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Background

= U.S. Environmental Protection Agency is considering national-
level requirements for management and control of urban
stormwater

= Non-point sources — in particular urban stormwater runoff — are
an important, and growing, cause of surface water impairments

= Rulemaking process requires assessment of the costs,
environmental impacts, and societal benefits

— SWAT used to assess the environmental effects of regulatory options
and support benefit estimates through several different valuation
frameworks

— Complement to detailed 1) site-level analysis of model projects and 2)
development forecast to 2040

— Analysis must ultimately provide national estimates
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Considerations for Developing the

Aggregate Stormwater BMP

1. Integrate outputs from detailed site-level analysis

— Lowest-cost selection among 42 BMPs for over 30 different types of representative
projects/sites

— Multiple (parallel) BMPs per development project for five different source areas

— Used to estimate compliance costs for the regulation and other benefit categories
(e.g., carbon sequestration, energy savings)

2. Build on existing SWAT capabilities
3. Flexible representation of BMPs

— Infiltration

— Treatment to specified effluent limits

— Surface discharge at specified rate (after treatment)

4. Distributed

— Allow for finest level of detail/specification possible in SWAT



Implementation in SWAT

Code modifications (primarily pothole.f):

1. Simply modify the existing SWAT pothole: Promising, but noticed several issues...

2. Improve BMP representation: Allow one “pothole” per HRU instead of one per subbasin

Specifications of BMP parameters in HRU
file:

— Fraction of HRU area managed

— Aggregate BMP discharge rate (if
treated discharge allowed)

— Aggregate BMP volume

— Treated discharge effluent
concentrations (nitrogen, phosphorus,
sediment)

2. Implementation

.hru file Watershed HRU:8 Subbasin:1 HRU:8 Luse:URMD Soil: TX042 Slope 0-10 2/11/2011 12:00:00 AM ArcSWAT 2009.93.5
0.0057474 | HRU_FR : Fraction of subbasin area contained in HRU

121951 | SLSUBBSN : Average slope length [m]
0.003 |HRU_SLP : Average slope stepness [m/m]
0.100 |OV_N : Manning's "n" value for overland flow
0.000 |LAT_TTIME : Lateral flow travel time [days]
0.000 |LAT_SED : Sediment concentration in lateral flow and groundwater flow [mg/l]
0.000 |SLSOIL : Slope length for lateral subsurface flow [m]
0.000 | CANMX : Maximum canopy storage [mm]
0.000 |ESCO : Soil evaporation compensation factor
0.000 |EPCO : Plant uptake compensation factor
0.000 |RSDIN : Initial residue cover [kg/ha]
0.000 |ERORGN : Organic N enrichment ratio

6:080~ERORGP : Organic P enrichment ratio
0.268 |POY_FR : Fraction of HRU are that drains into pothole -- Modified
0.000 D_FR : Fraction of HRU that drains into floodplain

0.000__| RIP_FR : Fraction of HRU that drains into riparian zone

0.000 |POT_NSED : Normal sediment concentration in pothole [mg/I]
0.000 |POT_NOSL : Nitrate decay rate in pothole [1/day]
0 | DEP_IMP : Depth to impervious layer in soil profile [mm]

0.5 | EVPOT: Pothole evaporation coefficient

0.0 |DIS_STREAM: Average distance to stream [m]

0.0 | CF - septic parameter

0.0 |CFH - septic parameter

" FDEC - septic parameter

27.107 |'SED_CON : Sediment effluent concentration from pothole [mg/L]-- Modified

1.403 | ORGN_CON : Organic nitrogen effluent concentration from pothole [mg/L]-- Modified
0.007 |ORfP_CON : Organic phosphorous effluent concentration from pothole [mg/L]-- Modified
0.768 | SOLN_CON : Soluble nitrogen effluent concentration from pothole [mg/L]-- Modified
LP_CON : Soluble phosphorous effluent concentration from pothole[mg/L]-- Modified
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Aggregate Urban Stormwater BMP

SURFACE RUNOFF
NOT MANAGED BY BMP
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* Needed inputs are written outside ArcSWAT interface by modifying
*.hru files

R used to aggregate site-level BMP parameters to HRU level.

VBA code used to rewrite *.hru files

2. Implementation
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Study Area

Subbasin ID
Percent of subbasin
developed in 2001
Percent of subbasin
developed in 2040

Willamette
(1709) Minnesota
Yellowstone 2 Yellowstone 1 (0702)
(1009B) (1009A)
Loup ‘
Sacramento (1021)
s Elkhomn
Upper (1022)
Colorado
(1401) South
Platte
South CA (1019)
Coastal Verde
(1807) (1506A)
Rio Grande

(1301)

Salt
(15068)
San Pedrog
(1505)

Trinity
(1203)

Watershed Name
(HUC4 ID)

Upper lllinois
(0712)

(l

New England
(0106)

i;'pﬁﬂ
Erie-St. Clair
(0410)

Susquehanna
(0205)

W\

Neuse-Pamlico

(0302) y
ACF
(0313)
Peace
(0311)

Tampa
&(0310)

HRU ID within subbasin
HRU ID within watershed
HRU soil type (HSG)

HRU land use

HRU impervious surface cover
(based on land use definition)

HRU area in 2040

HRU share of subbasin in
2040

Share of HRU area managed
by BMP

Legend
HUC4

Reaches

[ subbasin

Land Use 2001

I:] Open Water
- Urban
D Barren Land
[: Forest
[ shrubiscrub
[:] Grassland
[: Agricultural
|: Wetlands

15 Reach D

Watershed Area ~ 26,000 km?

Subbasin Areas ~ 300 km?

e | wen [ Ve

71
8.0%

54.0%

31

2174
NCO75 (B)
UFRL
7.2%

3,381 ha
8.1%

100.0%




BMP Scenarios

BMP Specifications
POT_VOLX POT_ TILE SED_CON ORGN_CON SOLN_CON ORGP _CON SOLP_CON
(mm) (mm/day)  (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
No BMP NoBMP N/A N/A N/A N/A N/A N/A N/A

Large BMP with

SWAT Run
Label

Untreated Discharge L_I+D 50 20 N/A N/A N/A N/A N/A
Small BMP with

Untreated Discharge S_+D > 2 N/A N/A N/A N/A N/A
Large infiliration-only | _ionly 50 0 N/A N/A N/A N/A N/A
Smallinfiltration-only s 1only 5 0 N/A N/A N/A N/A N/A
Large BMP with

Treated Discharge L_I+DConc 50 20 5.0 1.0 0.5 0.05 0.03
Small BMP with

Treated Discharge S_I+DConc 5 2 5.0 1.0 0.5 0.05 0.03
Large BMP with more

Stringent Treated L_I+DConc2 50 20 1.0 0.2 0.1 0.01 0.01

Discharge

Small BMP with more
Stringent Treated S_I+DConc2 5 2 1.0 0.2 0.1 0.01 0.01

Discharge



Suspended sediment concentration in surface discharge from simulated BMP
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Nitrate concentration in surface discharge from simulated BMP
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HRU Surface Runoff Contributed to the Reach (Qday)
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HRU Water Yield (i.e., Includes Lateral and Groundwater Flows)
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% Change Relative to “No BMP” Baseline

so% —— Total water quantity during period of August 21, 1999 — October 2, 1999 -
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TN Loads in Reach

- 50

- 100

- 150

(ww) uonendpald

o
Qo
™~

- 250

- 300

400

L

[ TPRECIP

NoBMP

Slightly higher TN

from groundwater

\4/\/
/\— 350

S |+DConc

—— L _I+DConc

Y

e L_|Onl

AN

N

Y

——s_lonl

666T/7/0T
| 666T/1/0T
| 6661/0€/6
| 6661/67/6
| 6661/87/6
| 666T/L7/6
| 666T/97/6
| 6661/52/6
| 666T/17/6
| 6661/€2/6
| 6661/72/6
| 6661/12/6
| 6661/02/6
| 6661/61/6
| 6661/81/6
| 666T/L1/6
| 6661/91/6
| 6661/51/6
| 666T/V1/6
| 6661/€1/6
| 6661/71/6
| 6661/T1/6
| 666T/01/6
| 6661/6/6

| 6661/8/6

| 666T/L/6

| 6661/9/6

| 6661/5/6

| 666T/v/6

| 6661/€/6

| 6661/2/6

| 6661/1/6

| 666T/1¢/8
| 6661/0€/8
| 6661/67/8
| 6661/87/8
| 6661/L7/8
| 6661/97/8
| 6661/57/8

~— 6661/12/8

| 6661/€7/8
| 6661/72/8
666T1/12/8

10000

9000

8000

7000

6000 -

£ 5000 -
=

4000

3000

2000
1000

o



Next Steps

So far, conceptual validation
— Would love to validate results against field data...

— Confirm processes (e.g., denitrification)

Enhance flexibility to model BMPs

— HRU-specific adjustment to the infiltration rate applied to the BMP (including zero
infiltration)

— Differentiate HRUs (and BMPs) based on the development period relative to regulatory
deadlines

More informative and easier to use outputs

— Annual/monthly average mass balance (e.g., water managed, retained, treated
discharge)

— Annual/monthly average pollutant loadings

[Your thoughts here?]



Merci!
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