used to provide water quality
treatment (filtering of stormwater) on roadway shoulders. Runoff from impervious road
surfaces drains to the roadway’s shoulder CAVFS area.

The CAVFS element is a new WWHM2012 element, not previously available in
WWHM3. CAVEFS does not have any surface outlet structure. Runoff travels either
through the CAVFS soil column or sheet flows off the CAVFS surface.

The user can change the default name “CAVFS 1” to another more appropriate name, if
desired.

The user specifies the CAVFS length, width, and allowed surface ponding depth.
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CAVFS has two material layers: one representing the gravel spreader strip at the edge of
the pavement and the second represents the amended soil layer through which the runoff
is filtered. The user specifies the thickness and material type for each layer and the
embankment height.

Each material layer has appropriate drainage characteristics assigned based on literature
values. When a material layer type is selected by the user then WWHM?2012
automatically assigns the appropriate values for:

Wilting: wilting point (0-1)

K min: minimum hydraulic conductivity (cm/hr)

K Sat: maximum saturated hydraulic conductivity (cm/hr)

VG n: Van Genuchten number (from the literature)

A: alpha (constant)

L: lambda (constant)

BPH: bubbling pressure head (cm)

NookrwdPE

The user can see the values for any of the soil types by selecting the soil type from the
pulldown menu:
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A full list of Ecology-approved soil mixtures is shown in Table 1 on page 48.

If none of the available soil types represents the amended soil planned for use on the site
then the user can select a new soil type and input the appropriate values into the above
input table.

The required soil type for the gravel spreader layer is gravel. The CAVFS layer should
be the SMMWW soil mix. Note that SMMWW is the required soil mix specified by the
Department of Ecology for CAVFS.

The user has the option of including infiltration into the native soil underneath the bottom
of the CAVFS amended soil layer.

The CAVFS surface area automatically receives rainfall and produces evapotranspiration.
Due to this model input the CAVFS surface area should be excluded from the basin
element’s total surface area.

Default CAVFS will create a compost amended vegetated filter strip with default values
without checking it for compliancy with Ecology standards.

The water movement through the soil column calculations are based on the methodology
described in Appendix A: Bioretention Modeling Methodology.
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RISER/WEIR

The trapezoidal pond, vault, tank, irregular pond, gravel trench bed, and sand filter all use
a riser for the outlet structure to control discharge from the facility.
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The user specifies the riser type as either flat or notched. The weir notch can be either
rectangular, V-notch, or a Sutro weir. The shape of each type of weir is shown below.

D

Top Vidth
r——

Bottom
Vidth

Rectangular Notch V-Notch Sutro

By selecting the appropriate notch type the user is then given the option to enter the
appropriate notch type dimensions.

Riser and orifice equations used in WWHM2012 are provided below.

Headr = the water height over the notch/orifice bottom.
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q = discharge
Riser Head Discharge:

Head = water level above riser
q=9.739 * Riser Diameter * Head " 1.5

Orifice Equation:
q = 3.782 * (Orifice Diameter) * 2 * SQRT(Headr)

Rectangular Notch:
b = NotchWidth *- (1- 0.2 * Headr)
where b >=0.8
q= 3.33*b*Headr"1.5

Sutro:
Wh = Top Width + {(Bottom Width- Top Width)/Notch Height }* Headr
Wd = Bottom Width - Wh (the difference between the bottom and top widths)

Q1= (rectangular notch g where Notch Width = Wh)
Q2 = (rectangular notch q where Notch Width = Wd)

q=0Q1+Q2/2
V-Notch:
Notch Bottom = height from bottom of riser to bottom of notch
Theta = Notch Angle
a=2.664261 - 0.0018641 * Theta + 0.00005761 * Theta ~2
b =-0.48875 + 0.003843 * Theta - 0.000092124 * Theta "2
¢ =0.3392 - 0.0024318 * Theta + 0.00004715 * Theta "2

YoverH = Headr / (NotchBottom + Headr)
Coef =a + b * Headr + ¢ * Headr "2

q = (Coef * Tan(Theta / 2)) * (Headr ~ (5/ 2))
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INFILTRATION

Infiltration of stormwater runoff is
a recommended solution if certain
conditions are met. These
conditions include: a soils report,
testing, groundwater protection,
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whether or not to allow infiltration through the wetted side slopes/walls.

The infiltration reduction factor is a multiplier for the measured infiltration rate and
should be less than one. It is the same as the inverse of a safety factor. For example, a
safety factor of 2 is equal to a reduction factor of 0.5.

Infiltration occurs only through the bottom of the facility. If the wetted surface area

option is turned on then infiltration also occurs through the wetted side walls.

After the model is run and flow is routed through the infiltration facility the total volume
infiltrated, total volume through the riser, total volume through the facility, and percent
infiltrated are reported on the screen. If the percent infiltrated is 100% then there is no
surface discharge from the facility. The percent infiltrated can be less than 100% as long
as the surface discharge does not exceed Ecology’s flow control standards.

Infiltration facilities have the option to allow users to automatically size the facility to

meet an infiltration target percentage. The user can set the target percentage for being
filtered/infiltrated to 91% to meet the Ecology water quality treatment standard.
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AUTOPOND, AUTOVAULT, AUTOTANK

= WWHM2012 [AEET
Fle Edit View Help Summary Report
Ded & $B:8 PESd=N 0w
b ™ ™[ ™
miFRES
~
hematic ‘ =l ' Trapezoidal Pond 1 Mitigated - 0 =
SCENARIOS =~ Facility Name  (Tiapszaidal Pond 1 Facility Type  (Trapszoidal Pand
Outlet 1 Outlet 2 Outlet 3
[ Fredeyeloped Downstream Connections [0 RE | [ |
ted ™ Precipitation Applied to Facility Auta Pond I Quick Pond ]
Run Scenario I™ Evaparation Applied ta Facilty Facility Dimension Diagram ]
Facility Dimensions
£t Facilit Bl)urltom Elewation [ft] Qutlet Structure Data
" L RiserHeight ) [0 =
Eotontenahll) 0 Riser Diameter(in)  [o ~d
BEiottom Width [ft] 0 Riser Type A 4&{
Trapezoidal Pond 1 A 0 MNatch Tupe
Left Side Slope [H) [i]
Automatic Pond Adjuster
| j ‘ Il Predeveloped
D-imin  <—210mn— _ 10min+ W Mitigated
Fast Thorough
Sk Pond Depth (incl. 1 it freeboard) fl,
el Pond length to width ratio: [ 1] to 1
Pond Side Slopes: [ 3]t
Bottom Length: I:lﬂ
Botomwidtn: [t
Wolume at riser head: acre ft
Commercial Toolbox
' Choose Outlet Structure
i 1 orifice & rectangular notch Lj
~Move Elements— Progress:
EJ@ Create Pond | Optimize Pond | 3
Savesy | Loaduy | Accept pond | Close |
# [ #|
Ul hn # | — s
9/26/2012 232 P

AutoPond, AutoVault, and AutoTank all work the same. Each optimizing routine
automatically creates a pond, vault, or tank size and designs the outlet structure to meet
Ecology’s flow duration criteria. The user can either create a pond, vault, or tank from

scratch or optimize an existing design.

The following information applies to all three optimizing routines (AutoPond, AutoVault,
and AutoTank), but for the purposes of simplifying the following documentation the term

“AutoPond” applies equally to AutoVault and AutoTank.

AutoPond requires that the Predeveloped and Mitigated basins be defined first. Clicking
on the AutoPond button brings up the AutoPond window and the associated AutoPond

controls.
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AutoPond controls:
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Progress:
|
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Automatic Pond Adjuster: The slider at the top of the AutoPond window allows the user
to decide how thoroughly the pond will be designed for efficiency. The lowest setting (0-
1 min) at the left constructs an initial pond with checking it for Ecology’s flow duration
criteria. The second setting to the right creates and sizes a pond to pass Ecology’s flow
duration criteria; however, the pond is not necessarily optimized. The higher settings
increase the amount of optimization. The highest setting (farthest left) will size the most
efficient (smallest) pond, but will result in longer computational time.

Pond Depth: Pond depth is the total depth of the pond and should include at least one
foot of freeboard (above the riser). The pond’s original depth will be used when
optimizing an existing pond; changing the value in the Pond Depth text box will override
any previous set depth value. The default depth is 7 feet.

Pond Length to Width Ratio: This bottom length to width ratio will be maintained
regardless of the pond size or orientation. The default ratio value is 1.0

Pond Side Slopes: AutoPond assumes that all of the pond’s sides have the same side
slope. The side slope is defined as the horizontal distance divided by the vertical. A
typical side slope is 3 (3 feet horizontal to every 1 foot vertical). The default side slope
value is 3.

Choose Outlet Structure: The user has the choice of either 1 orifice and rectangular notch
or 3 orifices. If the user wants to select another outlet structure option then the pond must
be manually sized.

Create Pond: This button creates a pond when the user does not input any pond

dimensions or outlet structure information. Any previously input pond information will
be deleted.
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Optimize Pond: This button optimizes an existing pond. It cannot be used if the user has
not already created a pond.

Accept Pond: This button will stop the AutoPond routine at the last pond size and
discharge characteristics that produce a pond that passes Ecology’s flow duration criteria.
AutoPond will not stop immediately if the flow duration criteria has not yet been met.

The bottom length and width and volume at riser head will be computed by AutoPond;
they cannot be input by the user.

There are some situations where AutoPond will not work. These situations occur when
complex routing conditions upstream of the pond make it difficult or impossible for
AutoPond to determine which land use will be contributing runoff to the pond. For these
situations the facility will have to be manually sized.
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STAGE-STORAGE-DISCHARGE TABLE
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The stage-storage-discharge table hydraulically represents any facility that requires
stormwater routing. The table is automatically generated by WWHM2012 when the user
inputs storage facility dimensions and outlet structure information. WWHM2012
generates 91 lines of stage, surface area, storage, surface discharge, and infiltration values
starting at a stage value of zero (facility bottom height) and increasing in equal
increments to the maximum stage value (facility effective depth).

When the user or WWHM2012 changes a facility dimension (for example, bottom
length) or an orifice diameter or height the model immediately recalculates the stage-
storage-discharge table.

The user can input to WWHM2012 a stage-storage-discharge table created elsewhere.

This is done using the separate SSD Table element. See the SSD Table description below
for more information on how to load such a table into WWHM2012.
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HIGH GROUNDWATER/WETLAND
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The High Groundwater/Wetland element is a complex element that should only be used
in special applications by advanced WWHM2012 users. The purpose of the high
groundwater/wetland element is to model hydrologic conditions where high groundwater
rises to the surface (or near the surface) and reduces the ability of water to infiltrate into
the soil.

The element can be used to represent wetland conditions with surface ponding where the
discharge from the wetland is via a surface release. The user is given the choice of using
either a natural channel, berm/weir, or control structure to determine the release
characteristics.

The user can change the default name “Wetpond 1” to another more appropriate name, if
desired.

The high groundwater/wetland surface area automatically receives rainfall and produces
evapotranspiration. Due to this model input the high groundwater/wetland surface area
should be excluded from the basin element’s total surface area.

The element provides default values for some of the parameters, especially as they relate
to high groundwater. The user should be fully familiar with these parameters and the
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appropriate values for their site prior to attempting to use this element. The high
groundwater parameter definitions are shown below.

Cohension water porosity: soil pore space in micropores.

Gravitational water porosity: soil pore space in macropores in the lower and groundwater
layers of the soil column.

Upper gravitation water porosity: soil pore space in macropores in the upper layer of the
soil column.

Upper zone storage factor: portion of the water stored in macropores in the upper soil layer
which will not surface discharge, but will percolate, evaporate or transpire.

Lower zone storage factor: portion of the water stored in micropores in the lower soil layer
which will not gravity drain, but will evaporate or transpire.

Additional documentation is available in “WWHM3 Description of HSPF High
Groundwater Parameters” available from the Washington State Department of Ecology.
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The Channel element allows the user to route runoff from a basin or facility through an
open channel to a downstream destination.

The channel cross section is represented by a trapezoid and is used with Manning’s
equation to calculate discharge from the channel. If a trapezoid does not accurately
represent the cross section then the user should represent the channel with an
independently calculated SSD Table element or use the Use X-Sections option.

The user can change the default name “Channel 1” to another more appropriate name, if
desired.

The user inputs channel bottom width, channel length, channel bottom slope, channel left
and right side slopes, maximum channel depth, and the channel’s roughness coefficient
(Manning’s n value). The user can select channel type and associated Manning’s n from
a table list directly above the Channel Dimensions information or directly input the
channel’s Manning’s n value.

The channel is used to represent a natural or artificial open channel through which water

is routed. It can be used to connect a basin to a pond or a pond to a pond or multiple
channels can linked together.
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Quick Channel will create a channel with default values without checking it for
compliancy with Ecology standards.
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FLOW SPLITTER
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The flow splitter divides the runoff and sends it to two difference destinations. The
splitter has a primary exit (exit 1) and a secondary exit (exit 2). The user defines how the
flow is split between these two exits.

The user can change the default name “Flow Splitter 1” to another more appropriate
name, if desired.

The user can define a flow control structure with a riser and one to three orifices for each
exit. The flow control structure works the same way as the pond outlet structure, with the
user setting the riser height and diameter, the riser weir type (flat, rectangular notch, V-
notch, or Sutro), and the orifice diameter and height.
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The second option is that the flow split can be based on a flow threshold. The user sets
the flow threshold value (cfs) for exit 1 at which flows in excess of the threshold value go
to exit 2. For example, if the flow threshold is set to 5 cfs then all flows less than or
equal to 5 cfs go to exit 1. Exit 2 gets only the excess flow above the 5 cfs threshold
(total flow minus exit 1 flow).
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The WWHM2012 stores runoff time series data in its database (HSPF WDM file). The
user has the option to create or use a time series file external from the current
WWHM2012 project file or use a file created as part of the WHM2012 project file. This
includes using a time series of flow values created by another HSPF model. An example
is offsite runoff entering a project site. If this offsite runoff is in an existing WDM file
and is the same period as the WWHM2012 data and the same simulation time step (15-
minute) then it can be linked to the WWHM2012 model using the Time Series element.

To link the external time series to the WWHMZ2012 the user clicks on the “Choose
WDM” button and identifies the external WDM file. The external WDM’s individual

time series files are shown in the box. The selected input dataset is the time series that
will be used by the WWHM2012.
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The SSD Table is a stage-storage-discharge table externally produced by the user and is
identical in format to the stage-storage-discharge tables generated internally by the
WWHM2012 for ponds, vaults, tanks, channels, and other conveyance elements.

The user can change the default name “SSD Table 1” to another more appropriate name,
if desired.

The easiest way to create a SSD Table outside of the WWHM2012 is to create a
spreadsheet with a separate column for stage, surface area, storage, and discharge (in that
order). To input an externally generated SSD Table, first create and save the table

outside of the WWHM2012. Use the Browse button to locate and load the file into the
WWHM2012.

The SSD Table must use the following units:
Stage: feet

Surface Area: acres

Storage: acre-feet

Discharge: cubic feet per second (cfs)

A fifth column can be used to create a second discharge (cfs). This second discharge can
be infiltration or a second surface discharge.

69



Western Washington Hydrology Model 2012 User Manual

Certain rules apply to the SSD Table whether it is created inside or outside of the
WWHM2012. These rules are:

1. Stage (feet) must start at zero and increase with each row. The incremental

increase does not have to be consistent.

Storage (acre-feet) must start at zero and increase with each row. Storage values
should be physically based on the corresponding depth and surface area, but the
WWHM2012 does not check externally generated storage values.

Discharge (cfs) must start at zero. Discharge does not have to increase with each
row. It can stay constant or even decrease. Discharge cannot be negative.
Discharge should be based on the outlet structure’s physical dimensions and
characteristics, but the WWHM2012 does not check externally generated
discharge values.

Surface area (acres) is only used if precipitation to and evaporation from the
facility are applied.

Save the spreadsheet file as a comma-delimited file. A text file can also be created, if
more convenient.
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To input columns of values beyond (to the right of) the Storage column click on the “Not

Used” title and select the appropriate option. Use “Manual” when the discharge has been
included in the external spreadsheet.
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Use “Outlet Structure” to input riser and orifice dimensions.
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The fifth column can be used for a second surface outlet (manual or outlet structure),

infiltration, or aquifer recharge. Aquifer recharge differs from infiltration in how the
model separately accounts for it.
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POINT OF COMPLIANCE

WWHM2012 allows for multiple points of compliance (maximum of 50) in a single
project. A point of compliance is defined as the location at which the Predeveloped and
Mitigated flows will analyzed for compliance with Ecology’s flow control standard.
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compliance analysis will be made. In the example above, the point of compliance
analysis will be conducted at the outlet of the trapezoidal pond.
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A Point of Compliance (POC) box will allow the user to specify which outlet (if there is
more than one) to connect to the point of compliance and corresponding number for the
POC.

In the above example, there are two outlets shown (Outlet 1 and Outlet 2). Outlet 1
represents the surface discharge through the outlet structure. Outlet 2 is the infiltration
discharge through the bottom of the facility. Only the surface discharge (Outlet 1) should
be connected to the POC.

When an underdrain is included in the facility (bioretention or porous pavement) the
discharge from the underdrain will be considered part of the Outlet 1 total discharge.

A sand filter should include the discharge from both Outlet 1 (surface discharge not
filtered by the sand filter) and Outlet 2 (surface discharge filtered by the sand filter)
connected to the POC, assuming that the POC is immediately downstream of the sand
filter.
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Once the point of compliance has been selected
the element is modified on the Schematic screen
to include a small box with the POC number (1 =
in this example) and the letter “A” (for
Analysis) in the lower right corner. This
identifies the outlet from this element as a point
of compliance.

Trapezoidal

76



Western Washington Hydrology Model 2012 User Manual

CONNECTING ELEMENTS
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Elements are connected by right clicking on the upstream element (in this example Basin
1) and selecting and then left clicking on the Connect To Element option. By doing so
the WWHM2012 extends a green line from the upstream element to wherever the user
wants to connect that element.
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The user extends the green connection line and box to the downstream element (in this
example, a pond) and left clicks on the destination element. This action brings up the
From Basin to Conveyance box that allows the user to specify which runoff components
to route to the downstream element.
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Stormwater runoff is defined as the sum of surface flow and interflow. Both boxes
should be checked. Groundwater should not be checked for the standard land
development mitigation analysis. Groundwater should only be checked when there is
observed and documented base flow or spring flow occurring from the upstream basin.

After the appropriate boxes have been checked click the OK button.
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The final screen will look like the above screen. The basin information screen on the
right shows that Basin 1 surface and interflow goes to Trapezoidal Pond 1; groundwater
is not connected.
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ANALYSIS SCREEN
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The Analysis tool bar button (third from the left) brings up the Analysis screen where the
user can look at the results. The Analysis screen allows the user to analyze and compare
stream protection flow duration, LID flow duration, flow frequency, water quality,
hydrographs, wetland fluctuations, and recharge, as needed. In addition, the LID report is
automatically generated in the Analysis window.
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The user can analyze all time series datasets or just flow, stage, precipitation,

evaporation, or point of compliance (POC) flows by selecting the appropriate tab below
the list of the different datasets available for analysis.
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Stream Protection Duration

“ WWHM2012 Snohomish 1 (AT
File Edit View Help Summary Report
DEH & sB@E Fo&dsE!
(@17 [e]) (] ST
3| [
E The Facility PASSED ~ :l
P—] 1.02 T !sg . 8071 POC 1 Mitigated flow The Facility PASSED. :l
& G,
~
[} Flow(cfs) Predev Mit Percentage Pass/Fail J
E o081 0.1679 19797 18989 95 Paszs 4]
~ 0.1765 17066 12080 70 Paszs
0.1851 14617 9437 64 Paszs
; 059 0.1937 12803 8224 64 Pass
O 0.2023 10823 6994 64 Paszs
i 0.2109 9539 6053 63 Paszs
u- 038 0.2185 8205 5232 63 Paszs
0.2281 7071 4466 63 Paszs
0.2367 6192 3874 62 Paszs
9 0.2453 5319 3281 61 Paszs
017 i 0.2539 4708 27396 58 Paszs
10E-E 10E-4 10E-2 10E-2 10E1 1 1o 100 0.2625 4081 3331 57 Pane
Percent Time Exceaeding 0.2711 3544 2008 56 Pass
0.2797 3148 1691 53 Paszs
Shieam Protection Duration LID Duration J Flaw Frequency J i ater Quality J Hydrograph [ O'ESSB 3759 1?"'9 sf ot
“wetland Fluctuation ot ] Recharge Duration Recharge Predeveloped | Recharge Mitigated J o ks et o Pass
0.3055 2156 1148 53 Paszs
anclize 0.3141 1887 1033 54 Pass
501 POC 1 flow 0.3227 1661 943 56 Pass
201 POC 1 0.3313 1509 878 58 Pass
0.3399 1377 837 60 Paszs .
0.3485 1252 790 63 Pass -1
0.3571 1150 742 64 Paszs [
0.3657 1071 698 65 Paszs
0.3743 ioio 652 64 Paszs
0.3829 951 646 67 Paszs
AIIDalaselsJ Flow | Stage | Precip | Evap POC1 0.3915 887 636 71 Fass
0.4001 820 627 T6 Paszs
Flood Frequency Method 0.4087 778 22 79 Pane
@ Log Pearson Type Il 178 0.4173 731 §15 84 onns
(‘: \E""e‘h“” 0.4259 687 608 88 Pass
hoane 0.4345 646 €00 92 Paszs ﬁ,
b Abm 0.4431 621 585 94 Pass 2
b | >
‘x a0 ‘ I I x
v # >
1041072012 B10 A

Flow duration has been divided into stream protection duration and LID duration. The
stream protection duration standard is to meet Ecology’s flow control minimum
requirement (#7). The LID duration standard is to meet Ecology’s on-site stormwater
management minimum requirement (#5).

Stream protection flow duration at the point of compliance (POC 1) is the most common
analysis. A plot of the stream protection flow duration values is shown on the left, the
flow values on the right.

The blue stream protection flow duration curve is a plot of the percent of time that the
predevelopment flows (time series 501 for POC 1) are between the lower erosive flow
threshold of 50% of the 2-year flow (0.50Q2) and the upper erosive flow threshold of the
50-year flow (Q50). Q2 and Q50 are determined by the flow frequency calculations.

The red stream protection flow duration curve is the mitigated developed flow (time
series 801 for POC 1).

The table to the right of the stream protection flow duration curves shows the individual
flow levels (starting at 0.50Q2) and the corresponding number of time intervals that the
predevelopment and mitigated flows exceed those flow levels. The number of mitigated
flows at any specific flow level cannot exceed the number of predevelopment flows at the
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same flow level between 0.5Q2 and Q2. Between Q2 and Q50 the number of mitigated
flows at any specific flow level cannot exceed the number of predevelopment flows by
more than 10% no more than at 50% of the levels. WWHM2012 automatically checks
these stream protection flow duration criteria when determining whether or not a
stormwater facility passes the Ecology flow control standard.
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The LID duration standard is to meet Ecology’s on-site stormwater management
minimum requirement (#5).

LID flow duration analysis is a requirement for low impact development facilities
(bioretention, porous pavement, green roof, etc). A plot of the LID flow duration values
is shown on the left, the flow values on the right.

The LID flow duration analysis output includes the stream protection flow duration
analysis at the POC. For this reason the blue LID flow duration curve is a plot of the
percent of time that the predevelopment flows (time series 501 for POC 1) are between
8% of the 2-year flow (0.08Q2) and the 50-year flow (Q50). Q2 and Q50 are determined
by the flow frequency calculations.

The red LID flow duration curve is the mitigated developed flow (time series 801 for
POC 1).

The table to the right of the LID flow duration curves shows the individual flow levels
(starting at 0.08Q2) and the corresponding number of time intervals that the
predevelopment and mitigated flows exceed those flow levels. The number of mitigated
flows at any specific flow level cannot exceed the number of predevelopment flows at the
same flow level between 0.08Q2 and 0.50Q2. Above 0.5Q2 the stream protection
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duration criteria is used to determine whether or not the project flow at the POC meets
Ecology’s requirements. WWHMZ2012 automatically checks these flow duration criteria
when determining whether or not a stormwater facility passes the Ecology on-site
stormwater management standard and the flow control standard.
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Flow frequency plots are shown on the left and the 2-, 5-, 10-, 25-, 50-, and 100-year
frequency values are on the right. Flow frequency calculations are based on a Log
Pearson Type 11 distribution of yearly peak flow values.

It is possible, although unusual, for the mitigated frequency values to be greater than the
predeveloped frequency values for the 25-, 50-, and 100-year flow frequency events.
This can happen when the mitigated 2-year value is much smaller than the predeveloped
frequency value.

The Log Pearson Type 111 methodology uses the annual peak statistics to compute the
mean, standard deviation, and skew of the log of the peak flows. Small mitigated 2-year
events can produce a large standard deviation and skew which, in turn, produce large
mitigated 25-, 50-, and 100-year flow frequency values. This is okay as long as the
stream protection flow control standard (based on flow duration criteria, not flow
frequency) is met.
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The water quality screen allows the user to compute the target volumes and flows for
offline and online water quality facilities.

Select the dataset 801 POC 1 Mitigated flow for the water quality analysis for a water
quality facility downstream of the project flow control facility. Click on the “Run
Analysis” button on the left side of the Water Quality analysis results for the
WWHM2012 to compute volumes and flows based on Ecology’s water quality facility
sizing criterion (91% of total runoff volume) or a criterion selected by the user via View,
Options, Scaling Factor Water Quality.

Select the 701 Inflow to POC 1 Mitigated flow time series for the water quality analysis
for a water quality facility upstream of the project flow control facility.

An online water quality facility is downstream of the project flow control facility; all of

the runoff is routed through an online facility. An offline facility receives only a portion
of the total runoff.
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The user can graph/plot any or all time series data by selecting the Hydrograph tab.
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The Create Graph screen is shown and the user can select the time series to plot, the time
period (start date and end date), the time interval (yearly, monthly, daily, hourly, 30-
minute, or 15-minute), and type of data (peaks, average, or volume).
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Click on the “+” to the left of the WDM file name (in this example: “Snohomish
1.wdm”). The selected time series are then shown. Check the box(es) for the time series
to be plotted. Multiple time series can be plotted together as long as they are the same
data type. Precipitation data can also be plotted at the same time as flow data.

To graph the selected time series the user clicks on the Graph button.
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The hydrograph shows the yearly maximum/peak flow values for each time series for the
entire simulation period (in this example, from 1949 through 2009).

The graph can be either saved or printed or copied to an Excel spreadsheet for additional
analysis.
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The wetland fluctuation option in the Analysis screen is selected by clicking on the
“Wetland Fluctuation” tab.

The analysis is done at the point of compliance based on the assumption that this is the
location at which runoff enters the wetland of interest. If the wetland is upstream of the

POC then a new POC should be added to represent the flows entering the upstream
wetland.
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The wetland fluctuation calculations are done for the POC-related flow time series by
selecting the appropriate POC tab.

WWHM2012 checks the flow time series using two criteria:

1. Daily mitigated flow volumes cannot change by more than 20% compared to the
same daily predevelopment flow volumes.

2. Monthly mitigated flow volumes cannot change by more than 15% compared to
the same monthly predevelopment flow volumes.

The wetland fluctuation results are shown in both graphical and tabular format. The
graph shows the volumes (scale on the right) for the predevelopment daily flows in blue,
the mitigated developed daily flows in red, and the percentage of the predevelopment
volume values (scale on the left) in green.

In the above example there is too much daily and monthly mitigated development flow
and neither wetland fluctuation criterion is not passed, as shown in the table on the right.
As with flow duration, one “Fail” is all that is needed to fail the standard. In this
situation the only way to meet the wetland fluctuation standard is to infiltrate or
evaporate some of the excess mitigated flow volume so that the reduced mitigated flow
volume is more in the range of the predevelopment flows.

94



Western Washington Hydrology Model 2012 User Manual

LID Analysis

 WWHM2012 LID Project 1 [AEE]
File Edit View Help Summary Report
DEE & & B@E A= @wsdls| 0o a

@) ]
Ejﬂesulls

U LD Renart 3| Reciros Durtion Recharge Predeveloped | Recharge Mitigated J

Flow Frequency J ‘i ater Quality J Hydiograph j

* wetland Flucfiation

Analyze datasets

1 PUYALLUP DAILY EVAP 'wAENSEN-HAIS - Duration Bounds

2 Everett i tinimum M arimum
501 POC 1 Predeveloped fow R £
701 Irflow ta POC 1 Mitigated

8071 POC 1 Mitigated flow

1000 Trapezoidal Pond 1 ALL OUTLETS Mitigated
1001 Trapezoidal Pond 1 OUTLET 1 Mitigated

I~ Seasonal Durations (mm/dd)

1002 Trapezaidal Pond 1 OUTLET 2 Mitigated ] Start Date l:]
£l Datasets | Flow Stage | Precip | Evap POC1 | End Date I:]
Flood Frequency Method
& LogPearson Type Il 178
£ Wweibull
" Cunnhane
© Gringerten
% [ ‘ I | ! ! | i
=l #l % | »,

10/10/2012  [3:334M

Note that the LID Report can be accessed from both the Analysis screen and the LID
Scenario Generator screen.

The LID Report has been created to determine if the modeled LID facilities meet
Washington State Department of Ecology (DOE) requirements for low impact
development.
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Clicking on the “LID Report” tab produces the LID Report that lists all of the LID
facilities in the Mitigated scenario and their performance.

The column “Total Volume Needs Treatment (ac-ft)” is volume that equals 91% of the
total runoff volume through the facility for the entire model simulation period.

The column “Volume Through Facility (ac-ft)” is the actual total runoff volume through
the facility for the entire model simulation period.

“Infiltration Volume (ac-ft)” is the actual total runoff volume that is infiltrated for the
entire model simulation period. In the case of the sand filter the infiltration volume is
actually the volume that is filtered and then continues downstream to the next stormwater
facility.

“Percent Volume Infiltrated” is the percentage of the “Infiltration Volume” column
volume to the “Volume Through Facility” column volume.

“Water Quality” is the actual total runoff volume that is filtered through the soil column.
This is not necessarily the same as the infiltration volume. For this example, the
bioretention facility has more water quality volume than infiltration volume. This is
because some of the flow through the bioretention amended soil layers was then
discharged via an underdrain to the next downstream facility (in this case, a stormwater
pond with infiltration).
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“Percent Water Quality Treated” is the precentage of the “Water Quality” column volume
to the “Volume Through Facility” column volume.

The Comment column reports “Treat Credit” if the LID facility water quality treatment
meets Ecology’s water quality treatment standard of treating at least 91% of the total
runoff volume through the facility. In this example only the bioretention and pond meet
the treatment standard.

If a facility is used for water quality treatment then the corresponding box in the “Used
for Treatment” column is checked.

In this example the “Used for Treatment” boxes for the trapezoidal pond, sand filter, and
bioretention swale are checked. The percent water quality treated values are 94.72,
90.00, and 94.94, respectively. (The sand filter did not meet the minimum treatment
requirement of 91.00 and therefore it does not receive the “Treat Credit” designation.)
The total runoff volume treated is 70%.

Note that Porous Pavement 1 facility’s “Used for Treatment” box was left unchecked. If
porous pavement is going to be used for water quality treatment then soil mix must be
used in the sublayers under the porous pavement layer. See the Ecology 2012
Stormwater Management Manual for Western Washington for specific details.

The LID flow duration is automatically calculated.
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Recharge is the amount of water that becomes groundwater. Recharge can occur both
through land use basins (groundwater component of runoff) and conveyance facilities
(infiltration discharge).

Groundwater recharge is not a Department of Ecology stormwater requirement.
However, some local jurisdictions (for example, Kitsap County) do have a groundwater
recharge requirement. Contact the local permitting agency to determine whether or not
recharge analysis is required.

There are three recharge tabs in the Analysis screen: Recharge Duration, Recharge
Predeveloped, and Recharge Mitigated.

Before recharge can be calculated for any of the three recharge tabs it needs to be turned
on for the elements for which recharge data are needed.
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Recharge must be turned on for each individual element for which recharge calculations
are required. This is done by right clicking on the element of interest and then selecting
the “Compute Recharge” option.

Once “Compute Recharge” is selected the element
will include a small “R” in the element picture.

To compute the total recharge for a scenario then all
of the elements should have “Compute Recharge”
turned on.

If the scenarios have been run prior to turning on —
the recharge option then they need to be rerun to
generate the recharge data. This is done by clicking

on the “Run Scenario” button for each of the two
scenarios (Predeveloped and Mitigated).

The “Compute Recharge” box in the Options,
Recharge screen must also be checked before =
recharge is calculated.
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Recharge duration is similar to flow duration except that the goal is to have the Mitigated
recharge greater than or equal to the Predeveloped recharge, rather than less than or equal
to for erosive flows in the flow duration analysis.

The user selects “Recharge Duration” and then the POC 1 tab to compute recharge
duration. WWHMZ2012 selects the appropriate recharge time series (in this example,
1000 and 1006) for the duration comparison. This example passes the recharge duration
criteria because all of the Mitigated recharge flows occurs more often than the
Predeveloped recharge flows.
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Hydiograph |

Analyze datasets

Duration Bounds

001 Minimum |2 M awirnum

™ Seasonal Durations [mm/dd]

L —

AIIDalasalsJF\nw Stage | Precip | Evap  pOC1

EndDate

/1

Flood Frequency Method
(+ Log Pearson Type Il 178

 weibull
" Cunnane
" Gringorten

m T
‘irm—| #

RECHRES Elements

POC Number: 1
Monthly Volume: Acre Feet

Year
1948
1549
1850
1853
1852
1853
1854
1855
1956
1857
1958
bk
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1573
1972
1973
bl et
1535
1976
1977
1978
bl el
1980

£

Predeveloped

1.2552

36.
50.
48.
is8.
A
&0.
25
A5
3&.
g
450
3&.
40.
3
3&.
A5
3&.
46.
A0
52
i
40.
52
A5
ERIE
A0
&1,
25.
330
30.
EHe
35

0782
8552
5678
21865
8500
6469
A0S
8367
6527
2104
7015
8001
5804
S445
9318
7814
9518
5673
5672
3758
4109
7833
5252
6914
3254
6135
3888
B0BS
5494
9572
8442

Mitigated
5.8832
96.2944
123.4625
106.6281
44.9158
116.8555
153.7686
135.6410
102.3868
B4 g5 3
104.6910
122.3809
97.2165
96.5042
88.4408
87.90486
110.1629
93.5562

109.
106.
122.
101.
101.
133.
124.
101.
118.
133.

0889
0552
4827
2211
1905
5778
4184
6315
2250
1955

84._7595
102.2324

e
88

88.

9951
-7043
8301

Pass/Fail
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass

& ]

{3

LW N

Fi3

[10/10/2012

302 AW

The “Recharge Predeveloped” tab shows a monthly summary of the Predevelopment
recharge (in acre-feet) for each simulation year on a calendar-year basis.

The table at the right provides a comparison of the Predeveloped and Mitigated recharge
for each calendar year. “Pass” means that the Mitigated recharge is greater than or equal
to the Predeveloped recharge.
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Recharge Mitigated

™ WWHM2012 Clear Creek 1

Fle Edt View Help SummaryReport

DEE & i HuSEds= O

@]
= Analysis X :z

KBl Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Ot | Mow | Dec | Total | ~ [azcemes Elements ~l]
ﬂ 1348 5893 0 ol 58| |roc wumper: 1 =
T 1949] 1.574] 163 6768 %609] 4947 0.213] 4425 0501| G0%| 10.121] 16649] 2065] %623  |womcnly Volume: Acre Feec 0
E 1350( 15.254] 13.075] 17.641] 4805] 1227] z6es| 1543 0323 218| 16.734] 23.474] 17938 12348
= [ 1%61| 17.133] 12,589 15.721| 1.04] 4124| 0783 0 1.122] Ged| 19.053] 15.166] 14.182] 10663  |vear Predeveloped Mitigated Pass/Fail |

1352 G463 5083| 11.727] 2148| 2747| 1148] 14| 1053 0103 1673 1ee7] 9623] 4432 |1g4z  1.2se2 5.2932 Pass H

1353 24122 319%| 5694] 5.4e9| 3258| ba93 1065 1643 3o0e| 1324] 22948] 16593 11638 1243 36,0782 26.2344  Pass

1354 28.973] 15.567| 7.088| 5.543] Beee| 11694 4271 B144] 6523 3307] 24.033] 3864d] 15977 |12s0 50,9552 123.4625 Pass

1355| 18.212] 16,957 5.323] 12093] 6217] 4989 3.3%7| 0007 (.566] 14.557| 18.728] 34.185) 13564 1251 4z.5672 108.6281  Pass

1356| 24784 12513 sed7] 1.451] 1651) 11082 0.0%1| 0693 597| iriar| 7eer| 10387 10239 1252 1s.218% 44.9152  Pass

1357 @o08] 13.104] 15.695] 4.986] 2746| 1748] 1467 0e14] 1144] o7z 9501] 18328] 9135 1253 47.3300 116.3555  Pass

135%| 15.543] 23.867| 5992 B733| 5174| 267z 0013 0028 0rre| o8| 17502 15078 10483 1252 0. e4sn 155.7626  Pass

1359| 26.325] 12.293] 12.275] 4.135] 7227| 3738 2421 2108 5405] 12755] 16.547] 17.155) 12238 |1255 537882 135.6410  Pass

1360( 12417 37%| 432 4871] e098| z54e] 0| venv| 1.836| 11.218| 26725] 8475 22| 125 44,3347 102.3868  Pass

1361| 10.698] 21.76| 10.073] 587] Bose| 0167] 4174 1666|  0O7| 10434 7183 16803 %80 1257 36,6527 31.3533  Pass

1362 11.211] 4245 9.907] =819] 8191 Bive| 0@sz| 3698 4oee| 4901| 20718] 7o0s| o544  [1ass 434184 104.6310  Pass

1363 361] 10738 7.843] 7.754] 1717] 44es| 2075 1342 1512 3102|1908 17.973] 79|  |1ass 437013 122.3805  Pass

1364 20131| B957| 15298 9998] 3473 797 0712 4028 G633 2048] 14314] 16638) 11006  |1280 36.5001 37.2185  Pass

1365| 27.232| 1618| 1234] G963| 30a7] 1363 2013 6238 186 561 40,5394 26.5042  Pass

Wietland Fluctuation | LD Report | Recharge Duration | Recharge Fre oo Soo2dds hdss 7
Steam Protection Duration | LID Duration | Flow Frequercy | e Sein mee
Analize datasels 1965 36.9516 93.5562  Pasa
T 1966 46.5673 109.0889  Pass
G5 Mitirum 5 Mskmum 1967 44.5672 106.0552  Pass
1368 52.3758 122.4627 Pass b
1969 41.4109 101.2211  Pass =
I Seasonal Durations (mm/dd) 1970 40.7833 101.1905 Pass .
1371 52.5252 133.5778  Pasa
Stnbas [ ] 1372 49.6914 124.4184 Pass
1973 39.3254 101.6315 Pass
HiDatasets | Flow | Stage | Preoin | Evap  POCT |EndDae [T 1974 44.6135 118.2250 Pass
1375 1.3286 133.1995  Pass
FrdERTe e 1976 25.8085 84.7993 Pass
fibe e el TG 1977 33.5494 102.2324 Pass
(’: \E""e“’”” 1378 30.9572 94.9851  Pass
ARt 1979 31.8442 88.7043 Pass 4_4
. 1380 35, 96.8301  Pasa o —
< | H
‘x Gl I ! T
v # »
[ [10/10/2012 904 &M

The “Recharge Mitigated” tab shows a monthly summary of the Mitigated recharge (in
acre-feet) for each simulation year on a calendar-year basis.

The table at the right provides a comparison of the Predeveloped and Mitigated recharge

for each calendar year. “Pass” means that the Mitigated recharge is greater than or equal
to the Predeveloped recharge.
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REPORTS SCREEN

Dﬁﬂ\éléﬂﬂ HMESCd=E s aER (000

BI@III

£ ||_||x| ‘lepezmdalPomi 1Mrugmd

OutIeH
Downstream Connections [ | [0 | [ |

I Precipitation Applied to Facility AutoPond | QuickPond |
Facility Dimension Diagram |

Outlet Structure Data

I Evaporation Applied to Faciity
Facility Dimensions
Facility B attom Elewation [f]

Run Scenaiio

Basic Elements

EE

al test based report. Flsport opens in Wordpad

Fro Elements Fomatted repart with charts in pdf format. Report opens in pdf viewer.
FDF Report
v Diaft Report —j
: Original text based report, e

LID Toolhos & & =

Landuse Report
EE46
Driginal text based report Table -

Commercial Taolbox Parameter Fieport

I~ Include LID Duration Standard
Mowe Elements

=g

o

iw—| #I LN

I [HoAnzzmz fx0sAaM

o Iterations

Qwerflow Elevation (ft)

|

Click on the Reports tool bar button (fourth from the left) to generate a project report.

The project report is a separate file that contains all of the user-provided input and a
summary of the model output. The project report file can be saved or printed.

The user has the option of producing the report file in a number of different formats.

Click on “Text Report” button to generate the report file in WordPad RTF format.
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@) Clear Creek 1.rtf - Microsoft Word
i Fle Edit View Insert Format Tools Table Window  Help Type a question for help = X

NEE SRR LB A9 8RB S 0 -0 dread J

i A4 Normal + Couri - Courier New - 10 - \1 u |[E] | - - A'!

- - —
E@ R O S S BRSSP NSRBI S B A =
| WWEM2012
PROJECT REPORT
Project Name: Clear Cresk 1
Site Name: Clear Creek 1
Site Address:
City :
Report Date: 10/10/2012
Gage : Everett
Data Start : 1948/10/01 00:00
Data End : 2008/08/30 00:00
Precip Scale: 1.20
Version : 2012/10/09
Low Flow Threshold for POC 1 : 50 Percent of the 2 Year
High Flow Threshold for POC 1: 50 year
PREDEVELOPED LAND USE
Name : Basin 1
Bypass: No
GroundWater: No
Pervious Land Use Acres
C, Forest, Flat 10
Pervious Total 10
Impervious Land Use Acres v
+
Impervious Total 0 ®
¥
[Ele = = w <l >

ipraw~ g |Autoshapesr N\ W [ O A Al i 8] (& | & -2 - A-= Eaj!
Page 1 Sec 1 1/22 At 17 ln1 Col 1 E EXT English (U.S

Scroll down the WordPad screen to see all of the results.
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" WWHM2012 Clear Creek 1

File: Edit View Zoom Help

DSE &bl

PRisgd=EH 0 @lE| 20|

@77 ]

SCENARIOS

[ Fredeveloped

Facility Type
Outlet 2

Tiapezsidal Pond.
Outlet 3

Downstream Connections Lll

| | B

e Mitigated

Fun Scenario

™ Precipitation Applied to Facility

I Evaporation Applied to Facility
Facility Dimensions

Basic Elements

Facility B ottam Elevation [ft)

8. Report New

Auto Pond |

Guick Pond |

Facility Dimension Diagram I

Outlet Structure Data

Driginal text based reparl. Repott opens in Wordpad

T

Pro Elements

=1

LID Toolbox

atted report with charts in pdf format, Repart ops

PDF Report

Commercial Toolbos

ens in pdf viewer.

Original test based report

Landuse Report

Original text baszed report.

Parameter Report

Move Elements——

=i

Save iy | Load xp |

I Include LID Duration Standard

E.E4E

Table =

e —

Owerflow Elevation (ft)

5!&7—| El
I

A

lterations

<

Click on “PDF Report” button to generate the report file in PDF format.

o100z | 905 A
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B Clear Creek 1.pdf - Adobe Reader
Fie Edit View Document Tools Window Help

==

Pli]izi0®

|! Bookmarks *

Options ~

[l General Mods!
Information

¥ Landuse Basin Data
| Routing Elements
[E] Analysis Results

[E] Model Default
Modifications

[E] Appendix
[E Disclaimer

| G e

WWIIM2012
PROJECT REPORT

Scroll down the PDF screen to see all of the results or select specific sections using the

bookmarks at the left.
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WWHM2012 Clear Creek 1
File Edit

DSE &bl M SsH=EéwvdadlE oo

@77 ]

(=]

[~ [T]fx] = irapezoidal Pond 1 Mitigated

SCENARIOS ~ | Facility Name  [Tiapszcidal Pond 1 Facility Type  [Tiapezcidal Pand
Outlet 1 Outlet 2 Outlet 3
[ Fredeyeloped Downstream Connections [0 1 1[0 ]
= Mitigated ™ Precipitation 4pplied to Facilty Auto Pond | QuickPand |
P Goerai I Evaporation Applied to Facility Facility Dimension Diagram I
Facility Dimensions Outlet Structure Data
EeEE Facility Bottam Elevation [ft] Eicer Heioh |

8. Report New

Driginal text based reparl. Repott opens in Wordpad
T

Pro Elements Farmatted repart with charts in pdf format. Risport opens in pdf viewsr. ht
=
PDF Report
% Draf [~
" | text based t _-i
al text based repor Fe
LID Teolbes & =
Landuse Report
EE4E
Table |

Original text baszed report.

Parameter Report
Commercial Toolbos —DI

Move Elements——

=i

Save iy | Load xp |

§Ia7—| H#
T

I Include LID Duration Standard

Owerflow Elevation (ft) o lterations o

|

o100z | 905 A

Click on “Landuse Report” button to generate a listing of the input basin land use data in
WordPad RTF format.
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= WWHM2012 Clear Creek 1
File Edit View Help

DSE &bl

Zoom

Model 2012 User Manual

HEsd=8evs Ml o0o]

977 ] (1 o

M Schematic |;||§||X| =% Trapezoidal Pond 1 Mitigated .
SCENARIOS = = | Facility Name [Trapsanidal Pond 1 Facility Type  [Tiap=zoidal Pond
= Outlet 1 Outlet 2 Outlet 3
it ] ~r=cloveloned Downstream Connections [0 | [ | @ |
A E Mitigated ™ Precipitation 4pplied to Facilty Auto Pond | QuickPand |

Facility Dimension Diagram I

Outlet Structure Data

I Evaporation Applied to Facility
Facility Dimensions
Facility B ottam Elevation [ft)

Fun Scenario

Basic Elements

8. Report New

Driginal text based reparl. Repott opens in Wordpad
T

Pro Elements Farmatted repart with charts in pdf format. Risport opens in pdf viewsr. ht
PDF Repart
ﬂ E ¥ Dialt Repatt :—!
NChrraes Driginal tet based repart _j
Landuse Report
EE4E
fTable

Commercial Toolbos

Move Elements
s
{ 3

l text based report,
\ Parameter Report

I Include LID Duration Standard

Owerflow Elevation (ft)

r T
o lterations

Save iy | Load xp |

§Ia7—| # o

| o100z

|

(%05 A

Click on “Parameter Report” button to generate a listing of the HSPF input parameter
values that have been changed from their default values. The listing is in WordPad RTF
format. If the listing is blank then there have been no HSPF input parameter value
changes made.
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TOOLS SCREEN

“ WWHM2012 Clear Creek 1 [AEET
Fle Edit View Help Summary Report
I FESHmE Owsam&|00a
b ™ ™™
(@[ [a)] [=]

SCENARIOS =

S Trapezoidal Pond 1 Mitigated -
Facility Name Facility Type

Outlet 1 Outlet 2 Outlet 3
Downstream Connections [0 RE | [ |

Fun Scenario ™ Precipitation 4pplied to Faciity Auto Pond ] Quick Pand ]

Facility Dimension Diagram ]

Basic Elements

™ Evaporation Applied to Facility

£ Btandzrd Impot Fealures |

~ HSPF Input File Impart/E xport
Impart Existing Input File Perlnds From:

1
L ht
= ¢ = -
LID Toolbor [ VIEWEDIT THPLRDS | -
=
ALTERNATE PRECIP

Commercial Toolbox

~ Mowe Elements——

Tide Gate Elevation (ft) o Diownstream Connection -
e T _E_] L | . <} Overflaw Elevation (ft) (i lterations [ ——
vE o | L 4

B
IMon 9:17a - Clear Creek 1 - Finish Mitigated LJ

Save x,;,. | Load sy |

[£3

10/1/2012 (3325

The Tools screen is accessed with the Tools tool bar (second from the right). The
purposes of the Tools screen are:

(1) To allow users to import HSPF PERLND from existing HSPF UCI files and/or view
and edit WWHM2012 PERLND parameter values.

(2) To allow users to use alternate precipitation time series data.
(3) To allow users to import or export time series datasets.

(4) To allow users to do HSPF WDM maintenance tasks, as needed.
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Import Parameters

WWHM2012 Clear Creek 1

File Edit
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LID Toolbox
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k#]PocpreTest11.ud

k]PocpreTestat.ua

L#]Pocsnahomish 11.ud

l#)PocTest1t.ua

kg]PoCTest21.ud
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" File name: I Ll Open ]
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11041/2012 | 300 Ph

I

Import Parameters allows the user to import the HSPF parameter values from an HSPF
UCI (User Control Input) file that has been created outside of WWHM2012. This UCI
file must have a file name with an UCI or INP extension.
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Predeveloped

T WWHM2012 Clear Creek 1

D;ﬂ\élx E”m M Sd=R @ewdal& oo
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N .
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Koy T T \ >
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[Mon 3:11a - Clear Creek 1 - Finish Mitigated T~

| 11041/2012 | 316 PM

Predeveloped allows the user to import an entire HSPF UCI (User Control Input) file that
has been created outside of WWHMZ2012. This UCI file is input to the Predeveloped
scenario. All HSPF RCHRES are translated into SSD Table elements.

This UCI file must have a file name with an UCI or INP extension.

111



Western Washington Hydrology Model 2012 User Manual

View/Edit PERLNDS

 WWHM2012 Clear Creek 1 (A EE
Fle Edt View Help SummaryReport

DEEH & i@ HESH=E 0w o dllG

SCENARIOS
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LdE | 1] Predevelaped

Mitigated Standard Import Features | ]

Run Scenario - HSPF Input File Impart/E xport \uick Pand
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=

[ NBLKS[USER[IN [OUT [ENGL|METER |ATMP [SNOW |[PWAT |SED [PST [PWG |PQAL
= (478, Forest, Flat A A A 27 o o 0 Ao o o o
= AIB, Forest Hod A 1] 1] 27 o o 0 i o o o o
LID Toolhox { |45, Forest, Steep A 1 ] 27 o o 0 A o o o o
AJB, Pasture, Flat A 1 1] 27 o o of 1 o o o o
AIB_ Pasture, NMod A A ] 27 [ 0 A o o o o
A/B, Pasture, Steep ¥ 1 1 1 27| 0 0 0 1 0 0 0 0
A/B,_Lawn, Flat 1 0 o 0 A o o o o
T &/, Lawn, Mod A 1 1 27 o o ol 1 o o o o0
A/, Lawn, Steep A A A 27 o o 0 A o o o o
. C, Forest, Flat A 1] 1] 27 o o 0 i o o o o
C, Forest, Mod A 1 ] 27 o o 0 A o o o o
e — C, Forest, Steep A 1 1] 27 o o of 1 o o o o
C, Pasture, Flat A A ] 27 [ 0 A o o o o
G £ C, Pasture, Mod A A 1] 27 o o 0 A o o o o
| SN @ C, Pasture, Steep % 1 1 1 27| 0 0 0 1 0 0 0 1]
i ) C, Lawn, Flat A 11 1 27 o o ol 1 o o o o0
] i) T T s e — - I R
R ! ! Duglcate] | Save B
ve— # | -

...,
[Mon 3:11a - Clear Creek 1 - Finish Mitigated -]

|

|10/1/2012 321 PM

View/Edit PERLNDS allows the user to view and edit the HSPF PERLND Block values
used in WWHM2012. Any changes to these values should be approved by the
reviewing/permitting agency. All changes will be reported in the Parameter Report file
created in the Reports menu.
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View/Edit IMPLNDS

 WWHM2012 Clear Creek 1 (A EE
Fle Edit View Help SummeryReport
DEH & % B PESd=EE o PEER 02O
™ ™ ™ ™ ™ ™
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ROOF TOPSIFLAT 1 1] ] a7 0 0 0 1 o of o 0 0
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X B # - = =
v E| e vplicatz| | Save
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L =

|10/1/2012 | 325PM

View/Edit IMPLNDS allows the user to view and edit the HSPF IMPLND Block values
used in WWHM2012. Any changes to these values should be approved by the
reviewing/permitting agency. All changes will be reported in the Parameter Report file
created in the Reports menu.
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Alternate Precip
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Alternate Precip allows the user to replace the default precipitation time series data file
and/or evaporation (potential evapotranspiration) time series data file with a different file
created and stored in a separate HSPF WDM file.

Click on “Load WDM” to select the HSPF WDM file that contains the appropriate
alternate precipitation and/or evaporation file. Select the alternate file and whether the
file is to be copied to Precip or Evap. If needed, the model simulation run start and/or
end dates can be changed to match the start and end dates of the alternate files. Check
the “Use Alternate Precip/Evap” box and then click on the “Import” button to import the
data.

Once the new data are imported it is always a good idea to plot the new data using
Analysis, Hydrograph to double check that the data were imported successfully.

Any changes to either the precipitation or evaporation data should be approved by the
reviewing/permitting agency.
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Export Dataset
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Export Dataset allows the user to export any time series data stored in the WWHM2012
WDM file. This includes precipitation, evaporation, flow, and stage data time series.

Start and end dates can be selected along with the time step and the output option if the
time step is greater than the simulation time step. Data can be summed, averaged, or the
maximum or minimum selected.

Click on the “Export” button to output the data to a text file for future viewing.
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Import Dataset
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Import Dataset allows the user to import any time series data stored in an external text
file or Excel comma-delimited file into the WWHM2012 WDM file. This includes
precipitation, evaporation, flow, and stage data time series.

The Constituent (data type), Start Date, End Date, and Timestep all must be specified. A
WDM data set number between 1 and 9999 must be assigned to the time series file. This
data set number should be unique and not in current use in the WDM file. A description
of the data set is optional, but highly recommended.

Missing values must be filled in with some appropriate value. This can be -1 to identify
them as missing values or zero or some other number.

Click on the “Import” button to input the data to the WWHM?2012 WDM file.

Once the new data are imported it is always a good idea to plot the new data using
Analysis, Hydrograph to double check that the data were imported successfully.
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WDM Maintenance allows the user to make changes to the WWHM2012 WDM file data
sets and copy time series data files from one WDM to another.
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Selection of a data set time series produces the user with a large range of options, similar
to those options available in the EPA HSPF utility program WDMUItil.
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The LID tool bar button (farthest on the right) brings up the LID Analysis screen and
gives the user two LID Analysis options:

1. LID Scenario Generator

2. LID Report DOE
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The LID scenario generator can be used to compare the amount of runoff from different
land types and combinations. The user can quickly see how changing the land use affects
surface runoff, interflow, groundwater, and evapotranspiration.

The LID scenario generator runoff from different land types and combinations for the
Mitigated scenario only.
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The easiest way to compare different land use scenarios is to place all of them on the
same Schematic Editor screen grid. Each basin can then represent a different land use
scenario.

For this example the three basins are assigned the following land uses:
Basin 1: 100 acres C, Forest, Flat

Basin 2: 100 acres C, Lawn, Flat

Basin 3: 50 acres C, Lawn, Flat; 50 acres Parking Flat

Basin 3 is connected to a pond that includes infiltration.

Basin 1 is assigned to POC 1 for the LID analysis; Basin 2 to POC 2; and the surface
discharge from the Basin 3 pond to POC 3.
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Click on the Compute LID Base Data button to generate the LID analysis data and
summarize the surface runoff, interflow, groundwater, precipitation, evaporation, and

total runoff for all of the basins. The results will be shown for each basin in terms of its
POC.
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For the pervious portion of Basin 3 (50 acres of C, Lawn, Flat) the distribution of the
precipitation is:

Surface runoff = 0.513 inches per year

Interflow = 20.482 inches per year

Groundwater = 7.950 inches per year

Evaporation = 16.417 inches per year

This is from a drainage area with an average annual precipitation of 45.411 inches.

For the impervious portion of Basin 3 (50 acres of Parking, Flat) the distribution of the
precipitation is:

Surface runoff = 37.832 inches per year
Evaporation = 7.576 inches per year

There is no interflow or groundwater from impervious areas.

To look at the other basins click on the “POC To Analyze” arrow and select the basin of
interest.
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The LID analysis results can be presented in terms of either inches per year or acre-feet
per year by checking the appropriate box in the lower right portion of the LID analysis
screen.

To compare the different scenarios side-by-side in a graphical format click on the “Water
Balance Chart” button.
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The water balance chart graphically displays the runoff distribution for all three land use
scenarios side-by-side.

The bottom red is the surface runoff. Above in yellow is interflow; then green for
groundwater and blue for evaporation.

Basin 1 (Scenario 1) is all forest and produces the least amount of surface runoff and
interflow (the sum of surface and interflow is the total stormwater runoff). Basin 2 is all
lawn; it produces more surface runoff and interflow than Basin 1. Basin 3 is 50% lawn
and 50% impervious and produces the largest amount of surface runoff and interflow and
the smallest amount of groundwater and evaporation.

A maximum of seven scenarios can be graphed at one time.
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The “LID Report DOE” option has been created to determine if the modeled LID
facilities meet Washington State Department of Ecology (DOE) requirements for low
impact development.

Clicking on the “LID Report DOE” tab produces the LID Report that lists all of the LID
facilities in the Mitigated scenario and their performance.
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The column “Total Volume Needs Treatment (ac-ft)” is volume that equals 91% of the
total runoff volume through the facility for the entire model simulation period.

The column “Volume Through Facility (ac-ft)” is the actual total runoff volume through
the facility for the entire model simulation period.

“Infiltration Volume (ac-ft)” is the actual total runoff volume that is infiltrated for the
entire model simulation period. In the case of the sand filter the infiltration volume is
actually the volume that is filtered and then continues downstream to the next stormwater
facility.

“Percent Volume Infiltrated” is the percentage of the “Infiltration Volume” column
volume to the “Volume Through Facility” column volume.

“Water Quality” is the actual total runoff volume that is filtered through the soil column.
This is not necessarily the same as the infiltration volume. For this example, the
bioretention facility has more water quality volume than infiltration volume. This is
because some of the flow through the bioretention amended soil layers was then
discharged via an underdrain to the next downstream facility (in this case, a stormwater
pond with infiltration).

“Percent Water Quality Treated” is the percentage of the “Water Quality” column volume
to the “Volume Through Facility” column volume.
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The Comment column reports “Treat Credit” if the LID facility water quality treatment
meets Ecology’s water quality treatment standard of treating at least 91% of the total
runoff volume through the facility. In this example only the bioretention and pond meet
the treatment standard.

If a facility is used for water quality treatment then the corresponding box in the “Used
for Treatment” column should be checked.

In this example the “Used for Treatment” boxes for the trapezoidal pond, sand filter, and
bioretention swale are checked. The percent water quality treated values are 94.72,
90.00, and 94.94, respectively. The total runoff volume treated is 70%.

Note that Porous Pavement 1 facility’s “Used for Treatment” box was left unchecked. If
porous pavement is going to be used for water quality treatment then soil mix must be
used in the sublayers under the porous pavement layer. See the Ecology 2012
Stormwater Management Manual for Western Washington for specific details.

The LID flow duration is automatically calculated.
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Options can be accessed by going to View, Options. This will bring up the Options
screen and the ability to modify the duration standards, scaling factors, and simulation
model time step, and the recharge options.
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Duration Criteria
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The Washington State Department of Ecology’s flow control standard is based on flow
duration. The duration criteria are:

1. If the post-development flow duration values exceed any of the predevelopment
flow levels between 50% and 100% of the two-year predevelopment peak flow
values (100 Percent Threshold) then the flow control standard requirement has not
been met.

2. If the post-development flow duration values exceed any of the predevelopment
flow levels between 100% of the two-year and 100% of the 50-year
predevelopment peak flow values more than 10 percent of the time (110 Percent
Threshold) then the flow control standard has not been met.

3. If more than 50 percent of the flow duration levels exceed the 100 percent
threshold then the flow control standard has not been met.

The duration criteria in the WWHMZ2012 can be modified by the user if appropriate and
the permitting/reviewing agency allows.

The user can conduct the duration analysis using either (1) durations based on
Predeveloped flow frequency, or (2) durations based on user defined flow values.
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If using durations based on Predeveloped flow frequency the percent of the lower limit
can be changed from the default of the 2-year flow event to a higher or lower percent
value. The lower and upper flow frequency limits (2-year and 50-year) also can be
changed.

If using durations based on user defined flow values click on that option and input the
lower and upper flow values.

The default pass/fail threshold is 110%. This value can be changed by the user.
The duration standards can be changed for each individual point of compliance. Click on
the Update button once all of the changes have been made. To return to the default

values click on the Restore Defaults button.

Any change(s) to the default duration standards must be approved by the reviewing/
permitting agencies.
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Scaling Factors
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The user can change the scaling factors for precipitation (minimum and maximum) and
pan evaporation. Neither should be changed without agency approval.

The water quality volume percentage is set to 91% of the total runoff volume. If allowed,
this percent value can be changed by the user.

Click on the Update button once all of the changes have been made. To return to the
default values click on the Restore Defaults button.
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Time Step
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The default HSPF model simulation time step for all counties is 15 minutes. (The City of
Seattle model time step is 5 minutes.)

The model simulation time step can be changed from the default value if approved by the
reviewing/permitting agencies.

Note that changing the time step will change the model simulation results.
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Recharge is the amount of water that becomes groundwater. Recharge can occur both
through land use basins (groundwater component of runoff) and conveyance facilities
(infiltration discharge).

Recharge is only calculated by WWHMZ2012 if the “Compute Recharge” box is checked.
The recharge boxes for the individual elements must also be checked for those elements
for which recharge will be calculated. This can be done by either selecting the
appropriate elements from the list on the Options, Recharge screen or by individually
right clicking on the elements and selecting “Compute Recharge” from the pulldown
menu. See Analysis, Recharge for more details.

If the scenarios have been run prior to turning on the recharge option then they need to be

rerun to generate the recharge data. This is done by clicking on the “Run Scenario”
button for each of the two scenarios (Predeveloped and Mitigated).
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APPENDIX A: BIORETENTION MODELING METHODOLOGY
Water Movement Through The Soil Column

Water movement through the soil column is dependent on soil layer characteristics and
saturation rates for different discharge conditions.

Consider a simple two-layered bioretention facility designed with two soil layers with
different characteristics. As water enters the facility at the top, it infiltrates into the soil
based on the modified Green Ampt equation (Equation 1). The water then moves
through the top soil layer at the computed rate, determined by Darcy’s and Van
Genuchten’s equations. As the soil approaches field capacity (i.e., gravity head is greater
than matric head), we can determine when water will begin to infiltrate into the second
layer (lower layer) of the soil column. This occurs when the matric head is less than the
gravity head in the first layer (top layer).

Since the two layers have different soil characteristics, water will move through the two
layers at different rates. Once both layers have achieved field capacity then the layer that
first becomes saturated is determined by which layer is more restrictive. This is
determined by using Darcy’s equation to compute flux for each layer at the current level
of saturation. The layer with the more restrictive flux is the layer that becomes saturated
for that time step. The next time step the same comparison is made.

The rate and location of water discharging from the soil layer is determined by the
discharge conditions selected by the user.

There are four possible combinations of discharge conditions:

1. There is no discharge from the subsurface layers (except for evapotranspiration).
This means that there is no underdrain and there is no infiltration into the native soil.
Which this discharge condition is unlikely, we still need to be able to model it.

2. There is an underdrain, but no native infiltration. Discharge from the underdrain is
computed based on head conditions for the underdrain. The underdrain is configured
to have an orifice. (It is possible for the orifice to be the same diameter as the
underdrain.) With a maximum of three soil layers determining head conditions for
the orifice is complicated. Each modeled layer must overcome matric head before
flow through the underdrain can begin. Once matric head is overcome by gravity
head for all of the layers then the underdrain begins to flow. The flow rate is
determined based on the ability of the water to move through the soil layers and by
the discharge from the orifice, whichever is smaller. Head conditions are determined
by computing the saturation level of the lowest soil layer first. Once the lowest soil
layer is saturated and flow begins then the gravity head is considered to be at the
saturation level of the lowest soil layer. Once the lowest soil layer is saturated
completely then the head will include the gravity head from the next soil layer above
until gravity head from all soil layers is included. Gravity head from ponding on the
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surface is included in the orifice calculations only if all of the intervening soil layers
are saturated.

3. There is native infiltration but no underdrain. Discharge (infiltration) into the native
soil is computed based a user entered infiltration rate in units of inches per hour.
Specific head conditions are not used in determining infiltration into the native soil.
Any impact due to head on the infiltration rate is considered to be part of the
determination of the native soil infiltration rate. Because it is possible to have a
maximum of three soil layers, each modeled layer must overcome matric head before
infiltration to the native soil can begin. Once matric head is overcome by gravity
head for all modeled layers then infiltration begins at a maximum rate determined
either by the ability of the water to move through the soil layers or by the ability of
the water to infiltrate into the native soil, whichever is limiting.

4. There is both an underdrain and native infiltration. Underdrain flow and native
infiltration are computed as discussed above. However, there is one other limitation
to consider. In the case where the flow through the soil layer is less than the sum of
the discharge through the underdrain and the native infiltration then the flow through
the soil layer becomes the limiting flow and must be divided between the native
infiltration and the underdrain. This division is done based on the relative discharge
rates of each.

Note that wetted surface area can be included in the discharge calculations by adding the
infiltration through the wetted surface area to the lower soil layer and the upper surface
layer individually. This is done by computing the portion of the wetted surface area that
is part of the upper surface layer and computing the infiltration independently from the
portion of the wetted surface area that is part of the lower soil layers.

Water Movement Equations

There are several equations used to determine water movement from the surface of the
bioretention facility, through the soil layers, and into an underdrain or native infiltration.
The water movement process can be divided into three different zones:

1) Surface ponding and infiltration into the top soil layer (soil layer 1)

2) Percolation through the subsurface layers
3) Underdrain flow and native infiltration
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Surface ponding and infiltration into the top subsurface layer

The modified Green Ampt equation (Equation 1) controls the infiltration rate into the top
soil layer:

f= K(1+WJ (Equation 1; Ref: Rossman, 2009)

f = soil surface infiltration rate (cm/hr)
¢=soil porosity of top soil layer

6 =soil moisture content of top soil layer
@=suction head at the wetting front (cm)

F= soil moisture content of the top soil layer (cm)
d= surface ponding depth (cm)
K= hydraulic conductivity based on saturation of top soil layer (cm/hr)

K (relative hydraulic conductivity) can be computed using the following Van Genuchten
approximation equation:

Van Genuchten approximation of relative hydraulic conductivity

ok \@_gr J J

K(0) (’9—9. Vil

o B %?Yn 2
“ _(9 6, " |

(Equation 2; Ref:
Blum et al, 2001)

sat

where K (8) = relative hydraulic conductivity,
K . = saturated hydraulic conductivity,
¢ = water content,t, = residual water content,
¢ = porosity,a = constant, » = constant, m = constant

A few issues arise when dealing with multiple subsurface soil layers. The K value used
in Equation 1 must be computed from the top soil layer. Infiltration into the upper soil
layer must not exceed the lesser of the maximum percolation rates for each of the soil
layers. Finally, the rate of percolation of the top layer may be reduced because the layer
or layers beneath the top layer cannot accept the percolation flux because of existing
saturation levels.
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Percolation through the subsurface layers

Water storage and movement through the three subsurface layers will be computed using
Darcy’s equation as shown below:

g=-K Z—h (Equation 3)
z

Where:

q = Darcy flux (cm/hr)

K = hydraulic conductivity of the porous medium (cm/hr)
h = total hydraulic head (cm)

z = elevation (cm)

The total head, h, is the sum of the matric head, y, and the gravity head, z:

h=y+1z. (Equation 4)
Substituting for h yields:
g=-K w : (Equation 5)
Z

Hydraulic conductivity and matric head vary with soil moisture content. These values
can be computed by solving the Van Genuchten’s equation (Equation 6) for both values.
Note that = 0 when the soil is saturated.
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Van Genuchten Equation to calculate total head

Y .
h= b 1) 4= (Equation 6; Ref:
a| gpn Blum et al, 2001)

where / = total hydraulichead, a = constant, SE = effective saturation,
m = constant, n = constant, and = = elevation head

Effective saturation (SE) can be computed using the following Van Genuchten equation:
Van Genuchten Equation to calculate effective saturation

o-o0, [ 1 | o (Equation 7; Ref:
it lw) | Blum et al, 2001)

o -0,
where 0 =water content, 6, =residual water content,
¢ = porosity,
o =constant=y, — 1,
n=constant=/4+1.

m=constant=1- L
A+1

A =pore size distribution index,

v, =bubbling pressure

v =pressure head = -z, i = total hydraulic head,

z =elevation head, and SE = effective saturation

Ignoring z (elevation head) results in h = hm (matric head).
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Evapotranspiration from the Soil Column

Evapotranspiration is an important component of the bioretention facility’s hydrologic
processes. Evapotranspiration removes water from bioretention surface ponding and the
soil column during non-storm periods. The routine will satisfy potential evapo-
transpiration (PET) demands in the same sequence as implemented in HSPF:

1. Water available from vegetation interception storage
2. Water available from surface ponding
3. Water available from the bioretention soil layers (top layer first)

Water will be removed from vegetation interception storage and surface ponding and the
bioretention soil layers (starting at the top layer) down to the rooting depth at the
potential rate. Water is taken from the soil layers below the rooting depth based on a
percentage factor to be determined. Without this factor there will be no way to remove
water from below the rooting depth once it becomes completely saturated.
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APPENDIX B: DEFAULT WWHM2012 HSPE PERVIOUS PARAMETER
VALUES (except CLARK COUNTY)

The default WWHM2012 HSPF pervious parameter values are found in the
WWHM2012 file defaultpers.uci.

The default WWHM2012 HSPF pervious parameter values for all counties except Clark
County are based on the USGS report:

Dinicola, R.S. 1990. Characterization and Simulation of Rainfall-Runoff Relations for
Headwater Basins in Western King and Snohomish Counties, Washington. Water-
Resources Investigations Report 89-4052. U.S. Geological Survey. Tacoma, WA.

For some parameters the default WWHM2012 HSPF pervious parameter values have
been modified from the values listed in the USGS report. These modifications are based
on the professional judgment and experience of Clear Creek Solutions staff in modeling
Western Washington watersheds with HSPF.

The default WWHM2012 HSPF pervious parameter values for Clark County are based
on the report:

Beyerlein, D.C. 2010. Hydrologic Modeling of Clark County Watersheds with the U.S.
EPA Hydrologic Simulation Program — FORTRAN (HSPF) Final Report (Revised).
Clear Creek Solutions, Inc., Mill Creek, WA.

HSPF parameter documentation is found in the document:

Bicknell, B.R., J.C. Imhoff, J.L. Kittle Jr, T.H. Jobes, and A.S. Donigian Jr. 2001.
Hydrological Simulation Program — Fortran, User’s Manual for Version 12. AQUA
TERRA Consultants. Mountain View, CA.

141



Western Washington Hydrology Model 2012 User Manual

Table 1. WWHM?2012 Pervious Land Types

PERLND No. | Soil Vegetation/Surface Slope
1 A/B Forest Flat
2 A/B Forest Moderate
3 A/B Forest Steep
4 A/B Pasture Flat
5 A/B Pasture Moderate
6 A/B Pasture Steep
7 A/B Lawn Flat
8 A/B Lawn Moderate
9 A/B Lawn Steep
10 C Forest Flat
11 C Forest Moderate
12 C Forest Steep
13 C Pasture Flat
14 C Pasture Moderate
15 C Pasture Steep
16 C Lawn Flat
17 C Lawn Moderate
18 C Lawn Steep
19 Saturated | Forest Flat
20 Saturated | Forest Moderate
21 Saturated | Forest Steep
22 Saturated | Pasture Flat
23 Saturated | Pasture Moderate
24 Saturated | Pasture Steep
25 Saturated | Lawn Flat
26 Saturated | Lawn Moderate
27 Saturated | Lawn Steep
28 C Impervious dispersed on Lawn Flat
29 C Impervious dispersed on Lawn Moderate
30 C Impervious dispersed on Lawn Steep
31 A/B Impervious infiltrated on Lawn Flat
32 A/B Impervious infiltrated on Lawn Moderate
33 A/B Impervious infiltrated on Lawn Steep
34 Saturated | Impervious dispersed on Lawn Flat
35 Saturated | Impervious dispersed on Lawn Moderate
36 Saturated | Impervious dispersed on Lawn Steep
37 n/a Green/Eco-Roof user defined
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Table 2. WWHM2012 HSPF Pervious Parameter VValues — Part |

PERLND No. LZSN INFILT LSUR | SLSUR | KVARY | AGWRC
1 5.0 2.00 400 0.050 0.3 0.996
2 5.0 2.00 400 0.100 0.3 0.996
3 5.0 2.00 400 0.150 0.3 0.996
4 5.0 1.50 400 0.050 0.3 0.996
5 5.0 1.50 400 0.100 0.3 0.996
6 5.0 1.50 400 0.150 0.3 0.996
7 5.0 0.80 400 0.050 0.3 0.996
8 5.0 0.80 400 0.100 0.3 0.996
9 5.0 0.80 400 0.150 0.3 0.996
10 4.5 0.08 400 0.050 0.5 0.996
11 4.5 0.08 400 0.100 0.5 0.996
12 4.5 0.08 400 0.150 0.5 0.996
13 4.5 0.06 400 0.050 0.5 0.996
14 4.5 0.06 400 0.100 0.5 0.996
15 4.5 0.06 400 0.150 0.5 0.996
16 4.5 0.03 400 0.050 0.5 0.996
17 4.5 0.03 400 0.100 0.5 0.996
18 4.5 0.03 400 0.150 0.5 0.996
19 4.0 2.00 100 0.001 0.5 0.996
20 4.0 2.00 100 0.010 0.5 0.996
21 4.0 2.00 100 0.100 0.5 0.996
22 4.0 1.80 100 0.001 0.5 0.996
23 4.0 1.80 100 0.010 0.5 0.996
24 4.0 1.80 100 0.100 0.5 0.996
25 4.0 1.00 100 0.001 0.5 0.996
26 4.0 1.00 100 0.010 0.5 0.996
27 4.0 1.00 100 0.100 0.5 0.996
28 4.5 0.03 400 0.050 0.5 0.996
29 4.5 0.03 400 0.100 0.5 0.996
30 4.5 0.03 400 0.150 0.5 0.996
31 5.0 0.80 400 0.050 0.3 0.996
32 5.0 0.80 400 0.100 0.3 0.996
33 5.0 0.80 400 0.150 0.3 0.996
34 4.0 1.00 100 0.001 0.5 0.996
35 4.0 1.00 100 0.010 0.5 0.996
36 4.0 1.00 100 0.100 0.5 0.996
37 1.0 0.05 50 0.001 0.5 0.100

LZSN: Lower Zone Storage Nominal (inches)

INFILT: Infiltration (inches per hour)

LSUR: Length of surface flow path (feet)

SLSUR: Slope of surface flow path (feet/feet)

KVARY: Variable groundwater recession

AGWRC: Active Groundwater Recession Constant (per day)
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Table 3. WWHM?2012 HSPF Pervious Parameter VValues — Part 11

PERLND No. | INFEXP INFILD | DEEPFR | BASETP | AGWETP
1 2 2 0 0 0.00
2 2 2 0 0 0.00
3 2 2 0 0 0.00
4 2 2 0 0 0.00
5 2 2 0 0 0.00
6 2 2 0 0 0.00
7 2 2 0 0 0.00
8 2 2 0 0 0.00
9 2 2 0 0 0.00
10 2 2 0 0 0.00
11 2 2 0 0 0.00
12 2 2 0 0 0.00
13 2 2 0 0 0.00
14 2 2 0 0 0.00
15 2 2 0 0 0.00
16 2 2 0 0 0.00
17 2 2 0 0 0.00
18 2 2 0 0 0.00
19 10 2 0 0 0.70
20 10 2 0 0 0.70
21 10 2 0 0 0.70
22 10 2 0 0 0.50
23 10 2 0 0 0.50
24 10 2 0 0 0.50
25 10 2 0 0 0.35
26 10 2 0 0 0.35
27 10 2 0 0 0.35
28 2 2 0 0 0.00
29 2 2 0 0 0.00
30 2 2 0 0 0.00
31 2 2 0 0 0.00
32 2 2 0 0 0.00
33 2 2 0 0 0.00
34 10 2 0 0 0.35
35 10 2 0 0 0.35
36 10 2 0 0 0.35
37 2 2 0 0 0.80

INFEXP: Infiltration Exponent

INFILD: Infiltration ratio (maximum to mean)

DEEPFR: Fraction of groundwater to deep aquifer or inactive storage
BASETP: Base flow (from groundwater) Evapotranspiration fraction

AGWETP: Active Groundwater Evapotranspiration fraction
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Table 4. WWHM2012 HSPF Pervious Parameter Values — Part 111

PERLND No. | CEPSC UZSN NSUR INTFW IRC LZETP
1 0.20 0.50 0.35 0.0 0.7 0.70
2 0.20 0.50 0.35 0.0 0.7 0.70
3 0.20 0.50 0.35 0.0 0.7 0.70
4 0.15 0.50 0.30 0.0 0.7 0.40
5 0.15 0.50 0.30 0.0 0.7 0.40
6 0.15 0.50 0.30 0.0 0.7 0.40
7 0.10 0.50 0.25 0.0 0.7 0.25
8 0.10 0.50 0.25 0.0 0.7 0.25
9 0.10 0.50 0.25 0.0 0.7 0.25
10 0.20 0.50 0.35 6.0 0.5 0.70
11 0.20 0.50 0.35 6.0 0.5 0.70
12 0.20 0.30 0.35 6.0 0.3 0.70
13 0.15 0.40 0.30 6.0 0.5 0.40
14 0.15 0.40 0.30 6.0 0.5 0.40
15 0.15 0.25 0.30 6.0 0.3 0.40
16 0.10 0.25 0.25 6.0 0.5 0.25
17 0.10 0.25 0.25 6.0 0.5 0.25
18 0.10 0.15 0.25 6.0 0.3 0.25
19 0.20 3.00 0.50 1.0 0.7 0.80
20 0.20 3.00 0.50 1.0 0.7 0.80
21 0.20 3.00 0.50 1.0 0.7 0.80
22 0.15 3.00 0.50 1.0 0.7 0.60
23 0.15 3.00 0.50 1.0 0.7 0.60
24 0.15 3.00 0.50 1.0 0.7 0.60
25 0.10 3.00 0.50 1.0 0.7 0.40
26 0.10 3.00 0.50 1.0 0.7 0.40
27 0.10 3.00 0.50 1.0 0.7 0.40
28 0.10 0.25 0.25 6.0 0.5 0.25
29 0.10 0.25 0.25 6.0 0.5 0.25
30 0.10 0.15 0.25 6.0 0.3 0.25
31 0.10 0.50 0.25 0.0 0.7 0.25
32 0.10 0.50 0.25 0.0 0.7 0.25
33 0.10 0.50 0.25 0.0 0.7 0.25
34 0.10 3.00 0.50 1.0 0.7 0.40
35 0.10 3.00 0.50 1.0 0.7 0.40
36 0.10 3.00 0.50 1.0 0.7 0.40
37 0.10 0.10 0.55 1.0 0.1 0.80

CEPSC: Interception storage (inches)

UZSN: Upper Zone Storage Nominal (inches)
NSUR: Surface roughness (Manning’s n)
INTFW: Interflow index

IRC: Interflow Recession Constant (per day)
LZETP: Lower Zone Evapotranspiration fraction
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Table 5. WWHM2012 HSPF Pervious Parameter VValues — Part 1V

PERLND No. | MELEV BELV | GWDATM PCW PGW UPGW
1 400 0 0 0.35 0.38 0.45
2 400 0 0 0.35 0.38 0.45
3 400 0 0 0.35 0.38 0.45
4 400 0 0 0.33 0.35 0.42
5 400 0 0 0.33 0.35 0.42
6 400 0 0 0.33 0.35 0.42
7 400 0 0 0.31 0.33 0.40
8 400 0 0 0.31 0.33 0.40
9 400 0 0 0.31 0.33 0.40
10 400 0 0 0.20 0.23 0.28
11 400 0 0 0.20 0.23 0.28
12 400 0 0 0.20 0.23 0.28
13 400 0 0 0.18 0.20 0.25
14 400 0 0 0.18 0.20 0.25
15 400 0 0 0.18 0.20 0.25
16 400 0 0 0.15 0.17 0.20
17 400 0 0 0.15 0.17 0.20
18 400 0 0 0.15 0.17 0.20
19 400 0 0 0.17 0.20 0.25
20 400 0 0 0.17 0.20 0.25
21 400 0 0 0.17 0.20 0.25
22 400 0 0 0.15 0.17 0.22
23 400 0 0 0.15 0.17 0.22
24 400 0 0 0.15 0.17 0.22
25 400 0 0 0.12 0.15 0.18
26 400 0 0 0.12 0.15 0.18
27 400 0 0 0.12 0.15 0.18
28 400 0 0 0.15 0.17 0.20
29 400 0 0 0.15 0.17 0.20
30 400 0 0 0.15 0.17 0.20
31 400 0 0 0.31 0.33 0.40
32 400 0 0 0.31 0.33 0.40
33 400 0 0 0.31 0.33 0.40
34 400 0 0 0.12 0.15 0.18
35 400 0 0 0.12 0.15 0.18
36 400 0 0 0.12 0.15 0.18
37 400 0 0 0.12 0.15 0.18

MELEV: Mean surface elevation of the land segment (feet)
BELV: Base elevation for active groundwater (feet)
GWDATM: Datum for the groundwater elevation (feet)
PCW: Cohesion Water Porosity (fraction)

PGW: Gravitational Water Porosity (fraction)

UPGW: Upper Gravitational Water porosity (fraction)
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Table 6. WWHM2012 HSPF Pervious Parameter VValues — Part VV

PERLND
No. STABNO | SRRC | SREXP | IFWSC | DELTA | UELFAC | LELFAC
1 1 0.1 0 4 0.2 4 2.5
2 1 0.1 0 4 0.2 4 2.5
3 1 0.1 0 4 0.2 4 2.5
4 1 0.1 0 4 0.2 4 2.5
5 1 0.1 0 4 0.2 4 2.5
6 1 0.1 0 4 0.2 4 2.5
7 1 0.1 0 4 0.2 4 2.5
8 1 0.1 0 4 0.2 4 2.5
9 1 0.1 0 4 0.2 4 2.5
10 1 0.1 0 4 0.2 4 2.5
11 1 0.1 0 4 0.2 4 25
12 1 0.1 0 4 0.2 4 2.5
13 1 0.1 0 4 0.2 4 2.5
14 1 0.1 0 4 0.2 4 2.5
15 1 0.1 0 4 0.2 4 2.5
16 1 0.1 0 4 0.2 4 2.5
17 1 0.1 0 4 0.2 4 2.5
18 1 0.1 0 4 0.2 4 2.5
19 1 0.1 0 4 0.2 4 2.5
20 1 0.1 0 4 0.2 4 2.5
21 1 0.1 0 4 0.2 4 2.5
22 1 0.1 0 4 0.2 4 2.5
23 1 0.1 0 4 0.2 4 2.5
24 1 0.1 0 4 0.2 4 2.5
25 1 0.1 0 4 0.2 4 2.5
26 1 0.1 0 4 0.2 4 2.5
27 1 0.1 0 4 0.2 4 2.5
28 1 0.1 0 4 0.2 4 2.5
29 1 0.1 0 4 0.2 4 2.5
30 1 0.1 0 4 0.2 4 2.5
31 1 0.1 0 4 0.2 4 2.5
32 1 0.1 0 4 0.2 4 2.5
33 1 0.1 0 4 0.2 4 2.5
34 1 0.1 0 4 0.2 4 2.5
35 1 0.1 0 4 0.2 4 2.5
36 1 0.1 0 4 0.2 4 25
37 1 0.1 0 4 0.2 4 2.5

STABNO: User's number for the FTABLE in the FTABLES block which contains the
outflow properties from the surface storage
SRRC: Surface Runoff Recession Constant (per hour)
SREXP: Surface Runoff Exponent
IFWSC: Maximum Interflow Storage Capacity when the groundwater elevation is greater
than the upper influence elevation (inches)
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DELTA: groundwater tolerance level used to determine transition between regions when
high water table conditions are being simulated

UELFAC: multiplier on UZSN which gives the upper zone capacity

LELFAC: multiplier on LZSN which gives the lower zone capacity

The selection of the Table 5 and Table 6 default parameter values is based on limited
application of these parameters in Western Washington by the staff of Clear Creek
Solutions, Inc. The parameter values should be used with caution and only after
consultation with the Department of Ecology. Different values should only be selected
following detailed local soil analysis, a thorough understanding of the parameters and
algorithms, and consultation with the Department of Ecology.

A description of the Table 5 and Table 6 parameters and algorithms is in a separate

document titled “WWHM2012 Description of HSPF High Groundwater Parameters”
available from the Washington State Department of Ecology.

148



Western Washington Hydrology Model 2012 User Manual

Table 7. WWHM2012 HSPF Pervious Parameter VValues — Part VI

PERLND No. CEPS | SURS | UZS IFWS LZS | AGWS | GWVS
1 0 0 0 0 3.0 1 0
2 0 0 0 0 3.0 1 0
3 0 0 0 0 3.0 1 0
4 0 0 0 0 3.0 1 0
5 0 0 0 0 3.0 1 0
6 0 0 0 0 3.0 1 0
7 0 0 0 0 3.0 1 0
8 0 0 0 0 3.0 1 0
9 0 0 0 0 3.0 1 0
10 0 0 0 0 2.5 1 0
11 0 0 0 0 2.5 1 0
12 0 0 0 0 2.5 1 0
13 0 0 0 0 2.5 1 0
14 0 0 0 0 2.5 1 0
15 0 0 0 0 2.5 1 0
16 0 0 0 0 2.5 1 0
17 0 0 0 0 2.5 1 0
18 0 0 0 0 2.5 1 0
19 0 0 0 0 4.2 1 0
20 0 0 0 0 4.2 1 0
21 0 0 0 0 4.2 1 0
22 0 0 0 0 4.2 1 0
23 0 0 0 0 4.2 1 0
24 0 0 0 0 4.2 1 0
25 0 0 0 0 4.2 1 0
26 0 0 0 0 4.2 1 0
27 0 0 0 0 4.2 1 0
28 0 0 0 0 2.5 1 0
29 0 0 0 0 2.5 1 0
30 0 0 0 0 2.5 1 0
31 0 0 0 0 3.0 1 0
32 0 0 0 0 3.0 1 0
33 0 0 0 0 3.0 1 0
34 0 0 0 0 4.2 1 0
35 0 0 0 0 4.2 1 0
36 0 0 0 0 4.2 1 0
37 0 0 0 0 0.5 0 0

CEPS: Initial interception storage (inches)

SURS: Initial surface runoff (inches)

UZS: Initial Upper Zone Storage (inches)

IFWS: Initial interflow (inches)

LZS: Initial Lower Zone Storage (inches)

AGWS: Initial Active Groundwater storage (inches)

GWVS: Initial Groundwater Vertical Slope (feet/feet)

149




Western Washington Hydrology Model 2012 User Manual

This page has been intentionally left blank.

150



Western Washington Hydrology Model 2012 User Manual

APPENDIX C: DEFAULT WWHM2012 HSPF IMPERVIOUS PARAMETER
VALUES (except CLARK COUNTY)

The default WWHM2012 HSPF impervious parameter values are found in the
WWHM2012 file defaultpers.uci.

The default WWHMZ2012 HSPF impervious parameter values are based on the USGS
report:

Dinicola, R.S. 1990. Characterization and Simulation of Rainfall-Runoff Relations for
Headwater Basins in Western King and Snohomish Counties, Washington. Water-
Resources Investigations Report 89-4052. U.S. Geological Survey. Tacoma, WA.

For some parameters the default WWHM2012 HSPF impervious parameter values have
been modified from the values listed in the USGS report. These modifications are based
on the professional judgment and experience of Clear Creek Solutions staff in modeling
Western Washington watersheds with HSPF.

HSPF parameter documentation is found in the document:

Bicknell, B.R., J.C. Imhoff, J.L. Kittle Jr, T.H. Jobes, and A.S. Donigian Jr. 2001.
Hydrological Simulation Program — Fortran, User’s Manual for Version 12. AQUA
TERRA Consultants. Mountain View, CA.

Table 1. WWHM2012 Impervious Land Types

IMPLND No. | Impervious Surface | Slope
1 Roads Flat
2 Roads Moderate
3 Roads Steep
4 Roofs Flat
5 Driveways Flat
6 Driveways Moderate
7 Driveways Steep
8 Sidewalks Flat
9 Sidewalks Moderate
10 Sidewalks Steep
11 Parking Flat
12 Parking Moderate
13 Parking Steep
14 Pond Flat
15 Porous Pavement user defined
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Table 2. WWHMZ2012 HSPF Impervious Parameter Values — Part |

IMPLND No. | LSUR | SLSUR | NSUR | RETSC
1 400 0.01 0.10 0.10
2 400 0.05 0.10 0.08
3 400 0.10 0.10 0.05
4 400 0.01 0.10 0.10
5 400 0.01 0.10 0.10
6 400 0.05 0.10 0.08
7 400 0.10 0.10 0.05
8 400 0.01 0.10 0.10
9 400 0.05 0.10 0.08
10 400 0.10 0.10 0.05
11 400 0.01 0.10 0.10
12 400 0.05 0.10 0.08
13 400 0.10 0.10 0.05
14 400 0.01 0.10 0.10
15 400 0.01 0.10 0.00

LSUR: Length of surface flow path (feet) for impervious area
SLSUR: Slope of surface flow path (feet/feet) for impervious area
NSUR: Surface roughness (Manning’s n) for impervious area
RETSC: Surface retention storage (inches) for impervious area
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Table 3. WWHM2012 HSPF Impervious Parameter VValues — Part 11

IMPLND No.
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RETSC: Initial surface retention storage (inches) for impervious area
SURS: Initial surface runoff (inches) for impervious area
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APPENDIX D: DEFAULT WWHM2012 HSPF PERVIOUS PARAMETER
VALUES FOR CLARK COUNTY

The default WWHM2012 HSPF pervious parameter values are found in the
WWHM2012 file defaultpers.uci.

The default WWHMZ2012 HSPF pervious parameter values for Clark County are based
on the report:

Beyerlein, D.C. 2010. Hydrologic Modeling of Clark County Watersheds with the U.S.
EPA Hydrologic Simulation Program — FORTRAN (HSPF) Final Report (Revised).
Clear Creek Solutions, Inc., Mill Creek, WA.

HSPF parameter documentation is found in the document:

Bicknell, B.R., J.C. Imhoff, J.L. Kittle Jr, T.H. Jobes, and A.S. Donigian Jr. 2001.
Hydrological Simulation Program — Fortran, User’s Manual for Version 12. AQUA
TERRA Consultants. Mountain View, CA.

The soils of Clark County were classified into five different groups based on soil
characteristics. From a hydrologic calibration perspective, the most important soil
characteristic is infiltration. Therefore, infiltration rates and soil moisture storage
capability played the major role in the selection of the soils for each of the five groups.
The five groups are:

Soil Group 1: Excessively Drained Soils (Hydrologic Soil Groups A & B)

Soil Group 2: Well Drained Soils (Hydrologic Soil Group B)

Soil Group 3: Moderately Drained Soils (Hydrologic Soil Groups B & C)

Soil Group 4: Poorly Drained Soils (Slowly Infiltrating C Soils, As Well As D Soils)
Soil Group 5: Wetlands Soils (Mucks)

Table 1 lists the soils within each group.

Land slopes were divided into three groups: flat (0-5%), moderate (5-15%), and steep
(>15%).
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Table 1. Clark County Soil Groups
Depth from
Map Symbol Soil Name HSG | SCS Permeability (in/hr) Dominant USDA Texture surface
Soil Group 1
LeB LAUREN B 0.63 - 2.0 (6.3 - 20 deeper than 33in) | Very Gravelly Coarse Sandy Loam 33-70
LgB LAUREN B 0.63-2.0 (6.3 - 20 deeper than 33in) | Very Gravelly Coarse Sandy Loam 33-70
LgD LAUREN B 0.63 - 2.0 (6.3 - 20 deeper than 33in) | Very Gravelly Coarse Sandy Loam 33-70
LgF LAUREN B 0.63 - 2.0 (6.3 - 20 deeper than 33in) | Very Gravelly Coarse Sandy Loam 33-70
LIB LAUREN B 0.63 - 2.0 (6.3 - 20 deeper than 33in) | Very Gravelly Coarse Sandy Loam 33-70
Ro ROUGH BROKEN LAND A Too variable
SvA SIFTON B 2.0 - 6.3 (>20 deeper than 16in) Very Gravelly Loamy Coarse Sand and Very Gravelly Coarse Sand 10-60 inches
WnB WIND RIVER VARTANT B 6.3-20 Loamy Coarse Sand and Coarse Sand 24-62 inches
WnD WIND RIVER VARIANT B 6.3 -20 Loamy Coarse Sand and Coarse Sand 24-62 inches
WnG WIND RIVER VARTANT B 6.3-20 Loamy Coarse Sand and Coarse Sand 24-62 inches
WrB WIND RIVER VARIANT B 6.3-20 Loamy Coarse Sand and Coarse Sand 24-62 inches
WrF WIND RIVER VARIANT B 6.3 -20 Loamy Coarse Sand and Coarse Sand 24-62 inches
PITS A
BONNEVILLE STONY SAND LOAM A
Soil Group 2
BpB BEAR PRARIE B 0.63-2.0 Gravelly Loam 51-75 inches
BpC BEAR PRARIE B 0.63-2.0 Gravelly Loam 51-75 inches
CnB CINEBAR B 0.63-2.0 Silt Loam and Loam 0-65 inches
CnD CINEBAR B 0.63-2.0 Silt Loam and Loam 0-65 inches
CnE CINEBAR B 0.63-2.0 Silt Loam and Loam 0-65 inches
CnG CINEBAR B 0.63-2.0 Silt Loam and Loam 0-65 inches
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Depth from

Map Symbol Soil Name HSG [ SCS Permeability (in/hr) Dominant USDA Texture surface
CtE CINEBAR B 0.63-2.0 Silt Loam 0-60 inches
CrG CINEBAR B 0.63-2.0 Silt Loam 0-60 inches
CsF CISPUS B >20 Very Cobbly Sand 24-53 inches
CtA CLOQUATO B >6.3 Sandy loam and sand 40-72 inches
HIA HILLSBORO B 2.0-6.3 Sandy loam and sand 36-62 inches
HIB HILLSBORO B 2.0-6.3 Sandy loam and sand 36-62 inches
HIC HILLSBORO B 2.0-6.3 Sandy loam and sand 36-62 inches
HID HILLSBORO B 2.0-6.3 Sandy loam and sand 36-62 inches
HIE HILLSBORO B 2.0-6.3 Sandy loam and sand 36-62 inches
HIF HILLSBORO B 2.0-6.3 Sandy loam and sand 36-62 inches
KeC KINNEY B 0.63-2.0 Gravelly silt loam, gravelly silty clay loam, and gravelly clay loam 0-60 inches
KeE KINNEY B 0.63-2.0 Gravelly silt loam, gravelly silty clay loam, and gravelly clay loam 0-60 inches
KeF KINNEY B 0.63-2.0 Gravelly silt loam, gravelly silty clay loam, and gravelly clay loam 0-60 inches
KnF KINNEY B 0.63-2.0 Gravelly silt loam, gravelly silty clay loam, and gravelly clay loam 0-60 inches
LaE LARCHMOUNT B 0.63-2.0 Cobbly Silt Loam and Clay Loam 0-62 inches
TLaG LARCHMOUNT B 0.63-2.0 Cobbly Silt Loam and Clay Loam 0-62 inches
LcG LARCHMOUNT B 0.63-2.0 Silty Loam and Clay Loam 0-62 inches
MsB MOSSYROCK B 0.63-2.0 Silt Loam 23-60 inches
NbA NEWBERG B 2.0-6.3 Fine Sandy Loam and Sandy Loam 7-52 inches
NbB NEWBERG B 2.0-6.3 Fine Sandy Loam and Sandy Loam 7-52 inches
PhB PILCHUCK C 6.3-20 Fine Sand 0-60 inches
PuA PUYALLUP B 6.3 -20 Gravelly Sand 27-60 inches
SaC SALKUM B 0.06 - 0.20 Heavy Silty Clay Loam 31-55 inches
VaB VADER B 2.0-6.3 Silt Loam and Loam 0-30 inches
VaC VADER B 2.0-6.3 Silt Loam and Loam 0-30 inches

157




Western Washington Hydrology Model 2012 User Manual

Depth from
Map Symbol Soil Name HSG [ SCS Permeability (in/hr) Dominant USDA Texture surface
WaA WASHOUGAL B 0.63-2.0 Very Gravelly Loam and Very Gravelly Coarse Sandy Loam 22-36 inches
WeB WASHOUGAL B 0.63-2.0 Very Gravelly Loam and Very Gravelly Coarse Sandy Loam 22-36 inches
WgeE WASHOUGAL B 0.63-2.0 Very Gravelly Loam and Very Gravelly Coarse Sandy Loam 22-36 inches
WhF WASHOUGAL B 0.63-2.0 Very Gravelly Loam and Very Gravelly Coarse Sandy Loam 22-36 inches
YaA YACOLT B 0.63-2.0 Cobbly Loam 39-61 inches
YaC YACOLT B 0.63-2.0 Cobbly Loam 39-61 inches
YcB YACOLT B 0.63-2.0 Cobbly Loam 39-61 inches
Soil Group 3

DoB DOLLAR C <0.06 Loam 32-60 inches
HcB HESSON C 0.2-0.63 Clay 22-91 inches
HcD HESSON C 0.2-0.63 Clay 22-91 inches
HcE HESSON C 0.2-0.63 Clay 22-91 inches
HcF HESSON C 0.2-0.63 Clay 22-91 inches
HgB HESSON C 0.2-0.63 Gravelly Clay 22-91 inches
HeD HESSON C 0.2-0.63 Gravelly Clay 22-91 inches
HhE HESSON C 0.2-0.63 Gravelly Clay 22-91 inches
HoA HILLSBORO B 0.63-2.0 Silt Loam 0-86 inches
HoB HILLSBORO B 0.63-2.0 Silt Loam 0-86 inches
HoC HILLSBORO B 0.63-2.0 Silt Loam 0-86 inches
HoD HILLSBORO B 0.63-2.0 Silt Loam 0-86 inches
HoE HILLSBORO B 0.63-2.0 Silt Loam 0-86 inches
HoG HILLSBORO B 0.63-2.0 Silt Loam 0-86 inches
HsB HILLSBORO B 0.63-2.0 Silt Loam 0-86 inches
McB McBEE C 0.63-2.0 Silty Clay Loam, Clay 0-65 inches
MeA McBEE C 0.63-2.0 Silty Clay Loam, Clay 0-65 inches
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Depth from
Map Symbol Soil Name HSG | SCS Permeability (in/hr) Dominant USDA Texture surface
MIA McBEE C 0.63 - 2.0 (>20 deeper than 44in) Gravelly Fine Sandy Loam 19-44 inches
OeD OLEQUA B 0.2-0.63 Heavy Silt Loam and Silty Clay Loam 17-90 inches
OeE OLEQUA B 0.2-0.63 Heavy Silt Loam and Silty Clay Loam 17-90 inches
OcF OLEQUA B 0.2-0.63 Heavy Silt Loam and Silty Clay Loam 17-90 inches
olB OLYMPIC B 0.2-0.63 Gravelly Clay Loam 44-59 inches
OID OLYMPIC B 0.2-0.63 Gravelly Clay Loam 44-59 inches
OlE OLYMPIC B 0.2-0.63 Gravelly Clay Loam 44-59 inches
OIF OLYMPIC B 0.2-0.63 Gravelly Clay Loam 44-59 inches
OmE OLYMPIC B 0.2-0.63 Gravelly Clay Loam 44-59 inches
OmF OLYMPIC B 0.2-0.63 Gravelly Clay Loam 44-59 inches
OpC OLYMPIC VARIANT C 0.2-0.63 Heavy Clay Loam and Heavy silty Clay Loam 0-33 inches
OpE OLYMPIC VARIANT C 0.2-0.63 Fractured Basalt 0-33 inches
OpG OLYMPIC VARIANT C 0.2-0.63 Fractured Basalt 0-33 inches
OrC OLYMPIC VARIANT C 0.2-0.63 Fractured Basalt 0-33 inches
PoB POWELL C 0.06 - 0.20 Silt Loam 23-63 inches
PoD POWELL C 0.06-0.20 Silt Loam 23-63 inches
PoE POWELL C 0.06 - 0.20 Silt Loam 23-63 inches
SmA SAUVIE B 0.2-0.63 Silty Clay Loam and Silt Loam 0-63 inches
SmB SAUVIE B 0.2-0.63 Silty Clay Loam and Silt Loam 0-63 inches
SnA SAUVIE D 2.0-6.3 Fine Sandy Loam 36-63 inches
SpB SAUVIE B 0.2-0.63 Silty Clay Loam and Silt Loam 0-63 inches
Soil Group 4

CvA COVE D 0.06 - 0.20 Gravelly Silty Clay Loam 21-60 inches
CwA COVE D 0.06 - 0.20 Silt Loam 21-60 inches
GeB GEE C <0.06 Silty Clay Loam 22-72 inches
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Depth from
Map Symbol Soil Name HSG [ SCS Permeability (in/hr) Dominant USDA Texture surface
GeD GEE C <0.06 Silty Clay Loam 22-72 inches
GeE GEE C <0.06 Silty Clay Loam 22-72 inches
GeF GEE C <0.06 Silty Clay Loam 22-72 inches
GuB GUMBOOT D 0.06-0.2 Gravelly Silty Clay Loam, Clay Loam 12-50 inches
HtA HOCKINSON D 0.06-0.2 Fine Sandy Loam and Loam 23-51 inches
HuB HOCKINSON D 0.06-0.2 Fine Sandy Loam and Loam 23-51 inches
HvA HOCKINSON D 0.06-0.2 Fine Sandy Loam and Loam 23-51 inches
LrC LAUREN C <0.06 Very Gravelly Clay Loam 14-60 inches
LtF LAUREN C <0.06 Very Gravelly Clay Loam 14-60 inches
MnA MINNIECE D <0.06 Silty Clay and Clay Basalt Bedrock 0-48 inches
MnD MINNIECE D <0.06 Silty Clay and Clay Basalt Bedrock 0-48 inches
MoA MINNIECE VARIANT D <0.06 Very Gravelly Clay Loam 22-60 inches
0OdB ODNE D <0.06 Silt Loam, silty Clay Loam, Clay Loam, and Loam 0-50 inches
OhD OLEQUA VARIANT C <0.06 Silty Clay and Clay 32-82 inches
OhF OLEQUA VARIANT C <0.06 Silty Clay and Clay 32-82 inches
SIB SARA D <0.06 Heavy Silty Clay Loam and Silty Clay 10-70 inches
SID SARA D <0.06 Heavy Silty Clay Loam and Silty Clay 10-70 inches
SIF SARA D <0.06 Heavy Silty Clay Loam and Silty Clay 10-70 inches
Soil Group 5

St SEMIAHMOO C 0.63-2.0 Muck 0-40 inches
Su SEMIAHMOO VARIANT D 0.63-2.0 Muck 0-30 inches
ThA TISCH D 0.2-0.63 Muck 31-45 inches
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Table 2. WWHM2012 Pervious Land Types

PERLND No. | Soil Vegetation/Surface | Slope
1 Soil Group 1 Forest Flat
2 Soil Group 1 Forest Moderate
3 Soil Group 1 Forest Steep
4 Soil Group 1 Field Flat
5 Soil Group 1 Field Moderate
6 Soil Group 1 Field Steep
7 Soil Group 1 Lawn Flat
8 Soil Group 1 Lawn Moderate
9 Soil Group 1 Lawn Steep
10 Soil Group 2 Forest Flat
11 Soil Group 2 Forest Moderate
12 Soil Group 2 Forest Steep
13 Soil Group 2 Field Flat
14 Soil Group 2 Field Moderate
15 Soil Group 2 Field Steep
16 Soil Group 2 Lawn Flat
17 Soil Group 2 Lawn Moderate
18 Soil Group 2 Lawn Steep
19 Soil Group 3 Forest Flat
20 Soil Group 3 Forest Moderate
21 Soil Group 3 Forest Steep
22 Soil Group 3 Field Flat
23 Soil Group 3 Field Moderate
24 Soil Group 3 Field Steep
25 Soil Group 3 Lawn Flat
26 Soil Group 3 Lawn Moderate
27 Soil Group 3 Lawn Steep
28 Soil Group 4 Forest Flat
29 Soil Group 4 Forest Moderate
30 Soil Group 4 Forest Steep
31 Soil Group 4 Field Flat
32 Soil Group 4 Field Moderate
33 Soil Group 4 Field Steep
34 Soil Group 4 Lawn Flat
35 Soil Group 4 Lawn Moderate
36 Soil Group 4 Lawn Steep
37 Soil Group 5 Forest Flat
38 Soil Group 5 Forest Moderate
39 Soil Group 5 Forest Steep
40 Soil Group 5 Field Flat
41 Soil Group 5 Field Moderate
42 Soil Group 5 Field Steep
43 Soil Group 5 Lawn Flat
44 Soil Group 5 Lawn Moderate
45 Soil Group 5 Lawn Steep
46 n/a Green/Eco-Roof user defined
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Table 3. WWHM2012 HSPF Pervious Parameter VValues — Part |

PERLND No. LZSN INFILT LSUR | SLSUR | KVARY | AGWRC
1 12.0 2.00 400 0.050 0.0 0.960
2 12.0 2.00 400 0.100 0.0 0.960
3 12.0 2.00 400 0.150 0.0 0.960
4 12.0 1.50 400 0.050 0.0 0.960
5 12.0 1.50 400 0.100 0.0 0.960
6 12.0 1.50 400 0.150 0.0 0.960
7 12.0 1.00 400 0.050 0.0 0.960
8 12.0 1.00 400 0.100 0.0 0.960
9 12.0 1.00 400 0.150 0.0 0.960
10 11.0 0.20 400 0.050 0.0 0.960
11 11.0 0.20 400 0.100 0.0 0.960
12 11.0 0.20 400 0.150 0.0 0.960
13 11.0 0.15 400 0.050 0.0 0.960
14 11.0 0.15 400 0.100 0.0 0.960
15 11.0 0.15 400 0.150 0.0 0.960
16 11.0 0.10 400 0.050 0.0 0.960
17 11.0 0.10 400 0.100 0.0 0.960
18 11.0 0.10 400 0.150 0.0 0.960
19 6.0 0.08 100 0.050 0.0 0.960
20 6.0 0.08 100 0.100 0.0 0.960
21 6.0 0.08 100 0.150 0.0 0.960
22 6.0 0.06 100 0.050 0.0 0.960
23 6.0 0.06 100 0.100 0.0 0.960
24 6.0 0.06 100 0.150 0.0 0.960
25 6.0 0.05 100 0.050 0.0 0.960
26 6.0 0.05 100 0.100 0.0 0.960
27 6.0 0.05 100 0.150 0.0 0.960
28 6.0 0.04 400 0.050 0.0 0.960
29 6.0 0.04 400 0.100 0.0 0.960
30 6.0 0.04 400 0.150 0.0 0.960
31 6.0 0.03 400 0.050 0.0 0.960
32 6.0 0.03 400 0.100 0.0 0.960
33 6.0 0.03 400 0.150 0.0 0.960
34 6.0 0.02 400 0.050 0.0 0.960
35 6.0 0.02 400 0.100 0.0 0.960
36 6.0 0.02 400 0.150 0.0 0.960
37 6.0 0.50 100 0.001 0.0 0.960
38 6.0 0.50 100 0.010 0.0 0.960
39 6.0 0.50 100 0.100 0.0 0.960
40 6.0 0.40 100 0.001 0.0 0.960
41 6.0 0.40 100 0.010 0.0 0.960
42 6.0 0.40 100 0.100 0.0 0.960
43 6.0 0.30 100 0.001 0.0 0.960
44 6.0 0.30 100 0.010 0.0 0.960
45 6.0 0.30 100 0.100 0.0 0.960
46 1.0 0.05 50 0.001 0.5 0.100
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LZSN: Lower Zone Storage Nominal (inches)

INFILT: Infiltration (inches per hour)

LSUR: Length of surface flow path (feet)

SLSUR: Slope of surface flow path (feet/feet)

KVARY: Variable groundwater recession

AGWRC: Active Groundwater Recession Constant (per day)

163



Western Washington Hydrology Model 2012 User Manual

Table 4. WWHM?2012 HSPF Pervious Parameter VValues — Part 11

PERLND No. | INFEXP INFILD | DEEPFR | BASETP | AGWETP
1 2.0 2 0 0 0.00
2 2.0 2 0 0 0.00
3 2.0 2 0 0 0.00
4 2.0 2 0 0 0.00
5 2.0 2 0 0 0.00
6 2.0 2 0 0 0.00
7 2.0 2 0 0 0.00
8 2.0 2 0 0 0.00
9 2.0 2 0 0 0.00
10 2.0 2 0 0 0.00
11 2.0 2 0 0 0.00
12 2.0 2 0 0 0.00
13 2.0 2 0 0 0.00
14 2.0 2 0 0 0.00
15 2.0 2 0 0 0.00
16 2.0 2 0 0 0.00
17 2.0 2 0 0 0.00
18 2.0 2 0 0 0.00
19 2.5 2 0 0 0.00
20 2.5 2 0 0 0.00
21 2.5 2 0 0 0.00
22 2.5 2 0 0 0.00
23 2.5 2 0 0 0.00
24 2.5 2 0 0 0.00
25 2.5 2 0 0 0.00
26 2.5 2 0 0 0.00
27 2.5 2 0 0 0.00
28 3.0 2 0 0 0.00
29 3.0 2 0 0 0.00
30 3.0 2 0 0 0.00
31 3.0 2 0 0 0.00
32 3.0 2 0 0 0.00
33 3.0 2 0 0 0.00
34 3.0 2 0 0 0.00
35 3.0 2 0 0 0.00
36 3.0 2 0 0 0.00
37 10.0 2 0 0 0.70
38 10.0 2 0 0 0.70
39 10.0 2 0 0 0.70
40 10.0 2 0 0 0.50
41 10.0 2 0 0 0.50
42 10.0 2 0 0 0.50
43 10.0 2 0 0 0.35
44 10.0 2 0 0 0.35
45 10.0 2 0 0 0.35
46 2.0 2 0 0 0.80
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INFEXP: Infiltration Exponent

INFILD: Infiltration ratio (maximum to mean)

DEEPFR: Fraction of groundwater to deep aquifer or inactive storage
BASETP: Base flow (from groundwater) Evapotranspiration fraction
AGWETP: Active Groundwater Evapotranspiration fraction
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Table 5. WWHM2012 HSPF Pervious Parameter Values — Part 111

PERLND No. | CEPSC UZSN NSUR INTFW IRC LZETP
1 0.20 1.50 0.35 0.0 0.4 0.70
2 0.20 1.50 0.35 0.0 04 0.70
3 0.20 1.50 0.35 0.0 04 0.70
4 0.15 1.50 0.30 0.0 04 0.40
5 0.15 1.50 0.30 0.0 0.4 0.40
6 0.15 1.50 0.30 0.0 0.4 0.40
7 0.10 1.30 0.25 0.0 04 0.25
8 0.10 1.30 0.25 0.0 04 0.25
9 0.10 1.30 0.25 0.0 0.4 0.25
10 0.20 1.40 0.35 1.0 0.4 0.70
11 0.20 1.40 0.35 1.0 0.4 0.70
12 0.20 1.40 0.35 1.0 04 0.70
13 0.15 1.40 0.30 1.0 04 0.40
14 0.15 1.40 0.30 1.0 0.4 0.40
15 0.15 1.40 0.30 1.0 0.4 0.40
16 0.10 1.20 0.25 1.0 0.4 0.25
17 0.10 1.20 0.25 1.0 04 0.25
18 0.10 1.20 0.25 1.0 04 0.25
19 0.20 1.00 0.35 4.0 0.4 0.70
20 0.20 1.00 0.35 4.0 0.4 0.70
21 0.20 1.00 0.35 4.0 0.4 0.70
22 0.15 1.00 0.30 4.0 04 0.40
23 0.15 1.00 0.30 4.0 04 0.40
24 0.15 1.00 0.30 4.0 0.4 0.40
25 0.10 0.80 0.25 4.0 0.4 0.25
26 0.10 0.80 0.25 4.0 04 0.25
27 0.10 0.80 0.25 4.0 04 0.25
28 0.20 0.40 0.35 2.0 04 0.70
29 0.20 0.40 0.35 2.0 0.4 0.70
30 0.20 0.40 0.35 2.0 0.4 0.70
31 0.15 0.40 0.30 2.0 04 0.40
32 0.15 0.40 0.30 2.0 04 0.40
33 0.15 0.40 0.30 2.0 04 0.40
34 0.10 0.20 0.25 2.0 0.4 0.25
35 0.10 0.20 0.25 2.0 0.4 0.25
36 0.10 0.20 0.25 2.0 04 0.25
37 0.20 3.00 0.50 1.0 0.7 0.80
38 0.20 3.00 0.50 1.0 0.7 0.80
39 0.20 3.00 0.50 1.0 0.7 0.80
40 0.15 3.00 0.50 1.0 0.7 0.60
41 0.15 3.00 0.50 1.0 0.7 0.60
42 0.15 3.00 0.50 1.0 0.7 0.60
43 0.10 3.00 0.50 1.0 0.7 0.40
44 0.10 3.00 0.50 1.0 0.7 0.40
45 0.10 3.00 0.50 1.0 0.7 0.40
46 0.10 0.10 0.55 1.0 0.1 0.80
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CEPSC: Interception storage (inches)

UZSN: Upper Zone Storage Nominal (inches)
NSUR: Surface roughness (Manning’s n)
INTFW: Interflow index

IRC: Interflow Recession Constant (per day)
LZETP: Lower Zone Evapotranspiration fraction
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Table 6. WWHM2012 HSPF Pervious Parameter VValues — Part 1V

PERLND No. | MELEV BELV | GWDATM PCW PGW UPGW
1 400 0 0 0.35 0.38 0.45
2 400 0 0 0.35 0.38 0.45
3 400 0 0 0.35 0.38 0.45
4 400 0 0 0.33 0.35 0.42
5 400 0 0 0.33 0.35 0.42
6 400 0 0 0.33 0.35 0.42
7 400 0 0 0.31 0.33 0.40
8 400 0 0 0.31 0.33 0.40
9 400 0 0 0.31 0.33 0.40
10 400 0 0 0.35 0.38 0.45
11 400 0 0 0.35 0.38 0.45
12 400 0 0 0.35 0.38 0.45
13 400 0 0 0.33 0.35 0.42
14 400 0 0 0.33 0.35 0.42
15 400 0 0 0.33 0.35 0.42
16 400 0 0 0.31 0.33 0.40
17 400 0 0 0.31 0.33 0.40
18 400 0 0 0.31 0.33 0.40
19 400 0 0 0.20 0.23 0.28
20 400 0 0 0.20 0.23 0.28
21 400 0 0 0.20 0.23 0.28
22 400 0 0 0.18 0.20 0.25
23 400 0 0 0.18 0.20 0.25
24 400 0 0 0.18 0.20 0.25
25 400 0 0 0.15 0.17 0.20
26 400 0 0 0.15 0.17 0.20
27 400 0 0 0.15 0.17 0.20
28 400 0 0 0.20 0.23 0.28
29 400 0 0 0.20 0.23 0.28
30 400 0 0 0.20 0.23 0.28
31 400 0 0 0.18 0.20 0.25
32 400 0 0 0.18 0.20 0.25
33 400 0 0 0.18 0.20 0.25
34 400 0 0 0.15 0.17 0.20
35 400 0 0 0.15 0.17 0.20
36 400 0 0 0.15 0.17 0.20
37 400 0 0 0.17 0.20 0.25
38 400 0 0 0.17 0.20 0.25
39 400 0 0 0.17 0.20 0.25
40 400 0 0 0.15 0.17 0.22
41 400 0 0 0.15 0.17 0.22
42 400 0 0 0.15 0.17 0.22
43 400 0 0 0.12 0.15 0.18
44 400 0 0 0.12 0.15 0.18
45 400 0 0 0.12 0.15 0.18
46 400 0 0 0.12 0.15 0.18
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MELEV: Mean surface elevation of the land segment (feet)
BELYV: Base elevation for active groundwater (feet)
GWDATM: Datum for the groundwater elevation (feet)
PCW: Cohesion Water Porosity (fraction)

PGW: Gravitational Water Porosity (fraction)

UPGW: Upper Gravitational Water porosity (fraction)
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Table 7. WWHM2012 HSPF Pervious Parameter Values — Part V

PERLND
No. STABNO | SRRC | SREXP | IFWSC | DELTA | UELFAC | LELFAC
1 1 0.1 0 4 0.2 4 2.5
2 1 0.1 0 4 0.2 4 2.5
3 1 0.1 0 4 0.2 4 2.5
4 1 0.1 0 4 0.2 4 2.5
5 1 0.1 0 4 0.2 4 2.5
6 1 0.1 0 4 0.2 4 2.5
7 1 0.1 0 4 0.2 4 2.5
8 1 0.1 0 4 0.2 4 2.5
9 1 0.1 0 4 0.2 4 2.5
10 1 0.1 0 4 0.2 4 2.5
11 1 0.1 0 4 0.2 4 2.5
12 1 0.1 0 4 0.2 4 2.5
13 1 0.1 0 4 0.2 4 2.5
14 1 0.1 0 4 0.2 4 2.5
15 1 0.1 0 4 0.2 4 2.5
16 1 0.1 0 4 0.2 4 2.5
17 1 0.1 0 4 0.2 4 2.5
18 1 0.1 0 4 0.2 4 2.5
19 1 0.1 0 4 0.2 4 2.5
20 1 0.1 0 4 0.2 4 2.5
21 1 0.1 0 4 0.2 4 2.5
22 1 0.1 0 4 0.2 4 2.5
23 1 0.1 0 4 0.2 4 2.5
24 1 0.1 0 4 0.2 4 2.5
25 1 0.1 0 4 0.2 4 2.5
26 1 0.1 0 4 0.2 4 2.5
27 1 0.1 0 4 0.2 4 2.5
28 1 0.1 0 4 0.2 4 2.5
29 1 0.1 0 4 0.2 4 2.5
30 1 0.1 0 4 0.2 4 2.5
31 1 0.1 0 4 0.2 4 2.5
32 1 0.1 0 4 0.2 4 2.5
33 1 0.1 0 4 0.2 4 25
34 1 0.1 0 4 0.2 4 2.5
35 1 0.1 0 4 0.2 4 2.5
36 1 0.1 0 4 0.2 4 2.5
37 1 0.1 0 4 0.2 4 2.5
38 1 0.1 0 4 0.2 4 2.5
39 1 0.1 0 4 0.2 4 2.5
40 1 0.1 0 4 0.2 4 2.5
41 1 0.1 0 4 0.2 4 2.5
42 1 0.1 0 4 0.2 4 2.5
43 1 0.1 0 4 0.2 4 25
44 1 0.1 0 4 0.2 4 2.5
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STABNO: User's number for the FTABLE in the FTABLES block which contains the
outflow properties from the surface storage

SRRC: Surface Runoff Recession Constant (per hour)

SREXP: Surface Runoff Exponent

IFWSC: Maximum Interflow Storage Capacity when the groundwater elevation is greater
than the upper influence elevation (inches)

DELTA: groundwater tolerance level used to determine transition between regions when
high water table conditions are being simulated

UELFAC: multiplier on UZSN which gives the upper zone capacity

LELFAC: multiplier on LZSN which gives the lower zone capacity

The selection of the Table 6 and Table 7 default parameter values is based on limited
application of these parameters in Western Washington by the staff of Clear Creek
Solutions, Inc.. The parameter values should be used with caution and only after
consultation with the Department of Ecology. Different values should only be selected
following detailed local soil analysis, a thorough understanding of the parameters and
algorithms, and consultation with the Department of Ecology.

A description of the Table 6 and Table 7 parameters and algorithms is in a separate
document titled “WWHMZ2012 Description of HSPF High Groundwater Parameters”
available from the Washington State Department of Ecology.
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Table 8. WWHM?2012 HSPF Pervious Parameter VValues — Part VI

LZS | AGWS | GWVS
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CEPS: Initial interception storage (inches)

SURS: Initial surface runoff (inches)

UZS: Initial Upper Zone Storage (inches)

IFWS: Initial interflow (inches)

LZS: Initial Lower Zone Storage (inches)

AGWS: Initial Active Groundwater storage (inches)
GWVS: Initial Groundwater Vertical Slope (feet/feet)
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APPENDIX E: DEFAULT WWHM2012 HSPF IMPERVIOUS PARAMETER
VALUES FOR CLARK COUNTY

The default WWHM2012 HSPF impervious parameter values are found in the
WWHM2012 file defaultpers.uci.

The default WWHM2012 HSPF impervious parameter values for Clark County are based
on the report:

Beyerlein, D.C. 2010. Hydrologic Modeling of Clark County Watersheds with the U.S.
EPA Hydrologic Simulation Program — FORTRAN (HSPF) Final Report (Revised).
Clear Creek Solutions, Inc., Mill Creek, WA.

HSPF parameter documentation is found in the document:

Bicknell, B.R., J.C. Imhoff, J.L. Kittle Jr, T.H. Jobes, and A.S. Donigian Jr. 2001.
Hydrological Simulation Program — Fortran, User’s Manual for Version 12. AQUA
TERRA Consultants. Mountain View, CA.

Table 1. WWHMZ2012 Impervious Land Types

IMPLND No. | Impervious Surface | Slope
1 Roads Flat
2 Roads Moderate
3 Roads Steep
4 Roofs Flat
5 Driveways Flat
6 Driveways Moderate
7 Driveways Steep
8 Sidewalks Flat
9 Sidewalks Moderate
10 Sidewalks Steep
11 Parking Flat
12 Parking Moderate
13 Parking Steep
14 Pond Flat
15 Porous Pavement user defined
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Table 2. WWHMZ2012 HSPF Impervious Parameter Values — Part |

IMPLND No. | LSUR | SLSUR | NSUR | RETSC
1 400 0.01 0.10 0.10
2 400 0.05 0.10 0.08
3 400 0.10 0.10 0.05
4 400 0.01 0.10 0.10
5 400 0.01 0.10 0.10
6 400 0.05 0.10 0.08
7 400 0.10 0.10 0.05
8 400 0.01 0.10 0.10
9 400 0.05 0.10 0.08
10 400 0.10 0.10 0.05
11 400 0.01 0.10 0.10
12 400 0.05 0.10 0.08
13 400 0.10 0.10 0.05
14 400 0.01 0.10 0.10
15 400 0.01 0.10 0.00

LSUR: Length of surface flow path (feet) for impervious area
SLSUR: Slope of surface flow path (feet/feet) for impervious area
NSUR: Surface roughness (Manning’s n) for impervious area
RETSC: Surface retention storage (inches) for impervious area
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Table 3. WWHM2012 HSPF Impervious Parameter VValues — Part 11

IMPLND No.
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RETSC: Initial surface retention storage (inches) for impervious area
SURS: Initial surface runoff (inches) for impervious area
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