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The Moving Target

Starting point
= Reference condition

= Naturally evolved
stream condition




The Moving Target

Change Due to
Agricultural Use

= Hydrologic impacts
= New pollutant sources g

The Moving Target

Development

» |ncreased
imperviousness

= |ncreased runoff

= Additional pollutant
sources




Typical Trend

Management

)
c
§e
Q0
Water < Actions
Quality O | " BMPs
Degradation #3 S = Changing
ga_ 2 Behaviors
) ™« Smart
p— (U
S ~ Growth

What'’s the Goal?

= == =P Target
= Water quality criteria

= Reference watershed
condition

= TMDL

Management Actions

uonepeibaq

= == ==p EXxisting Condition
= Water quality
= Pollutant load




Management Actions

uonepeibaq

Structural BMPs

>

Components of the

What’s the Goal?

Watershed Plan

= Specific

management actions

= Pollutant load

reduction

= Improved water

quality

10,000s or
100,000s |
Activities °

Result in
Load
Reduction

y
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ASCE BMP Database

X

Imtesnational Stormwates BMP Dotobase Sumimary of BMP Categories by State as of Novembes 2011

INTERNATIONAL
STORMWATER BMP
DATABASE
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ASCE BMP Database

A B C o E F [£] H ] J L3 L
Meriiceing
WK Saticn | Inchade in L]
Enterococcus (B [BR |95 Plaga Bioretertion Call | Bicretention Cell linflow L] 1508 59,000 2600 1,000
Enterococcus [BR R |95 Plase Blonster Wioretention Celi Cutflow ) frer ) 14,000 1,700 180,000
Faditwook Detention Basén  E500-12-00 Dedention Facility
Enterecoccus |c0  |co [Es00-12-00 Compocite System inflow | me 4y 24188 4,196 4,19 4,196
El Doredo Detention Basin
Enterococcus |DE DB [Bs04.03.00 B504-09-00 Detention Bazin inflow 13 3,508 10,100 119 43,700
E1 Dorads Datention Basin
Enterococcus |08 D8 |8504-03-00 B504-03-00 Detention Basin A Pl 13 Lo 2420 1 19,600
Fadirook Dedention Basin
Enterococeus |MD WD [E500-13-00 Flastatilos contrct cymerm indlow | me 1y 24,198 4,196 4,19 4,196
Falrook Delention Raden |
Enterococcus |MD  |MOD [ES00-12-00 Floatables control system Cutfiow no 1] 24196 24,136 24,1% 24,15
155 Plaza ABTach Usira-Urban Filtar |
193 Blags AbTech Ultrs- with Smart Spange Sluy
Enterococcus MO |MD [urban Feéter w) Smart Spon | Antsmiorobial Additive inflow 1 B40 100 140,000
158 Bilara ABToch USra-Urian Filter
%5 Plara AbTuch Ultrs- with Smart Sponge Fus
Enterscoccus MO MO Jursan Fter vy Smart spon | 1 8,770
i35 Plaza AbTech Ullira-
Entereoceus |MD (WD [Ursan Fer wtman Spong infiow 1 (] 51,500 200 199,000
155 Plaza AbTech Uitra- AbTech Ultra-Urban Filter with |
Enterccoccus |MD (MO |Urban Filtar w/Smar Spong | Smart Sponge 9] 8171 5,000 M0 160,000
interococtus MO |0 |95 Plazs Baykaver By anesr | L L) 17,080 1,706 160,000
Enterococtus MDD (WD |1-53 Plena Vel BaySaver 104 1113 10,50 200 140,000
Entorococcus |MD_|MD |i-55 Plaza riydroklaan Fiftar_|Hydrokisen Filter l g 7,55 5,000 | 00 168,000
Enterscactus MO (MO [1495 Plaga Hydrakleen Filter | Mydeakleen Filber L] LhERS 11,000 5,000 240,000
Enterococcus |MO (MO [i-58 Plars Stormiiser 1-5% Plara Storméiiter | 11 299 7,000 200 20,000
Enterceoccus [MD (MO |55 Plaza Starm Cunfiorm 10 5,618 6500 g 16,000




ASCE BMP Database

Awvarage
Count of | Precipaatin | Wiatershed Relative Volume
CAT SITEMAME = BAMPMAME | Events | Depthiom - | Area (ha) - | Sum of inflaw L - Redustion by St
[B05SR 01 g 0551 S [ 457 0 205872
Aladena (stng) Aladena Sip 72| 360 64 7,645 664
rishsd Bicfitraton Sip Cavishad sing 7 T80 o7 1,177,725 EL]
San Canyon 2 VTS rvine A RVTS a9 il 4,207 3%
Sand Canyon £ VTS reime & RVTS 3 75,326 205
Wuets FVTS Wumita 4 meters 7 51 50,693
duvrieta VTS Hdurieta 4 meters 2 7 55,461 29%
Glayton Lover At 4042 C DOT Grass Sip ] 85,545
Gedding AVTS teviding RVTS 2.2 m 5 155,501
Beciding VTS Fecting FRYTS 4.2 1 433 245,722 3%
2] A 181 147 726
A v 173 103,35 48%
R a 200 53,464
AT AT 92 77,729 52%
an Rafae) RVT: an Fiafael RVTS 2 ] Tr2001
sifiedd Lovel Spraadsr Wik Level Spreadsr 43 34,209] 5%
BRU il G 63 2673 568 | Bo%
AL tenion- G2 Gz ET] 267355 9e%
BRU el ol hlarsiia [ 5 6 86z
AR |Lowshuy divetsnton-L 1 i « 2.356.209] 52%
] 1,164,520
vl ol a7 S04, 7132 | 35%
outh ced 17 1,212 645 B0%
W Swak B 123 13,300) 5%
5 5 Siae 335 743,508
5605 swale 448 507,435 46%
60551 e 57 110,545) 55k

BMP Processes

Small Medium Large

Untreated
Bypass

Attenuated Orifice
Outflow

Media Filtration
(Underdrain Outflow)

& Background Infiltration
# Media Filtration
Settling
Orifice Outflow
M Bypass Flow

0%

(% Treated)

(% Treated)

——




BMP Decision Support System (BMPDSS)

Prince George’s County, MD
National leader in stormwater and watershed
management — one of the most innovative and
highly reference programs in the country

Highlights:

= Basis for national strategies to address
stormwater challenges

= First and most referenced LID
guidance and design manuals

= Developed the BMP Decision

Support System (BMPDSS)

BMP Decision Support System (BMPDSS)

Optimization Solutions

R S —
e T ) e G 1

s i 1 B

] R e
ol

BMPDSS Output:
BMP Optimization

BMPDSS Set Up




BMP Class A: Storage/Detention

Process-Based. Continuous Simulation.

Evapotranspiration

Inflow: Outflow:
{From Land Surface} Modified Flow &
Water Quali

Overflow
Spillway

Bottom
Orifice

Underdrain
Outflow

Infiltration

BMP Class B: Open Channel

M: Process-Based. Continuous Simulation. m:
[ From Land Surface} Evapotranspiration
Overflow at
Max Design
Depth

Modified Flow &
Water Quali

Underdrain Outflow Infiltration




BMP Performance Curve Concept

= Performed for EPA Region 10

= BMPs curves developed from
calibrated models and detailed
performance data

= Provides long-term cumulative | £
performance estimates based *
on BMP capacity m
= Eliminates the need for detailed | § .
modeling and evaluation in
individual applications — — —

0.65 inBMP size (controlled depth of runoff)

BMP Performance Curve Development Scheme

- Land simulation
Precipitation (SWMM)

Surface runoff generation
and pollutant wash off

BMP Performance Curve: Gravel Wetland

Land Use: Commerc ial

100% /k,— -

80% ’/‘/(
é 0% 1// ././J—’/_‘.’—/.
500 ¢ . .
£ o - BMP simulation
X (BMPDSS)

0% BMP Treatment

0 02 04 06 08 1 12 14 16 18 2
Depth of Runoff Treated (inches)

1SS ®-TP ——12n "#'
e

| — —




BMPDSS Calibration for Ev

Hydrology

nt 1/12/2006:

11:00

250
Observed inflow
Generated inflow to infiltration system
m  Observed outflow
200 - - -Calibrated BMPDSS outflow i
—~ 150 A
£
(=%
2
=
o
o 100
50
0
o o
e ¥
o O
—
b ol

BMPDSS Calibration: Water Quality

Pollutants
Calibration events TSS TP Zn
Observed Inflow 72.13 0.16 0.11
EMC (mg/L) | Outflow 0.17 0.03 0
Calibrated
08/13/2005 BMPDSS outflow 0.17 0.03 0.006
Decay 0.76 0.31 0.47
performance P
erct. 093| 070| 085
removal
Observed Inflow 52.06 0.10 0.03
EMC (mg/L) | Outflow 0 0.01 0
Calibrated | 53| 001 o0.001
01/12/2006 BMPDSS outflow i i i
Decay 0.73 0.29 0.44
performance Perct
N 0.90 0.65 0.81
removal
Observed Inflow 94.03 0.12 0.04
EMC (mg/L) | Outflow (0] 0.02 0
Calibrated
05/09/2006 BMPDSS outflow 0.01 0.02 0
Decay 0.73 0.21 0.44
performance Perct
. 0.91 0.50 0.79
removal
Decay 0.74 0.27 0.45
Calibrated parameters Perct.
I 091 062 082
——
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BMP Representation in BMPDSS

frfiow Over fiow

CHANAEL OR SEDIENTATION
AN ——— YA .
Sand Fiter

FEA GRAVEL OR SAND FILTER LAYER
-PROTECTIVE LAYER OF FILTER FABRIC

o T Slone Layer

FILLEDWITH 2705 INCHDIMETER
VASHED STONE
(BANK RUN GRAVEL PREFERRED)

= ] SANDFILTER 8" DEEP .
7" (ORFABRICEQUVALENT) Sahd Fiker
3 ]
% RUNOFF EXFILTRATES THROUGH
NN OF 2 UNOSTURED SUOSOLS WA
FROM SEASONAL MINMUM RATE OF 05 INCHES PER HOUR
SECTION

Watural Soif

| ——

Generation of BMP Performance Curves

Land uses Pollutants

(5)

Commercial

Industrial

High-density
residential

Medium-density
residential

Low-density
residential




Infiltration Trench

& INCH DIRMETER PERFORATED PUS RUNOFF FILTERS THROUGH GRASS
UERRLW EE“""—\ OBSERVATIONWELL BUFFER STRIP (20 MINIMUM); GRASS

WITH SCREW TOP LID CHANNEL, OR SEDIMENTATION VA 3
AT f |
VAT P i

F Pl 3 S =AM

=N IE (L =
= =10 =] M= = =
TLECHARGE VOLUNE—LL
PEA GRAVEL DR SAND FILTER LAYER

W VOLUME | ~— PROTECTIVE LAYER OF FILTER FASRIC

TRENCH 3-7 FEET DEEP

FILLEDWITH 2TOE INCH DIAMETER
WASHED STONE

(BANK RUN GRAVEL FREFERRED)

SAND FILTER 5" DEEP
{0R FABRIC EQUIVALENT)

g

T RUNDFF EXFILTRATES THROUGH
MINIMLUB OF 2 UNDISTURBED SUBSOILS WITH A
FROM SEASONAL 2 MINBMUM RATE OF 0.5 INCHES PER HOUR
HIGH GROUNDWATER ELEUAI!CNL SECTION

e —

Infiltration Trench

BMP Performance Curve: Infiltration Trench
Land Use: Industrial
(Soil Infiltration Rate 0.52 in/hr)

100% 100%
90% 90%
80% 80% .

9]
B 70% 70% G
3 3
2 e0% 60% &
o] 14
T 50% - 50% &
: lw 5
£ 40% 40% O
g 0 / 0 >
£ 30% ! 30% %5
c
20% 20% @

10% 10%

0% A g g b o e e e o | oo

0 02 04 06 0.8 1 1.2 14 16 1.8 2
Depth of Runoff Treated (inches)
——TSS —8— TP ——7Zn —X = Volume‘

 —




Wet

Pond

pand buflar 10 meters minimem

irreguiar poaf shape

1.5 10 2 3 maters deep

nalive landseaping argund poe!

WRAGE ALLOCATION

Fool = &3 mmiimpha

Wet Pond

100%
90%
80%
70%
60%
50%
40%

Pollutant Remov

30%
20%
10%

0%

BMP Performance Curve: Wet Pond
Land Use: Commercial

—
s

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
Depth of Runoff Treated (inches)

—— 1TSS ——TP ——1Zn
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Curve Extrapolation Tool

EBMP Performance Extrapolation Tool (BMP-PET) for EPA Reglon 10

BMP Performance Extrapolation Tool
(BMP-FPET) for EPA Region 10

Devaloped jor. . ' it ! ik

LIS Emaronantal Protaction Agandy - Region 10 £y o 3 3

Locay, Wi 98503 g%"i; 23 ] ;

Devaloped by L .

Tetra Tech Inc.

Fuairiee 4 22030

September 2010

Version 1.0 TETRA TRCH,ING
Step | Select source aren Step 2: Salact pollutart Siep 3: Selact BMP pe Step 4 Salactinflirsion Step 5 Salact fiter
Commersal ] Bi-retenson e Cctora) USRS
Inchustrind Tatal Phosphonws (TF) (Diptional)
High Dens#y Residantal Tatal Suspend Salids (TSS) Infikration basireStete method B
Low Diensity Residentinl Tatal Zinc (Zn) Infilimation tench

Madium Diensity Fesidential Poroies pavement

‘Wit pond
Dvakrage area and effective BMP vome
Tatal impendous ames _ .
L Corresponding BMP removal efficiency: x
Effecthe BMP wolume: R3

Exirapolate from curves ‘ E

BMP Scale Considerations
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Lake Tahoe

LSPC Watershed
Maodel
Climate Data

Subwatershed
Boundarnes 3
Stream Ne

-anduse Distribution
Land Processes -

METERS

Decline of Lake Tahoe Clarity

FEET

UC Davis

Tahoe Environmental Research Center

68 72 76 80 84 838 92 9 00 04 08
YEAR
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Pollutant Load Budget

Shoreline Total Nitrogen

Groundwater Erosion

Urban
Stream

Channel
Erosion

Forested

Atmospheric
Deposition

Pollutant Load Budget:

_ Total
Shorgllne phosphorus
Erosion
Groundwater
Stream
Channel Urban
Erosion 38%
Atmospheric
Deposition
Forested
S —




Pollutant Load Budget

Channel  Shoreline
Erosion Erosion

Atmospheric
Deposition

Forested

Urban

Stream Fine Sediment

Particles

Lake Tahoe Source Category Groups
(SCGs)

1. Atmospheric Deposition

-

2. Forest Upland

4, Urban & Groundwater

3. Stream Bank Erosion

;?
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Management Settings and Tiers

70%

60%

50%

40%

30%

Load Reduction (%)

20%

10%

0%

Atmospheric Deposition

Settings Four spatially based settings, measured by concentric rings of distance from the lake

Four tiers per setting were applied, based on two different treatment levels from two different
Tiers groups of pollutant sources. The first group was vehicle emisions, and the second group

included transportation infrastructure or structural controls

Forest Uplands
Settings Three source based settings, including (A) unpaved roads, (B) highly erodible forest and
g recreational areas, (C) burned, plus harvested, plus relatively undisturbed forest areas
Tiers Three tiers per setting with increasing degree of treatment: low, medium, and high
Stream Channel
Settings Three treatable segments along the top three most sediment-productive streams in the Basin:
g (1) Blackwood Ck, (2) Upper Truckee, and (3) Ward Creek
Tiers Three levels of treatment with varying intensities and stabilization activities
Urban Upland
. Four settings based on the different combinations of slope (moderate or steep) and impervious

Settings ’ - h

configuration (concentrated or dispersed).
Tiers Two tiers of differing intensity and sophistication of treatment activities, plus a third "Pump and

Treat" stormwater tier for concentrated impervious areas only

—— ——

—— Fines (Tonnes) —— Fines (Particles)

—— Total Nitrogen ——— Total Phosphorus

$2 $3 $4  $5 $6 $7 $8 $9  $10 $11 $12 $13  $14

Cost ($ Biuicm.\_-f :
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i Packaging and Assessment Tool (PAT)

Step 1. Formulate Problem Objectives Legend
Control ID Control N\ame | Percent Reduction
1 Particles (E+18) 2%
2 TH (MTyr) 5%
i F.TP (m*%r) 7 1003“' @ Minimize Cost | Ficed Target(s)
ines i o ’ ’
5 Clzrity Depth () 0% C Fixed Cost | Maximize Control
Fixed Cost:[ 51 000 000 000 | Maxtrize Gontrol
Solution Tolerance: $0.00 Stop Condition
Report the top 3 Best Solutions
Step 2. Define Problem Constraints Rapkdieesibealiamalieg
TREATID SCG Setting Tier MIN_LOA MAX_LOA
101 Atmospheric Setting 1 WE Tier 2 0% 0%
102 Atmospheric Setting 1 WE Tier 3 0% 0%
103 Atmospheric Setting 1 TIOS Tier 2 0% 80%
104 Atmospheric Setting 1 TIOS Tier 3 0% 0%
407 Urban & Groundwater|  Disp.-Moderate Tier 1 0% 100%
408 Urban & Groundwater|  Disp.-Moderate Tier 2 0% 100%
409 Urban & Groundwater Disp.-Steep Tier 1 0% 100%
410 Urban & Groundwater Disp.-Steep Tier 2 0% 100%

Step 3. Rank Feasible Alternatives by Cost

Rank Feasible Alternatives

Agua Hedionda Watershed Management Plan

Legend

[ subwatersheds

— Streams

W veer

Roads

Agua Hedionda - Modeling Subwatesheds

NAD_1683 StaePlne Caforia VI FS. 0406 Fost
Vi oo 0524 2008 o ada

u

0 05 1
— — Kilometers

0 045 09

18
Miles.

2 @ﬁunzcn

—

_-:_#‘P——_.
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Model - LSPC

= Hydrologic Components:

L] PrempltaFlon v

= |nterception | S-E]

= Evapotranspiration ® e N
= Overland flow EI@Q:IE{ @ e,
= |nfiltration

= |nterflow

= Subsurface storage
= Groundwater flow
= Groundwater loss

- ematic of Stanford Watershed

BMP Scenario

Untreated

Overflow I I

40% 55%

uUntigated untigated
Bypass Bypass

Hydrologic
Source

Effluent Effluent

Drainage Area boxes
represent a mix of land
use.
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Storm Hydrograph

3,000
——Existing Scenario
Predevelopment Scenario
2,500
Future Scenario w/o BMPs
Future Scenario w/ BMPs
2,000
o
< "
= 1500
3
T
1,000
w0 A
A
4
. N
[ 6 12 18 0 6 12 18 0 6 12 18

2/12/2001 - 2/14/2001

Sediment Loading at Lagoon

10,000
9,000
8,000
7,000
=
2 6,000
s
e
<
g 5,000 4
S
g
£ 4,000
S
3
n
3,000
2,000
1,000
0 . . -
© &
& N2
< S
N £
« s
N 5
&@ &"o &
§
& Q\\'@ &
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City of San Diego Evaluation of Structural and

Nonstructural BMP Performance

= Chollas Creek
Watershed

= [ SPC Model
= Suspended
sediment

= Trace metals
+ Copper
* Lead
+ Zinc

= Bacteria R,

Legend

Streams
|:| Chollas Watershed

Modeling Scenarios

= Long-term simulations (e.g., 10 years)
= Capture a range of conditions

= Scenarios
= Current conditions
+ Baseline scenario for comparison
= Management scenarios

+ Individual BMPs
+ Combinations

22



Modeled BMPs

Modeled BMP Scenarios and Combinations

Irrigation control [} | | | | | | [} | | [ ] | | [
Hydrologic source control

Bioretention ‘ [ J ‘ ‘ ‘ ‘ ‘ [ J ‘ ‘ [ | ‘ [
Stormwater control

Detention basin | | [} | | | | | | [ ] | | [
Source control

Copper reduction [ ] [ J [}

Bacteria reduction [} [ ) [ ] [

Street sweeping [ J [ [ ] [

BMP Representation within a Watershed Model

= |LSPC does not include explicit representation of individual
BMPs
= Assumptions are developed to represent BMPs
= Modeling assumptions can be based on
= Specified BMP operational or design requirements
= BMP literature information
= Special studies on BMP performance

23



Source Control

- Lower Pollutant
f Levels
Land Use LA
[ ]
Parcel . Pollutant Buildup

Time

Pollutant
Level

Storm Drain Reach

Runoff

Reach Outflow —

e —

| ————

Source Control

= Examples

= Reduced irrigation, treet sweeping, brake pad
modification, pet BMPs

24



Modeled BMPs

Modeled BMP Scenarios and Combinations
‘w ol [ [e] [ef

I

Hydrologic source control

Bioretention ‘ [ J ‘ ‘ ‘ ‘ ‘ [ ] ‘ ‘ [ | ‘ [
Stormwater control

Detention basin | | [} | | | | | | [} | | [
Source control

Copper reduction [ ] [ ) [}

Bacteria reduction [} [ ] [ ] [

Street sweeping [ J [ [ ] [

e ——

Irrigation Control — Model Application

= Targeted land uses
= Parks

Residential areas

Industrial

= Commercial

= Schools

= Reduce
= 10, 20, 40, 75%

mmmmmmmm

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn
io
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Irrigation Control - Monthly Reductions

o - 5 5 5 3

. 3 3 > 3 . % 3 z -

g £ 0t § %8 s g £ g E Ot %3 %8 s 3 5

g 2 8 2 2 % % sz ¢ > ¥ % $ § 3§ 2 3 : % oz ¢t oz 2 &

s 2 & & ¢ = & 2 3 3 2 & s 2 & § & = & = 3 3 2 3
0% 0%
-10% -10%
-20% -20%
30% 30%
o -40% € -40%

H H
3 50% E -50%
s 5

S 6% & 60%
-70% -70%
-80% -80%
-90% -90%
-100% -100%

[ 5 - 5

. 3 3 > 3 . % 3 z -

gt 0t § %8 s g £ g E Ot %3 %8 s 3 5

g gz 8 2 2 : % oz & > 5 % s ¢ 8 2 5 § % 3z ¢ >z @ 3

s 2 & & ¢ = & 2 3 3 2 & s 2 & § & = & = 3 3 2 3
0% 0%
-10% -10%
-20% -20%
30% g 0%
5 -40% £ -40%
§ -50% S -50%
S 60% T 60%
-70% £ 0%
-80% -80%
-90% -90%
-100% -100%

Modeled BMPs

Modeled BMP

Scenarios and Combinations

Irrigation control

Hydrologic source control

Bioretention

Stormwater control

Detention basin

Source control

Copper reduction [} [ [ J
Bacteria reduction [} [ [ J [}
Street sweeping [} [ [ ] [
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Source Control - Cu Red. Targeted Land Use

= Targeted land uses
= Roads
= Freeways
= All Impervious*

Source Control - Cu Red. Mobile Sources

= Reduction in copper on
roads by targeted
reduction

= Brake dustis
resuspended deposits
on other land uses

= Assumed a reduction of
1% of road reduction

27



Source Control - Cu Red. Load Reductions

& m ¥ W ow n ® @ 9 = N @ % m;
3§ 8 3 8 &8 5 &8 & 8 8 8 8 8 8
§ 3 &8 & &8 8 &8 & 8 8 8 8 8 8
2 2 2 2 2 2 2 2 8 ]% R /& ] <]
0%
-10%
20%
30%
L -40%
3
& 50%
g
O 60%
70%
-80%
-90%
-100%
Water Year
5 ~ g
.3 z
§0E T of % s ) R
g & 8 5 § T 73 ¢ > @ &
§ & & & ¢ 2 2 =2 3 3z 2 &
0%
-10%
20%
-30%
5 40%
& 50%
g
S 60%
70%
-80%
-90%
-100%

Modeled BMPs

Modeled BMP Scenarios and Combinations

Irrigation control [ J | | | | | | [ J | | [ | | [
Hydrologic source control

Bioretention | [ J | | | | | [ J | | [ | | [
Stormwater control

Detention basin ‘ ‘ [ ‘ ‘ ‘ ‘ ‘ ‘ [} | ‘ [
Source control

Copper reduction [ J [ ] [

Bacteria reduction [ [ ] [ ] [

Street sweeping [} [ [ ] [

;_g:"
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Source Control - Bacteria Targeted Land Use

= Targeted land
uses
= Residential
= Parks

BMP Model Application

= Reduce bacteria levels by 10, 20, 40 and 80%

= Reduce POTFW
= Reduce SQOLIM and WSQOP

\ Different BMP
/simulations

Load reduction

BMP effectiveness

29



Source Control — Bacteria Storm EMC Reductions

Storms < 0.6 in Storms > 0.6 in

100,000 100,000

10,000 T , 10,000 T

1,000 T 4 1,000 T

BMP Fecal Coliform (mg/L)
N\
BMP Fecal Coliform (mg/L)

100 + + 100 + +
100 1,000 10,000 100,000 100 1,000 10,000 100,000

Baseline Fecal Coliform (#/100mL) Baseline Fecal Coliform (#/100mL)

Modeled BMPs

Modeled BMP Scenarios and Combinations

Irrigation control [ J | | | | | | [ J | | [ | | [
Hydrologic source control

Bioretention | [ J | | | | | [ J | | [ | | [
Stormwater control

Detention basin ‘ ‘ [} ‘ ‘ ‘ ‘ ‘ ‘ [ ] | ‘ [
Source control

Copper reduction [ J [ ] [

Bacteria reduction [ [ ] [ ] [

Street sweeping [ ] o [ J [}
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Street Sweeping — Swept Roads

Swept Roads
—— Unswept roads

2
Swept Roads -—— j IR TICH

NAD_1927_StatePlanc._Calforia VI_FIPS_0405_feet
Map prodiced 12.22.2000 — N

Street Sweeping Effects

= Reduce pollutant levels

on roads
Q
o)) 2 S
9 - a =
IS} S ¢ 5 38
n & & & &
2
C
©
S
=]
©
[a
Time
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Street Sweeping - Load Reductions

N o 3w e 5 % 2 g o 8 @ 9z 9 N o 3 W e 5 % 2 g o 8 @ 9z 9
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e

Modeled BMPs

Modeled BMP

Scenarios and Combinations

Irrigation control

Hydrologic source control

Bioretention

Stormwater control

Detention basin

Source control

Copper reduction [ ] [ [ J
Bacteria reduction [ [ [ ) [}
Street sweeping [ [ ] [ ] [
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BMP Scale Considerations

What is SUSTAIN?

. — System for Urban Stormwater Treatment,
and Analysis INtegratration

= An ArcGIS-based framework designed to support
evaluation and decision-making:
= How effective are BMPs or green infrastructure (Gl) in
reducing runoff and pollutant loadings?
= What are the most cost-effective BMP options meeting the
water quantity and quality objectives?
+ Where, what type, and how large?

e —
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Where It Applies?

= Evaluate and select BMPs to achieve loading targets set by a
TMDL

= |dentify protective management practices and evaluate pollutant
loadings for Source Water Protection

= Develop cost-effective management options for a municipal MS4
program

= Determine a cost-effective mix of green infrastructure measures to
help meet optimal flow reduction goals in a CSO control study

;?

SUSTAIN Components

Processor)
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Implementation and
Data Collection

BMP Optimization

35%

Cost Effectiveness (CE) Curve

309 &

=

=}

g 25% EEEEEN

o

&

s 2%

a

3 15%

c

(0]

=

8 10%

i e te
5% 5

L |

0% A 4

o All Solutions
e Cost-Effectiveness Curve
©- Selected Simulation

$1.5 $2.0 $2.5 $3.0 $3.5 $4.0 $4.5
Cost ($ Million)
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BMP Optimization

%5 BMPs Selected
uDRYPOND B BIORETENTION ;
m RAINBARREL ™ POROUSPAVEMENT
" Selected Simulation

9.9%
14.1%
16.6%
18.4%
20.3%
22.1%
23.4%
24.2%
24.8%
25.7%
26.6%
27.3%
27.9%
28.5%
29.6%
30.2%
30.6%
30.8%
31.1%
31.6%
31.8%
32.1%
32.4%
32.9%

Effectiveness (% Reduction)

Milwaukee Municipal Sewerage District

= Proposed ultimate goal of eliminating all
overflows by 2035

= Explore potential benefits of widespread
adoption of green infrastructure (Gl) to
reduce overflows

= Potential benefits measured by:

= Environmental outcomes (pollution
reductions)

= Economic and social outcomes (triple bottom
line)
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BMP Configuration:
Aggregate BMP Network

I
Rain
Barrel

.

| Green Streets

-

Cost-Effective

Solutions

= Reduction:
66.0%

= Cost:
$10.6 Mil

Cost ($ Million)

90%

80%

60%

Effectiveness (% Reduction)

70%

All Solutions

50% .
® Cost-Effectiveness Curve
O
40% Selected Solution
30%
$0.0 $10.0 $20.0 $30.0 $40.0 $50.0 $60.0 $70.0 $80.0
Cost ($ Million)
$90.0 W
$80.0 & Rain Barrel “mRegional Bioretention
: H Rain Gardens “m Green Alley
$70.0 W Porous Pavement M Block Bioretention
i Green Roof

$60.0
$50.0
$40.0
$30.0
$20.0
$10.0
$0.0

§55c5c5858523¢8d3pegscssidsaanssssss

BIITPODBLHDOOGBOSORNNNRNNR BB ®00D0D0D0D0DD D00 D ®

Effectiveness (% Reduction)
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Solution Cost Annual Volume
Results: ($ million) Reduction (%)

BMP Utilization

T T T T T
} M Solution 1 (55%) M Solution 2 (66%)
I
00%+ wm  wm ¥ Solution 3 (73%) M Solution 4 (82%)
c
o
=
CECREEEE EEEEEEEEEEEEEE || DREEa
=
=)
YRR B R 2[RRI IR R
=
-]
<
FEIEEEEE BRRh e BN || EEEEEEEEE | (EEEEEECE | EEEEE (ERRe
2
0
a
0% gl pE =B BE = R
0%
Porous Green Alley Block Rain Garden  Regional Rain Barrel  Green Roof RoadSide PP Green Street Green Street
Pavement Bioretention Bioretention -PP -BR

Cost Annual Volume

Results: Water (§ million) Reduction (%)
Quality Benefit

100%

Q0% —----—------ -

Percent Reduction

Flow Peak Flow TSS TN TP
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Triple Bottom Line

Analysis

= Social, economic, and environmental benefits of green
infrastructure

= Need to illustrate benefits to motivate change

= More beautiful neighborhoods, higher property values, improved safety
and increased jobs

= Environmental stewardship benefits

SOCIAL ECONOMIC

= Reduced Stormwater/Sediment = Improved Quality of Life and =  Job Creation

= Increased Groundwater Aesthetics = Reduced Infrastructure Cost
Recharge = Increased Recreational = Reduced Pumping Costs
= Carbon Sequestration Opportunities = |ncreased Proper[y Values

= Reduced Energy Use and
Heat Island Effect

LA County Department of Public Works

= Develop a technical framework

for a Water Quality Funding - é]
Initiative

= Provide a tool for urban runoff
and stormwater quality -
management that allows for: ===
= BMP implementation at o

local scale S =§:::

= Watershed management at L““““‘_“’j":‘_"_"f'f:':"'"" -— e

regional scale

| —
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Watershed Management Modeling System (WMMS)

Linked models

= Loading Simulation
Program C++ (LSPC)

= EPA’s SUSTAIN
Methods for
optimization of BMP
placement and design

Locally derived cost
functions

Partnership with EPA

~ - GIS Tools and

" Watershed == §

" Models —

' Systam'
Qp-tlrnlzatl!

Simulation

Overview of WMMS

Total area > 8,000 square
kilometers

= | and characteristics

= 148 precipitation gages

= Modeled pollutants and
TMDL targets include: TN,

TP, TCu, TPb, TZn, and
Fecal Coliform

= Compliance required at
approximately 300 locations

Los Angeles County

HRU MAP - — e

D FH_BaisPiuee Cobdorvn §_FPG_HEE i I e
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Management Categories and Levels

= Management Categories
= Based on physiography: Levels

* slope, impervious area, impervious
configuration, roads density

= Factors that drive BMP selection
= Management Levels
= Combinations of BMPs

= |ncreasing degree of controls
represented

= |ncludes associated costs The Watershed

e —

Small-Scale Model Configuration

= Treatment
pathways from
four generalized
drainage areas

= Distributed
Structural BMPs

= Permeable
Pavement

= Bijoretention
= Rain Barrels

| —

v
g.
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Cost versus Load Reduction

Management Levels

= Discrete intervals |
along the maximum £ | [ Femmewecee
feasible treatment
curve

= Levels 20% 40%, ‘ : %
60%, 80%, &100% & = P — e Foomooees

($1,000/Ib-1

Cost

20% 60% 80% 100%

Level IV Level V

Level Il Level lll

Management Levels: Percent of Maximum Zinc Removed

. r—-ll'-l F—L .

Degrees of Practice

= Risk-based approach for compliance optimization:
= |nstream Targets > < Subwatershed Management Levels
= Degree of Practice = Allowable exceedences under extreme
conditions
Wet-Weather Allowable Wet-Weather TMDL
Degree of Practice Exceedence (Percent of Compliance
Time) (Percent of Time)
I 25% 75%
I 15% 85%
I 10% 90%
\Y 5% 95%
V 0% 100%
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Management Level (V)

100% Degree of Protection

= 100% wet-weather
compliance

= Even with uniform
application of
Management Level V,
most points do not
comply at the 100%
Degree of Protection

Oran
|.‘d
] roves

Lt Civurily i rua| Walirahands

Traatmam ol ¥ e

-
iy e 0 38 0

Management Level (V)

85% Degree of Protection o

= Total Treatment Cost:
$44.48 billion

= No Centralized BMPs
Required

= For uniform application
of Management Level
V, all points comply at
the 85% Degree of
Protection




Management Level (IV)
85% Degree of Protection

= Total Treatment Cost:
$23.33 billion
= Additional Centralized

BMPs for compliance:
$1.09 billion

= Total: $24.42 Billion

Cost Distribution vs. DoP for Proportional Scenario

Management Level |

w Centralized  m Distributed T

i e

51105

Cost (Bllllon $)
s B S EBEREE
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Cost Distribution vs. DoP for Proportional Scenario

Management Level Il
200 #Centralized W Distributed |
180 |
160 1 $123.44
s
8 1
E 100
B "
S w
a0
20
o |
I n m 1\ V'
Degree of Protection

Cost Distribution vs. DoP for Proportional Scenario

Management Level lll

» Centralized  ® Distributed f

-~ 5107.51-

Cost (Blllion §)
ST EEEEEERE
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Cost Distribution vs. DoP for Proportional Scenario

Management Level IV

o Centralired  ® Distributed |
|

)
B EE 3

;

Cost (Blllion $
g

o % 8 8 B

Cost Distribution vs. DoP for Proportional Scenario

Management Level V

¥ Centralized W Distributed |

565.24

Cost (Blllion §)
o888 88 EEEEE
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Total “Compliance” Cost by Management Level and

Degree of Practice ($ Billion)

Total Compliance
Cost (S Billion)
" $100-5120

m $80-5100
W $60-580
m 540560
m 520-540

m 50-520

Storm Size Analyses

* Load reduction by rainfall event

‘ Relative Contribution = Pre-Developed = Reduction (45%) =O==Reduction (55%) ==O==Reduction (65%)
100% 7% r 100%
|
90% I | ~ 90%
| P
80% | | t8o% £
: ! ‘ 3
s 70% A k ! r70% ©
g I I o
E 60% | ! ! re0% 5
T 50% 1 ‘ : F50% 3
3 4 I | I E
= 40% 40% 5
o | | [s)
Q
S 30% i | F3o% 2
(s} | | 8
0% e R 20% g
| | ©
I |
| 1

10% 1 e e T e e e e e e T == 10%
0% 0% 0% 0% 0% 0% | 0% | 1% 4% 1% 4% 5% 14%|[7%7] 38% | 25%

0% . . . . . . . . 1 . 1 1 ! ! ! 0%
s 8 2 & 8 8 8 = 2 &8 & & 3 8 &
o o o o o o o o o o - < wn © ~

Precipitation Event Volume (in)

)’
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TMDL Implementation/Water Quality Improvement

Planning

Multi-Pollutant TMDL Implementation e~ /// ////'
Plans for Lc_)s Angeles County %%/%%Zé / /
et E g

Highlights: -

b
Integrated water resources V 7 v
approach %//////L///J"
= Field investigations of potential
BMP sites :
= Application of WMMS
= Negotiations with regulators on
interpretation of TMDLs, water quality

standards, and MEP

TMDL Implementation/Water Quality Improvement
Planning

Pollutant source
characterization and
prioritization

ER NARROWS

nnnn

Fecal Coliform (#/aclyr)
B 1.602+009 - 1.21e+010
I 1.22e+010 - 3.53e+010

35404010 - 5.84+010
B 5.85¢+010 - 1.32e+011
[ 133e+011 - 3.25e+011

aaaaaa




BMP Development and Engineering Services

Evaluating feasibility
of sites for BMPs

= GIS screening

= Comparison to priority
pollutant source areas

= Field investigations

BMP Development and Engineering Services

Conceptual design

= Understanding of the
drainage area
= Flow
» Pollutant loading

= Opportunity for integration of
multiple benefits

= Linkage to existing storm
drain system
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Los Angeles County TMDL Implementation Plans

Assessment of existing stormwater program elements and
procedures

TMDL Implementation/Water Quality Improvement

80%

T T
| |
| |
| |
(L R-==—=====f=============== F======= 4=
|
|
|

60% + -

50 - T et S I T SEEEEEE

40% S T R T B R BT

— — - Copper TMDL Target

Percent Reduction (Copper Load)

30% -~ )
G:$761.7 Mil Scenario 1
Scenario 2
20% 1 5" 1869 S e . =]
| Scenario 3
I I
w0%4 - - O  Selected Points of Interest ]

[
: Alternative TMDL Solutions

AT5% |
I
|

0% - T T T T T T
$0 $500 $1,000 $1,500 $2,000 $2,500 $3,000 $3,500
Cost above Baseline Non-structural BMPs ($ Million)
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TMDL Implementation/Water Quality Improvement

Planning

+ Conceptual designs
+ Quantified benefits
+ Considerations for
implementation
* Infiltration
« O&M
+ Costs

&

Dyt el 3

vt g et e s e e
vy Wy "Cpeo Bt T

Obregon Park
Centralized BMP Fact Sheet
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