Bob Pitt

Cudworth Professor of Urban
Water Systems

Department of Civil, Construction,
and Environmental Engineering

University of Alabama

Tuscaloosa, AL USA

B.S. Engineering Science, Humboldt State University,
Arcata, CA 1970.

MSCE, San Jose State University, San Jose, CA 1971.

Ph.D., Environmental Engineering, University of
Wisconsin, Madison, WI 1987.

35 years working in the area of wet weather flows; effects,

sources, and control of stormwater. About 100 publications.

- R(ﬁ)erﬁﬁ

labama,

artl

b\
& 7
\\

MCTT to treat parkmo l ru

3

Porous pav

and bioretenti
controls for roof*s

rking lot runoff,

2

Stormwater Control Categories in the
International Stormwater “BMP” Database:

Structural Controls:
*Detention ponds

*QGrass filter strips
eInfiltration basins

*Media filters

*Porous pavement
*Retention ponds
*Percolation trenches/wells
*Wetland basins

*Wetland channels/swales
*Hydrodynamic devices

Non-Structural

Controls:
*Education practice
*Recycling practice
*Maintenance practice
*Source controls
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WIinSLAMM Treatment Practices

Paved

parking/storage
Unpaved
parking/storage
Playgrounds
Drivew ays

Cisterns/ Wet Grass Street Catch- Porous | Drainage
ion/Rain rain detention | Drainage | Cleaning basins |Pavement| Discon-
Gardens barrels pond Swale nection

Trenches

Sidew alks/w alks

areas

areas

areas

areas

areas

Streets/alleys

Undeveloped Plus, we IIHDW ha ve

Small landscaped upﬂ(]w ﬁlt CrsS an d

Other pervious hydr [)dylla miC

Other impervious deViC es, aI]d are

lanes/shoulders
Large turf areas

Freew ay Workting on Oth I

Large landscaped

T R —— —

Fiunof Yolume I Patticulsts Solids 1 Polutarts T Output Summary

File Narne: |C:APragram Files\WwinSLAMM Huntsville Files\Hunts indus & small pond swale and site bioret.dat

Percent
Runoff Percent Runoff Farticulate Faticulate — Particulate

Volume Funoff Coefficient Solids Cone. Solids Yield Solids
few ) Reduction [Av] [mgrL] Ibs) Feduction

Source Area Total without Controls | 6.463E+08 0% R I 2277 [ giem 0%

Total Before Drainage System | 5OGBE+05 | ¥z | 025 I 7862 [ ammE | 1Mz
Total After Drainage Spstem | 2E03E+06 | 9976% | 013 | 2188 [ 3}/7 | BLB/E
Total After Ouifall Contols [~ 7485E+06 | Bibaz | 012 I 382 [ 552 | Satex

Drainage System and Qutfall Qutput Summary

Total rea Modeled (ac] 104.80

Fint Output Summary to Test | Print Dutput Summany to -
File Comma Geparated Value Fils Receiving Water Impacts Due To
Stormwater Runoff
Total Control Practice Costs Appios.
: L Perform Flaw Biclogical
Capital Cost [ % 255982 Dgra‘tiu;w Curve Cofateg NN of
- alculations sloulated R
Land Cost y—gj " el
LG Sl without Contols [ 032 [ Foor
FresentValue of & Costs [ 3 53796
Annualized Value of Al Costs § 28389 ‘with Cantrals 012 Good

WinSLAMM Summary Data Outputs

* Runoff Volume (ft3, percent reduction; and Rv, runoff coefficien

particulate solids (Ibs and mg/L), for:
- source area total without controls

- total before drainage system

- total after drainage system

-total after outfall controls

* Total control practice costs:

- capital costs

- land cost

- annual maintenance cost

- present value of all costs
-annualized value of all costs

* Receiving water impacts due to stormwater runoff:

- calculated Rv with and without controls

- approximate biological condition of receiving water (good, fair, or poor)
- flow duration curves (probabilities of flow rates for current model run and

without controls)

Flow Duration Curve for Current Model Run

Flow Duration Data

_ 9 Discharge | Flow Rate [cfs) | Flow Rate [cfs]
Z 3 Greater Than | for Curent | Without
2 i Percent | ModelRun_|__ Contols
s 0 11.56 3415
5 o 01 7168 17.19
£ o
g T 1422 4956
8 on 3 0.4162 1914
5 0.2428 0.9570
oot 10 01041 [i
o 10 i Ell 40 50 &0 70 80 20 0.03483 g
30 0.01158 i
Percent Greater Than a Discharge Rate 0 0 0
50 0 [i
60 ] [i
Flow Duration Curve for Currsht Model Run Without Controls 2 2 :
100 = a H
100 ] [i
10
£
©
£
Eom
5
2
2 m
0.001
0 10 0 kUl a0 50 50

Percent Greater Than a Discharge Rate

Print Close
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Detailed Data Outputs for Each Event

Runoff Volume (ft?), source area contributions,
particulate solids (Ibs and mg/L), pollutants (Ibs and
mg/L)
- by source area for each rain event

land use total

summary for all rains

total for land use and for each event

outfall summary, before and after drainage system and
before and after outfall controls
- Rv (runoff volume only)
- total losses (runoff volume only)
- calculated CN (runoff volume only)

Additional Details Available for Each Event
(with summaries)

rain duration (hours), rain interevent period (days), runoff duration
(hours), rain depth (inches), runoff volume (ft3), Rv, average flow
(cfs), peak flow (cfs), suspended solids (Ibs and mg/L)

100 0.
0 0.
0 0.
0 0.
0 0

9,130.58 . X . . 6,117

Summary statistics Rain RUNOTF R sub v
buration  Interevent puration Depth Vvolume
(hrs) period(days) (hrs) Gin) (cf)

Number of Events 102 102 102 102 102 102

Totral 332.7 865.2 53.36 2.485E+06 n/a

Equivalent annual Total 334.7 870.4 53.68 2. 500E+06 /

wininum 0 1.200 1.000€+07 1.016E-05
Maxinum 12,67 30.60 3,700 360283
Average of All Events 3,231 8.482 0.5181 24363
median 2.250 6.000 0. 3200 7098
stnd. Deviation 3.202 &. 060 . 6754 53229
0.9912 0.9502 1.304 2.185

cov
First Rain pate: 01/02/76
Last_Rain Date: 12/30/76
Total Time period (yrs):  0.9940639

0.08 6 s
0.01 0 0 0
0.05 6 9
0.09 0.72 15 39
0.06 0.11 2 1
Average peak suspended suspended Pre-Develop.
Flaw Flaw Solids Solids Runoff
(cfs) (cfs)  conclng/L) wass(1bs)  volume (cf)
102 102 102 102 Number of Events
n/a n/a n/a 5552 Total
n/a n/a Equivalent Annual Total
4.657€-10  4.6296-07 winimum
11.66 71.02 Maximum
0.6835 Average of All Events
0.14356 Median

stnd. peviation
cov

11

Fle view
Runoff Volying I Pariculate Solids T Folltants T Output Summry
Runoff Volume (Cu ft) | Souce Area Runoff Volume Contibution )

Data File:_Huntsindus 4 small pond swale and sie bioret D -

Fiain File: HUNT1376.RAN

Date: 010706 Tive: 17.45:00

Site Deserpiian: Hursvile indus & small pond swale and ste biofiliation

Industial Aveas - Funo Volume (cu. )

Stat Ran | FRools1 | Roofs2 | Paved | Paved | Sieet | Stesl | Steet | Lae Smal | lsolated | Land i Tod | Coloulated
Date Tatal Paking/ | Paking/ | Amal | Aea2 | Awea3 Landscaped Landscaped  Area Use Losses | CN°
Storage 1| Storage 2 a ieal Totak )

01/02/76 075 0 5m ] 3037 5607 5607 s607 17717 2943 o s [iFi] 059 836
01/07/76 06z 0 1648 0 2n a4t 4a37 s 13s 2284 0 a7 [iFi] 043 11
01/08/76 il ] i 0 10, i 0 i 0 0 0 a86l 000 il N
0111776 056 0 En 0 28 3984 393 EE 1570 I 020 045 917,
011376 1o 0 541 0 a0l 520 520 520 0 i 2503 07 009 974
011376 0% 0 7949 0 1417 2319 29 219 5609 e 0 28 017 029 941
01/16/76 0% 0 0 0 19 172 172 172 [ 0 (IR 004 005 984
172076 0 [] [ [] 2 2% 2 2 [ [ IR [ir) 0 %2
01/24/76 005 0 0 0 15 72 172 172 [ 0 o 7l fiT) 005 984,
01/25/76 139 T TiT) a2 S67 11393 11913 11393 4108 6827 0 1amm 05 105 838
02/05/76 075 0 58 ] 3037 5607 5607 s607 17717 293 o es [iFi] 059 836
0211776 007 0 i 0 773 09 T 30 [ 0 i 1208 05 007 97.9
02/18/76 179 03 sazsg 28 734 16555 logks  1ess5 a0 607 CINRECE] 029 127 821
02721776 075 0 205 0 037 5607 5607 607 17717 2903 0 s [iFi] 059 896
03/05/76 126 1005 337 L7 555 10543 1049 10549 36346 6038 0 116691 024 095 650
Q3/06/76 0 0 q 0 99 50 50 50 0 0 [T} [l [l 989
03/08/76 062 0 6l ] Eill 57 4437 g 1as 2284 0 sl [iEi] 043 411
03/03/76 005 ] 0 0 15 72 172 172 0 0 o 7l fim) 005 984
0312/76 03¢ 0 s ] 3806 7087 087 087 24188 401 0 [iF=] 073 67.6
03/14/76 il ] i 0 10 i ] i 0 0 0 a8el 000 il N
0B/16/76 047 0 i ] Ta03 255 255 5 EiE] 1437 0 e 013 038 927
03720176 007 0 [ 0 279 09 EE 30 [ 0 [ 1206 [l 007 7.9
03720176 146 14609 4223 2007 973 12808 1208 12808 43 7285 I 02 105 845
03/24/76 (il 0 [ ] 10 [ 0 [ [ 0 0 amel 000 (il A
UB/26/76 03 ] 7618 [] 1377 243 24 24 533 ] I 017 028 9.3
05/27/76 050 0 1265 ] 2025 57 3487 ) 821 1648 0 @ 013 040 524
0372376 050 0 1265 0 2025 437 3437 EE 9321 1648 0 s 013 040 924
03/30/76 057 0 14em 0 2308 078 4078 W\ 1n% 2028 (- 020 045 916
03/31/76 il ] i 0 10, [ 0 [ 0 0 0 a8el 000 i N
04711776 01e ] 1715 0 563 738 3 7% ) il [ 5168 010 013 %8
04/18/76 007 0 [ 0 279 09 EL 31 i 1206 05 007 979
04/24/76 066 0 7 0 %73 832 4832 FEE Y 7] 280 0 520 [iFi] 052 906
04/23/76 00z 0 [ 0 ] 6 6 6 0 5% i 002 992 v

2 »
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The WinSLAMM batch editor can be used to
automatically run a large number of files, usually fo

integration into a GIS-based map.

Options  Help

Land Uga Types Available in Directary:
C\Program Files\winSLAMM\Standard Land Use
IFiles Source Area Name Area (ac)

o and

. undeveloped dr

The .DAT and .OUT files will be created in: TRy

CAProgram FilesiwinSLAKM
LandUse Soil Type:

“ Sandy
Create a Site Specific .DAT file from a Standard Land Use File .
Run a Set of .dat Files Exit Clayey
Create and Run a S f DAT files Drainage Basin Land [ tovenber 202
reate and Run a Series of les from a Drainage Basin Lan i st i
Use Database EM"'AM S Critical Loading Rates

Stormuater Investga
ity of Racie, Wisconsin
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WinSLAMM can also calculate life-cycle costs and compare
different control programs to obtain unit removal costs with
the batch processor:

Decision Analysis

File Name Runoff Partic. Sub Sub Sub Sub Sub % Cost per

Volu Solid Basi Basi Basi Basi Basi Part. Ib 4 M
el e e R - With so much data available, and so many

(cf) Yield Capital Land Sediment
(Ibs) Cost Cost Cost Annual Present Reduc. Reduced

Cost  Value options that can be analyzed, how does one

Cost
Cost 5246545 0 select the “best” stormwater control
Example -

Base Case program?

No Controls
Cost - stasias 119109 18658 232515 The least costly that meets the objective?
xample -

Cost 4425257 681686 58122 724332
Example - P
20 percent

Cost 3193328 1704215 145306 1810829
Example - P
50 percent

) ) . If multiple goals, then possibly not as clear and need a more
Possible, if only have one numeric standard: flexible approach. Consider the following example (a

conservation design industrial park in Huntsville, AL):

c NDUSTRIAL LOT "
‘_g 07 T T T T T T T T T 5 \
é 0.6 ) If 80% SS reduction goal, =
o : o 08 & streetcleaning 116 least costly would be
L o5k wet detention. In this | B
é @ catchbasin cleaning example, gr.ass swales, %
o 04F street cleaning, and . H
o catchbasins cannot reach
§ 03r this level of control. If 40% o]
a .
2 o2l SS reduction goal, then confr.o!s_
o ' grass swales wins.
©
g 0.1 | ® wet
o grass roof disc. & detention
Q 0.0 | ] | I | SWoles o grass swales | |
A 0 10 20 30 40 50 60 70 80 S0 100

Maximum percentage suspended solids reduction

15



This site was divided into four subareas, one area has 13 industrial
lots (about 2.6 acres each), plus a large undeveloped area (60.2 acres)
and isolated sinkholes (4.6 acres). The developed area is divided into

the following:

* Roofs plus paved parking: 20.7 acres

* Streets (1.27 curb-miles): 3.1 acres

» Small landscaped areas (B, or sandy-loam soils, but
assumed silty soils due to compaction): 10.0 acres

Conventional drainage system costs (5% over 20 yrs) were estimated

to be:

Capital cost of project = $296,400 (2005)
Annual maintenance cost = $2,960/year (2005)
Annual cost of conventional drainage = $26,850 per year

Land Use: Industrial

Biofilter Number 1

Device Geometry

1. Top Area (s [ 4400
2. Battom Area (5] | 2000
3 Depth 1) [ 200
4 Depthof Biofiterthat s [ .00
Rock Filled [ft -
5 Fractionof RockFiled [~ 7.9

Yolume &z Voids (1-1)
6 Engineered Soi Depth (1) [

7. Fraction of Engineered Soil

=
Yolume 3= Voids (0] | 000
8 Seepage Rate (infh] [ 200

—
Seepage Rate Side: | 1.00
Mulipier (0-1] Botte: [~ 700

MM Input Screen for Biofilters

Add Outlet/Discharge ‘

Edit Existing Dutlet |

Selected Outlets

Inflow Hydiogiaph Pesk to =
Avverage Flow Ratio 3.80

Source Areas from Land Use that Contribute Runoff to Biofiltration Control Device(s]

¥ Raoftop 1 I [~ Large Landscaped Area 1
[~ Rooftop 2 7 r

[ Small Landscaped Area 1

W Paved Parking/Storage 1

[~ Paved Parking/Storage 2

T [~ StestAreal
[ SteatArea 2
[~ StieetArea 3

0 | ]
m|[@ijmij=)

771 Fraction of Runolf From Selected Souce Areas Routed to Land Use Biofiters [0 - 1]

Select Seepage Rate
Sand - 8invhi
Loamy sand - 25 invhr
Sandyloam - 1.0 inthr
Loam - 05 infhe
Sitloam - 0.3 in/hr
Sandy sit loam - 0.2 in/hi
" Clay loam - 0.1 in/h
T Sily cloy loam - 0.05 inbe
T Sandy clay - 0.05 infhr
Sy clay - 0.04 inhr
Clay - 0.02 inshr
Riain Barrel/Cistern - 0,00 invhi

Use Randam Number Generation
[~ toAccount for Uncertainty in
Infiltration Fiate

Typical Biofiter Width (1) - 75
for Cast Puposes Onily:

. Nurber of Biofilration
Contol Devices in Source | 6
Aurea or Land Use

Cancel |

Delete | Continue

Change Geometry | 1200
N Biofilter Top
'3 Area= 4400 of
Reguired Broad- 038
crested Weir e Vertical

| i
(Optianal)
200 ‘ Engineersd

100 : L Sail
el
; 0a [ (Optional
7 | Rock Fill
s
T - & E“ = plelill o patum
/ 28
Binfiter Bottom - —

Area= 2000 sf O rifice (Optional)

19

Biofilters to drain site runoff (paved parking
and roofs) to regional swales:

*Top area: 4400 ft?

*Bottom area: 2000 ft

*Depth: 2 ft

*Seepage rate: 2 in/hr

*Peak to average flow ratio: 3

*Typical width: 10 ft

*Number of biofilters: 13
(one per site)

Parking lot
biofilter example,
Portland, OR

Regional swales to
collect site runoff and
direct to wet detention
ponds:

*Length: 1653 ft

einfiltration rate in the swale:
1 in/hr

eswale bottom width: 50 ft

*3H:1V side slopes pindustrial site

*longitudinal slope: 0.026 ft/ft g
*Manning’s n roughness i
coefficient: 0.024

typical swale depth: 1 ft

Large swale at MS

11/21/2023
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WIinSLAMM Input Screens for Grass Swales
H

1. Swale infiltration rate (in/hr) ;| (NI 2. Swale density [ft/ac): 29.00
ENTER WETTED SWALE WIDTH [constant for all events)
3. Wetted swale width (ft): 0.00

Wet Detention Pond to Treat Runoff from Area

Rooted aquatic plants on ghelf

1:1010 1:4 slope N’/ W

to normai high water
level

Pond Full-Sized Pond
Elevation Area (acres)
(ft) 1:410 1:1 slope:

Normal water level range

OR
ENTER TYPICAL SWALE GEOMETRY
[wetted swale width changes for each event based on expected flows)

0.15 Flat shelf (at least 3' wide) Permanent pool depth

(atloast 3, preferably 6)
0.25 /
0.5 As steep as possible:

Typical Swale Geometry
4. Typical Bottom Wicth (ft): 500 6. Typical Longitudinal Slope [ft/ft): | 0.026
5. Typical Swale Side Slope

CRH-1RY): | 30 7 Swale Manning'sn [0.02¢ 075

[~ Select swale density by land use [ Select infiltration rate by soil type

Swales in poor condition or very flat  [0.000 weir). Normal maximum elevation during one and

- (o] 1.0 (normal pool elevation, and invert elevation of
o e 30° v-notch weir)
(o Enter the fraction of each type of drainage
@] ol system serving the study area: 15
5 .
o & 1. Grass Swales [o580
= o) ~ 7 2
= ide: . .
r c & CLEdl s 0.000 8 2.5 (invert elevation of flood flow broad-crested
(o o 3. Curb and Gulters. Valleys. or Sealed
(o
(ol

4. Cutb and Gulters, Valleys. or Sealed
Area served by swales [acres): 60.78 Swales in fair condition 0.420

5. Curb and Gulters. Valleys. or Sealed
Swales in good condition or very steep |0.000

two year rains.

3.0 (approximate maximum pond elevation, or as
ey G e Gl determined based on flood flow analysis). Additional
- The total must equal 1. Total:  1.000 .
Typicel Swele Depth ;. [ 20 ntinue storage and emergency spillway may be needed to

Typical Bottom Width (i, [ 30 Delete | Cancel | Continue | _ ﬁccommodate flows in excess of the design flood
ow.

21 22

Outfall Control Add Outlet

Total Area: 104.8 acres

Quital Outlet Devices Available
Pond Number 1 Outlet Number 2 in WlnSLAMM

1. Weir Crest Length [ft) 50

2. Weir Crest Width [ft] 3
3. Discharge Coefficient [English [
Units]

+ Default Discharge Coefficients

4. Height of Weir Opening [ft) 1

5 Height from Datum to Bottom

of Weir Opening [ft] i

Delete ‘

Pond Number 1

Particle Size Distribution File:

CAPROGRAM
FILES\WANSLAMM\MEDIUM.CFZ

. Sharp Crested Weirs
. V-Notch Weir

. Orifice

. Seepage Basin
. Natural Seepage

Initial Stage Elevation () 3

D0 G D 00D S

Peak to Average Flow Ratio | 3.80

Edit Stage Area Data Edit Existing Outlet

Selected Outlets (Max. 5

Dauble Click to Edit or Delete
Save this Pond as a
WinDETPOND File
Continue Delete Pond

Cancel LContinue

Evaporation

Pond Number 1
— f Cl\J’ml‘JlaliVe
e i
Flow oufal 20| faores) | Mok Other Outflow
Stage [f] 0.00 0.000 0.000

Water Withdrawal
Broad Crested Weir

oty i Row 1 1| 100 oo | o
EEE 200 0135 | 0138
300 0.250 032 Qutfall
400 035 | 06%
Insest a row before
o ramber [ Ieenfiow 500 | 0500 | 107
500 0750 | 1700

Pond Number 1

Outlet Number 1
Weir Angle

1
)
3
4
5
6
7
8
9
|

Deelerommmber [ Dopre ow 700 1000 | 2575 1,225 degrees e | 0. Vertical Stand Plpe
sgg 1 SZE 2;?2 = 230 degrees of the weir [ft]
Riecaloulate Cumulative Volume ¥ & e 2. Height fom datum to bottom  [5
_ 5 s o opening l"]
5. 90 degrees
£ B.120 degrees

Cancel Continue Use Skt plus the anow keps to

move thiough the: giid

23 24

Cancel | Continue ‘ Delete ‘




Batch Processor Data for Combinations of Above Controls

Stormwater Treatment
Option

Base, No Controls

Option 1

Pond

Option 2

Reg. Swale

Option 3

Site Biofilter

Option 4

Small pond

Option 5

Pond and reg. swale
Option 6

Pond, swale, biofilter
Option 7

Small pond and swale
Option 8

Small pond, swale and
hiofilter

Annual Total Annual Total Land
SW Treat. Addit. Annual Needs
Cost Drain. Cost for SW
($lyr) System ($lyr) mgt
Cost (acres)
($/yr)

64,230

Runoff Part.

Volume Solids in SS

(cflyr) Yield Yield
(lbslyr) (%)

Reduc

64,230 0 5,600,000 71,375

64,230 83,364 4.5 5,507,000 10,192

26,850 30,008 0 2,926,000 32,231

37,380 69,710 (0] 2,705,000 68,890

64,230 74,439 23 5,657,000 19,552

26,850 49,142 4.5 2,844,000 4,133

54,622 4.5 1,203,000 2,183

40,217 23 2,887,000 6,937

45,698 23 1,253,000 4,125

Decision Analysis Approaches

1) Specific criteria or limits that must be met.

It is possible to simply filter out (remove) the options
that do not meet all of the absolutely required criteria.

If the options remaining are too few, or otherwise not
very satisfying, continue to explore additional
options. The above examples only considered
combinations of 3 types of stormwater control
devices, for example. There are many others that can
also be explored. If the options that meet the absolute
criteria look interesting and encouraging, then
continue.

Additional Batch Processor Data (cont.)

Stormwater Treatment
Option

Base, No Controls
Option 1

Pond

Option 2

Reg. Swale

Option 3

Site Biofilter

Option 4

Small pond

Option 5

Pond and reg. swale
Option 6

Pond, swale, biofilter
Option 7

Small pond and swale
Option 8

Small pond, swale and
biofilter

Part. Phos
Yield
(Ibs/yr)

Volum.
Runoff
Coeff. (Rv)
(est. bio.
cond.)

0.29 (poor)
0.29 (poor)

0.15 (fair)

0.14 (fair)

0.29 (poor)

0.15 (fair)

0.06 (good)

0.15 (fair)

0.07 (good)

% of time
flow >1
cfs

% of SS
time conc.

flow>10 (mg/L)
cfs

0.3
0.05

0.1

0.2

Part. P Zn
conc. conc.
(mg/L)  (nglL)

Control Options Meeting 80% SS Reduction
Requirement, Ranked by Cost

Stormwater Treatment
Option

Option 1

Pond

Option 2

Regional Swale

Option 3

Site Biofilter

Option 4

Half-sized pond

Option 5

Pond and reg. swale
Option 6

Pond, reg. swale and biofilter
Option 7

Small pond and reg. swale
Option 8

Small pond, reg. swale and
biofilter

Total Annual
Cost ($/yr)

83,364

30,008

69,710

74,439

49,142

54,622

40,217

45,698

Reduction in

SS Yield (%)

86

)

Meet 80%
particulate solids
reduction goal?

Rank based
on annual
cost

5
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Attribute Value Ranges, plus Example Ranks and Trade-offs
(ranks and trade-offs could vary for different interested parties)

2) Goals that are not absolute (based on methods developed
by Keeney, R.L. and H. Raiffa. 1976. Decision Analysis with
Multiple Conflicting Objectives. John Wiley & Sons. New
York.)

Attribute Range of Attribute Trade-offs
attribute value ranks for between
for acceptable selection remaining

options (after absolute  attributes
goals are met)

Total annual cost $40,217 to 83,364 2 0.20
($/year)

Land needs (acres) 2.3t0 4.5 acres 0.08
Rv 0.06 to 0.29 0.30
% of time flow >1 cfs 0.5t04 % 0.05
% of time flow >10 cfs 0to0 0.05 % 0.18

Particulate solids yield 2,183 to 10,192 0.07
(Ibs/yr) Ibs/yr

Part. Phosphorus yield 5.5 to 25 Ibs/yr 0.12
(Ibs/yr)

Utility curves and tradeoffs can be developed for the remaining
attributes, after all the absolutely required goals are met. The
above example includes attributes of several different types:
- costs
- land requirements
- runoff volume (volumes, habitat responses, and
rates)
- particulate solids (reductions, yields and
concentrations)
- particulate phosphorus (reductions, yields and
concentrations)
- total zinc (reductions, yields and concentrations)

Utility Curves for Different Attributes (technically 11 JE———
based, would not vary for different interested parties) 09 | | Good
* Volumetric runoff coefficient (Rv) as an indicator of 08 | |E i '
habitat quality and aquatic biology stress: 07 _ ‘ ’ 3
% 0.6 4 - Poor gl | s /
Attribute Expected Utility _g. 05 L N
Value Habitat Value § R - s |y
Condition S 04 Y,
% 03 .
<0.1 Good . 0.2 A
0.1t00.25 Fair 0.4 : ]
0.26 to 0.50 Poor 0 ¢ . '
0.51to 1.0 Really lousy 1 10 100
Directly Connected Imperv Area (%)

32




Relationship Between Directly Connecting
Impervious Area (%) and the Calculated Rv for Each
Soil Type

0.9 A
0.8

07 [ Poor |
0.6 -
05 ] [ Good |

Rv

0.4 //
0.3 ///
0.2 - 1
| "
0.1 | [
O |
1 10 100

Directlv Connected Impervious Area (%
— Sandy Soil Rv — Silty Soil Rv Clayey Soil Rv

Example Utility Values for Other Attributes (cont):

* Part. Phosphorus yield (Ibs/yr): straight line, with 25
Ibs/yr =0 and 5.5 Ibs/yr = 1.0

* Land needs (acres): straight line, with 4.5 acres = 0 and
2.3 acres = 1.0

* Particulate solids yield (Ibs/yr): straight line, with
10,192 1bs/yr = 0 and 2,183 lbs/yr=1.0

* % of time flow >1 cfs Utility value
<1 1.0
1-3 0.75
3.1-10 0.25
>10 0

Example Utility Values for Other Attributes:

» Total annual cost: straight line, with $83,364 =0
and $40,217 = 1.0.

* % of time flow >10 cfs

<0.05
0.05-1

1.1-25

>2.5

Utility value

1.0
0.75
0.25
0

Attribute Values and Associated Utilities for Example

Stormwater Total
Control Option Annual
[of 153

($lyr)

Tradeoff Value

Option 1

Pond

Option 5

Pond and reg.
swale

Option 6

Pond, reg. swale
and biofilter
Option 7

Small pond and reg.
swale

Option 8

Small pond, reg.
swale and biofilter

Cost
utility

Land
Needs
for SW

mgt
(acres)

4.5

4.5

Land Part. Part. Part.
utility Solids Solids Phos.

Yield utility  Yield
(Ibs/yr) (Ibslyr)

Phos
utility
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Attribute Values and Associated Utilities for Example
(cont.)

Stormwater Control  Volumetric Rv utility % of Mod % of time  High flow
Option Runoff time flow flow >10 utility
Coefficient flow >1 utility cfs
(Rv) cfs

Tradeoff Value 0.05

Option 1 0.29 0.25
Pond

Option 5 0.15 b 0.75
Pond and reg. swale

Option 6 0.06 J i 1.0
Pond, reg. swale and

biofilter

Option 7

Small pond and reg.

swale

Option 8

Small pond, reg. swale

and biofilter

Calculation of Factors for Each Option (cont.), Sum of Factors,

and Overall Rank

Stormwater Rv Rv Mod Mod High High Sum of Over-
Control utility factor flow flow flow flow factors all
Option utility factor utility factor Rank

Tradeoff 0.30 0.05 0.18
Value

Option 1 . 0.25 0.75 0.135
Pond

Option 5 b b 1.0 0.18
Pond and
reg. swale
Option 6
Pond, reg.
swale and
biofilter
Option 7
Small pond
and reg.
swale

Option 8
Small pond,
reg. swale
and biofilter

Calculation of Factors for Each Option
(Attribute Utility times Attribute Trade-off)

Stormwater [of 153 Cost Land Land Part. Part. Phos.
Control Option utility factor utility factor utility factor utility

Tradeoff Value 0.20 0.08 0.07 0.12

Option 1
Pond
Option 5
Pond and reg.
swale
Option 6
Pond, reg. swale
and biofilter

Option 7
Small pond and
reg. swale
Option 8
Small pond, reg.
swale and
biofilter

Conclusions

Calibrated and verified stormwater models can be
used to develop a great deal of information
concerning many different stormwater management
options.

Regulations and criteria also need to have different
formats to acknowledge site specific problems and
objectives.

The use of clear and flexible decision analysis
techniques, as outlined in this presentation, is
therefore important when selecting the most
appropriate stormwater control program for a site.
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