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Presentation Overview

Hydrologic Modeling
Performance Standards

Modeling Guidelines,
Tools, Concepts
Bioretention Types
Applications

« Flow Control

« Water Quality Treatment

« Combined Sewer
Overflow Reduction

« Wetland Protection

Hydrologic Modeling

> A: Use of mathematical
equations to estimate runoff
based on:
« weather patterns
« landuse
« soil
« topography

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




Hydrologic Modeling

Al: Characterize hydrologic
conditions

« Predeveloped

« Current

« Post-project

2: Design mitigation

Source: httpi/Awn.und.nodak.edu/

A3: It's fun!

Hydrologic Modeling

> A: Start to finish
« preliminary design (sizing)
« final design (optimization)
; Lty « demonstrate requirements met
Source: ~http://w d.nodak.edu/ (permit submittals)

Performance Standards

> On-site Stormwater Management (MR #5) (NEW 2012)
« Use BMP List (rain garden)
or
« Meet LID Performance Standard (match flow durations to pre-
developed condition from 8% to 50% of the 2-year peak flow )
Runoff Treatment (MR #6)

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

Flow Control (MR #7)

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

Other Flow Control Standards

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




Hydrologic Modeling
Methods

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

> Continuous models
« Required for sizing flow control (MR7) and
treatment (MR6) BMPs

> Simplified sizing tools
« Will be covered in class exercise

Hydrologic Modeling
Single-Event Methods

> Input single storm event
> Output peak flow rates
> Typical methods

SCs

SBUH

StormShed

SWMM

HEC-HMS

(sayoun) fejurey

Time (hrs)

Hydrologic Modeling
Continuous Models

Input long-term rain and
evaporation
Output continuous runoff,
peak flow, & duration
Typical programs
« HSPF
« WWHM
« MGS Flood Time (hrs)
+« KCRTS
SWMM
SUSTAIN
InfoWorks

(sayoul) |feyurey

Runoff (cfs)




Bioretention Types

Witho nderdrain

+ Relies on infiltration to native soil

- Can meet on-site list requirement
Can provide effective WQ treatment for some pollutants
Can provide effective flow control and meet duration standard
for many soil conditions

Bioretention Types

With Underdrain
Some infiltration to native soil
Can meet on-site list requirement
Can provide effective WQ treatment for some pollutants
May not be able to meet duration standard alone, but can

contribute as part of a system to achieve flow control goals
(raised underdrain and orifice improve performance)

Bioretention Types

With Underdrain & Liner/Impermeable Container
No infiltration to native soil
Can meet on-site list requirement
Can provide effective WQ treatment for some pollutants
Cannot meet duration standard alone, but can
contribute as part of a system to achieve flow control goals
(orifice improves performance)




Current Modeling Guidelines

> Implicit Method (2005 LID Manual)
Lump surface ponding and storage in BR soil

Effective depth = ponding depth + BR soil depth x void ratio (%)
MGS Flood and WWHM3

Neglects movement of water through layers

> Explicit Method

« Explicitly represents:
Surface ponding
Infiltration into BR soil and native soil
Storage in BR soil
Overflow
Underdrain flow

+ MGSFlood4, WWHM4, WWHM2012

.
.

WWHM/MGSFlood Basics

Model Inputs

> Meteorological Data

« Rainfall (5-min, 15-min, hourly)
« Evaporation (daily)

> Land Cover Types
« Impervious areas
Slope
« Pervious areas
Vegetation
Soil type (A, B, C/D)
Slope

« Regional calibrated parameters (Dinicola 1990)

> BMP Configurations

WWHM/MGSFlood Representation

Bioretention Module Parameters- Explicit

“Swale” bottom —
area and slope

Freeboard |

Side slope Effective

Riser t
depth

height
Bioretention soil
infiltration rate Riser

diameter
Native soil

Bioretention soil
infiltration rate thickness and porosity
—-‘; Diameter and elevation of
Key |:| Aggregate underdrain (if any)
] Piping ) Underdrain

* Showing “riser outlet structure”
[[] sioretention soil Subbase (alternative: “vertical orifice and overflow”)




WWHM/MGSFlood Representation

Bioretention Module Parameters- Implicit

“Swale” bottom

L. area and slope
l Freeboard
__Side slope Effective [ Riser
depth height

Riser

diameter

shalio sl Bioretention soil
infiltration rate

thickness and porosity

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

WWHM/MGSFlood Representation

Model Configuration

Precipitation Precipitation

Evaporation .
Evaporation
A

I Runoffinterflow
SUNRTAREIO '

CATATATATATATATATAN N
To GW T;grfacee
v | Infiltration ' 9

l Contributing area l /

PN Soi[l Subsurface 3
storage (voids) ~

7 Infiltration

to native
oretention Module

Underdrain

Point of Compliance

Where flow control standard T
must be met

Piping Native Soil

WWHM/MGSFlood Representation

Bioretention Surface Routing- Explicit

Surface SSD Table

Storage | In Overflow
(cfs) (cfs)
T Surface

storage
ge

Infiltration
to soil




Bioretention Sizing Examples

> Flow Control in Creek Basins (WWHM)
> Water Quality Treatment (WWHM)

> Flow Control for CSO Reduction (SWMM)

Flow Control

in Creek Basin
WWHM4 Example- Explicit Method

Site in Seattle

Size bioretention cell to meet creek protection goal

(Ecology flow duration standard)

Predeveloped condition = forest on till

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

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

15 minute time-step

Sizing for Flow Control

Option Menu

> Precipitation/Evap.
Data - Select county
and location on map

> Computational Time
Step > 15 minutes




Sizing for Flow Control

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

Sizing for Flow Con

Predeveloped Basin > Point of Compliance

(LRI

Sizing for Flow Control

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




Sizing for Flow Control

Developed Mitigated Basin Continued: Route to Bioswale Module

Sizing for Flow Control

Developed Mitigated Basin Continued: Characterize Bioretention

infiltration to
. Native Soil ——

[ — %

Sizing for Flow Control

Stage Storage Discharge Table

Storsge Infiltrat ion
{acpe-ft) (cfa) (ot}
isine
0.008264 0.000000 0,000000 O,000000
0.006234 0.000050 0.000000 0.000080
0.008159 0.000%20 ©0.000000 O.000000
0.008083 0.000181 0.000000 0.000080
0,008007 0,000243 -000000 0, 000000
0.007931 0.000305 0,000000 O,000000
0.007856 0.000369 0.000000 0.000000
0.007760 0.000433 0.000000 0.000000
0.007704 0.000498 0.000000 O.000000
0.007629 0.000564 0.000800 ©.000900
0.007553 0.000631 0.000000 O.000000
0.000690  0,000000 O,000000
0.000767 ©,000000 O,000000
26 0.000836 0.000000 O.000000
0.007250 0.000906 0.000000 O©.000000

0.
[}
[
B,

0.00B264 0.002686 0.000000 0.0LE6855 0,000714
0008340 0.002914 0.000000 0.016855 0.000714
0,008416 0.003 0.000000 0,017306 0.000733
0.00B492 0.003376 D0.000000 0.017756 0.000752
0.008567 0.003611 0.000000 0.018207




Sizing for Flow Control

Flow Duration Curve- Developed Unmitigated (Impervious)

Sizing for Flow Control

Flow Duratiol rve- Developed Mitigated (Impervious to Bioretention)

Sizing for Flow Control

Iteratively Sized Bioretention Area to Meet Duration Standard

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

+ Infiltrates
almost 100%
- runoff

10



Sizing for Flow Control

Flow Frequency Results

Sizing for Flow Control

Flow Frequency Results

Es e
[FEESSEE  Use Gringorten
or Weibull
Method for low
annual flows

T T Tl (T

Water Quality Treatment

Same WWHM4 Example for Flow Control

11



Sizing for Treatment

Iteratively Size to Infiltrate 91% Runoff File

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

Sizing for Treatmen

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

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

Does not meet
Ecology
recommendation

TS a3 =

Further Analysis
WWHM4 Example

12
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Further Analysis

Report

= WWIA W g

e R

t Peesereicped forest

Further Analysis

Time Series Export

= WWIss W e
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SWMM Basics
Model Inputs
Environmental Protection Agency’'s (EPA’s) Stormwater
Management Model (SWMM)

Meteorological Data Inputs
« Rainfall and evaporation
Land Surface Tabbe 5-1. Etimating Effctive impervious Susface Area

prEye—y - T fox

Characteristics ™ oA
BMPs e T

ey
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allow explicit I e e
modeling s o e
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SWMM Basics

TrunkMydrograph Model Skeletal Model Detailed Model
P 241, Exarve Mooes Stensc ruses amo Scaes

SWMM Basics
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SWMM Basics

LID Controls

Table 12.1. Compostion of Verscal Layers in SWMMS

81 Type
Barsennon

St

Pagent_] 54

Hatege.

Bartns Pavemant

Rainfall ET

SWMM Basics

Bioretention Cell Parameters

PGS 133, (H.AmacaL 1SEN ITERFACE FOA THE SUVMMS LID ComTaCS D08

SWMM Basics

Bioretention Cell Parameters

e s iy e
g P g e

15



SWMM Basics

Bioretention Cell Parameters

SWMM Basics

LID Usage Editor
e ==
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Combined Sewer

Overflow Reduction
SWMM Example
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Site Scale Optimization:
Ballard Roadside Rain Gardens
Pilot Pro'ect

i

The Problem The Fix

Green Infrastructure Evaluation
Process

Flow Model Model S&Em
Monitoring Development Calibration Bt
S ! Gl Model
Feasibility HCNERY i
. Evaluation . . Validation

Pilot Project Construction » cpff,?s‘t » Full Imple-
J Monitor mentation

Green Infrastructure Modeling

RainWise Practices
>
>
(non-infiltrating with underdrain)

Right-of-way CIP Practices
>

>

17



Gl Modeling

Modeled using EPA
SWMM5
. 32-year long term
simulations performed

Feasibility Analysis
overlaid with model
subcatchment delineation
to develop input files

Basin Scale Optimization:
Basin-Specific Performance

Infrequent/Short Duration Overflows
==>0.32 gal/sf mitigated

Frequent/Long Duration Overflows
==> 0.63 gal/sf mitigated

Flow
30% Reduction

1
Close to Compliance Capacity
o r From Compliance Capacity

4 10 20 20 40 60

Other metrics besides Control Volume
reduction

Basin 150 Without GI | Reduction
Reductlon

Control Volume (MG) 0.60 0.16 26%
Events/year 12.2 5.0 41%

Annual Overflow 3.52 0.97 28%
Volume (MG/year)

Basin 152 Without GI | Reduction
Reductlon

Control Volume (MG) 589 1.04 19%
Events/year 375 9.8 26%

Annual Overflow 28.75 9.58 33%
Volume (MGlyear)




Resources

LID Technical Guidance Manual
http:/A pierce.wsu.edu/Water_Quality/LID/LID_manual2005.pdf

MGSFlood

mgsengr.com/MGSFlood.html

WDMUtils

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

Questions and Answers

277

Contact Information

> Alice Lancaster, PE
alancaster@herrerainc.com %

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