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Data Needs

Land Use/Land Cover map in GIS

Watershed model
— Internal model in SUSTAIN
— External model (Examples: HSPF, SWMM)

BMP types, desigh configurations, costs
Instream targets

SEPA  SUSTAIN Components

~

_;_:"‘L/" a

oY

\\‘. D
S \\g Y

Interpratation
{Post Processor)




“EPA BMP Scale Considerations
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Cost in Millions of Dollars

Cost-Effectiveness Optimization
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SUSTAIN BMP Modeling
Assumptions



SUSTAIN Aggregate BMPs

On-site interception

— Rain barrel
— Cistern On-Site Routing
_ Green roof Interception Attenuation Qutlet
s .
On-site treatment ‘
— Bioretention :
_ On-Site Regional
Porous pavement e ———— Storage/Treatment

— Infiltration trench
Routing attenuation
— Vegetative swale
— Conduit
Regional storage/treatment
— Wet Pond

— Dry Pond
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Treatment Distribution

Landuse Area

Category | (Acres) ||nterception| Treatment | Routing Storage Outlet
Rooftop 60 67% 33%
Roads 120 28% 48% 17% 8%
Parking Lots 83 61% 24% 14%
Sidewalks 20 100%
Grass 53 100%
Barren 150 8% 22% 3% 67%

- Individual treatment train components can be disabled.

— Routing order is maintained.




Land Use-BMP Treatments
Natural Drainage Design

Light Urban Medium Ul’bal‘l Heavy Urban
Agriculture (Low Density (Medium-High (Commercial/ Transportation Forest
Residential) Density Residential) Industrial)
R Pv R Pv R Parking Road
Rain Rain Pervious
Barrel Barrel Pavement
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Outlet
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Land Use-BMP Treatments

Natural Drainage Design + Gray Infrastructure

Light Urban
(Low Density
Residential)

Agriculture

R Pv

Rain
Barrel

<

Bioretention Bioretention

Pervious

Medium Urban

! _ Heavy Urban .
(Medium-High (Commercial/Industrial) Transportation Forest
Density Residential)
R Py R Parking Road
Rain Pervious
Barrel Pavement
o
overflow

Bioretention

Detention Storage

R Impervious-roof

Bioretention Bioretention

©

Outlet

Pv.  Impervious-pavement



Residential On-

50 gallon rain barrel

$220 unit cost including construction
S 85.40 per yr I&E

O&M assumed negligible

Total Present Value unit cost =
$1,533

30-yr lifecycle cost assuming 5% discount rate

site Detention Facilities
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Sediment

Outllow

~3,000 gallon cistern

$1,600 unit cost including construction
S 85.40 per yr I&E

O&M assumed negligible

Total Present Value unit cost =
$2,913



Bioretention Facilities
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1 Unit is 100 ft?
$20/ft?2 Design, permitting, and construction

Rain Garden

$ 1.10/ft2-yr O&M
$213.50 per yr I&E
TPV cost = $69.73/ft?

Roadside Bioretention
$ 1.10/ft2-yr O&M
$170 per yr I&E

TPV cost = $63.04/ft? 30-yr lifecycle cost assuming 5% discount rate




Porous Parking Areas

Choker Course
(If Req'd)

Permeable
Pavement
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: o a2 .
Aggregate Storage
Depth ; Reservoir
Native Sail

0 Rain lands on the
parking lot surface... 1
by

1 Unit is 100 ft2

S 20/ft? design, permitting, and
construction
$ 0.02/ft> O&M 4
$427.00 per yr I&E ‘s |

TPV = $85.95/ft?

30-yr lifecycle cost assuming 5% discount rate



Detention
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30-yr lifecycle cost assuming 5% discount rate

1 Unit is ~13,000 ft3

S 3.43/ft3 construction cost
S 1.20/ft3 design and permitting
S 0.01/ft3 O&M

TPV Cost = S 25.81/ft2
or S 4.78/ft3

Land cost = $18.25 ft?



Questions ?



SUSTAIN Pilot Catchment
Study Results

... SUSTAIN Components




Objectives

* Documentation
— BMPs to be considered and associated treatment trains
— BMP designs used in SUSTAIN
— Cost assumptions used in model
— Methods used to estimate road, rooftop and parking areas
— Application of hydrologic target used in model

— Extrapolation methods to biological and water quality
improvements

e Describe general approach for expanding modeling
effort beyond pilot catchment



Pilot Catchment Scale Study

2007 Land Use/Cover
- 1, Heavy Urhan

P 2, Medium Urban

[ |3, Light Urban

|:| 4, Cleared for Development
|:| 5, Grass, Grasslands
|:| B, Deciduous and Mixed Forest
- 7, Coniferous Forest
:8, Clearcut Forest

[:] 8, Regenerating Forest
"ID',A.gricuPture

[ ] 11, Mon-forested Wetlands
- 12, Open Water

[ |13, Snow, Bare Rock
:] 14, Shorelines

() Paired Flow and W@ data

Ny

Green-Duwamish River Watershed Quality Assessment

http://www.kingcounty.gov/environment/watersheds/green-river/watershed-quality-assessment.aspx




Newaukum Urban Sub-basin

0125 0.25

@  Stream Flow

A water Quality
HSPF Catchments
MNewaukum Creek

: New aukum Creek Watershed Boundary

Pilot study

area
Catchment
NEW151



ewaukum Urban Sub-basin

() Paired Flow and Y3 data

Classification

- 1, Heawy Urban
- 2, Medium Urban
[ ] 3. Light Urban

|:| 4, Cleared for Development

|:| 9, Grass, Grasslands

- 6, Deciduous and Mixed Forest
- T, Coniferous Forest

- 8, Clearcut Forest

- 8, Regenerating Farest

- 10, Agriculture

- 11, Mon-forested Vvetlands
- 12, Open Water

|:| 13, Snow, Bare Rock

- 14, Shorelines

UW 2007 Land Use/Land Cover




Residential Rooftop and Commercial
Parking Area Output

Building Height Model
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SUSTAIN Aquifers

Evaporation Loss

A

Effective Impervious
HRUs
Aggregate BMP

Assessment
Point

BMP Aquifer Pervious Aquifer
(Aquifer 1) (Aquifer 2)

Surface Runoff —

Pervious Subsurface Flow  — =2
BMP Infiltration ... >

BMP Outlet Flow —>
Releasefrom BMP Aquifer — — p
Release from Pervious Aquifer ——<



Optimization Decision Variables
High Pulse Count

High-Flow Pulses|Current Conditions)
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Till Scenarios

On-site Aquifer Recession

Treatment Train Detention Pervious Treatment  Coefficient (/hr)
Green Rain Barrel 0 0
Green Rain Barrel 0 0.1
Green Rain Barrel 80 0
Green Rain Barrel 80 0.1
Green Cistern 0 0
Green Cistern 0 0.1
Green Cistern 80 0
Green Cistern 80 0.1
Green + Gray Rain Barrel 0 0
Green + Gray Rain Barrel 0 0.1
Green + Gray Rain Barrel 80 0
Green + Gray Rain Barrel 80 0.1
Green + Gray Cistern 0 0
Green + Gray Cistern 0 0.1
Green + Gray Cistern 80 0
Green + Gray Cistern 80 0.1




Catchment NEW151
Very Poorly Drained Type D Soils
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Green + Gray on Till Scenarios

%Effectiveness
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BMP Cost Breakdown
Green+Gray Treatment Train on Till
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Green+Gray on Till Cost Breakdown
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Cost-Effectiveness Curve
Green+Gray on Till Scenario 15
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High Pulse Count
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%Maximum B-IBI

In terms of Log-Linear Regression
Model relating HPC to B-IBI
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%Maximum B-IBI
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Water Quality Extrapolation

SUSTAIN model includes TSS

Extrapolate to turbidity, Cu and Zn using 95%
Upper CL regression equations

Calculate TSS, Total Cu and Total Zn load
reductions

Calculate frequency of exceedance of
turbidity, Dissolved Cu and Dissolved Zn
standards



Water Quality Extrapolation
Selected “Best” of Best Scenarios

Up to “80% reduction in TSS loads
Copper and Zinc loads reduced 30-40%

Frequency of exceedance of turbidity standard
reduced ~“85%

Copper was not predicted to exceed standards
under current conditions

A low frequency of exceedance of the Zn
standard was effectively eliminated



Conclusions

e A variety of BMP treatment systems can meet
similar targets at a variety of costs

e Generally, Green+Gray treatment trains
performed better than Green only

e Effectiveness is highly dependent on

assumptions regarding the fate of BMP
infiltration



Recommendation

e Extend catchment modeling approach to a
number of other catchments with relatively
homogeneous land use/land cover



Questions ?



Approach to Scaling Up



Approach to Scaling Up

2007 Land Use/Cover
- 1, Heawy Urban

-.'-?',- Medium Urban

[ |3 Light Urban

| |4, Cleared for Developrment
|:| 5, Grass, Grasslands
DE, Deciduous and Mixed Forest
- 7, Coniferous Farest
:B_; Clearcut Forest

[:] 8, Regenerating Forest

[ |10 Agricutturs

- 1, Mon-farested Yetlands
- 12, Open Water

| |13 Snow, Bare Rock

14, Shorelines

() Paired Flow and W2 data
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Management Categories

¢ Management Categories

» Consider the physical and land use characteristics
and constraints

* Based on key physiographic characteristics that
influence the selection of BMPs

* Most signiticant factors:
* Impervious cover
* Impervious density configuration
* Road density
* Slope



Management
Categories

BMP optimization
scenarios will be
developed for each
management

category
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Questions ?
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