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APPENDIX A
FOREWORD

This appendix contains selected'monitoring site characteristics data for those
projects that were included in the data analysis up to this point. Referred to as
Fixed Site Data, the information selected for 1nc1us1on in -this appendix is
analyzed in columns as follows:

PROJECT

Code

Name
CATCHMENT
Code

Name

" AREA

LAND USE

- A unique alphanumeric code number that identifies each of the 28 NURP

projects in the NURP STORET data base (see listing that follows).

The urban area in which the NURP project is located.

A unique alphanumeric code number assigned by individual NURP projects
to each monitoring site used, as entered in the NURP STORET data base.

The name by which the monitoring site is known Qithin each project.

The size of the contributing drainage area at the monitoring site;
expressed in acres (multiply by 0.4047 to obtain hectares).

The percentage of the total drainage area that is predominantely used
as residential, commercial, industrial, or parkland/open (see listing

~ that follows).

POPULATION DENSITY

The population density in the catchment calculated by dividing the
total population residing within the contributing drainage basin by
its area in acres; expressed as persons per acre (multiply by 2.471
to obtain persons per hectare).

A measure of the representative catchment siope; expréssed in feet
per mile (multiply by 0.0001893 to obtain percent).

A-2



NATIONWIDE URBAN RUNOFF PROJECT LOCATIONS

ZE R S S S I S S S E S S S A S T I TS S E EE S E S S S S S E T EE S S S S S eSS TSI SES IS ESSRSISISITITZI TS

NURP PROJECTS

1.0URHAM, NEW HAMPSHIRE : NH1
2.LAKE QUINSIGAMOND, MASSACHUSETTS MAl
3.MYSTIC RIVER, MASSACHUSETTS HA2
4 .LONG. ISLAND, NEW YORK NYL
5.LAKE GEORGE, NEW YORK NY2
6.IRONDEQUOIT BAY, NEW YORK NY3
T.METRO WASHINGTON, D0.C. . ' 0C1
8.BALTIMORE, MARYLAND MOl
9.MYRTLE BEACH, SOUTH CAROLINA sCl
10.WINSTON=SALEM , NORTH CAROLINA . NC1
11.TAMPA, FLORIDA FLl
12.KNOXYILLE,s TENNESSEE : TN1
13.LANSING, MICHIGAN. : MIl
14.0AKLAND COUNTY, MICHIGAN MI2
15.ANN ARBOR, MICHIGAN : MI3
16.CHAMPAIGN-URBANA, ILLINGIS 1Ll
. 17.CH1CAGO, ILLINQIS ~ IL2
18 .MILWAUKEE, WISCONSIN- - . . WI1
19, AUSTIN, TEXAS TX1
20.LITTLE ROCK, ARKANSAS AR1
21.KANSAS CITY, KANSAS . KS1
22.0ENVER, COLORADO ’ col
234SALT LAKE CITY, UTAH uTl
24.RAPID CITY, SOUTH DAKOTA - sSo1
25.CASTRO VALLEY, CALIFORNIA CAl
26.FRESNO, CALIFORNIA CA2
27.BELLEVUE, WASHINGTON WAl
28.EUGENE, OREGON - OR1

NON-NURP PROJECTS

29.MINNEAPOLIS, MINNESOTA . MN1
30.0ES MOINES, 10WA : IAl
31. TOPEKA, KANSAS KS2
32.RENDO, NEYADA NV1
33.SALEM, OREGON OR2
34 .DALLAS, TEXAS TX2



LANO USE COOES

IS S S I S S S S IR EE I I SIS I S E SIS S ES S E IS S S S S S S ESssESSSSISEss 222

URBAN RESIDENTIAL (<.5 DWELLING UNITS/ACRE)
"URBAN RESIDENTIAL (.5 TO 2 OWELLING UNITS/ACRE)
URBAN RESIDENTIAL (2.5 TO 8 OWELLING UNITS/ACRE)
URBAN RESIDENTIAL (58 DWELLING UNITS/ACRE)

URBAN COMMERCIAL (CENTRAL BUSINESS DISTRICTY)
URBAN COMMERCIAL (LINEAR STRIP DEVELOPMENT)
.URBAN COMMERCIAL (SHOPPING CENTER)

URBAN INDUSTRIAL (LIGHT)
URBAN INODUSTRIAL (MOOERATE)
URBAN INDUSTRIAL (HEAVY)

URBAN PARKLAND OR OPEN SPACE
URBAN INSTITUTIONAL -
URBAN UNDER CONSTRUCTION

AGRICULTURE
RANGELANO
FOREST

WATER, STREAMS AND CANALS
WATER, LAKES

WATER, RESERVOIRS

MATER, BAYS ANO ESTUARIES
WATER, OCEANS

KE TLANDS
BARREN

1110
1120
1130
1149

1201
1202

1203

1301
1302
1303

1400
1401
1500

2000

" 3000

4000

5100
5200
5300
5400
5500

1100

} 1200
} 1300

} 1400

6000

7000



NATIONWIDE URBAN RUNOFF PROGRAM
FIXED-SITE DATA FOR FASTTRACK FILE

S~y

PROJECT CATCHMENT AREA LANDUSE DISTRIBUTION (X OF TOTAL AREA) POP/DEN CATCHMENT
CODE NAME CO0E NAME AC 1100 1200 1300 1400 Other | PER/AC SLOPE FT/MI
NH 1 Durham 1 PKG Parking Lot .9 - 100 - - - 0 58.
MA 1 Lake Q. Pl Jordon P 110, 18 16 4 2 - N.D. N.0.

- P2 Rte 9 338 47 24 11 18 - N.D. N.D.
P3 Locust Ave. 154 - - 85 1 8 ) - N.D. N.O.
P4 Guua St. 601 66 2 1 k)| - N.D. N.D.
P5 Convent 100 8 63 0 29 - N.D. N.D.
P6 Tilly 8r, 1690 20 ? 2 58 12 Hd\an& N.O. N.D.
0c 1 WASH COG 001 -jst.w.0. 8.46 100 - - - - N.D. 84.5
002 Duf 11.84 100 - - - - N.D. 450
003 Weh R.P, 47.9 84 - - 16 - N.D. 195
004 F.R. Rd Se. 18.8 88 - - 12 - N.D. 227
006 . [Stdw OP 34.4 66 - - k1 - N.O. 248
007 Lake DP 97.8 54 - - 46 - N.D. 420
008 Danrge 1.7, 1.96 100 - - - - N.D. 190
009 Rocky CCPP 4.2 - - - 100 - N.D. 135
010 - Bulk Mail 20.1 - - - 100 - N.D. N.D
011 Burke V. 4.5 82 - - 18 - N.D. 8s
103 Westly RP. 40.95 92 - - 8 - N.D. 195
106 Sted. DP 27.4 18 - - 22 - N.O. 248
107 Lake OP 11.7 54 - - 46 - N.O. 420
110 Bulk Mail 19 54 - - 46 - N.O. N.D.
NC 1 Win, Slm. NC1013 c.8.0. - 23 0 100 0 0 - N.D. N.0.
NC1023 Ardmore 324 84 2 - 12 - N.D. N.D.
I Champaign BO1 Mattis N 16.66 43 57 - - - 3.0 187
802 Mattis S. 27.6 90 10 - - - 21.74 549
803 JeD 1.38 100 - - - - 21.7 90.0
804 John St. S. 39.2 90 - - 10 - 18.37 62
805 John N. 54 100 - - - - 18.38 30.6
IL 2 G. Ellyn 0ol Lake Ellyn 534 83 5 - 12 - 7.87 49
Ml 1 tansing 001 B.S.0. 452.6 48 5 19 28 - 4.97 221
002 8.5.0. 6 - - 100 - - 0 132
DRO 8.5.0. 127.6 46 14 - 40 - 4,31 121
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NATIONWIDE URBAN RUNOFF PROGRAM
FIXED-SITE DATA FOR FASTTRACK FILE (CONT'D)

PROJECT CATCHMENT AREA LANDUSE DISTRIBUTION (X OF TOTAL AREA) POP/DEN . CATCHMENT
CooE NANE CODE NAME AC 1100 1200 1300 1400 Other | PER/AC SLOPE FT/MI .
MI 1 Lansing ORI 8.5.0. 112.7 k1:} 16 - 46 - 4.26 233
(CONTINUED) 6CO B.S.D. 67 30 15 - 55 - 5.07 200

6Cl B.S.D. 30.3 67 33 - - - 5.07 121
upl 8.S.D. 163.9 55 - 10 35 - 5.19 226
uP2 - B.S.0. 74.9 48 - 22 40 - 4.9 194

MI 3 Ann Arbor 001 Pitt AA(1)S 2001 k)1 23 7 24 15 1.9 33.8
002 Pitt AA(RB)N 2871 ’ 55 10 3 21 11 6.54 60.7
003 Pitt AA(RB)O 4872 45 15 ] 23 13 4.64 45.5
004 Pitt S-AARD 6363 48 14 3 25 10 4.35 61.6
005 SR Wetld INT. 1207 53 1 1 15 30 2.24 J2.1
006 SR Wetld OOT. 1227 53 1, 1 - 15 §{ ° 30 2.28 32.1
007 Swift Run ORD 3075 50 4 1 33 12 3.51 39.6
008 Traver CKO 4402 15 1 2 35 47 1.91 58.6
009 Traver CK R8BI 2303 8 - 2 - 90 .07 33.2
010 Traver CK RBO 2327 8 - 2 1 89 .07 33.2
011 NCampus DOR 1541 46 16 - 38 - 1.82 89.8
012 Allen (R OTR 3800 . S8 9 2 3 - 9.39 82.0

Wil Milwaukee 630 St. Fair 29 26 74 - - - 10. 160.
631 Wood CTR. 4.9 3t 56 13 - - .03 160.
632 N. Hastings 32.84 100 - - - - 17.05
633 N. Burbank 62.6 100 - - - - 14.62
634 Rustler 12.44 100 - - - - 0
635 Post Off. 12.08 - 100 - - - 0
636 Lincbler Cr. 36.1 97 3 - - - 18.01
637 Mest Congress 33.04 9 7 - - - 16.34 -

T 1 Austin 001 Northwest n.n 99 1 - - - 9.27 237.6
002 Rolling wd 60.21 100 - - - - 3.32 260
003 Turkey Ck 11297 4 - - 96 - .05 3%.0

01 Denver 001 50th & Den 119900 43 13 6 38 - 4.85 248.
002 19th & Den ) 08329 LY4 12 5 40 - 4.29 261
003 Cherry Ck. 15817 42 16 5 38 - 6.22 183
004 Lake Den 10440 55 23 2 20 - 4,83 316




| NATIONWIDE URBAN RUNOFF PROGRAM
FIXED-SITE DATA FOR FASTTRACK FILE (CONT'D)

L-Y

PROJECT CATCHMENT AREA LANDUSE DISTRIBUTION (X OF TOTAL AREA) POP/DEN CATCHMENT
CODE NAME CODE NAME AC 1100 1200 1300 1400 Other | PER/AC SLOPE FT/MI
o1 Denver 005 Weir Gulch 4786 64 10 1 25 - 7.64 240

( CONTINUED) 006 Sandrsn G 4715 66 13 2 19 - 9.57 168
007 Hrvd G. 2833 12 16 1 11 - 1.72 143
008 Bear Ck. 14603 k7] 9 2 10 gonst. 45 2.91 T 444
009 SoPlat Lit. N.D. - - - - - N.D. N.O.
WA 1 8ellevue 001 Lake Hills 101.7 90. - - 10 - 11.7 317
002. Surry Downs 95.1 100 - - - - 8.64 475
SD 1 Rapid City 001 RpdCk Abv ClLake 33574 4 - - - 96 Forest 0. N.OD.
002 RpdCk Abv WTP 20877 16 - - 5 N.D. N.D.
003 RpdCk AtRpd Cty 3872 | 2 13 5 | 20 60 N.D. N.D.
004 RpdCk AtE MnSt 3540 36 14 - 15 35 N.D. N.D.
005 RpdCk BloHtnDh 1606 20 26 - 35 19 N.D. N.D
006 Me ideDnRpdCty . 1760 55 7 - 14 24 N.D. N.D.
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0.9

0,370a270
0,682057%

renJect

SRECIPITATION
rIngnes)

1,77
1.97
0,2%
0,50

|.6.‘Q‘°
0,939208a

PROJELY

sRECIPTTATION
(INCHES)

0.0
a,5e
0.23

a,3908218
0-5!0?!!)

FASTTRACK LOSP PaATS

om

,coo

WILLIGRAMS
PER LITER

1%1.2118
0.7e7107S

FASTTRACK LNar PaTA

(1]

cno
NILL 1CRaNS
PER LITER

Se, 32011
0.3334801)

FASTTRACK LOAP PATA

&Ny

cop
#ILLICRANS
pER LITER

310
162
a0

307,018
[ LT T

strere

srrete

11£10

198
niLLIvRANg
sER LITPFR

a17,2va8
0,801172%

198
SILL Iv0sng
oL LiTra

%)
S
190
256
204
-

309,8/7¢
a,7e7%778

138
LAY
PER LiTFR

708
1
32

37,8870
0,704742)

8-3

re710228

aeT10010

*e711808

PHOSPHORUS
uILLICRaNS
PER LITER

leb

0,7218%98
0.0188718

PROIPRORUS
»iLLICRaNg
sER LITER

o1
0.2340702¢
L1

B

PROIPNORUS
MILLIGRANS
PER LITER

1.2
1,26
2.6

16118 “ONOAY, JaRuARY &, 1982

LEs0 .
wILLICRANS
ota LITER

Q.2070746
0,87a009

coreen
MILLIGRANS
rER LITER

6,018
0,018
0,08
0.00
0.4
0,02
0,016
0,028

9.081203008
0,800%00

16018 NONDAY, JANUARY &, 1982

[ £1.]
wILL IGRANS
PER L ITEN

0,00
0.02%
019
0,022
04017
6.008

$.08200820
15270301

coreER
NILLIORANY
LR LITER

8. 018
0,019
0,012
0,02
0,01
..

0.01337682
0.2087102

16018 WONDAY, JAnyany &, 1942

LLao
il [oRang
sCR LITER

0,372228
0,8212008

corrLn
MILLIGRANS
,ER LITER

0,00
4,042
0.13

0,09314719
0.02370217

Reproduced from
bez available copy-

s



FASTTRACK LO&N PaATA

16118 “ONDAY, JANYARY &, 1982

7

FASTRTRACK NATA reqJECY  Cny ‘stTeLn re711038
event PRECIPITATION (0D " 1ss PHOIPHORYS LEs0 cneega
svaRY INCHES) PILLIGRAmY LS LT ] wILLIGRANS mILLIGRANS MILL IGRANS
TiNg pER LITER sER LITER PER LITER oER LITER PER LlTER
as/08/00 a,2e 1ns [{1] .40 4,22 0.9
0%/11/00 0,07 tse pLT) 0436 9.208 0,08
as/12/80 4,03 164 say 0,88 0.220 Q,081
05/1%/00 0,82 " 138 n,34 0.104 0,028
as/17/80 0,20 130 a2 0,43 0,20 0,083
0r72as00 0,13 100 a2 1.7 n,8 0,038
08/10/80 0,09 0 Ses 0.8 0,49 0,088
49/08/00 0, 7e 102 210 0.3¢ 0.136 0,026
09/10/8¢ 48 170 1268 0.2¢ 0.0% 0,017
09/10/00 0,18 2e3 738 0,79 9,341 0,082
03703784 0,17 na 380 0,57 0.8% 0,08
09703781 0,22 280 - 0.01 0.34 0,16
95708781 .08 e Ses 1.8 0,83 e, 0¢
03/709/8) 0,3 100 219 0,43 0.17 0,033
037108 01 200 3%a 0,69 0.27 0,06
08/12/81 0,78 79 188 0,3 0.08 0,028
08/20/0% 0,98 200 San 0,00 0.20 ¢,08%
08/20/81 0,22 10 192 0.33 0.t® 0,098
0v/02/01 8,12 100 a0 0,51 0.27 0,0%¢
SIYE mEaw 0,2020108 2309788 427,2%* 0,68223a8 0.206499 0,00877938
SITE COEFPICIENY NF vaR]ATION 1.170%48 0,0181203 0,5031408 0.5%8211 A,%420354 0,8%089
WUNSER OF EVENTS FOR THIS STATINN 1
FASTYRACK LNAS FATA 16118 MONDAY, JANUARY &, 1962 3O
FasTarRACK nata smOJECY con sireto neT13010
£vent PRECIPITATION (OO 139 PHOSPNORUS [R 17 correR
sSvant (InCHED) WILLICRANE  wIL_l%Rsng wiLLICRANS wiLL 1CRaANS MILLIGRANS
A L sER LITER sER LITFR sER LITER pER L ITER PER LITER
0g/10,00 a8 e 0.8 0.1%¢ 0,014
08712781 [ 30 0.2} 0.03¢ 0,008
03/26/01 100 %08 a,68 0.%8 0,08
02/12/01 (1] 148 0,37 [ 1Y 9,018
ITE mEan ,8716908% 104,302t 239,270 0,422190¢ 0,2709213 0,020482%
SITE COEPPICIENTY OF VARTATION 0,71702% 0,6772008 1,712437 0,8433007 1473430 0,7889359
NUNGER NF EVENTY FOR TN 3TATION ]
FASTTRACK LOAP ~ata 10010 MONOAY, JANUARY 4, 1982 3¢
FASTaTRACK NATA sROJECT M s1reto 4720420
Tveny SRECIPITATION CNO 1§ PHOIPHORUS Leao copeLn
staat (3 1 £ }] NILLIGRANY m{LL IoRsmy “1LL I6RANY wILLIGRANS WILL IGRANS
TINe PER LITER sER LiTFQR PER LITER peR LITER PER LITER
0%/07/00 0,8t ' 158 0,34 0es11 0,01
07/91/s80 .1 170 200 0,03 .18 0,018
07/02/00 o, 238 13 0.9 0,784 0,088
08/15/00 0,37 100 123 0.7 .26 0.03%
08/25/0¢ 0,20 116 1 0,63 0,18t . 010
08/26/80 0,34 100 108 0,32 0,10 0,02
S3TE MEAN 0, 3031042 13,7857 217,072¢ 0.6395514 n,20%5a731 0,0204341)
QITE COEPFICIENT OF vaRiATION 0,5201208 3.,5247%23 0,735%¢%2 0.,3%61129 0e771302% 0.5819% 20
NUNSER OF TVENTQ FAR THEg STATION [ )



FASTTRACK LOAR PaTA ' 16018 MONDAY, JANUARY &, 1982 o0

FASTeTRACK naTA PROJECT  COt SITEID 98236105042400
EVENT PRFCIPITATION (OD 188 PHOSPHORUS LEap coseen
3TART (INCHES) WILLIGRANMS MILLIeRsuY NILLIGRANY uiLLICRANS miLLICRANS
TIME PER LITER PER LITFR PER LITER PER LITER PER LITER
07/01/60 0,84 157 110 0.3 0.167 0,021
07/11/80 0,13 290 192 [} ) 6,31 0,03
07730780 0,06 . 040 taa 1.3 0.8 0,078
08/07/80 0,07 ()] E3L) 118 0.633 0,088
08/10/80 0,08 ar0 192 o, N 0.32 0,048
08/14/80 : 1,99 (13 133 0,22 .16 0,016
00/2%/80 0,38 *" s? . .27 0.102 0,012
0e/08/00 . 0,05 480 272 0,77 0.33 0,08
09/08/60 0,72 81 20 0,19 0,089 0,018
09/10/80 . 0,08 1o 18 0.18 0,086 0,009
SITE Mean 0,8019008 175,593 0,507877 0.2890032 0,03300142
SITE COEFFICIENTY OF VARIATION 2.1019% 1,327 0.,9011783 1e13A893 0.881719%
NUWSER OF EVENTe FAR THIS STaTINN 10
FASTTRACK LOAR PaATA 10110 MONDAY, JANUARY &, 1962 !
FASTeTRACR nATS sROJECT  BCH strelo rCISIUROY
EVENT PRECIPITATION (NOD Tss PHOIPHORUS LEap copPER
START (INCHES) NILLIGRAMS niLLIvRINg wILLIGRANS MILLICRANS WNILLIGRANS
TImE PER L 1TER PER LATFR PER LITER PER L]TER PER LITER
11/08/00 . 1e 13 0,29 N .
11709760 . S 158 0,20 N .
11/2%/60 0,63 12 0.2 . .
11/729/80 0,31 ] ] [ 18] N .
12709/80 0,2 [T} 1) 6,12 . B
12723780 0,13 32 . .17 . .
02/720/8% 6,33 a0 39 o N .
02/21/81 0,00 36 23 0,060 N .

. 02722/,681 0.1% a6 1e 1.86 . .
02/22/8) 1,3 20 17 [ PR} . .
n3/0a/81 0,08 N 1 . 0.16 N .
03/16/81 a4 33 22 0,68 N .
03/30/81 0,9 52 102 0,28 « .
03/31/8) 0,14 29 1" 0,12 . .

arve wean 0.01885%¢ 38,5207 36,277 0.3003352° N .
SITE CNEFFICIENT OF vaRTATINN 1.149%18 0,837297A 1.01110° 1.098079 . . N
NUNBER OF EVENTS FOR Tn]S STATION 14
. FASTTRACK LOAP P4TA 16818 MONDAY, JANUARY &, 1982 (14
FASTTRACK nATA se0JECT  OC! SITElD rCISIURDS
EVENT PRECIPITATION CNO 188 PHOBPHORUS L0 carogn
STaRY . CINCMES) “ILLICRANS ufLL JoRomy MILL ICRANS olLLICRANS SILLIGRANY
TIme PER LTTER PER L1TPR PER LITER PER LITER PER LITER
0e9/17/80 0,31 a1 12 0.38 N .

©00/25/80 N 3 . 0,27 N .
11706780 . 20 12 1,38 . .
11709760 . 0 152 0,3¢ . .
11716780 0.9 .0 0,28 . .
11727/80 0,21 19 3 0,39 N N
12709/80 0,2 " 22 0,23 N .
02/02/81 0,88 6 e 1.46 N N
02/08/,81 0,31 Se 2e 1.12 . .
02/710/01% 0.8 S (34 1.1 . .
02719701 0,89 s2 20 0,87 N .
02/720/81 0,2 sa 3 0,38 | .
02/22/81 1.8 Sa 1e 0,54 . .
03/04/81 0.59 . [ 6,38 N .
03/16/81 0,28 (31 10 0,22 « .
03/30/81 0,38 1 37 0.38 . .

SITE weEaN 0,5238732 a9, 179} 27,31%7 0,57840¢ N
SITE CNEFFICTIENT NF VARIATION 0,0857102 0,3198R02 1,213080 0,722%027
NUmBER OF EVENTY FON THIS STATION 18

8-S



FASTTIRACK LOAP PATA 16818 wONDAY, JANyARY &, 1962 (3]

FASTTRACK nata MOJECT  0C) s1Trlo NCISIUROS
EVENY PRECIPITATION COD 188 PNOSPHORUS LEa0 correER
sTany (INCHES) MILLIGRANS WILL JuRAug NILLIGRANMS MiLLIGRANY HILLICRAMS
TIvg PER LITFR rER LiTFR PER LITER PER LITER PER LITER
10/2%/680 . [Ty [ 0,89 N .
t1/17/80 1 (1] 3 .31 . .
11/24/680 1.3 12 s2 .. N .
11/27/80 0,3 19 13 .18 . .
02/702/81 0,8% % 221 0.72 . .
02/02/8) 0,82 . 10 . . .
02/08/81 0,26 14} [1] . N .
02/11/01 0,9 .2 119 0.40 . .
02s719/01 0,73 (1] 1] 0.18 . .
02/20/81 0,07 a8 3t 0,12 N .
02722/0% 0.%58 L] 72 0.2 . .
03/0%/s04 0,88 . 23 .18 . .

SITE “EAw 0,7384000 5a,13882 7,051 0,327427 . .

SITE COEFFICIENTY (F VARIATION 1,00342¢ 0,8%28005 1,020%¢1 0,7%49802 . .

NUBER OF EVENTq PR THES STATION 12

FABTTRACK LNAR PATA 14118 YONDAY, JANUARY &, 1902 o8

FAST«TRACK 0ATA sRQJECT  OC) strero rCIStIUNG?
EVENT PRECIPITATION (CNO 733 PHQIPHORLS LEa0 cnesen
STaRY (INCHES) MILLICRANS uILLIvAiNg WILLIGRAMS uiLLIGRAMS nILLIORANg
TINE PER LITEW PER LiTFR PER LITER sER LITER PER LITER
07/22/00 0,32 36 267 0,21 - .
07/2%/80 0,11 a7 2e 0.2¢ N .
07/29/80 0.1 1] [ 0,11 N .
08/01/80 0,07 . e 0.20 . .
08/03/80 ¢, 21 . 120 0,27 - .
08/0a/00 a,00 74 148 0.22. . .
08/18/680 0,02 180 829 0,98 N .
08/19,80 0,17 33 .” 0,18 N .
09/10/080 0,11 132 29 0.5 . .
10/02/00 0,914 . 230 N . .
1072%/80 2.2% a0 Ste 0.7 N .
10/728/80 0,08 DA 1 ] 25 0,08 . .
11708700 0,28 H) 16 0,29 « .
11724080 0,78 (Y] o 0,23 . .
117277680 . 0437 12 - 28 0,12 - .

SITE mEAN 6,88A31%% $0,1129% 243,0048 0.3088217 N .

SITE COLFFICTIENT OF VARIATION 1,34102% 0,8101%68 1.003407 0,702998 - .

NUMBER OF EVENTS FNR THIS STaTION 1%

LFTLECITORET) LPaP DATS 10018 MONDAY, JANUARY &, 1982 12
LFILE (3T0RgT) DaATA
PROJECT 220CC1TY $17€10 oC181uR0e
EVENY 8no coo tes PHOSPHORUS ~ LEaAD coreeR
staRY nILLIGRAMS MILLICRAMS »ILLIvRIng uiLLIGAANS wiLL1oManS MILLIGRANS
134 sER L1TER PER LITFN PER LITER sER LITER PER LITER
3o sotte $30 (713 108t 1082

10702780 . 92,59900 [ . [ 8] . 0,02
10729780 1,299909 138 21 14340000 0412 0,02
11/08/00 . 28 0 0.3% Ot 0,02
13717780 Q 28 ] 0,5509000 Ot 0,02
11/20/80 . 22,31407 . 4380716 [13) 0,02
117277080 . 3 3.% 0,1 [ 23] 9,02
12/09/80 . 0 . 0,0990009¢ [ 23] 0,02
12/7160/00 . 1Y) 14 . : [} 0,02
12/723/00 . . 72 . 0.1 0,068
02/02/81 10 1} S0 0,32 0e1 0,02
02/08/91 . (34 13 0.3 0.1 0,02
02711761 0,2 ot 13 0,32 [ T3] 9,02
02719781 . S2,01987 10,5302¢ 0,00978019 0e3 0,02
03/30/601 . .. 3 0,11 LI%} 0,02

SITE wEan 6,130019 $9,59342 16,00080 0.377%807 0.1018313 0,0220634S

SLTE COEFPFICIENY NF vaRLATION 0.030327¢ 0.573208 tot70%21 0,999448) 0,0a87%641 0,322%87)

NUMBER OF EVENTQ FAK THIS STATION 18



FAST=TRACK naTa

evEnY
atany
Tiwe

10/10/80
10/35/0¢
10/25/60
11717780
11/728/00
12709780
02702781
02/700/81
2719101
02/20/01
02/22/81
03/10/84

IITE wEaAN
SITE CAEFFICIENY OF vaRTaTION

NUSSER OF EVENTS FOR THTS STATION

FAST=TRACK naTS

Event
STARY
Twe

12709780
0172170
02/02/01
02/08/84
02719401
02/20/01
02/21/81
02s22/+,81
03/0a/81

SITE wEan
SITE COEFFICTIENY NF vaRIATION

WUNBER OF EVENTS FOR THIS STATION

LFILE (9TORET) Data

EvENY
STARY
Tieg

02708/81
02/23/61

SITE wean
SITE COEFPICIENY OF VARTATION

NUMBER OF EVENTS FOR THIS STATION

pROJECT

PRECIPITATION
C(INCHES)

0. 7879800
0,%26a08%

' pROJECT

PRECIPITATION
(InCHES)

0,5057%
1,003318

PROJECT

a0
MILLICRANY

p31

FASTTRACK LNA® Prata

16010 BONNAY, JANUARY &, 1982

oc1 SITEID rE1SIVURLO
coo 188 T PHOSPUORUS LEs0 CorPPER
ILLIGRANS MILLIvRang #ILLICRAMS siLLICRANS wILLICRANS
PER LITER eR LiTPR PER LITER peR LITER PER LITER
o2 as 0,33 N .
EL) 19 0.0 . .
[ 1] [} 0.3t ) .
22 18 0,00 N .
s (1] 0,48 . .
[ 1] 33 . Y .
1 168 1,58 N .
£ .. 0.9 N N
0 b1 0,03 N .
a0 s 0.17 . .
se n 0,17 N .
18 a8 . - .
49, 7079 5, 9000 0,571%487 M .
0.7841008 0,6290803 0.79a87208 . .
FASTTRACK LOAP AATA 16010 ONOAY, JaNuARY a, 1902
ot srveln fersiyms
enn 138 PHOIPHORUS LEsD coretn
»wILL JCRsNS HILL [vRing uiLLIGRANY wiLLICRANS NILLIGRANS
PER LTTER PEP LITER LR LITEN PER LIVER ER LITER
(1} 3 0.2¢ . §
N a0s 0,73 « .
7e (10 0,95 N .
o3 17 0,88 . .
a0 L1ae 0.28 - .
3 [ T 0.2 N .
Se n 0,20 P .
(1] ss .23 N .
20 27 9,33 . .
at,02208 169,3837 o.c|o!§:1 N .
0,8296478 1 763720 0.6206362 . .
LETLE(STARET) (Nar DATa 16018 BONDAY, JAmuamYy 6, 1982

20cCITY E28141.] oci1s1yR1e
eno M PuOSPUNNUY LEa0 corege
wILLIGRANY “lLLIvRang sILL1GRAmS MILLIGRAMS #1LLIGRAMS
LS ALY PER LLITFR PER LITER »ER L ITER ER LITER
8011 30 [} ] 108y 1082

Te . [13] 0,038
o 19 . [ 1%} 0.02
. o, 88000 0,1000002 0,0200122%
. 1,270087 [] 0.081171%0

B-7

Reproduced from
best available copy.




LFILE (STORpT) DAYS

eveny
sTany
Tieg

01/11/60
. 017167680
03/707/,80
03716700
03724480
¢3/28/080
03730709
08/03/00
08/08/80
05/12/80
08/12/8¢
0s/16/
087177
08/23/8¢
06/91/00
0e/15/78¢
08/13/80
06/23/80
0n/20/00
07/20/80
0rs27/80

9LTE weAN
LT COEFPICIENY OF vARLATION

WmgER OF EVENTq FA® THIS STATION

LFILE (ST0RpT?) DavTa

EvEnY
STARTY
Ting

01/11/600
01/10/00
a3/07/,60
83/18/00
03/20/00
03/28/80
08/03/0¢
03/12/80
08/12/700¢
0s/17/80
as/17/8¢
0%/2%3/80
08/30/080
06/01/00
0e/15/00
06/18/80
06/23,00
06/20/00

SLTE uEAN
SITE COLPPICIENY (W vamfaTIn

NYNSER OF EVENTS FOR THIS STATION

sROJECT
800
vILLICRANS
.
.
[
.
)
.
.
.
D
.
.
.
.
.
.
.
.
.
1]
reoJECY
800
#ILLIGRANS
.
.
.
.
a
.
.
.
.
.
.
.
.
.
.
.
.
10

LFTLE(STOREY) LPaAP DATA

221LctTY

coo
MILLTICRANY
PER L ITEN
340

RT, 1018

.
233.2338
477,748
.
.

307.0114
19,3008

132,2003
216,12%4

.
010,002,
120,297

LT
0,%002¢70

LEILE(STARET) LPAr DATA

QuLerty

Lld
wILL [GRANS
PER L1TRR
380

112,318

200.0308
t71,202¢
.
.

142.0812

.
130,0400
227,931
.

.

2227018
0.4%5a7%&0

188
“ILLIv®Rsng
sER LITPR
s30

473,428
238

101,0203
116,699
70,30009

" 148,7800

20,88r20
221,132
102,122¢
o7, e%eat
00,7799¢
223,278
198,107
162,003
5, 62001

.
129,7%%2
110,972
.
.

150,327/
9,613138)

s1TElD

PHOIPHONUS
MILLIGAAMNS
pER LITER

16018 MONDAY, Janyasmy 4, 1962

AASTNY

LEan
uilLIcnaANS
seR LITER
1081

1.805788
8.30600%
1,8475%2
0.800779
9.3720008

L]
{+00780
Qe00a4082

LY
4

,0

0.3208717
0.7085989

.

0.4027931

1.16%438
0.8%7708

coregn
MILLIGRANS
PER LITER
1042

0.00006882
0.1433333
0.05700216
0,03261484
0,01281249

0.0303087¢
.
0.05472038
.
.
L]

0.01020%62
0,03004793

0.0808903
0.01700877

0,0870%276
0.8308187

10118 MONDAY, JamyuAmy

towege
o1, . 1800m
sws _1vve
ALY

nrern LTT 317 ]
189 -PuOIPUORYS ({11
MILLIvRing uiLL16Ramg viLL1¢0emy
PER LiTre oge LITE0 oL L 180
33 . 9%
388, 7179 . €. 4
382,37 . .

. EES * od i 04

B €.734:272

L] L]

. -

. 2,7:2002¢

. 2.072%0%¢
. . 2.57€2% 10

L4 .

. .
129,0%¢ . «
143,093 N Q.080710}
99,0342¢ N o
. . e, 3108018
. . 0,56800%81
71,5820/ N N
116,2%0% N .
152,020 8.7530040
S,02308¢¢ A,8001900

B-8

I3epevce
12342742

;.13214904
1.:931%00
2.382% 840

38420988

121 7%04¢
1800300

ee C@s Ve o
D)

0,0337089)
0.3047%10

4, 1962

16



LEILECATRRETY LNAP D4TA 16018 “ONDAY, JaNusay &, 1962 17

LFILE (STORET) DATA

PROJECY 22LCTTY sireIn LITIL) ]
Event sno ¢no . 1ss su0IPHORUS (80 coseenr
sramy wILLIGRANS NILLICRANY wiLLIRsny MILLIGRANS uiLLICRaNS MILLIGRAMY
TIng PER LITER PER LITFR PER LITER PEN L ITER PER LITER
. 340 $30 . 108y 1042
01/16/80 . . . 232,010 . . .
03/16/60 . 32,0707 188,609 N Qe 1693661 0,000099997
0s/12/80 . . 89,5732 . . .
0S/12/80 . . 51.47v10 . N N
03/17/80 . « §1,38000 . N .
03/17/80 . . 43,20%87 . - .
05719780 . . Se, 38002 o N o
05/23/680 . N 09, 82008 . . o
08730780 . 70,4978 . . Qe200473¢ 0,02887793
06/01/80 N . 0, Q937 . N o
06701780 . o $1,.53%7 . . .
00/15/80 . 3o, 31013 . . Q248163 0.01320018
06/23/00 N . 33,51070 . . .
/28780 . 00,10302 . - 0. 13733511 0,01688373)
/21780 . . aa,08%5020 . . .
SITE WEAM N s0,8162 Te,98%74 . © 042018036 0,013960%8
SITE COEFFICIENY NF VARIATION . 6,3892808 0,030%008] - 0.3038032 0,39%651a
NMMBER OF EVENTQ FOR THIY STATION 18
FASTIRACK LOAR Pata 16010 MONDAY, JAWUARY &, 1962 o7
FAST=TRACK naTa reOJECY {8 ] s1teln L L]
(4.4 34 PRECIPITATION (OO 138 PuNIPNORUS L8a0 copege
sTany CINEHES) NILLIGRANS “iLLTvRANS MILLIGRANS wiLL1cRamS WNILLIGRANS
TImng pER LITER sER LiTPR PER LITER PER (ITER pER LITER
03/16/80 0,56 1] 107 . 0,18 0,008 0,008
. 08703780 . . 0.13 S0 120 0,29 . Q.11 0,081
06/1%/80 a,1 . t1e . . .
06/23/80 0, 12 N 0,312 0.17 0,02
se/20/680 0. 20 71 . 0,303 0.13 .02
TE nEan 0,43207% $7,82002 137,3vec 0,30809a8 01297139 ,0.018911
SITE COEFFICIENY N6 vaRIATION 1.182239 0,.3a01887 0,180%042 0,9332417 0.422a929 0,5012640
NUNBER OF EVENTQ P THIS STATION S

: Reproduced from %
’ begi available copy.
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LFILE(STNARET) LAAD DATS 16816 MONDAY, JANUSRY &, (982 19

LFILE (ST0RFTY DATH

ROJFCT 221LC1TY £ 38441 AASING
[40)4 Ano coo Tss PHOSPHORUS Léa0 . CoPPER
sraARY uiLLICNANS “ILLICRANS wilLIvaIng MILLIGRAMS »ILLIGRANS wILLIGRANS
Trme ’ PER LITER PEN LLITFR PER LITER pER LITER PER LITER
310 Jao 530 [13] 1081 1082
03/16/080 . 58,8128 78,12%4% 0,299068¢ 0,193292S 0,0192807
03/16/80 . 58,4328 78,1293 0.2590606 Q1932928 0,0192807
. . 1 1148 . .
. . 186, 1180 . : .
03/38/80 - . 05,000a7 . o .
03/730/60 . . AS5,00887 . . . .
08/03/80 « 0@2,14872 200,7%90 0,402279 0,1801088 - 0,0200878¢
. 42,14872 200,7%¢e 0,402279%8 Qe 1841080 0,0280%5741
40 . . 115,7088 . . .
04/08/00 . . 115,7082 . . .
05/712/00 - 319,0733 13¢,8%73 1.625831 0.5007062 0,00558%97
8/712/80 . 319,56733 131,8°7% 1,6025031 0,%5007062 0,04585507
05/12/80 . 12,9302 70,2088 0,8018109 0.4t180929 0,0%617132
03712780 » 182,9302 . 70, 8 0,8038189 Qed180929 0,08617132
. . 258,9280 . N .
. . A 254 ,9788 . . .
08/17/80 - 114,0102 8684097 n,87a156¢ 0.2R303006 0,08143247
5/17/80 . 118,0182 46, 8aR09Y 0,5741%0 0.26830306 0,08183247
98/38/00 . 201,3%27 165,5003 1.,983723 n,2005287 0,08702000
03/30/80 . 201,827 165,5003 1.8%3723 G.200%207 0,04702009
ce/01/00 N . . N N . .
00/01/80 - N N .
06/15/00 - . o N N
06/1%3/80 N . 117, . . .
00/13/80 - . 101,523% . N .
$0/19/00 . . 101,523% . . .
/23,00 . 72.92887 . 0.%5821487 0.1860288 0,08988813
/723760 . v2,92%87 . 0,%54218%7 0.1460228 0,05995913
/28780 . 1395001 . 1.198143 041703512 0,0988835¢
/20700 . 139,%¢01 . 1,199113 0.1703%12 0,0080883%¢
07/20/80 N . 219,7004 N N .
07/27/00 . N 82,6008 . . N
SITL wEan . 188,868) 130,310 0.8909148 0.2090612 0,05281848
SITC COEFPICIENT OF vaR[ATION . 0,7a12707 0,39777a2 0,7066708 0,525292%
NUNGER OF EVENTS FAR THIS STaTION 32
FASTIRACK LNAP PATA 16818 MONDAY, JANUGRY &, 1982 o8
PABTSTIRACK nATS moJECT ne syreto 21%0200800033802
(4, L) PRECIPITATION COO ‘188 PHOSPHORYS Léan copeER
stTaar c CINCHES) WILLIGRANS NILLIRiny MILLIGRARY L, 1GRaNS MILLIGRAMS
T1g pER LITER PER LiTFR sER LITER oCR LITER sER LITER
68/03/60 M 0.2% ’ 170 pLH] 0,848 0,998 0,082
05/17/680 0,37 . mm 0,827 2,43 0,082
95720/00 . 0,93 2680 [ [] 0,7%9 0.768 0,108
07/09/80 . 9,23 196 . 0,387 04201 0,089
0T/20/80 . 1.33 (1] 113 0,228 Qele 0,081
08/08/00 0,3¢ (13 °Q2 0,29 - 9.02¢
0g/719/00 0,08 s3 (3] 0,228 Q.107 9,026
09/23/00 0,92 . 32e . - .
SITE mEan 0,50¢0403 tay, 6388 292,770 0,3903%5 0,7994398 0,0898a%87
SITE COCFPICIENY W vaAPIATION 0,0A10003 0,79028%2 1,038t3" 0,8881318 t.0588a1 0,5283887

NUERER OF EVENTS PR THNIS STATION [ ]

B-10



FASTeTRACK NATS

EvENT
svamy
AL

06739780
07/08/,80
07717780
07/29/60
008/02/80¢
08/03/80
99/10/60
09/18/80

SITE wEan

SITE COLFFICIENTY NP vallaTION
NUNBER OF EVENTS FNR THIS STATION

Pa3TeTRACK neTS

EVEnT
srant
FInE

0v/717/80
07/29/00
08/02/80
0a/03/60
08/11/80
09/10/80
09/108/60
11/20/80
12703700

SITE MEan

SITE COEFFICIENY NF VARIATION
NUMBER OF EVENTy FOR TWIS STa?ION

Fa3TeTRACK naATa

CVENT
srany
Tyme

01/17/80
0A/02/80
08/11/80
09/10/80
09/18/80
0e/20/00
Lt1/28/080

SITE wEaw

917€ COEPFICIENT NF vaRIATION
NUMBER OF EVENTS FOR TwlS STATION

sRQIECT

PRECIPITATION
(INCHES)

.18
0,01
0,38
1,81
Q.1

0,13
0,12
0.7¢

0,0308339
80879

PROJECT

PRECIPITATION
CINCNEY)

0,38
1.81
0.1

0,13
0,11
0.12
0.74
1.58
0.10

0,60329%
1.71%018

snoJEcT

PRECIPTTATION
(InCHES)

0,508009)
1,423483

’

FASTYRACK LOAF raTA

coo
MILLIGRAMS
LR LITER

81,2002}
0.57%6233

sitelo 4]

188
“iLLIvRINg
ER LEITER

FASTTRACK LDAN Pyt

cno
nILLICRANS
PER L1728

106,0845
0.67%4323

s1TelD 2

133
uILLIvRANS
PER LST5n

351,843+
2,052%8

FASTTRACK LOAP PaTa

coo
nILLIGRANS
srR LITER

103,829
0,8280023

s1telo0 3

138
wiLLIeRIng
sER LITER

57,0778
1.760011

B-11

PHOIPNONUS
»ILLICRang
PER L1TER

0.2

0.23
1,58
0,56
918
0,52
.13
0.80

0.4800001
0, 9740207

PHOSPHORUS
aILLICRANS
SER LITER

.
0.7
0.5
0420
1.08
1.5¢
.

.

* 1,056987

0,87200%%

PHOIPRORYS
WILL [CRanS
PER LITER

1,227098
0.79%0122

16110 MONDAY, JANUARY &, 1902

LEs0
wiLLIcRANS
seR LITER

0117
s.217
0,29
0.12
.13
0.13
013
0.2

$.10000288
0e300340¢

cospen
MILL IGRAMS
PER LITER

s,
0,001
0,079
0,08
0,0%6
0,079
(3
6,00

0,073838014
6, 2819718

16018 YONDAY, JANUARY &, 1982

LLao
wiLLIGRANY
’ER L17¢R

0.33
.8
0.07
0.3%
.18
0.0
e
.

00391921
1.02228

oPeER
NiLLIGRANS
PER LITER

04117048
0.889987

10818 MONDAY, JANUSRY &, 1982

LEao
wiLLIGRANS
oER L1TER

0.3%
a9
.18
.13
0,03
Q.18

0,2714709
0s072472¢

copreR
MILLIGRANS
PER LITER

0.1071279
0.23890082

L4

1o
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FaASTetRACR NATA

CVENT
STARY
TInE

06/16/80
00/29/680
or/717/00
08/02/80
08/03/80
08/11/80
09/10/80
09/18/80

SITE MEAN

SITE COFFPICIENTY OF vamlATION
NUMBER OF EVENTq FAR THIS STATION

FAST-TRACK naTa

EVENT
TARTY
TInE

06/20/80
0ea/29/80
07/08/80
er/1T/00
0v/29/80
08/02/080
0a/s03/80
08/11/80

SITE wEAN

S17C COEFFICIENTY NF VARIATION
NUMAER NF EYENTS FOR TWIS STATION

FAST=TRACK NnaTA

eveEny
stany
Ting

09/10/080
0%/18/80
11728780
‘ t2s03/80
127104080

S1TE wEAM

SITE COLFFICIENTY OF VARTATION
NUMGER OF EVENTq FAP THES STATION

»0JLCT

PRECIPEITATION
(INCHES)

0,2

2.14
0,38
0,1

0,13
0,11
0,12
0.7

0,8793088
1,508499

PROJECT

PRECIPITATION
(R4 £}

0,28
2.18
0,81
0.38
1.8t
9,1

0,13
0.11

0,7006209
1,788182

reOJECT

PRECIPITATION
(INCHES)

0,12
0,7
1.50
.16
0,08

0,7237472
2.708308

FASTTRACK LDAF PaTS

LIV} sirelo rs
coo 138

MILL IGRANY MILLI®RSNS
PER LITER PER LITFR
162 168

° a7

10a 320

a7 8

. 108

L3 12

2 18

108 s00
49,5000 195,143
0.4980723 2.31027¢

FASTYRACK LOAF PATA

€no
MILL IGRAMS
PER LITER

%
148
se
a8
77
1s
Ex]

a3

71.78%02
0.6180321

FASTTRACK LOAR PaTa

cno
MILLIGRANS
PER LTTER

00,37382
1. 308001

siTelo rs

rss

NILLIvRARY

LR LLTFR

3,172
1,480701

s1TELD L)
188
siLLIo00ws
sgR LITPR
13
28
.

3
b}
12,5720
10,30242

B-12

PHOIPHONYS
uiLLIGRANY
SER LITER

5

OO0 OmOoO
® o
-

0,071189
1.178510

PROSPHORUS
“ILL JCRang
PER L1TER

9,07
0.13
0.2%
1481
0.3
0,03
0,02¢
0,026

0,3008118
3.,001182

PROSPHORUY
mILLIGRANS
PER LITER

0,78
0.78
9,052
0,030
0,828

03172308
s, 188008

10118 YONDAY, Janyaey &, 1962

LEa0
wiLLrGRANS
PER LITER

ao‘
0,42
q.0%a

0.02¢
8,118
]

0,23812¢9
t.,%%0778

coseeR
MILLIGRAMS
PER LITER

.
0,08

017 |
0,008

3,02
9.0a8
0,0a

0,073000%¢
0.7a79344

16018 YONDAY, JANUARY a, 1982

LEa0
niLLIGRANS
ER LITER

0,28
0,20
0,38
0.2y
0.00
0,072

- 0,037

'0¢I.0l01l

0,9382051

carsER
“ILLIGRANS
PER LITER

.
0,18
0,08
4,19
Q.13
0.1
0,058
0,073

0,1008203
0.43222%7

16018 “ONDGAY, JamuaRY &, 1982

LEan
nILLICRANS
MR LITER

0.3
Qe3¢
[}
.

0.3012%97
6,1109383

CorogR
HILLIGRAMS
PER LITER

d.017
9,008

0,05531311
2,20908%

”

73
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FASTTRACK LOar NaTs 16018 BONDAY, JANUARY &, 1962 TS

PA8TeTRACK naTA PROJECTY w13 sgreto S1TsargroNNtNLY

EVENT PRECIPITATION (OO 198 PHOSPNORUS Lla0 cooogR
STARY {INCNHES) NILLIGRAMS MILLJeNsng uILL IgRang uiLL JCRAMS uELL J0RANS
Ti™e PER LITER PER LL1TER PER LITER oER LITER PER LITER

00730779 2,2% . 13¢ 11 0,01
10/722/77¢ 0,2% . T0 .07 0,02
08710460 0.8 .2 [ 0,081 .
08710780 0.4 (Y] ) [ M
09/09,80 [ . [} ] ) .
09/09/00 0,9 N . 0. 00 N
09/17/80 0,07 33 [T 0.033 .
oe/t7/80 0,87 33 (1] 0. 02 .
10/20/80 0,88 st a 0,047 o
10726/80 0,48 L] o Qe08 .
02/17/681 . [t % - . .
S17¢ mean 0,7297%8 43,10252 02,725 0.202097% 0.0505843% 0,0199¢700
SITE COTFFICIENT OF VARIATION 0,6727471 . 0,1795848 0,395%¢27 0,3908782 0,5018807 0,.521002 .
WUMBER OF EvENTa FOR THIS STATION 1" '
FASTTRACK LOAP PATS 160118 SONDAY, JANUARY &, 1962 76
FASTeTRACK NATS PROJECT w13 [1340] PITASRETENSTINTY
EvenT SRECIPITATION (OO 188 PHOSPRONUS [T 1Y) corren
sramy C(INCHES) nILLIGRAMS niLLIvRANS nILLIGRANS nILLIGRANS WILL 1GRAND
11w PR LITER PER LitrR PER LITER ot 1TER LR L1TER
0e/30/79 2.2% o 2 0,008
10722779 0,2% " 22 0,001
08/10/80 0.8 2a e .
08/10/780 9.4 28 (3] .
09/09/80 0,9 32 a7 .
09/09/80 0.9 32 (3] .
00/17/80 0,87 27 ot .
09/17/680 . 0,07 K a .
10/26/80 0,88 2 [~} .
10/24/80 0,08 26 (Y] .
02/17/01 . LT 192 .
SITE wEaN 0.7297%0 30,77208 $1.907¢* 0.1287008 $,004272911-
S1TC COEFFICIENTY NF VARIATION 0,672787y 0.215%033 0,808%002 0.58814%8 1,02038
NUMBER OF EVENTA FAR THES STATION . 1" ’
FASTTIROCK LOAP PATA 16918 NORDAY, JANUARY &, 1962 77
FagTetRaCK DATSE PROJECT  wI3 11€10 8 RETLANDS INT
EvEnT . PRECIFITATION COD 138 PROIINORVS LEa0 coregn
stTany (INCHES) MILLIGRANS nILL TeRsng WILLIGRANS wiLLIGRANS NILLIGRANY
TImg PER LITER PER LIT ER LITER PER L3TER PER LITER
08/20/80 1.78 L } " [ 7334 0.012 .
08/20/80 1,78 o (34 0,17 Q02 .
02/17/0) . 2 [ & . . .
08s11/81 1.1 28 . (1] 0.8 0,01 .
0as13/81 0,89 . 2 13¢ 0,18 0,012 .
0as22/81 - 0,95 33 $s . 0.1 0,008 N
0S/29/8} 0.%9 26 17 0,08 . .
IITE mEAN 1,191277 32,0948 78,05704 0,1401048 0,01220082 .
SITE COEFFICIENT NP vARIATION 0,8800087 0.2011566 0,7237827 0,5200303 0,883a7%% .
NUNGER OF EVENTS FOR THIS STATION ? '

8-13



FASTeTRACK nATS

EvEnt
sTaRY
Timg

oar11/681
04/13/64
00/22/81
95/709/01
0es13/0)

SITE mEan
SITE COFFPICIENY NF vARTATION

NUNSER OF EVENTq FAR THIS STATION

FAST-TRACK navs

EvEnTt
stamy
Ting

0%/30/00
0e/01/00
0e/s05/80
0T/s05/600
07/16/00
08/s02/80
gas10/80
10/26/80

SITE “Ean
SITE COEPFICIENY OF vaARATION

NUNGER OF CVENTq FAR THIS STATION

" FASVeTRACK nATA

EveEnt
sTany
TImg

aas03/0890
0as28/80
0%/30/00
0a/01 /700
00/0%/80
07/05/80
07/16/80
08/02/90
. 08s10/80
09/09/80
09/22/60
10/718/80
10716780
107177680
10724780

SITE wEAN
SITE COCFFPICIENY ¥ VARIATION

NUSAER OF EVENTQ FNR THIS STATION

PROJECT

PRECIPITATION
(InenES)

o)
L]

- e -

®
o8
o3
1.194723
0,20871¢7
]

PROJECT

PRECIPTITATION
(INCHES)

0,55%%17
0,8401357

PROJECT

PRECIPTITATION
(INCHES)

0,03
0,28
0.26
0,83
0,03
0,92
0.%
0,39
0,93
0,22
0,49
0,48
0,31
0,03
0,83

0,893390¢
0,483%010

18

FASTIRACK L0AN PATS

nty SITETD

con T8
wiLL1CRANS wILLIeRImY
PER LITER pER LITFR
26 3

1A 0°

23 39

2n [}

29 22
20,910%8 31,38°7¢
0,1%4492 9,7082019

FASTTRACK LOAP PATA

L1}

cno
wiLLIGRANS
PEP LITER

(]
7]
[y
°”
70
[
ss

72,02281
0.19610%

STEId r02

138
BILLIRERS
g L1TPR

9, 53020
0,A%4%a00

FASTTRACK 0aF PATA

uft

cno
HILLIGRANS
PER LITER

70,3%4%3¢
0,897337S

L1840 31 roe

138
WILL IRInS
pER LITFR

70,77738
1,389911

B-14

TRAV CK RY 8N

PROSPNORUS
uELLIGRANS
PER L1TER

0,08
0,12
0,09
0,08
0.1

9.0%0008241
9.2030188

PROIPNONYY
MILLIGRSNS
PER L1TER

[ 1941
.28
G.31
1.1

0,07
0.23
[ A1
0.62

9,5a71023
0,01 00907

HOIPMORUS
wILLIGRANS
PER LITER

0,25

0,1968972
1.0%1081

16018 MONOAY, JANUARY &, 1982

LEa0
uILLIGRANS
PER LITEN

0,001
0,001
8,002
0,001
0,002

0,00161811¢
0.3937%28

16018 “ONDAY, JANUARY &, 1982

L0
mlLLIGRANY
oER LITER

0,28
0,027
91t
.

b}
.
-

0.1705958
1.9%030"

18018 WNDAY, TaNuARY &, 1982

L€a0
wiLLIGRAmS
sER LITER

de063
0.03¢

0.150a599
1.456a08

COPRER
MILLIGRANS
rER LITER

CNPPER
MILLIGRANS
PER LITER

¢, 07
6,028

0,0953%408
0,894849%

COPPER
#ILLICRANS
PER LITER

0,034
0,008

0,01997483
0,7196335%

1
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Fa8TeTRACK natTs

evegny
STARY
TIng

08/03/80
06/01780
07/16/080
08702780
T 08/10/80
09/22/80
10/14/00
10/17/80
10/720/80

9IYE mEan

9IT€ COCPPICIENY OF VvaRTATION
NUMQER OF FYENTS POR THIS STATION

PA3TeTRACK NATA

Even?
srany
tTing

08/30/80
06/05/80
08/02/R0
08/10/80
09/09/80
0es16/80
10/14/00
10/17/80
10728700

IITE mEan

SITE COEPPICIENT DF VARIATION
NUMBER OF EVENTs FOR THIS STATION

FAST=TRACK nATA

[£/41]
avamy
TINg

0Y/11/80
01/729/+080
08/0%/60
08715780
08/20/80
09/02/60
0910780
09/18/80
0¢/18/80
09/2%9/00
10703700
10/18/80
1072%780
0a/s23/81
08/29/8y
04/29/8}
05/29/81
05/31/6}
Ges03/68¢ .
0e/06/81
06/09/01

S17€ uEan

S1TE COLFFICIENT OF VARIATIUN
NUMBER OF EVENTY FOP THIS STATION

PROJECT

PRECIPITATION
(INCHES)

0.52%40%¢
0.203792¢

PROJECT

PRECIPITATION
(Ingnes)

0.28
0,03
0,3e
0,53
0,22
1,03
0,08
0,4)
0,83

0,347¢704
D.0121870

sROJECT

PRECIPITATION
(Ingugy)

0,00

0,5%%8824
1,871073

21

FASTIRACK LOAR PATA

B-15

L1k} siveto for

€00 199 PHASPMORUS
uyLLICRANS NiLLIvRANS uELLIGRANY
pER LITER LR LITFR PER LITER
k13 330 0.14

@ 150 0.3¢

a0 230 0,22

[} I3 0,18

[1] 210 0.37

78 o8 0,01

. 150 0.3

o0 130 0,33

7 .0 0,17
'$a,03808 193,5%3v 0,2074078
0,236899% 0, 703v0e8 0.8789982

FASTYRACK LOAPF PATA

(4} strelo AL

cno . v PHOSPRORUS
wILLICRANS uiLL Ivnsng wILLIGRANS
OS] sER LiTeR pER LITER
120 320 0.5%

s? 3170 0,20

[1] 1} 0,14

L] 300 0,88

. 180 0,32

[T 230 0,20

. 120 0,32

bt ] 120 0,21

. L] .
S9,a1a78 170,00%a0 0.318718¢
1,039303 0, 799%717¢ 0,88431%1

.
FASTTRACK LOAN PaTa

L L] sITETD 1ePRG/PARKINLOT

cno 138 PHOSPHGRUS
»ILLICRANS wILLIvRAny WILLIGRAMY
PER LITER sER LiITER PER (1TFR
80 170

. 1e

s7 se

108 30

L 1] 20

jae 148

353 Sa

188 27

L] (1]

37 20 0,112

3] 3a 0,008

237 toe

too a7 0,188

3o (1 0,08

1e0 ‘140 6,273

102 113 0,108

3% 222 0.372

12 82 0,188

138 13e 9,087

188 . 0,348

a 122 0,478
138,092 a3, 163" 0,1068151
0.0%0000 0,08018¢ 0,7934%8

16018 HONDAY, JANUARY 8, 1982

LEap
uILLIGRANY
PER LITER

8,9
Q.022

" Do s s s s

1.837118
7.%0434¢

coprER
NILLIGRANS
PER LITER

0,01600108
0,2099748

16018 MONOAY, JANUARY &, 1082

LEan
wiLLIcRamS
PR L 17ER

Qe2e

L3
L)
.
L)
.
0,088
0.209%032
2108811

copeER
MILLIGRANMS
pER LItTER

0,02530%a8
0. A199972

16810 ¥ONDAY, JanuamyY 8, 1062

L€ao
uiiLIGRans
pER L ITER

0042
.12
0.18
0,314
(2% 3]
8.01
0eb
0.11
0.01
Oel |
Q.18
0,48
0.1
0.1S
L2S )
0422
0.368
0.0
a,15
0.308
0.32%

0.31507%¢
1.,40292¢

0 000000000DOO: @000 OOOOO

cosrtR
SILLICRANY
PER LITER

EREXEERE
e mm e D OGN -
- A

+1008%88
0,811107%



PAST«TRACK nNaTA

(31434
STARY
Tee

00/18/80
07712700
a7/20/60
01/2%/80
08/20/60
10/15/80

SITE wEAN
S1TE COEFFICIENY NF VARIATINN

NUNBER OF EVENTq FNR TN19 STATION

FASTetmACK DATS

FVENT
svamy
Tmg

02/708/081
02/10/61
03/03/81
03/07/814
03/07/,81
0l/12/0
03/12/81
03/29,8)
[ TYARYI Y
. 05703/8)
05/16/88
08/23/,01
0%/723/814
08/01/81
06/02/8)
06/03/6}
oAs30/01
0es18/61 N
ee/15s61

91T¢ mEan
S17¢ COEFFICIENT NF vaNIATION

NUMBER OF EVENTS FOR THIS STATION

PFASTeTRACK NATA

EVENT
svany
Time

08/17/81
08/10/81
08/23/81
00/01/81
00/02/81
08/0%/81
00/25/81
07/70%/81
08/07/8%

SITE MEAM
S1VE COEFFICIENTY NF VARTATION

NUMGER OF EVENTy FOR TuIS STATION

se0gECT

PRECIPITATION
C(INCHES)

o e s 0 e

PROJECT

PRECIPITATION
C(INCHES)

n,307a517
0,777779¢

rROJECT

PRECIPITATION
(INCHES)

0,899%502%
9,90a1327

FASTTRACK LOAr PaATR

" stYeto re%14300
oo 188 PHOIPNORYS
MILLICRANS [S(ASLLILE] MILLIGRANS
PER LITER PER LiTFR PER LITER
381 10700 .82
303 0120 2,86
127 1760 1.46
127 (1] 0,89
168 3700 1,93
92 1120 0,72
196,.8158 4578,023 2.034048
0,56008309 1,850%82 1.,196009
FASTTRACK LNAM "aTa
™ s1retn HART LANE
coo 138 - PHOSPHONUS
MILLIGRAMS “ILLIvRINS MILLIGRANS
PER LITER PER LiTPR pER (ITER
1e [}
137 201 0,28
3s HY d.102
3s a3 0.1¢
Sy 17 0,112
. .
% 316 0,062
210 334 0,998
2¢ 23 0,293
»3 153 0.3
a2 are [T} ] .
3a ae 0,188
(34 183 0,327
- la 0,108
. * 0,09
. 228 0.3%
. @ 0,2%
71.16720 185, 5% 0,3283534
0. 8110101 1,0%5029> 0,7932318
FASTIRACK LOA® PATA
Ty SITEID  *Gi LINGwOOD
coo 738 PHOSPHORUS
MILLICRAMS MILLIvRAMY MILLIGRAMS
PER LITER CPER LiTPR pER LITER
j02 . .
L)) . .
133 ‘e .
(1) 197
36 mn
3o 17
108 108
s7 180
. 31
165 1 N
8%,990A2 198,079 0,2239391
0,5419013 0,A8892807 0,3428537

B-16

16318 MONDAY, JANUARY &, 1902

[§.77]
uiLLIGRAMS
sER LITER

2

.40
0.21
0,23
0,20
0413

0,%5015281
1,220

16118 NONOAY, JANUARY &4, 1982

LEap
uILLIGRANY
sCR L ITER

L I N Y R R R EEE NI A

16118 “ONDAY, JANUARY 8, 1982

LEa0
uitLIcRans
PER L ITER

LI R N R AP P N S

..

coPPER
MILLIGRAMS
PER LITER

coreen
MILLIGRANS
PER LITER

coreeR
MILL JGRANY
PER LITER



FASTTIRACK LNAF Pata 16016 HONDAY, JamuARY &, 1982 2

FAST=TRACK naTaA PROJECT wal s1veL0 200RCLLOSSe
(4404 PRECIPTTAYINN €OD 138 PROSPHORUS CEs0 correR
s1aRY (InNCHES) uiLLIGRANS “ILLI%Reng wiLL1GRANS wiLLIgRans niLLICRANg
Tiug PER LITER PER LiTFR PER LITER ote LITER IR LITER
08/14/80 0,18 o7 (14 0,27 .
047108760 .33 13 (3] 6,187 .
08/21/80 0.19 a8 11e 0,308 .
03/20/80 0,00 16 88 [PS1] .
08/27/60 0,09 " ”? 043160 .
06/01/60 0,19 " 222 : 0,823 .
0070%/60 Q.18 2 se 0.1 .
06/10/80 0,2 10 23¢ 0.5 .
06/20/00 0,72 1) 3 0,218 o
00/25/80 0,08 s? 118 0,298 .
0r/11/80 0.20 e [ ] .. 297 .
07/18/60 - 0.1a Y } | 137 0,172 *
08/20/60 0.08 [ 1) (%14 .
08/21/80 0,83 7% 190 : 3,01 .
09/01/60 0,37 30 sSa 0.078 .
09/08/680 0,23 114 .0 0.271 .
09/12/80 0,12 » 28 0,100 .
09/13/80 0,16 1o . 15¢ 0.1 .
00/20/080 0,29 80 100 0,343 .
09/29/60 0,19 30 2680 6,300 .
09/29/80 0,09 22 102 0.3 .
10/06/80 0,1t ™ 100 0,2% .
10712780 0.1 2 27 ¢, 202 .
10/24/80 0,17 (1} 138 0.373 .
10/31/80 0,78 a 108 0,212 .
11/01/80 0,36 %) 188 0,303 .
11/03/80 0,51 38 (1} 0,158 .
11708780 [ ]} 36 . 0,138 .
11718/80 d.18 a3 129 0.17 .
11/719/80 0,19 N (L] 0,92 .
11/720/00 1.95 3 °2 ' 0,293 .
11723780 0,22 b4 72 0,52 .
11727700 0,7 t L) [ )} 0,158 .
11/20/80 0,43 23 . 0,120 .
12702180 0,00 3e 18 0,201 .
12703/60 6,32 28 . 0,009 N
12/08,00 e,0e 27 (34 0.123 .
12710760 0,17 77 152 0,307 .
12720/R0 0,28 3o 10¢ 0,23 .
12/21/00 0,08 33 13 0,211 .
12728780 0,26 (1] 120 0,2 .
12724700 0,87 $s " 0.181 .
127267680 0,32 23 [ 1] 0,128 .
12/29/80 0.72 22 [1} .103 .
.01/17/61 0,18 3] 162 .51 .
01/23/01 0,48 [3] 161 0.203 .
c0t/2e/81 6,18 26 [ 3] 0,272 .
01/26/81 0.0 3] ) 0,087 .
FASTTRACK LNAR AATA 16010 HONDAY, JANUARY &, 1962 o3
FASTeTRACK natTa PROJECTY  wai atreto P000LLLOSES
EvENY PRECIPTTATION COOD ) 188 PHOIPHONUS Leap © COPPER
STaRY (gL 4. £ )] “ILLICRANS wiLLIvRing AILLICRANS wiLl1gnang “ILLICRANS
TIwe sER LITER LR LiTeR sER LITER otr LITER PER LITRR
02/11/81 [} : [3) W 0. 218 .
02713781 0,28 27 [ 1] .
02713781 0,22 n 100 .
0Q2/14/8y 0,78 o8 202 .
02/17/81 0,16 " 16 .
02/168/81 0.5% 58 2023 .
02719/03% 0,03 1e 109 .
93/728/0) Q.21 32 14) .
03/729/0) 0.8 30 (23 .
04/0%3/61 0,10 @ (34 .
0as/06/81 0,3¢ a2 138 .
08s07/8} 0,28 27 ” N
04/30/83 0,36 32 117 .
0s/12/81 0.12 2¢ 157 .
084/20/04 .19 $0 70 .
08/22/70% 0,2% 36 Te .
04/23/01 0,07 e 3 .
04/27/81 0,53 38 80 .
08/07/81 0,23 a 12 .
08/13/681 043¢ 7 3¢ .
0sS/14/03 0,18 [14 10 0,221 .
08718781 0,08 70 198 0,300 .
SITE mEAN 0,34534) 148,1°9) 0,2008%22 0,2004080 .
S1TC COEFFICIENY OF vARLIATION 1.000074 0,A7293ny 0,0080%a)3 0,46503183 .
NUMBER OF EVENTS FOR THI® STATION 70
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BASTTRACK LOAP PATA 1e01A NONDAY, JANUARY 8, 1962 %6

FASTOTRACK DATA PROJECT (73] SITEID 2008ELLOSES
. .
S
CvENTY PRECIPITATION (OO 138 PHOSPHORUS LEa0 CoPPER
STARTY (INCHES) MILLIGRANS MILLIvNINS KILLICRANS niLLIGRANS MILL ICRAMS
TIng SER LITER PER LITFR PER LITER PER LITER PER LITER
03/12/00 N 23 70 0,13 [} .
03720480 . 7 . 230 0,33 0,38 .
08/709/80 0,83 $0 112 0.23 0,27 .
08/08/,00 0,57 38 188 0,26 0.2 .
04/09/80 0,2 a6 (1) 0.19 0.2 .
08/14/80 0.18 54 19 0,59 0,33 .
08/18/00 1,19 s a3 0,097 (Y] .
0T/11/80 8,22 [1} 182 0,29 021 .
0v/14/00 ) 0,18 37 127 0,149 8.1 .
08/20/00 ' 0,08 120 106 0,95 0,81 .
08/27/80 0,18 102 266 117 .80 .
08/20/00 0,37 38 188 0,001 0.2 .
09/01/80 6,9 2¢ L1 0,123 0.1 .
09/060/80 0,27 47 " 0,308 0,22 .
09/12/00 0,08 20 12 0,11 [ M1 .
9e/13/80 0.8 43 0 q. 187 [ Y] .
09/19/80 [N 1 % [} 0,207 0ol .
09/20/80 0,38 7 108 0,397 0,28 .
09/29/80 6,83 (24 118 0,177 0.136 .
10708/60 0,19 30 178 .36 0429 .
10/2¢/00 o,te 162 180 60,206 0,18 .
10/31/680 0.78 St s? 0,14 0.09 .
11701780 . 0,29 (1Y 100 .18 o.18 .
11/03/80 0.6 32 *" 0,158 0,08 .
11700780 1.18 St L2 ] 0,081 Ot .
11/08/60 0,43 38 (1) 0,182 8,1 .
117187080 0,12 S0 250 0,227 0,2 .
13719180 0.21 a 73 0,109 tel .
11/20/80 1e00 30 0 0,13 [ 13} .
11725700 0.1% 1 29 0,203 - (1Y) .
11727400 0,78 29 1) 0.112 (3] .
11720780 4,00 3a 3 0,103 [ 1% .
12702780 0,97 a2 (1] [ 9} el .
12703/60 [ 26 141 0,083 Aot o
12718780 G.11 (14 toe 9,239 0.2 .
12/720/80 . 0,83 se * 0,178 [ 1Y) .
12/20/80 0,26 [ 24 . 0.161 01 .
12720700 0,51 20 .0 a,000 : 0.2 .
12/723%/60 1.28 27 Te 0.134 (23] .
12726480 0,30 an . 3 0.21 0.1 .
12729/00 1,18 19 ”" 9,092 (T3] .
otst1/01 0,22 a? 129 0,37 0.2 .
01/726/,8% 0.0% 20 (1] 0,008 L }) .
02711761 [ 3.4 2 [ ] 0,103 [ T3] .
02/713/81 0,2 30 o2 0,213 8,1 .
02713481 0.3 . toe 0,227 0.2 .
02/117/61 0.6 a3 [ 0,07 0ed .
02/10/8) 071 30 150 0.2958 042 .
FASTTRACK (LDAP PATA 16810 MONDAY, JANUARY &, 1982 93
FASTTRACK pATA o0JECT wal streln P008ELLO%08
[4/41] . PRECIPITATION (COO 188 ' PHOSANORUS LEaD coregn
svamy cINCHES) nILLICRANS “pLLIonANS wiLL ICRemg wILL 1CRANS HILLIGRANS
Ting ’ srR LITER PER LITFP PER LITER oER | ITER PER LITER
02/19,8y 0,02 t2 116 0.048 0.1 .
03/2a/81 0,26 72 1Y 0.22 [ 13} .
03/28/0% 0,18 33 [ 2] 0,122 0.1 .
08/02/01 0,16 100 194 0,308 0.2 .
06/05/8) . 0,46 , s se 0,172 . [ 23 .
08/06/81 0,38 as 197 0,548 0.2 .
98s07/81 0,22 21 L 1) 0,008 [ I} .

~08/10/08 0,3 27 3] 0.2 [ 3] o
0ast12/,81 0,13 Yy 1"ne 0.2%% 042 .
08/22/84 9,08 " t2e 0,188 [ %] .

- 08/27/8% 0,87 33 72 a,180 0.2 .
05/703/,81 0,21 " 108 0.2 0,1 .
0%707/,81 . (383 82 136 9,308 0.2 .
08/07/0} .. 0433 1] 108 0,357 Qe .
08/730/01% T 0,29 a0 a7 0,202 0ol .

IITE mEAN 0,8156487 0,87820 108,991 0,239804) 0.1%44186 o
SITE COEPFICIENY OF vaRIATION 1,001080 9,5232048 0,473%40 ‘0,8798273 0.8812012 M
NUNGER OF EVENTS FOR TMIS STATION [} ]

B-18



FASTYRACK LNAR Pata 16118 MONDAY, JANUARY &, 1982 *

FASTTRACK nNaTA PROJECT  wit [ 184 214 41330
event PRECIPITATION COO 188 PHOSPHORUS  LEa0 CoPPER
staey (INCHES) I L ICRANS WELLIvRINg HILLIGRANS uiLLICRANS NILL IGRANS
Tiwe PER LITER PER L1t PER LITER sER LTTER PER LITER
08/28/60 0,80 L] 198 6.31 .
09/09/80 1.28 160 72 [ 1% .
00/22/80 0,38 73 (23 0418 .
00722780 0426 (1) *°? 0416 .
08/23/61 0,08 150 e 0,72 N
05/29/61 9.27 180 ne 9.38 .
06/08/81 0,27 130 1ea 0,04 .
06711701 0.%0 130 L1} Q.16 .
Qes20/81 .30 2 157 0,97 .
08726/61 . 120 202 0,29 .
08/29/81 . 120 70 0,48 0.2 .

SITE mEan 0.3360208 119 166,8080 0.3720327 0,3857913

SITE COEFFICIENY OF VARIATION t1.23817 0.8048821 0,702%8%1 0.893722% 0.7004797 .

NUSAER OF EVENTS FNR THIS STATION 1 ’

PASTTRACK LOAF PATA 10910 MONDAY, JANUARY 8, 19082 o7

-PASTeTRACK NATA PROJECT wif srreto s1%31
eveEnt PRECIPITATION OO 188 PHOSPHORUS Lta0 corrER
staev (InemES) MILLIGNANS wiLLIvasny uILLIGRANS wiLLICRANS nILLIGRANS
Time PER LITER pER LiTER PER LITER stR L1TER rER LITER
03/15/80 . L] [ L] 0.3 .
94/03/80 . L]} 132 f.0 .
0a/08/00 . 150 Lo 0s2 .
04/06/80 . n 210 0.6 .
04709780 . te0 3 (231} .
0s/13/080 . as an .
05/18/80 0,21 230 .0 0438 .
08/28/80 0.3 S 32 2.8 N
00/01/80 . 230 38 0019 .
06/02/60 . 7" 161 0,40 .
00/0%/80 N @ 270 0467 N
06/00780 . 8 ase 12 .
0e/07/890 N 80 3a8 1.8 .
06/19/80 . 0,23 Te 158 0,47 .
07705780 .73 73 38 0.9% -
07/09/60 0,72 120 206 086 .
07715/00 9.28 ° 108 (7Y 3] . v
07/36/080 [ 11 110 141 0,52 .
07/29/00 0,18 78 Y} 0,22 .
06/02/60 0,19 1o 208 0458 N
08/02/80 0,17 180 72 0. 218 N
08/08/80 3. 20 5% 2606 teb .
08/07/80 . 0,97 7 180 0,48 .
08/07/60 0,37 " S8 0.2 .
08/13/60 0,08 [Y) Y] 0.3 .
08/16/80 0,73 130 [} 0433 .
02/22/01 0,08 170 nz2 [I3) .
04/08/81 1,08 * 280 [I51] .
oast13/8t 1,82 3 342 1 .
08/s23/8} . o3 a2 0.3 .
08/29/81 0,27 [ . 186 0.3 .
06/08/81 6.3 180 336 0,9 .
06/13/81 0,99 180 LTS 0.2 .
06/15/81 0,11 74 21 [ 23] .
06/20/8% 0.1e a2 3%0 12 .
07/12/8) 0,71 a2 290 0.9 .
ar/17/84 0.18 170 183 0438 .
07/20/81 . 170 a2 0eb .
06/14/81 N ' 124 (3 ned .
9n/15/81 N °? 28% 0eb .
Q8/20/81 . (2] 120 g3 .
08/29/81 . a3 3¢ [ 21 .
08/31/81 . .t o1 02 .
09/07/81 . 7 B 1] 8.1 0.0% -

SITE mEAN 0,%5617392 | 99,50020 202,0010 0.2913408 0,6064%36 .

SITE COEFFICIENY NP VARIATION 1,297878 0.8082272 1,020224 0,5767538 6,0000028 .
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FASTTRACK NATA

(41024
sTARY
1L 3

NUMBER OF EVENTA FNR THIS STATION

FAST«TRACK patTaA

EvEnt
STanY
Tiwg

00/02/80
06/00/60
00/07/60
06/20/80
09s12/760
09/14/80
09/20/06¢
09/2%/,80
0$/10/01
05s28/81
0%3/29/,01
0es00/0¢
06/13/814
%es15/61
067204608

1TE mEAN
SITE COEFPICIENY OF vARIATION

NUMAER OF EVENTY FOR TS STATION

PROJECT

PRECIFITATION
C(INCHES)

PROJECT

PRECIPITATION
CINCHES)

.
Q.07
(.3
(L1}
0,99
0,88
.78
0,18
[ 2 2]
0,08
0,08

0.83
0.2e

0,%4000080
1.208%1¢

13

FASTTIRACK DA PATA

L1} s1TElD 41%31
coco T8
WILLIGRANS WILLIvRang
PER LITER PER LITFR

FASTTRACK LOAF PaTS

wty s1TELd e13%e32
coo 133
“ILLIGRANS i L IoNong
PER LITER oeR LiTPR
Edd @

b1 ] 7]

36 27

[1] 21

18 18

” 28

22 27

27 0

te ..

s %

ss 140

160 3oa

160 28

27 72

32 32

48 0001 00,3808
0,780t 704 0,97a07%

8-20

PROSPHORYS
NILLIGRANS
PER LITER

PHOSPHNNUS
“ILLIGRANS
PER LITER

0,16
0,28
0,28
0.1e
0.1¢
0,18
0,28
0.22
0,27
0,34
0,48
0.88
018
0,23
0.13

0,270388
0,53%014¢

.

10110 MONDAY, JANUARY &, 1982

(R11.
uILLIGRANS
‘PER L1TER

coreeR
MILL 1GNANS
PER LITER

16818 MONDAY, JANUARY &, 1962 "

LEs0
wILLICRANS
PER LITER

Galt
0,14
0,029
0,088
0,08
0.1
0,08
0.0
0403
0,1
0.2a
[ )
0,08
fel
0,008

0,133365%
6,883%5801

corren
“ILL IGRANS
PER LITER



FASTTRACK LDAR FATH 16118 HONDAY, JANUARY &, 1942 100

FaST=TRACK nATA PRUJECT  wit sITEID 1133
EVENT PRECIPITATION COD 138 PHOSPHORYS LEao coregnr
STaRy {InCuEs) niLLIGRANS NILLIvaSmg MTLLIGRANS ulLLIgRANS *iLLICRams
T PER LITER PER LITFN PER (1T R L1TER PER LITER
08/06/80 0,7% 32 ' 216 6,33 o
ne/07,80 0,08 58 108 0,08 .
0e/28/80 0,88 s2 33 0.1 .
01/0%/00 0,% 3¢ 13 1] 0.00 .
07/70%/80 . 30 (3] 0.08 .
07716700 . e 75 0,06 N
08/02/80 0,23 28 148 0.22 .
08/04/80 . b1 100 0.17 .
08707780 142 L * 0.0 .
08/07/680 0,07 26 8 0.08 .
08/11/780 0,88 26 - $7 %ol .
09/10/80 0,81 26 Se 0,08 .
09/20/80 . 0,67 20 Te 0.12% .
09/25%/80 0,13 3a Te 6841 .
10/03/8¢ . a0 (1] (13 ] .
11724780 a0 2 0,0% .
12706/80 38 12¢ 0,22 ..
12708780 S5 19 0409 .
02722701 N 20 3 0,05 .
0as08/81 20 336 0,2% .
0a/s0n/8) 7 108 0.0% .
08710781 (34 tte 0.08 o
0s/13/81 (34 [ 0.08 .
08s23/81 17 Se 0.08 .
0%/10/81 17 1 0.0% .
08/08/81 26 ()] 0o .
06/08/81 Se 172 0.20 .
0e/13/81 e 32 [13] .
0e/22/8) Sa k1] 0.12 .
ars12/81 Se 158 0.2% .
07712781 70 .« 0ot .
T/13/81 70 110 0,08 .
07718781 2 ns 0.22 .
07/20/81 2 [ 0,08 .
07/25/61 33 $? O.1 .
OR/0T7/8} 33 270 0.3 .
o0A/1a/A1 . " 1e 0,2 .
08/15/81 . 3 158 Ol .
0A/28/A) . 31 18 0.08 o
08/29/681 . 33 k2 (X)) .
08731 /8t - . 33 e 0.0% .
0e/07/81 . 33 120 0,0% .
SITE mEan 0.6035123 42,3797 0.1120708 .
SITE COCFFICIENY OF VARIATION 0,0820022 0,8528413 0.000A11¢ .
NUNBER OF EVENTY POR THIS STATION a2
FASTTRACK LNAP PaTA 16118 HONDAY, JANUARY &, 1902 103
FAST=TRACK DATS PROJECT  wi} St1v¢El0 41%3s
CVENT PRECIPITATION (OO \£1] PROIPHOAUS LEan coeegn
stant tINEnES) ILLICRANS nwiLLISRanS “lLLIGRAnS wiLL IGRANY wiLLICRANS
TIwg PER LITER PER LiTFR PER LITER oER LITER PER LITER
06/0%/80 . 3o 168 oot .
/28780 . 1e 12 [ I3 .
069/16/80 9,58 51 17 0el2 .
0e/s20/80 0,78 2¢ 18 0408 .
09/22/80 [ Y ) 23 ] 0,08 .
09/22/80 0,77 3a [ 1] 8.1 .
09/2%/80 0,08 3 22 0,08 .
10/03/80 . S2 12 8,098 .
08/710/81 0,% %] ] 0,08 .
0s/23/81 . (%] 182 6.4% .
05/29/8) 0,12 (1] 232 0.51 .
08/29/,81 ¢,.te L 2) 122 0,32 .
06704781 .18 120 [l 0.2 .
0e/15/8t 0.1 120 1 0,2 .
06/20/81 0,2 % 20 Oel .
08/26/81 . " 12 001 .
08727781 . " 13 0.05 .
08/2%/81 . 7 10 0.0% .
o8/31/03 . 27 100 0.17 0,2 .
SITE MEAN 0,3412321 .2,0382 67,8519 0.1080018 0.189013 .
SITE COEFFICIENY OF vaRlatiOw 1,007a8) 0,6008088 2,34%208 14113342 0,9184338 .
NUNARER OF EVENTS FAR WIS STATINN 19
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FASTYRACK LNAP PATA 16114 MONDAY, Janudamy &, 1982 102

FASTeTRACK naTS PROJECY L14] SITEID 21338
|
EVENT PRECIPITATION CNO 188 PHOSPNONUS L€an coregn
srant ' (INCHES) “ILLICRARS nwiLLjening NILLIGRANS wiLLIGRANS HILLICRANS
11w PER LTTER pER LITTR PER LITER sER LI TER PER LITER
06/03/80 0,08 'Y 14 0,08 0,08 .
08/06/00 . 18 81 0,12 032 .
08/08/,80 0,52 (1] 278 0,2 0.9 .
04/09/80 0,97 100 15 0,08 [ 3] .
0as14/00 . 27 53 9,00 0,22 .
08/208/60 0.23 1} “ 0.1 0.6 .
08/208/60 0,08 3] 20 0,06 8ot .
08713780 0.21 30 280 0.51 0.7% .
05/10/00 0,13 30 : 27 0,07 0e1 .
ge/04 /680 - 1 s3 0,13 Oel® .
00702700 0.2% ” (3] ¢ 9,12 0,22 .
00/0%/60 . 0,8¢ 1) 192 0.16 0.3% .
06/00/80 0,72 L1} 129 0.18 0,22 .
00/07/80 0,93 0 W0 0,11 0,22 .
06/19/80 . 3o S8 o.18 0,23 .
aT/16/80 o 180 2% 0,00 0.1 .
08/02/80 0,20 180 102 0.2 0,338 o
06/02/00 0,28 140 a“ 0,00 a.18 .
08/08/80 2.70 100 100 0,18 0,26 .
08/11,80 0,87 I3 27 0,11 0,078 .
06/13/80 68,08 20 20 0.5 0,19 .
08/19/80 0,58 20 30 0,08 01 .
09/07/,80 . 0,0 20 L] 0,07 0,08 .
09/09/60 1,20 26 14 0,06 0,178 .
09/12/%0 1,37 28 2¢ 0,08 0,08 .
09/16/60 0,77 (3] 23 0,06 0,18 .
$9/720/00 0,72 . 3 [ 1 0.07 0.13 .
09/29/80 0,00 3e 20 0,08 0e1 .
10703,80 . (L} [ 1] 0,13 0.2 .
10716760 0.,2e 1) . 0,08 0403 .
10710760 0,29 L1 17 T 0,00 0e1 .
10724400 0,2 se 29 0,13 0419% .
1171080 0,58 Te 18 0,00 0412 .
t11/2e/80 . 15 [} 0,1 ) 0,12 .
12702700 N [ 1] 72 0,16 0.8 .
12700/00 0,08 Sa .8 0.12 0,8 .
02/16/81 . (1] 108 0,16 0.9 .
02/22/,01 T 18 78 . 043 LI .
0es0e/0y 1.20 e Sea 0,38 0.9 .
0as07/81 . 160 100 0,10 6,20 N
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APPENDIX C
DATA ANALYSIS METHODOLOGIES

In order to assemble and analyze the data being developed by the NURP
projects and determine and interpret results, it was necessary for NURP to
use a set of consistent analytical methodologies. By and large, the metho-
dologies that were selected were developed under different EPA efforts, many
under the sponsorship of the Office of Research and Development. Following
the areas of project emphasis, Appendix C-1 presents for urban runoff loads,
C-2 for receiving water impacts, and C-3 for effectiveness of controls, the
adopted methodologies and their supporting logic.

C-1. URBAN RUNOFF LOADS

The constituents found in urban runoff are highly variable, both during
an event, as well as from event to event at a given site and from site to
site within a given city and across the country. This is the natural result
of high variations in rainfall intensity and occurrence, geographic features
that affect runoff quantity and quality, and so on. Therefore, a method of
expressing the size of an urban runoff load and its variability was needed.
The event mean concentration, defined as the total constituent mass discharge
divided by the total runoff volume, was chosen as the primary statistic for
this purpose, and event mean concentrations were calculated for each event at
each site in the accessible data base. If a flow-weighted composite sample
was taken, its concentration was used to represent the event mean copcentra-
tion. On the other hand, if sequential discrete samples were taken over the
hydrograph, the event mean concentration was determined by calculating the
area under the loadograph (the curve of concentration times discharge rate
over time) and dividing it by the area under the hydrograph (the curve of
runoff volume over time). For the purpose of determining event mean concen-
trations, rainfall events were defined to be separate precipitation events
when there was an intervening time period of at least six hours without rain.
Given this data base of Event Mean Concentrations (EMCs), there are a number
of questions that must be answered in order to extract information that will
be useful for water quality planning purposes, including: What is the underly-
ing population distribution and what are the appropriate measure of its attri-
butes, e.g., central tendency, variability, etc.? Do distinct subpopulations
exist_and what are their characteristics? Are there significant differences
in data sets grouped according to locations around the county (geographic
zones), )and use, season, rainfall amount, etc.? How may these variations be
recognized? What is the most appropriate manner in which to extrapolate the
existing data base to locations for which there are no measurements?

These questions have not all been answered as of this preliminary report.
This appendix will outline the procedures used to analyze the probiem to date
and projected future work during the remainder of the project. There will
be no attempt to explain standard statistical procedures since these are



readily available in the literature. Nor will the operation of the SAS com-
puter statistical routines be explained since they are available almost uni-
versally at computer centers. However, the relevant procedures used by the
NURP team will be described. '

LOG-NORMALITY

When working with highly variable data, it is very important to know, at
a prescribed confidence level, what the underlying probability distribution is
(as opposed to assuming or guessing). Based upon natural expectations and
prior experience, it was decided to test whether or not the event mean con-
centration data had a log-normal distribution for each water quality con-
stituent to be examined. The event mean concentration data from all NURP
projects’ loading sites were collected into one data set and transformed into
natural logarithm space. Four separate procedures were used to judge log-
normality and to indicate that the data, in fact, will fit a log-normal
distribution. They are:

1. Inspection of basic statistical measures
2. Inspection of graphical data displays

3. Kolomogorov-Smirnov test

4. Chi-square test

The first two procedures are qualitative in nature and rely upon experienced
professional judgement. For inspection of basic statistical measures, one
transforms the data into the -logarithmic domain and examines the calculated
values of mean, median, mode, kurtosis, etc. with what would be expected from
a normal (Gaussian) distribution. Graphical data displays used include
cumulative probability distribution plots, stem-leaf plots, box plots,
hanging-root plots, and the like. Examples of cumulative probability dis-
tribution in log space were given in Chapter 5. Examples of stem-leaf, box
and hanging root plots are given in Figure C-1.

The latter two tests are quantitative in nature and were run at the
95 percent confidence level (i.e., a = 0.05). The Kolmorogov-Smirnov test
is based upon the maximum deviation of the test data from the expected dis-
tribution, while the Chi-square test is based upon the cumulative deviation
of the actual test data distribution from that of the expected distribution.

The importance of the log-normal determination cannot be overemphasized.
Among its many implications is the fact that determinations made in simple
arithmetic space with Gaussian assumptions will be invalid, the geometric
mean of the data is a more appropriate measure of central tendency than the
arithmetic mean, etc. (Aitchison and Brown, .1969). With.regard to the lat-
ter, it is fairly standard practice to use the geometric mean when dealing
- with bacterial data (e.g., coliforms); it has not been so universally applied
to other types of water quality constituents to date.
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DETECTION OF SUB-POPULATION DIFFERENCES

Although a data set may strongly exhibit a log~normal distribution, it
still may be made up of a number of sub-populations, and identification of
those might help to explain some of the variance present in the data. The
key question to be answered is: Qo different log-normal populations (i.e.,
different mean and/or variance) exist within the pooled population, and if
so, how may homogeneous sub-populations be determined (e.g., how may the
data be grouped into subsets)? Even if they are log-normal, sub-populations
of data may differ because of; (1) differing means, (2) differing variances,
or (3) both, as suggested in Figure C-2. For each parameter, the NURP data
set consists of up to 100 sites (“treatments” in statistic parlance) with a
varying number of observations (storms), on the order of 5 - 20, at each
site. Even with the considerable advantage of normality of the logarithms
of the EMC's, the general question of how to test the hypothesis of
homogeneity of sample means and variances is unresolved in statistics. The
procedure used for this draft report is outlined below, along with proposed
future analysis.

]

a* *b

F(x) = Prob (X$x)

Figure C-2. Populations a and b have different variances.
Populations b and c have different means. Populations a and ¢
differ in both mean and variance.
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The standard procedure for testing of homogeneity of sample means is
analysis of variance (ANOVA) and its resulting F-test. Three basic assump-
tions are inherent in the ANOVA procedure:

1. Each sub-population (treatment) is normally distributed,
2. Each sub-population (treatment) has the same variance, and
3. A1l samples are independent.

Strictly speaking, the assumptions refer to the error term in the ANOVA
model, but they are commonly applied to the data themselves. The NURP data
generally fulfill assumptions (1) and (3) quite well, but assumption (2),
equality of variances, is not necessarily true. In fact, it is one of the
conditions upon which to test the hypothes1s of homogeneity of population
distributions.

Fortunately, ANOVA is not highly sensitive to deviations from assump-
tions (1) and (2) as long as the sample size is "relatively large" and the
number of samples in each sub-population is "approximately the same". These
conditions are met in a quantitative sense for most comparisons, although un-
equal sample sizes are a problem for some, notably sub-populations based on
land use. However, the fact of insensitivity is the basic justification for
ANOVA procedures used for this preliminary report. Fortunately, there is no
question of the validity of independence of EMC values since they are all de-
rived from independent storm events. (Violation of the assumption of indepen-
dence may result in serious errors in inference of the results.) A discussion
of the ANOVA assumptions and their consequences may be found in many standard
statistics books, e.g., Hays (1981).

The assumption of homogeneous variance is the most troublesome of the
three since there undoubtedly are sub-populations with differing variances.
Indeed, the Bartlett test was run on several variables (logar1thms of EMC's)
using the DISCRIM procedure of SAS. The hypothesis of equal variances was
rejected at a significance level of 0.0001. However, because of the robust-
ness of the ANOVA procedure, it is seldom recommended that it not be per-
formed just on the basis of the Bartlett or similar tests (e.g., Hays, 1981;
Lindman, 1974). Rather, the unequal variances may be accounted for by a
change in the apparent significance level of the F-test. For instance,
Scheffé (1959) illustrates this effect when an ANOVA is performed at an
apparent level of significance of 0.05. For different ratios of sample
variance and differing sample sizes, actual significance levels may range
from 0.025 - 0.17 (Table 10.4.2 in Scheffé). Hence, an adjustment in the
assumed level of significance from 0.05 to, say, 0.10 would cover most situ-
ations. The NURP data rarely exhibit ratios of variances greater than 2:1
and ratios of sample sizes greater than 3:1.

. In other words, there are several reasons to expect that the classical
robustness of the ANOVA procedure will accomodate the NURP data set. How-
ever, there are other theoretical options, albeit, inconvenient.

When sub-populations (treatments) are compared pair-wise, an inference
may be attempted on the equality of means, given that their variances are
unequal. This is known in the statistics literature as the Behrens-Fisher



problem (Winer, 1971) for which a completely satisfactory sampling distribu-
tion is not yet agreed upon. A common approach is- to compute an approximate
t-statistic whose degrees of freedom are obtained by the Satterthwaite approx-
imation technique. This can be done in SAS using the TTEST procedure. Un-
fortunately, for a pairwise comparison of all combinations of, say, 100 sites,
(1go> = 4950 separate runs would need to be made, infeasible as of this first
report. In order to achieve a significance level of 5 percent for the entire
family of 4950 tests, Bonferroni (Neter and Wasserman, 1974) specifies that
the significance level, a., of each test should be determined as

= 0.05 + 4050 = 0.000010101. Clearly, a disadvantage of this procedure is

that the individual tests become so conservative that any differences that
actually exist would frequent]y fail to be detected. A variation on this
procedure may be possible in the future if sub-groupings of fewer than all the
individual sites can be determined satisfactorily.

SUB-GROUPINGS

To date, sub-groupings of site data have been made a priori on the. basis
of fundamental hydrologic and water quality considerations. These attributes
have been: geographical location or zone, land use, season, and magnitude
of rainfall event. At least two questions will be addressed in this sub-
section: (1) Can groupings be proposed on another basis, and (2) how can
these sub-groups themselves be grouped into similar sub-populations.

Concerning the former question, it is a legitimate part of an experi-
mental design to group "treatments" into like categories on a rational,
physical basis. In part, for this first report, this was the only option
available, and reflects conventional engineering wisdom. Previous studies
have shown differences on the basis of region and land use. The NURP efforts
to date are the first to investigate the éffect, on a large scale, of season
and storm magnitude.

In.the future, it will be useful to perform a grouping in an "unbiased"
manner, in which preconceived notions of groupings may be avoided. These
groupings may then be compared with those enumerated above to see if they
agree with physical reasoning. One method for this is cluster analysis, in
which sub-groups with similar attributes (e.g., mean and variance) may be
grouped together into "clusters". These clusters may be examined for similar
physical attributes (e.g., region, land use) and a regular ANOVA performed
to detect differences in means. Additional future work will include regres-
sion and correlation procedures utilizing the NURP fixed~site data base for
additional physical insight into cause and effect relationship among EMC's
and independent variables. Ultimately, selection of the appropriate log-
normal distribution for a study area can be done on a causative basis,
rather than a priori on purely statistical groupings.

Once again, there is not statistical consensus on a method for selecting
groups of sub-populations when their variances as well as their means may
differ. However, several procedures are available for multiple comparisons
of means, usua11y under the assumption of equal variances. These are de-
scribed, for instance, by Winer (1971) and Chew (1977). The most common pro-
cedure is that of Duncan, in which means are ranked and placed into one or
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more groups with other means. The Duncan test (available on SAS) is among

the more discriminating multiple comparisons procedures in terms of finding
differences (Winer, 1971). That is, compared to certain other available tests,
it will tend to provide more separate groupings. Because of its wide accep-
tance and because it can be modified to handle unequal sample sizes, it has
been used to date for grouping of subpopulations. In the future, alternative
procedures may also be used for comparison.
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C-2. RECEIVING WATER IMPACTS

This section presents a description of the methods used to evaluate the
receiving water quality impacts of urban runoff. Because of the important
differences in behavior, separate methods have been adopted for rivers and
streams and for lakes. It is anticipated that a technique for evaluating
estuaries .as a third class of receiving waters will be developed. However,
this preliminary NURP report does not include the estuary analysis methods.

RIVERS AND STREAMS

The approach adopted to quantify the water quality effects of urban run-
off for rivers and streams focuses on the inherent variability of the runoff
process. What occurs during an individual storm event is considered secon-
dary to the overall effect of a continuous spectrum of storms from very small
to very large. Of basic concern is the probability of occurrence of water
quality effects of some relevant magnitude.

Urban runoff is characterized by relatively short duration events with
relatively large time periods between events. On a national average basis,
the median rainstorm duration is about 4.5 hours with a time between storm
midpoints of about 60 hours. In addition to this temporal intermittance,
urban runoff events are highly variable in magnitude.

To consider the intermittent and variable nature of urban runoff, a
stochastic approach was adopted. The method involves a direct calculation of
receiving water quality statistics using the statistical properties of the
urban runoff quality and other relevant variables. The approach uses a rela-
tively simple model of the physical behavior of the stream or river (as com-
pared to many of the deterministic simulation models). The results are
therefore approximations. '

The theoretical basis of the technique is quite powerful as it permits
the stochastic nature of runoff process to be explicitly considered. (Simu-
lation is in many cases costly or cumbersome in this regard.) Application is
relatively straightforward, and the procedure is relevant to a wide variety
of cases. These attributes are particularly advantagecus given the national
scope of the NURP Project. The details of the stochastic method are pre-
sented below.

Basic Approach

Figure 1 contains an idealized representation of urban runoff discharges
‘entering a stream. The discharges usually enter the stream at several loca-
tions but can be aggregated into an equivalent discharge flow which enters
the system at a single point. The equivalent discharge flow (QR) is the sum
of the individual discharges, and the equivalent concentration (CR) is the
slow-weighted mean concentration for the constituent of concern. If the mass
discharged from each individual site is known for a storm event, the mean con-
centration is the total mass divided by total flow.
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Figure 1. Idealized Representation of Urban Runoff Discharges
Entering a Stream
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Receiving water concentration (CO) is the resulting concentration after
complete mixing of the runoff and stream flows, and should be interpreted as
the storm-event mean concentration just downstream of all of the discharges as
shown in Figure 1. The four variables that determine the stream concentration
(CO) are:

Urban runoff flow (QR)

Urban runoff concentration (CR)
Stream flow (QS)

Stream concentration (CS)

For an-individual rainfall/runoff event, it is possible, in principle, to
measure each of the relevant variables independently. From those, the average
stream concentration (CO) is calculated:

o = (QR Cg% I égs cs) _ (1)

If a dilution factor, ¢, is defined as:

R
¢ = aﬁg;-ag (2)

CO may be defined in terms of ¢ by:
Co = [¢ CR] + [(1-¢) CS]. (3

The calculated value of the downstream concentration (CO) for an individ-
ual event could be compared to a water quality standard (CL), or to any other
stream concentration which relates water quality to protection or impairment
of beneficial water use. If the comparisons of CO and CL indicate that water
quality is satisfactory, then it may be assumed that the individual event
would not impair beneficial water usage. By contrast, if the comparison of
CO and CL indicates that during this event receiving water concentrations of
the constituent in question would not protect beneficial usage, the relative
contributions of runoff and upstream sources to the violation could be ascer-
tained from Equation (3) as follows:

Runoff Upstream

———

Co =[¢ CR] + [(1-4) CS]

In principle, this procedure could be repeated for a large number of rainfall/
runoff events. If this were done, the probability that CO violated the level
CL during rainfall/runoff periods could be defined, and the relative contribu-
tion of runoff and upstream quality could also be estimated.
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The basic approach adopted for the NURP project employs Equations (1)
through (3) and the statistical properties of the four random variables (QR,
CR, QS, and CS) to calculate the cumulative probability distribution of the
downstream concentration (C0) during runoff events. From this, the probabil-
ity of occurrence or frequency of any target concentration being equaled or
exceeded can be computed.

An essential condition to the use of the approach is that each of the four
variables which contribute to downstream receiving water quality can be ade-
quately represented by a log-normal probability distribution. Examination of
a reasonably broad cross-section of data indicates that log-normal probability
distributions can adequately represent discharges from the rainfall/runoff
process, the concentration of contaminants in the discharge, and the daily
flow record of many rivers and streams. Further discussion of the use of log~
normal distributions was presented earlier in this Appendix.

The approach developed can be applied on a site specific basis, or can
be generalized and applied to a river system, region of the country, or a
series of locations which are characterized by similar rainfall and stream
flow distributions. The ratio of the stream drainage area (above the urban
area) to the drainage area of the urban area is one of the useful factors
which allows this generalization. The calculations discussed below consider
a site specific application to illustrate the approach. -

Statistical Calculations

~ The caleulation procedure consists of a number of specific steps as pre-
sented in Table 1. The theoretical basis for the calculations is described
below and consists of four components as follows:
a. Statistical equations of normal and log-normal random variables
b. Statistical properties of the dilution factor

c. Statistical properties of the downstream concentration

d. Probability of occurrence of selected stream concentrations
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TABLE 1. CALCULATION PROCEDURE FOR STATISTICAL PROPERTIES OF
STREAM CONCENTRATION

Calculate the estimated mean and variance of the logarithmic transforms
of each of the four variables (QR, QS, CR, and CS)..

Calculate the arithmetic mean and variance of the four variables. This
calculation employes formulas that relate the arithmetic mean and vari-
-ance to the mean and variance of the log transformations.

Calculate the mean and variance of the dilution factor (¢) employing the
mean and variance of the logarithmic transforms of QR and QS. The cal-
culation considers: o

- Possible correlations between upstream flow (QS) and runoff flow (QR).

- Adjustments of the mean and variance of ¢ due to the upper bound of
1.0 on ¢.

Calculate the arithmetic mean and variance of ¢ as in Step 2.

Calculate the mean and variance of CO using the estimates of the arith-
metic mean and variance of CR, CS, and é¢.

Piot the log-normal cumulative probability distribution of stream con-
centration, CO. The mean and variance of the logarithmic transforms are
used in developing the plot.

Define CL from a water quality standard or use other criteria to define a
target concentration limit which will provide protection of beneficial
water use. .

From the log-normal cumulative probability plot for CO, determine the
probability corresponding to the selected value of CL.

Based on the basic probability value, compute the frequency or recurrence
interval of water quality problems.
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Statistical Equations for Normal and Log-Normal Random Variables

Using the pollutant concentration in the stormwater runoff as an example
of the four basic random variables (QR, QS, CS being the other three), the
following notation is used:

CR is the random variab1e itself (runoff concentration).

CR® 1is the log (base e) transformed random variable (2n runoff
concentration).

CR is the arithmetic median of CR.
m refers to the mean (e.g., pCR, pCR").

02 refers to the variance (e.g., 0%CR, 02CR”) (o refers to the stand-
ard deviation).

v refers to the coefficient of variation of the arithmetic random
variable (e.g., vCR).

Rationships between the arithmetic projections and the properties of a
log-normal distribution are defined by:

CR = exp. (MCR") (4
VCR = Jexp(o?CR) - 1 O ®
uCR = CR exp(1/2 02CR") (6)
oCR = vCR pCR ' | (7

FO{ a random variable such as CR which is distributed log normally, the
ue at the a percentile (CR ) is.defined as:

PLCR < CR ] =
CR, = exp (WCR" + Z oCR") - (8)

where Zu is the value of the standardized normal cumulative distribution,

given in Table 2.

Statistical Properties of Dilution

For the dilution factor (¢) as defined in Equation (2), the value for
any cumulative probability percentile is given by:
T g = —— & - NG
R+ QS exp(Zu oRS )
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_TABLE 2. CUMULATIVE STANDARD NORMAL DISTRIBUTION

Probabilities for Values of z

P(z <2') 2! P(z < 2') z' P(z < 2') z' P(z < 2')
-4.0 .0000 -2.0 .0228 0 . 5000 2.0 L9772
-3.9 .0000 -1.9 .0287 .1 .5398 2.1 .9821
-3.8 .0001 -1.8 .0359 .2 .5793 2.2 .9861
-3.7 .0001 -1.7 L0446 .3 .6179 2.3 .9893
-3.6 .0002 -1.6 .0548 .4 .6554 2.4 .9918
-3.5 .0002 -1.5 .0668 .5 .6915 2.5 .9938
<3.4 .0003 -1.4 .0808 .6 L7257 2.6 .9953
-3.3 .0005 -1.3 .0968 .7 .7580 2.7 19965
-3.2 .0007 -1.2 .1151 .8 .. 7881 2.8 .9974
-3.1 .0010 -1.1 .1357 .9 .8159 2.9 .9981
-3.0 .0013 -1.0 .1587 1.0 .8413 3.0 .9987
-2.9 .0019 -.9 .1841 1.1 .8643 3.1 .9990
-2.8 .0026 - .8 .2119 1.2 .8849 3.2 .9993
-2.7 .0035 - .7 L2420 1.3 .9032 3.3 .9995
-2.6 .0047 - .6 .2743 1.4 .9192 3.4 .9997
-2.5 .0062 - .5 .3085 1.5 .9332 3.5 .9998
-2.4 .0082 A 3446 1.6 .9452 3.6 .9998
-2.3 .0107 -.3 .3821 1.7 .9554 3.7 .9959
-2.2 .0139 - .2 . 46207 1.8 .9641 3.8 .9999
-2.1 .0179 - . 4602 1.9 3.9 1.0000

.9713

Values of z for Selected Probabilities

2! P(z <2') 2’ P(z' <2")
-3.090 .001 0.6745 .750
-2.576 <005 1.282 .900
-2.326 .010 1. 645 .950

"«1.960 .025 1.960 .975
-1.645 .050 T2.326 .990
-1.282 . .100 2.576 .995
=0.6745 .250 3.080 .999
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'where the variables are defined as before and in addition o2RS” is the co-
variance between QR° and QS°. The covariance is computed as follows:

agRS” = Jo2QS” + 02QR”* - 2pRS”~ 0QS~ oOQR” (10)
i=1 oQsS” oQR
where pRS” is the correlation coefficient between runoff and stream flow and
i refers to rainfall events 1, 2, 3 . . N.

The stream flow (QS) may be correlated to the runoff flow (QR) in some
basins since rainfall patterns which cross the drainage area above the urban
.area will tend to produce increases in stream flow as well as runoff. For
such systems, larger runoff discharges will tend to be associated with larger
stream flows. The correlation coefficient (pRS”) accounts for this tendency.

Because the dilution during runoff periods has an upper bound of 1, its
probability distribution is in general not log-normal, even with-log-normal
runoff and stream flow. The actual distribution deviates from log-normal at
the extremes sufficiently to require the use of a numerical technique to
integrate the actual distribution, or one may use a log-normal approximation
over the probability range of interest. At this point in the NURP Project, a
log-normal approximation, as described below, has been used for the probabil-
ity distribution of ¢. This permits CO to follow a log-normal distribution,
which has a number of useful properties.

An estimate of the 1og-mean dilution may be obtained by interpb]ating
between selected a and (1 - a) percentile values using Equation (9) and the:
following:

be* = 3 (87, + 67(1-0)) (12)

The log standard deviation of dilution may be estimated by the following
formula, which, in effect, determines the slope of the straight line on the
log probability plot:

00" = g (0°(1-a) - 07 (13)

Note that Equations (11) and (12) are valid for a > 50 percent. To insure
that the estimated dilution falls between 0 and 1.0 somewhat beyond the

95 percentile, the 90 percent interval bounded by « equal to 90 and 1- equal
to 5 percent was selected. While the errors introduced by this approximation
will not change the general outcome of the probability estimates, they may be
important in certain cases and are currently being investigated. Having esti-
mated the log statistics of dilution, Equations (4) through (7) can be used to
compute the arithmetic statistics.
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Statistical Properties of Stream Concentration

‘The statistics of upstream concentration (CS), urban runoff concentration
(CR), and dilution (¢) can be used to compute the statistics of the receiving
water concentration just downstream of the urban discharge (i.e., immediately
after mixing). The arithmetic mean is defined by:

HCO = [uCR po] + [WCS (1 - pe)] (14)

The arithmetic standard deviation of the stream concentration is defined by:

oC0 = Jo%¢ (UCR - pCS)Z + GZCR (0Z¢ + p2e) + 02CS (0%¢ + (1 - pe)2) (14)
The coefficient of variation is calculated by:

o = g%g " (16)

Based on Equations (4) through (7), the arithmetic statistics may-be used to
derive the log statistics as follows:

log mean: u¢” = 1n — o (17)
J1 + w200
log standard deviation: o¢° = J2n (1 + v2C0) (18)

From the log-statistics information on probability may be developed.

The Recurrence of Selected Stream Concentrations

The fundamental result of the statistical analysis is the derived cumu-
lative probability distribution of stream event mean concentration; that is,
the cumulative probability function F(CO). Graphically, this is shown in
Figure 2. For a given concentration of interest (CL), the corresponding
probability may be read directly from the plot (see Figure 2). Alternately,
the value of CO at the a percentile is defined as

P=1-PCOSCO]=1"a (19)
COa = exp(uC0” + Za aCol) (20)

One way of properly interpreting the probability (P) corresponding to a
given concentration level is the long term average fraction of events with a
stream event mean concentration equal to or exceeding the specified level.
For example, a probability of 0.10 would specify that on average one in ten
events have a stream event mean concentration equal to, or greater than the
specified value.

_ For the purposes of evaluation and interpretation, it would be useful to
transform the basic probability statistic into a more meaningful or intuitive
form. By combining the percent of storms which cause various concentrations
to be exceeded with the average number of storms per year, a time-based reoc-
currence relationship may be established as described below.
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CONCENTRATION, CO
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NOTE: LOG-PROBABILITY PLOT

{

Figure 2.

F(CL)

' CUMULATIVE PROBABILITY P [CO < cL ]

Example Cumulative Probability Distribution Function of
Event Mean Stream Concentrations
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Reccurrence is a definition based (generally) on the marginal distribu-
tion of random variables. Basically, if P is the probability of a value of
magnitude CL being equaled or exceeded in a given time period, then the re-
currence interval (R) defined as 1/P is the average number of time periods
between exceedances.

Assuming as discussed above, we have the cumulative probability distri-
bution function of event mean stream concentrations (i.e., F(C0)). Then:

P{CO < CL] = F(CL) (21)

If we want annual recurrence, we need to find the probability that an event
concentration of a given magnitude (CL) is equalled or exceeded in a year.
The statement of the problem is:

P=1- P[COm <Cll]=1- P[max(CO1 “ e CON) < CL] (22)

where COm is the maximum eVent concentration in a year, and N is the number

of events in a year. Assuming that event concentrations are independent and
identically distributed with a known distribution such as log-normal, equa-
tion (22) becomes:

P = P[CO > CL] = 1 - F(CL)
1 (23)
R = __N.——
(1 - F(CL))
A first order approximation to this is given by:
= 1
R=T=FEy W (24)

As a convenient and meaningful way to interpret the basic probability results,
the average recurrence interval as defined in Equation (24) was adopted. A
schematic example of the relationship is shown in Figure 3.

LAKES

The impact of urban runoff on lakes may be determined by calculating
eutrophication parameters in the lake (i.e., total phosphorus concentration,
chlorophyll a concentration, and secchi depth) due to the urban runoff and
‘comparing these values to desired levels. Total phosphorus is the prime
variable of interest, with in-lake concentrations calculated using the
Vollenweider method. Chlorophyll-a and secchi depth, as well as sediment
oxygen demands, are estimated based on available regression equations
relating these variables to total phosphorus. For ease of classification,
the area ratio (a) defined as the ratio of the urban drainage area to the
lake surface area, will be expressed in terms of the eutrophication
parameters.
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EVENT MEAN STREAM
CONCENTRATION, CO

NOTE: LOG-LOG PLOT

—

AVERAGE RECURRENCE INTERVAL OF STREAM CONCENTRATION
BEING EQUALED OR EXCEEDED IN YEARS

Figure 3. Example of the Average Recurrence Interval as a
Function of Event Mean Stream Concentration
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Relationship Between Area .Ratio (a) and Lake Total Phosphorus Concentration

The relationship between the area ratio and the in-lake total phosphorus
concentration may be derived for the case where the urban runoff represents
the sole source of the total phosphorus loading into the lake. The method
proposed by Vollenweider is as follows (1, 2, 3, 4):

wl

PE T Ty, o
where,
p = total phosphorus concentration (g/m3 = mg/1)
W' = annual area 1loading rate (g/m2 per yr)

H = average lake depéh (m)

T = hydraulic detention time (yr)

Vg = net settling velocity of TP (m/yr)
Rearranging Equation (1) yields:

W=, = ot v 2)
where,
W = loading rate of TP (g/yr)
A, = Take surface area (mz)
p = 1lake TP concentration (ug/1)

For the case where total phosphorus loading is generated by the runoff
" from the urban area:

W = Qg Cp 3.15 x 107 @)

QR = average annual urban runoff flow (m3/sec)

R = average annual total phosphorus concentraifon (mg/l)
7

[g]
[

and 3.15 x 10" is the factor to convert W to the units of (g/yr);
A runoff coefficient method may be used to relate the flow (QR) to
rainfall as follows:

Qu=C, I A 3.27 x 10710, 4)
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QR = average flow as above (m3/sec)

(g
]

average annual runoff to rainfall ratio

—
"

average annual precipitation (cm/yr)

>
I

q° urban drainage area (mz)
Substituting Equation (4) into Equation (3) yields:

= 0.1 Cv I Ad CR (5)
Substituting Equation (5) in Equation (2) yields:

W A p_
=-01c 1¢ d

R
Az

|x

1000
x Ad
Rearranging and defining the area ratio a = K; results -in:
=g pE+v) | o (6)
T s : ' ,
where, _ .
10 Cv I CR
Thus for given rainfall (I), runoff/rainfall ratio (C ), and runoff quality
(CR) data, the quantity B is calculated from Equation (7) Using this value

in Equation (6), the area ratio (a) is calculated directly as a function of
the in-lake TP concentration (p, in pg/l) for a given lake geometry and resi-
dence time (H, t). Alternately, for a desired maximum total phosphorus con-
centration, the maximum value of the ratio of the urban area to the lake
surface area can be determined.

Graphs of Area Ratio (a) for Selected Rainfall and Runoff Conditions

Based on Equations (6) and (7), graphs of the area ratio versus the lake
characteristic (H/t) are presented in Figure 4 for commensurate ranges of
the values of total phosphorus. Graphs are shown for two values of the net
settling velocity of total phosphorus (v_) = 10 m/yr used by Vollenweider (3)
and 5 m/yr. As discussed by Thomann (7); the latter value may be more re-
presentative of shallow lakes (depths less than 3 meters) where resuspension
may be significant. Three annual rainfalls of 12, 24, and 36 inches (30, 61
and 91 centimeters, respectively) are -used to allow for regional variations.
For all graphs, values of the average concentration of total phosphorus in
the urban runoff is equal to 0.35 mg/2, and the volumetric runoff to rainfall
ratio is equal to 0.3.
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o< -RATIO OF URBAN DRAINAGE AREA TO LAKE SURFACE AREA
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Figure 4. Graphs of Area Ratio Versus Lake Characteristics (H/t)
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o-RATIO OF URBAN DRAINAGE AREA TO LAKE SURFACE AREA
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The average total phosphorus concentration was derived from data gathered in
NURP projects nationwide. Based on pooled data from the current NURP data
base (i.e., 13 cities, 51 sites, 737 events) the average total phosphorus con-
centration was calculated to be 0.35 mg/i. '

The parameters for each graft in Figure 4 are as follows: -

v c o
s I v R
Fig (m/yr) (in/yr) (in/in) (mg/1)
a 10 12 0.3 0.35
b 10 28 0.3 0.35
c 10 36 0.3 0.35
d .5 12 0.3 0.35
e 5 24 0.3 0.35
f 5 36 0.3 0.35

-For these parameters, B as defined by Equation (7), is only a function of the
rainfall and equals 0.0315, 0.0157 and 0.0105 for annual rainfalls of 12, 24
and 36 inches, respectively.

For any specific lake where data are available, local rainfall and run-
off (volumetric runoff coefficient and runoff quality) data should be used to
calculate B according to Equation (7). In addition, in-lake TP concentrations
and TP mass inputs should be used to select the net settling velocity of total
phosphorus for the lake.

Area Ratio (o) vs. Chlorophyll, Secchi Depth, and Sediment Oxygen Demand

In order that eutrophication measures other than total phosphorus may
be used to establish limiting urban area ratios, regression equations between
total phosphorus and the additional variables are used.

For chlorophylli-a, the regression equation according to Dillon and
Rigler (5) is used since it is based on a wide range of chlorophyll a and
total phosphorus data (TP < 200 pg/1, Chl-a < 260 ug/1);

10910 Chil-a = 1.449 logmps - 1.136 - (8)
where, ' '
Chl a= chlorophyl11-a concentration iug/I)
P = average total phosphorus concentration for the spring

period (mg/1) -
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Letting p_ = 0.9p, where p is the average concentration for the summer period,
and rearrgnging, p is expressed as:

0.690 IOQIOCHI-Q

p=6.76 x 10 (9)

Substituting Equation (9) into Equation (6) results in an expression for the
area ratio (a) as a function of the chlorophylli-a concentration:

0.690 log,,Cht-a
a=8(6.76 x 10 ) ((H/x) + v) (10)

The expression relating secchi depth to total phosphorus concentratio
is from Rast and Lee (6): -

Ioglol = ~0.359 1oglop + 0.925 (11)
where,
Z = the secchi depth (m)
Solving Equation (11) for p and substituting into Equation (6) yields

-2.79 109102

a=p8 (380 x 10 ) ((H/t) + vs) (12)
For sediment oxygen demand Rast and Lee (6) report:
logmsb = 0.467 log,ap - 1.07 (13)
where, _ .

S, = the sediment oxygen demand (g/m® per day)
Solving Equation (13) for p and substituting into Equation (6) yields:

2.18 log, S, '
a=f - (195 x 10 ) ((H/t) + Vs) ‘ (14)
Although the sediment oxygen demand is not a direct measure of eutrophica-
tion, it can be used to calculate dissolved oxygen concentrations in the
hypolimnion when reaeration rates and vertical transport coefficients are
available or may be estimated. Equations (11) and (13) are valid up to a
" maximum total phosphorus concentration of approximately 100 pg/1.

Graphs of the area ratio versus the lake characteristic (H/t) may be
developed for chlorophyll-a, secchi depth, and sediment oxygen demand using
Equations (10), (12), and (14), respectively (see Figure 4 for the total
phosphorus graphs).
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C-3. EFFECTIVENESS OF CONTROLS
EFFECTIVENESS OF STREET SWEEPERS

Precipitation Statistics and Sweeping Intervals

Street sweeping operations are set up for a fixed interval, e.g., sweep
once per week. If the average time between rainfall events is much less than
the sweeping interval, then much of the material would be washed away by the
ra;n. Hence, the street sweepers would be relatively ineffective. It helps
to examine the rainfall statistics in the study area. Table 1 summarizes
runoff statistics for four U.S. cities for which these data are available.
The national average values, used in this interim report, provide rough esti-
mates of the size of runoff events, the time between storms and the number of

events. per year. Tﬁese numbers will be refined as the study progresses.

The results indicate a meén runoff per event of 0.12 inches. The time
between storms is about three to four d;ys. Correspondingly, about 100 storm
events per year can be anticipated.

The coefficient of variation is the standard deviation divided by the
mean. If the probability distribution is assumed to be a log normal, then
the cumula;ive probability distribution can be estimated directly. The solu-
tions for coefficients of variation of 1.0 and 1.5 are shown in Figure 1. This

figure can be used to estimate, say, the percent of runoff events larger than
0.24 inches. From‘Table 1, the mean runoff event is 0.12 inches. Thus, the
events of interest are those which are at least twice the mean runoff. From
Figure 1, for y/} = 2.0 and a coefficient of variation = 1.5. (from Table 1),
12% of the r;noff eveﬁts are gregter than or equal to 0.24 inches.

Table 2 summarizes the statistics on the expected frequency of times be-

tween rainfall events for these four U.S. cities. On a national average, over
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Table 1. Twenty-Five Year Rainfall Statistics For
Four U.S., Cities; Source: Driscoll and Assoc., 1981

" Runoff Volume, In/Event Time Between Storms, Days

City Events
Mean Cost of Mean Cost of Per

Variation Variation Year*
Boston, MA 0.11 1.67 2.81 1.06 130
Atlanta, GA 0.17 1.37 3.75 0.93 97
Davenport, IA 0.13 1.37 4,08 1.01 89
Oakland, CA .. 0.06 1.62 3.98 1.60 92
"Average" 0.12 1.51 3.66 1.15 100

* Events per year equals 365 days divided by mean time between storms.
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TABLE 2. Expected Time Between Rainfall Events for Four U.S. Cities Based on 25 years of Hourly Rainfall Data.
Data from Driscoll and Assoc.,1981.

NUMBER OF EVENTS/YEAP.
. CUMULATIVE

INTERVAL, BOSTON, ATLANTA, DAVENPORT, OAKLAND, TOTAL % OF % OF
DAYS MA GA IA CA TOTAL TOTAL
0to 1 27 12 8 22 69 16.8 16.8
1to 3 64 43 38 33 178 43.4 60.2

3to 7 30 30 .29 24 113 27.6 87.8 .
7 to 14 8 11 11 8 38. 9.2 97.0
14 to 21 1 2 2 3 8 2.0 99.0
> 21 0 0 2 2 4 1.0 100.0
TOTAL 130 98 90 .92 410 100.0 100.0




602 of the storm events occur within three days while 97% of the time rains
within two weeks. These patterns vary seasonally. The most notable seasonal
variation is along the West Coast due to the dry summers. Of course, sweeping
is not practical during months when snow and/or freezing weather occurs.

Characteristics of Street Solids

The results of street dirt characterization studies for 27 water quality
constituents are shown in Table 3. The nationwide average is the median of
the cities for wﬁich data are presented. The median is used because of the
high variability in some of the data.

Street contaminants comprise only ; fraction of the materials washed from
urban aréas. The balance comes from other impervious and pervious areas,
and the atmosphere (Castro Valley, 1979).

Table 4 presents various sources for major pollutant groups in the
ruaoff. The only pollutant group shown to be significantly related to street
surface wear and use are heavy metals. Bacteria are thought to originate
mainly with animal fecal matter indirectly deposited on the street or on
adjacent land. Most of the nuﬁrients are.thought to originate from vegeta- .
tion litter in landscaped areas, undeveloped lands and directly on the street
surface.. Oiygen demanding materials (BOD and COD) in the runoff are mostly
associated wiﬁh litter and landscaped areas, while sediment sources are
mostly thought to be vacant lands and construction sites.

Table 5 summarizes suitabie control measures for different types of
source areas., As an‘example, street cleaning can only be utilized on streets
and parking lots to control street surface particulates and litter. Street
cleaning can therefore not be expected to sigﬁificantly change the runoff
- ylelds of the pollutants that are not significantly associated with the street

surface (such as organics and nutrients).
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Table 3. Average Chemical Quality of Street Dirt (Pitt, 1981)

Constituent:

Volatile Solids
cop

BOD5

Total P

Ortho POA

Total Kjeldahl N
Sulfur

Arsenic
Cadmium.
Chromium

Copper

Iron

Lead

Manganese

"Nationwide"

Average*

75,000
80,000
10,000
500
100
1,600
1,100
15

3.

200
100

22,000

1,000
500

.Constituent:

Mercury

Nickel

Strontium

Zinc

Total Colif. bact.
Fecal Colif. bact.
Fecal Strps. bact.
Asbestos

Bis (2-ethylhexyl
phthalade)

Dieldrin
Methoxychlor
PCB's

PCP's

"Nationwide"
Average*

.08
20
15
300
4 x 10° org/gm
3,000 org/gm

175,000 fibers/gm

25
0.03

0.7

* All units are in mg/kg of street dirt, unless otherwise noted.
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Table 4. Sources of Contaminants (Pitt ?, 1979)

Common
Urban Runoff
Pollutants

Street
Surface
Wear

Automobile
Wear and
Emissions

Parking
Lots

Litter

Vacant
Land

Landscaped
Areas

Con-
struction
Sites

Sediment

Oxygen
Demand

Nutrients

Bacteria

Heavy
Metals

Table 5. Applicability of Céncrol Measures

(Pitt ?, 1979)

Suitable
Control
Measures

Street
Surface
Wear

Automobile
Wear and
Emissions

Parking
Lots

Litter

Vacant
Land

Landscaped
Areas

Coni
struction
Sites

Street
Cleaning

X

X

X

Leaf
Removal

Repair
Streets

Control
Litter

Clean Catch
Basins

Control
Construc-
tion Site
Erosion
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Table 6 presents the Castro Valley study area runoff yields of various
parameters for the street surface, non-street urban and undeveloped areas
of the watershed. This information was obtained from studies conducted in
Castro Valley during the recent 208 study and fr&m the literature. Also
shown in Table 6 are the percentages of the source area contributions for
each parameter compared to the total runoff loads. Most of the.lead is
associated with street surface particulates, with very little lead ori-
ginating from non~street urban and undeveloped areas of the watershed.

Most of the total solids yields for the study area are assoclated with
thé undeyeloped area, Non-stréet surface develbped areas are thought

to contribute most of the oxygen demand, nutrient and bacteria yields.

Effect of Rain on Street Loads

Précipitation has two effects on street loads:

1) washoff of somg.o; all of the material on the streets; and

2). buildup of residual méterialion the streets After.:he storm due

erosion and other sources.

Erosion occurs as a result of relatively large storm events. Smaller
storms would be expected to flush the atmosphere, and the directly comnected
impervious areas. Thus, we would like to kﬁow the size of storm events which
cause street washoff without significant erosiom.

Pitt (1981) has developed a summary table relating runoff volume to the
ratio of initial street load to the load removal by the storm event. The -
results are shown in Table 7.

For example, the rati§ for arsenic is 0.16 for a runoff volume of 1.3
inches. The arsenic leaving the area comes from the street and elsewhere,
e.g., atmosphere, rooftops, lawns. The ratio of 0.16 indicates that the ini-

tial load on the street was 1/6 of the total load leaving the area. It is
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Table 6.

Castro Valley Creek

Runoff Yields (Pitt ?, 1979)

Street Surface!l Non-Street? Undeve loped3 Total
Parameter Urban

Tons/Yr %% Tons/Yr % Tons/Yr ¢ Tens/Yr
Total Solids 160 33 10 2 320 65 490
Sus. Solids 80 32 60 27 95 41 235
coo 2.1 2 69 72 25 26 96
BODs 1.1 12 76 2.5 17 16
Total N 0.1 2.4 Y] 2.2 47 4.7
0P0, 0.013 9 0.12 84 0.1 7 0.14
Pb 1.0 100 0 0 0 0 1.0
in 0.072 24 0.23 76 0 0 0.3
Total €olif.(org) 8x101% << 1 6x101% 100 ? ? 6x101%
Fecal Colif.(org) 8x109 << 1 3x101% 100 ? ? 3x101%

! From Alameda County measurements in Caétro Valley during 208 Study

2 Alameda County 208 SWMM calculations minus street loadings

3 Data from "the literature® (estimates)

“ Percentage contribution of source related to total annual runoff yield
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Table 7 . Street Loading Sensitivity to Runoff Yield (Pitt, 1981)

.Runoff Total

V?i:?e sgi;g: COD T°;al’ o:;g: Kjelgahl Arsenid| Copper | Lead | Zinc
4.3 0.080 | 0.020] 0.020 |<0.001 0.020 | 0.044 | <0.06| o0.10| 0.020
3.3 0.085 | 0.024] 0.024 | 0.001 0.020 |  0.054 | <0.06| o0.12 | 0.025
2.0 0.13 0.054| 0.044 | 0.0017 | 0.034 | 0.095| o0.06| 0.20| 0.044
1.3 0.22 0.095] 0.080 | 0.0026 | 0.045 | 0.16 | 0.09| 0.35| o0.062
0.66 || 0.50 0.20 | 0.20 | o0.0080 | 0.075 | 0.50 | o0.16] 0.90] 0.13
0.33 || 1.2 0.45 | 0.50 | 0.020 0.20 | 2.0 1 2.0 | o0.36
0.13 || 15 3 3 0.2 2 15 10 20 3
0.05 || so 10 10 1 10 50 25 50 10
0.01 || 500 100|100 10 100 500 250|500 |100
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impossible to tell from this table alone the exact origin of the material or
what portién came off the street. For example, arsenic in the atmosphere
would wash out with the arsenic in the street. Arsenic in the soil would
p;obably wash out later, However, in order to obtain a rough estimate of
the type of storms that flush the streets, assume that some or all of the
street contamination is removed first then, the remaining removals are assumed '
to come from other sources. Thus, for arsenic, a ratio of 2.0 means that 50%
of the arsenic in the street was removed while none of the other sources of
arsenic left the study area. Figure 2 shows thé percent washoff vs. runoff
rate for the eight constituents shown in Table 7. It is evident from Figure 2~
that the primary area of interest is runoff volumes from 0.1 to 0.4 inches.
Lighter storms (< 0.1 in.) do not cause much street washoff whereas larger
storms (> 0.4 in.) contribute much more contaminants from sources other than
street runoff. |

Given that the main area of interest is runoff values ranging from 0.1
to 0.4 inches, the results of T;ble 7 and Figure 2 can be used to estimate
.the percent of storm events falling in this range. The lower bound of
0.1 in. of runoff corresponds to the 50% level ﬁhgreas the 0.4 in. values
corresponds to the 90 to 95Z7 level (from Figure 1). Thus, the main area of
interest is in the larger storm events up to the 90 to 95% level. Alterna- -
tively, only about one half of the storm events flush the streets clean.
Thus, the apprdximate time between these rainfall events is about one week,
twice the average time between storms. .

Street Pollutant Build-up Rates

Pitt (1981) has summarized the results of work to date on the rate of
accumulation of street solids based on five catchments in California and one
in Belleview, Washington--all west coast stations for which it is possible to

obtain information on long-term accumulation due to the dry summers. The
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national estimates, shown in Table 8, are based on calculated values using
the curve of best fit for the original data. These national estimates are
plotted in Figure 3. All of the data plot as straight lines with positive
intercepts representing a base loading and constant growth rates (1b/curb
mile/day) of 38.7 (industrial), 20.0 (residential), and 15.0 (commercial).
From the previous section, the average time between storm events that
flush the streets is about ome week. Thus, the expected accumulations can
be taken directly from Table 8. The numbers in Table 8 and the lines in
Figure 3 are based on fitting functions to the available data. However, the
actual data exhibit quite a bit of variability as is evident.in the street
loadings reported for the Surrey Downs catchment in Belleview, Washington (see
Figure 4). No trends are evident for this data set. About.all one could say
is that the expected load is about 366 lbs/curb mile 1nde2éndent of the days
of accumulation.

Street Sweeping Effectiveness: Single Site With and Without Cleaning

Figure 5 shows performance data (based on a two-day sweeping interval) for
the Surrey Downs study area. Two lines are drawn: .a 45° line indicating zero
removal, and a regression line relating load in to load out. The regression
- line for a sweeping interval of 2.0 days, is

Lp = 180 + 0.45 L, (1)
vwhere Lp = residual load (after sweeping), lbs/curb mile, and
| LI‘= inital load, lbs/curb mile.
The iatersection of these two lines is the graphical solution to the problem of
finding the minimum inital load for which sweeping has a positive effect. It
is counferproductive to sweep where the streets are cleaner than this minimum
initial load since the solids generation form street abrasion exceeds the
removal by the sweepers. Thus, tﬂe origin of the axes can be translated along

the 45° line to (327,327) as indicated on the figure. With the transformation,
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the gross removal efficiency, €, is
e=1]1- LF'/LI' =] - 0.45 = 0.55 (2)
vhere LF‘ = translated value of LF (i.e., LF-327), 1bs/curb mile, and
LI' = translated value of L, (i.e., LI-327), 1bs/curb mile.

The data set shown in Table 9 indicates negative removais for 13 out of
the 27 sweepings. The physical reason for negative removals is that the clean-
ing process itself erodes the‘street surface especially when the streets are
relatively clean as they would be in this case with only a two-day interval
between sweeping events. Thus, the overall net efficiency, en’ for a two-day
interval is |

ey = 1-Lp/A; = 1 - 24.7/376.1 = 6.6% (3)
where 'iF = mean residual load, lbs/curb mile,

EI = mean initial load, and lbs/curb mile.
Higher efficiencies can be acheived by not sweeping when the initial loads are

relativel} light. If the gemeral regression equation is

lp =8+ bl : | &
then sweeping should begin when LF = LI. Combining these two equations yields
(LI)min = a3+ b(LI)min' (5)
: a o
or CPuin = T- 3 (6)

For Surrey Downs, a = 180, b = 0.45. Thus, (L = 327 1bs/curb mile. How-

I)min
éver, this information is not very useful since the operator of the sweeper has
no simple way'of measuring LI. Thus, the appropriate estimate of overall effi-
clency is ey For this example, the data indicated.thét sﬁeeping every other
day is relatively nomproductive.

Pitt (1981) has summarized the regression relationships for four types

of parking conditions and three types of street surfaces. The results are

shown in Table 10. In all cases, a simple linear relationship exists between the
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Table 8. Total Solids Accumulation on U.S. Streets (Pitt, 1981)

STREET SOLIDS, 1b./curb mile

TOTAL SOLIDS, 1b./curb mile
DAYS OF
RESIDENTIAL INDUSTRIAL COMMERCIAL
ACCUMULATION .
0 400 670 300
1 420 710 315
2 440 750 330
3 470 790 345
4 490 830 360
5 510 870 375
7 530 940 405
10 600 1050 450
15 700 1250 525
1000 1, = 670 +38.7 t  INDUSTRIAL
750
L = 400 +20.0 t  RESIDENTIAL
500
Lc = 300 + 15.0 ¢t COMMERCIAL
250
91 ]
0 5 10

DAYS OF ACCUMULATION, t

Figure 3. Street Loading vs. Days of Accumulation (Pitt,
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Table 9. Solids Removal Efficiencies of Street Sweepers,
Surrey Downs and Lake Hills -
Twenty-Seven Sweepings

82-219

Surrey Downs Lake Hills
N Loadings (1b/curb mile) Loadings (1lb/curb mile)
Before, LI After, LF Difference Before, LI After, !.F Difference
1 529 496 S 380 " 130 50
2 538 545 -7 238 - 240 -2
3 695 642 253 i 295 267 . 28
4 7n3 412 301 292 270 22
5 326 265 61 265 1 -46
6 303 17 14 228 239 -1i
7 295 386 -91 229 200 29
8 3 3123 ' 48 24 250 -6
9 624 332 92 216 216 2
10 333 153 -20 124 148 -24
11 406 s 91 182 199 -17
12 4n2 423 49 198 211 -13
13 437 627 10 250 235 15
14 o 38 44 =60 167 123 44
15 290 304 -6 ETY e 2
16 305 375 -70 161 1647 1%
17 235 252 -17 110 112 -2.
18 237 . 25 -8 108 121 -13
19 281 295 -1 159 145 1
20 336 352 -16 261 210 51
21 352 320 2 144 179 -35
22 2] 249 ’ 210 197 73
23 328 15 13 262 214 28
2 102 306 -% 194 191 3
25 363 364 -1 109 310 -201
26 296 285 1 185 300 -115
27 353 345 8 190 215 -25
T 10,155 9,487 688 5,591 5,726 -135
Mean 376.1 351.4 24.7 207.1 212.1 -5.0
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Table 10.

Estimated Street Cleaner Productivity (Pitt, 1981)

Smooth Asphalt Rough Asphalt 011 and Screens (Semi-Improved)
: Removal Removal Removal
Parking Range - Efficiency Range « Efficiency Range « Efficiency
for Equation (L) at for Equation (L.) at for Equation (L) at
Conditions Ll I"min (LI)A Ll 1 min (LI)A Ll . I"min (LI)A
]} 1.=-L 3. |
Light 100-250 LF = }50+ 234 0.04 500-620 LF = 520+ 650 <0 1000-1500 LF = 340+ 1310 0.03
0.36 l.I 0.20 l.I 0.74 l.l
Moderate 100-230 LF = 110+ 239 <0 500-650 LF = 360+ 643 0.01 1000-1430 l'!-‘ = 220+ 1290 0.02
0.54 l..I 0.44 Ll 0.83 ‘Ll
Extensive - - - - 500-670 LF = 290+ 644 0.02 1000-1600 LF = 200+ 1330 0.03
Short
Term 0.55 Ll 0.85 l.I
Extensive 100-230 L‘r = 55+ 220 0.01 - - - - 1000-1600 Le = 200+ 1330 0.03
Long ’
Term 0.75 Ll 0.85 l.l
* (L) = a/(1-b) from equation LF = a + bL

1

4 Efficiency = l-(afb(LI)“x)/(LI)

min

max

1

-82-219-2
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initial and final loads. The user only needs to know the mean initial load,
EI’ to estimate overall net efficiency, i.e.,

eg=1-L/L =1~ (a+blp/D; ¢))
For example, the regression equation for rough asphalt with moderate parking
conditions is

Lp = 360 + 0,44 L (8)
Assume fI = 600. Using equation (6), efficiency 1is

e =] - 360 + 0.44 (600)
N 600

B - 0-04,

a negative number. If LI = 650, the upper limit on the range of LI’ then N ™

0.01. Using equation (6), the minimum L. to obtain a non-negative efficiency

1
is

A . 360
Cmin = T =0.44

Consequently, it would be unwise to sweep in this case. Table 10 shows (LI)min

= 643 1b/curb mile

for those ten equations. In two of the ten cases efficiencies are negative for
the entire range of LI' The maximum attainable efficiency in the specified
range of LI is only 42. Thus, these results indicatéd very poor performance
for street sweepers.

Effectiveness of Street Sweeping,Pfograms

If the street accumulation data do not show a trend over a tiﬁe? (e.g.,
the Surrey Downs data in Figure 4) then the effectiveness of the street
sweeping program can be evaluatedléimply by determining the average street
loading with and without a street cleaning program. The Surrey Downs data
are summarized in -Table 11.

Table 11. Results of Surrey Downs Sweeping Studies (Pitt, 1981)

. Average Street Loads, i
Coundition Lb/curb mile % Reduction
No sweeping : 366 -
Sweep 3 times/week 333 9.0
Immediately after
sweeping 330 ' 9.8
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These results indicate that frequent sweeping reduces total solids only by
9 or 10 percent. Thus, if 70%Z of a heavy metal such as lead originates in
the street, then the expected impact of sweeping three times per week is only
(9%) (.7) = 6.3% reduction in the total (street and non-street) lead load.

The effectiveness of street sweeping can be estimated by selecting
two similar areas, sweep one of these areas, and compare the loads leaving
the two areas. Results of this procedure as applied to Surrey Downs and
Lake Hills are described below.

Figures 6 and 7 are plots of storm runoff yields for both basins for
toéal solids and lead. Most of the available data are only for the period
when Lake Hills was cleaned and Surrey Downs was not cleaned. Therefore,
basin calibrations are not available, even though the basins were selected
with similarities in mind. These examples, aloné with the above discussion
of the effects of street cleaning on street dirt loads, demonstrate how poor
this method qf analysis is. The first problem is selecting the appropriate
runoff data for comparisons. Bellevue has more available data than any other
NURP project: 116 storms. Only about SQ of these 116 storms include complete
ﬁonitoring simultaneously from both the contfcl and test basins. If STORET
data are used, then there is no way of knowing which storms were completely

monitored, and which storms need to be combined. Another serious problem

is the differences in rainfall observed at Soth sites during the same storms.
Correlations in rain quantities were made between the Lake Hills and Surrey
Downs sites to a relativ;ly high degree of significance,.but individual rains
did vary substantially. Thérefofe, of the 50 co@plete monitoring sets, only

26 storms resulted in total rain quantities witﬁin 25% of each other. Previous
correlations showed a very "strong" relationship between rain quantity and

runoff pollutant yield (almost 1 to 1 for rain quantities up to 0.5 inch).
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Therefore, a 25% difference in total rain at the two sites can be eipected
to produce nearly a 25% difference in runoff pollutant yield. As noted
above, extensive street cleaning compared to no street cleaning reduces
street loads by less than 10Z, and the resultant runoff yields for most pol-
lutants could be expected to be much less. Therefore, even with "perfect"
basin calibrations, the noise in the system due to rain differences can be
easily greater than twice the expected difference due to street cleaning. If
rains within, say 10%Z, were selected, only a very few events would be avail-
able for study. Belleview probably has more consistént rains over the city
than many otﬁer NURP cities. Fortunately, the "information component" (street
cleaning effects) is expected to be greater in the other NURP cities.
Begression lines in Figures 6 and 7 show that the Surrey Downs catchment
(the "control") produces lower total solids and lead loads than the
"cleaned" Lake Hills basin. In fact, only 25% of the storms haq smaller unit
area yields in the "cleaned" basin when compared té the "contro}" basin.
Again, the basins have not yet been "calibrated'". The ongoing sampling scheme
will allow these direct comparisons to be made, along with basin calibratioms,
but other data will also be collected alio&ing alternative analytical method-
ologies. This direct comparison appears to be the simplest procedure, but
A without intimate knowledge of the data set (for completeness and compacta-
bility) and without adequate calibration periods, it can be extremely mis-
leading. Thus, the analysis of the sensitivity of street loads to runoff
fields.agd simple productivity relationships to identify the cleaning effort
needed to obtain specific stréét loads should be the primary methodology.
Comparisons between control and test basins should also be made, but only

after careful review of the data.

Cost-Effectiveness of Street Sweeping Programs

Unit costs for sweeping streets in Alameda County, California were found
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to be $15.00/curb mile (Pitt, 1981). Heaney et al. (1977) used a value of
$7.00/curb mile based on 1976 survey data of the American Public Works Asso-
ciation. F;r this inital assessment of control effectiveness a unit cost of
$12.00 per curb mile is assumed.

Heaney and Nix (1977) developed a procedure for evaluating the relative
cost effectiveness of street sweepers as compared to detention basins and
other controls. The performance of the system was simulated using a simple
model which assumes: ‘

a) zero base load and a constant buildhp rate per day,

b) an exponential washoff relationship based on the assumption that

one-half inch of runoff per hour removes 90% of the remaining
~ street contaminants.,

¢) a constant percent of the load is available to be swept,

d) rainfall does not act as a source of contaminants, and

e)  removal efficiencies are independert of loadings.

Information presented éarlier in this section indicates. that several of these
assumbcions‘are untgnable. A given level of control applied over several
months results in a known average loading on the street. Insufficient data
exist to support the assumptions of a positive linear or nonlinear accumulation
of solids with time. Unfortunately, it is very expensive and time consuming
to sweep for several months or a year at a fixed interval to obtain a single
 estimate of removal efficiency. The type of curve we hope to get looks like
Figure 8,! However.in this case, each data point is based on several months
of sampled data. Figure 8 shows additional removals as street sweeping in-
tensifies. However, we are limited by two primary factors: only a portion
of the total load is sweepable; and relatively intensive sweeping generates

added  loads through street abrasion.
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Given Figure 8, the total and marginal cost curves as a function of
pounds removed can be developed. For this hypothetical production function
(Figurg 8) and assuming a unit cost of $12.00/curb mile, the total and mar-
ginal cost curves shown in Figure 9 can be developed. For this hypothetical
case, marginal costs are in the range of $ 0.50 to 3.00/1b removed. These
unit costs can then be compared to the unit costs of other control optioms.

Summary and Conclusions—Street Sweepers

Analysis of the available NURP data and earlier studies indicates the
following: l

1) Street sweepers can remove suspended solids (up to 30-40%) and
metals (up to 90%) since significant portioms of the urban wash-
off fr;m these two categories of contaminants originate on the
streets. Sweeping will not be effective in removing organic
contaminants, nutrients, and/or coliforms since these constitu-
ents wash off from non-street areas. |

2) Street loadings may or may not increase with time since the last
storm. Limited NURP data do not show any trends.

3) Streets are washed by runoff events in the range fr&m 0.1 inch to
0.4 inch. This range of events accounts for about 407% of the

- total events per year. About 50% of the events do not cause

significant washoff (< 0.1 in) while 102 of the events are large
enough (> 0.4 in) such that non-street loads déminate.

4) The expected time between runoff events which wash the streets
is about on; week. . :

5) The expected total solids load after a week in lbs/curb mile is
530 (residential), 940 (industrial); and 405 (commercial).

6) The reported removal efficiencies for single or paired basins are

quite low, i.e., < 10Z. 1If available data are a representative
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7)

range, then street sweeping does not appear to be a very cost

effective control option.
A procedure for doing cost-effectiveness is available. Hawever,

more performance data are needed before doing the analysis.
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WATER QUALITY IMPROVEMENTS BY STORMWATER DETENTION

Introduction

Detention is widely used in sanitary sewage treatment plants and
is particularly important in the field of stormwater flow and pollution
controllg’zo. This section describes the role of urban stormwater detention
facilities in water quality management, and the various methods to eval-
uate the pollutént-control performance of the facility. Most of the
material is taken directly from a synopsis of evaluation methods by Nix
et a123.

A decgntion facility retains stormwater and attenuates peak
discharges. In addition to these roles, detention provides some measure
of stormwater quality improvement. However, because of the variable
nature of stormwater flows and pollutant loads, the mechanisms governing
the performance of detention facilities as pollutiom cont%ol devices are
not well understood. The picture is further clouded by the lack of
useful performance data. The poor condition of the data base is attribut-
able to the expense and time involved in collecting any type of stormwater
data. -

At present, most detention basins are Sized using a design stormzo.
This concept has served well for many decades in.the design of flow con-
trol structures. However, design storms are difficult, if not impossiﬁle,
to determine for stormwater pollution control. This difficulty is directly
related to the lack of historical data, the inability to measure benef}ts,
the unreliability of pollutant measurements, #nd the unclear relationship
between stormwater flows and pollutant loads.”HA design storm must also be

accompanied by design "conditions" for the receiving water (and the addition-

al uncertainties and data requirements). In general, the design storm is not
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very useful when investigating pollution control capabilities.

. An alternative approach, advocaéed here, is to analyze the long-
term average or, in more detailed studies, a time series respdn;e.
Average performance is a useful preliminary indicator of a detention
basin's contribution to the abatement of total pollutant loads and to
provide initial design estimates. The analysis of a time series of
facility performance parameters (g.g., suspended solids removal) provides
useful information lacking from a preliminary analysis; namely, the
abatement of extreme events (e.g., standards violatioms). This information
is vital if the primary function of detention is to prevent "catastrophic"
events. Unfortunately, such a time series analysis requires an extensive
pilot plant study and/or computer simulation. Pilot plant studies are time
consuming and expensive. Computer simulation is less expensive in terms
of dollars and time but the simulation techniques are invariably open toA
quescidns concerning their validity. .

Ideally, a ﬁroblem should be approachable from several levels of
sophistication. This philosophy is carried through the rest of the
section. The evaluation techniques presented here range from simple
hand calculations for estimating average performance to sophisticated
computer models for time series analyses (see appendices). Before discussing
the peffotmance evaluation methods, a brief overview of the role and theory

of detention in stormwater quality management is in order.

Role of Detention in Stormwater Quality Control
Detention is probably the mbst effective stormvater management
tool available to the design engineerlg. Additionally, several states
and localities require detention to manage stormwater flows from new develop-

ments. This combination of technical/economic desirability and regulatory
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pressure necessitates the development of apmalytical tools to determine the
pollution control capability of stormwaﬁer detention.

Detention facilities provide flow or flood control by retaining,
buffering and attenuating flows. These attributes also provide some
level of pollution control by detaining the flow long enough for removal
by physical and/or biochemical processes to occur. Detention facilities
are often designed to serve the needs of flow comntrol with pollution
control as a ''side” bemefit. This approach seems reasonable because of
the more obvious destructive power of uncontrolled stormwater‘flows.
However, there are cases in which detention is provided primarily for
pollution control, e.g., Ottawa, Ontario, or to perform both functions,
e.g., throughout Florida. In the case of a true dual-purpose facility,
the proper mixture of flow and pollution control is a complex gconomic
problem in which the benefits of each function must be evaluated and
balanced against each other. This question will remain un;nswered here
as the emphasis 1s on the evaldatibn of pollution control performance
and not the level of .control desired. |

The mechanisms controlling pollutant removal in detention
facilities are complex and numerous. Figure 1 summarizes the more
significaﬁt mechanisms., Most of these factors can be related to the
concept of detention time.. Simply defined, detention time is the time a
parcel of.water spends in the basin or pond. More preéiae definitiéns are
presented in a later discussion. The mechanisms shown in Figure 1 are each
affected by or affect detention time. Particle settling is affected by
detention time ég is biological stabilization. Outlet structures can be
designed to achieve various detention times. The inflow rates have a di-

rect bearing on detention times. In short, detention time is the primary
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indicator of pollutioq control capability. However, some problems are
encountered in precisely defining detention time in the case of in-
termittent stormwater flows (see later discussionm).

Predicting Stormwater Detention Pond Performance

There are many methods for estimating the pollution comtrol
capability of detention basins and ponds. The range of sophistication
is wide but necessary to fit the various scenarios that might confront
an engineer. Several methods are described in Appendix I.

The primary indicator of pollution used throughout much of this
section is total suspended solids (TSS). fhis constitutent is one of
the most commonly and reliably measured stormwater contaminants. Addi-
tionally, many of the techniques only address suspended solids. Five-
day biochemical oxygen demand (BODS) is also a commonly, but much less
reliably, measured pollutant and is included where possiﬁle. Many other
pollutants are measﬁfed but, because of the lack of data availability or
reliable test procedures, are omitted. However,‘it may be possible to esti-
mate the effect on other pollutants by relating them to commonly measured
constituents (e.g., suspended solids).

Detention Time

Detentién time is the most important single determinant of pollu-
tant control potential. The concept of detention time is genefally understood,
but its computation, especially in stormwater detention, is not always so clear.
The basic definition is simple; detention time is the length of time a parcel
of water spends in the basin or pond. Deéention time is:easy to compute under |
steady stAte conditions, i.e.,

ty = S/q | (1)
where td = detention time, sec,

S = detention volume, ft3, and

q = constant flow rate, ft3/sec.
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In completely-mixed units, t4 represents the average detention time. In plug-

flow units, t, is the actual time all parcels spend in the detention basin.

d
Unfortunately, a steady state condition is ra&ely found in a sanitary sewage
plant and is certainly improbable in stormwater detention facilities. There-
fore, such a computational def;nition is of limited value. Several analysts
have applied this definition to a design storm but this concept was discounted
earlier.

‘For stormwater flows, the theoretically ideal method is to
calculate the length of time each parcel of water spends in detentiom.
Obviously, this is not practical in real-world situatiomns. This problem
can be circumscribed by recognizing that factors such as outlet structure and
basin geometry control detention time and, fortunately, they are much easier
to measure or compute. Varying these factors will produce different overall
control levels which can be measgred directly. However, it may be necessary
to compute detention time in a computer simulation model because of its pre-
dictive value. These simulators allow the user to vary the factors control-

8,15,27  1hig 1s often accomplished by modeling the de-

" ling detention time
tention basin or pond as a plug-flow reactor. .Such a model simply queues
relatively small parcels or plugs (ideally, the parcel is infinitely small)
through the basinZA. In other words, the first parcel of water entering
the basin is the first parcel to leave. Pollutants entering a basin

with a plug are ;ssumed to remain with that plug. The detention time

can be calculated for each plug by

t, =t (2) -¢, (1) ° (2)
4 4 4
where td = detention time for plug or parcel i,
i
td (1) = point in time that plug i entered the basin, and

i .
ty (2) = point in time that plug i left the basin.
i
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Detention facilities may also be viewed as completely~-mixed or
arbitrary-flow reactorsza. True values of detention time are difficult to
calculate under these assumptions. In completely-mixed reactors the inflow
parcels and associated pollutants are completely intermixed with all other
parcels in the unit and, thus, lose their identity. Arbitrary-flow reactors
are a blend of plug-flow and completely-mixed reactors. Most detention units
can be thought of as plug flow or arbitrary flow reactors. This is a realistic
assumption for stormwater detention facilities experiencing little or no turbu-
lence. Completely-mixed stormwater detention is an anomaly when one consid-
ers that a major pollutant removal mechanism is particle settling.

. The purpose of this discussion is to provide some insight of the
role of detention time in the evaluation of detention basins and to serve as
a preface to a cautionary note. It is of;en tempting to take the volume
of a detention basin or pond and divide it by some measure of flow and
call it "detention time". This is'probably due to the traditional
desire to define a detention time. But this is essentially impossible
in stormwater detention -; there is no single value of detention time.
However, several variables are used in this section that appearAto Se
detention time (i.e., volume/annual flow) but, conceptuaily, they are
not. They‘are only indicators of the relative detention capability
(and, in turm, pollution control capability).

 Summary and Conclusions

This section described the water quality aspects of stormwater de-—
tention facilities and presented several methods for predicting removal
rates (see appendices). Detention time is the primary determinant of pollu-
tant removal efficiency but its use is sometimes misunderstood. Various
methods of estimating removal efficiency are presented. Unfortunately, very

few field data are available at this time. Thus, it is essential to perform
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waste characterization and treatability studies on the local urban stormwater,
to aid the analysis. These data can be used with the preliminary estimates

to guide the use of computer simulation in the evaluation of the continuous

operation of the detention facility.
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Appendix I:A Basin Evaluation Methods

This appendix describes various methods to estimate or evaluate
detention basin performance. Examples are presented to illuminate the
procedures.

The following information is common to all of the examples presented
in the detention basin performance summaries. Data particular to a speci~
fic example are given in that example.

A 600-acre (243 ha) drainage basin, located in a primarily resi-
dential area near Minneapolis, Mimnesota has an average annual precipita-

tion of 26.0 in. (66.0 cm.). The area has the following land use breakdown:

Land Use Area, acres (ha) Percent of Total
Residential 420 (170) | 70.0
Commercial 30 (12) 5.0
Industrial - -
Other (parks, iSO (61) 25.0

schools, etc.)

Total - 600 (243) 100.0

The precipitation statistics for Minneapolis are given below.

Coefficient
Parameter ' Mean of Variation
Duration Dp = 6.30 hr/event vy = 1.14
Intensity Ip = 0.047 in/hr (0.119 cm/hr) vy = 1.73
Volume Vp = 0.25 in/event (0.64 cm/event) v, = 1.56
Intervent
time A = 84 hr v, = 1.02
P .. s
Events/year 104 —_

From these statistics and the methodology developed by Hydroscience, Inc.l7,

the mean runoff event intensity, QR’ is 0.0146 in/hr (0.0371 cm/hr) and the

mean runoff event volume, V_, is 0.081 in (0.206 cm). The coefficients of

R’
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variation, vq and vvR’ are assumed fo equal v; and vv, respectively. The aver-
age annual runoff is (0.081 in/event) (104 events) or 8.42 in/yr (21.39 cm/yr).
A rectangular detention pond with a capacity of 10 acre-ft (12335 m3)
is proposed to provide stormwater quality control. The pond's capacity is |
measured to the bottom of a broad-crested weir (at a depth of 12 ft (3.66 m).
The weir is 20 ft (6.10 m) long and rapidly discharges large flows. The
total pond depth 1s 16 ft (4.88 m). The length and width are 300 ft (91.4 m)
and 121 ft (36.9 m), respectively. A 6-inch (15.24 cm) orifice is located at
6 ft (1.83 m) for the slow release (over approximately.one day) of the volume
between 6 ft (1.83 m) and 12 ft (3.66 m). The volume held below the orifice
1s discharged by evaporation and infiltration (over 6 daya).\ For simplicity,

the sides of EPe pond are assumed to be vertical. The ocutflow is routed to

a nearby stream.
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Method: Brown's Trap Efficiency Curve (Source; ref. 23)

Data Requirements: 1) Basin volume
' 2) Drainage area

Description: An estimate of annual suspended solids removal can be taken from
an equation developed by Brown2’27. This equation relates sediment
trap efficiency to the detention pond volume-drainage area ratio. Brown

based his equation on data collected from over 25 normally-ponded reservoirs.

The equation is

1 .
R=100|1 -(1—-‘_-0—.1—(5—/3)] (I-Al)

wvhere R = annual suspended solids removal, percent,

S = pond volume, acre-ft, and

A'- drainage area, miz. .,
The resulting curve is shown in Figure I-Al. The data used to develop
equation I~Al are scattered; thus, the relationship is weak. Also, the
S/A ratio provides little measure of the different hydrologic and soil
conditions found around the country. Additionally, this equation applies
only to reservoirs'where some water is held between storms. Nevertheless,
with a minimal amount of information, a preliminary estimate 1s possible.
An example application is given below. The same scenario presented earlier
is used.

Brown's curve represents the crudest model of sediment removal.
It does not distinguish befween the removal efficiencies of sands,
silts, or clays even though their detention times vary from minutes to .
months.
Example: The basin capacity and the drainaée area are needed to use
Brown's equation. The relatiomship is best used for ponded reservdirs with
relatively continuous inflows. The estimated sediment or total suspended

solids removal is calculated below. The 600-acre (243 ha) area comprises
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Figure I-Al. Brown's Trap Efficiency Curve (source: ref. 27)
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0.938 miz. Using equation 14, the removal efficiency is

R=100 | 1 - 1 ;
1+ 0.1(10 acre~£ft/0.938 mi”“)

= 51.6%
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Method: Brune's Trap Efficiency Curves (Source: ref. 23)

Data Requirements: -1) Basin volume
2) Basic knowledge physical characteristics of the
sugpended solids
3) Annual inflow to the basin

Description: A more refined (relative to Brown's curve) set of curves was

3’6’27. These curves were based on data collected from

developed By Brune
44 normally-ponded reservoirs and semi-dry reservoirs located in twenty
different states. The curves are shown in Figure I-Bl. Rather than

basing seQ;ment removal on the volume-drainage area ratio, Brume based

his curves on the volume-annual inflow fatio. This ratio provides a

rough indicator of detention capability but cannot be defined as an aver-
age annual residence time. |

Brune's curves provide additional dimensions to the analysis;

i.e., a crude accounting of hydrologic conditions (annual inflow) and the
physical characteristics of the suspended solids load. The upper curve in
Figure I-Bl represents a flow laden with coarse solids (i.e., sand). The
‘lower curve represents a flow in which fing solids (i;e., clay) predominate.
The central curve represents a medién of the two extreﬁés. Brune's curves
have been widely used in sediment basin design, but one caveat is necessary.
The‘data from semi-dry reservoirs did not correlate well with the curves

in Figure I-Bl; hence, their usefulness is restricted to detention ponds.
However, Brune noted in his work that semi-dry reservoirs are likely to
achieve much lower removal efficiencies normally-ponded reservoirs.

Example: Brune's curves (like Brown's curve) apply only to

normally-ponded reservoirs. Again, for illustrative purposes; the

sediment or total suspended solids removal is estimated. Assume that

the sediment is characterized by Brune's median curve.
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To use Brune's curves, the capacity-annual inflow ratio must be
estimated. The capacity is 10 acre-ft (1235 m3) and the annual inflow

is 8.42 in./yr (21.39 cm/yr) or 421.0 acre-ft (519354 m3/yr). The

10 acre-ft
421.0 acre-ft/yr

Figure I-Bl the corresponding anuual removal percentage is approximately

capacity-annual inflow ratio is or 0.024 years. From

65%.
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Method: Churchill's Trap Efficiency Curve (Source: ref. 23)

Data Requirements: 1) Average cross-sectional area
2) Basin volume
3) Average runoff event flow rate

1657527

Description: The method proposed by Churchil relates the per-

centage -of sediment passing through a reservoir to the "sedimentation
index" of the reservoir. The sedimentation index is defined as
S Q

- (5) (%) e

where SI = sedimentation index, secz/ft,
S = reservoir volume, ft3,

QR = average runoff event flow rate, ft3/sec, and

Ac = average cross-sectional area of the reservoir, ftz.
The average cross-sectional areé is computed by dividing the reservoir
volume by the length of the reservoir (parallel to the flow). If the
reservoir has.an irregular shape an average length should be used;
Churchill's curve is shown in Figure I-Cl.
Example: To find the sedimentaéion index, SI, the average cross-sectional
area, Ac’ of the basin is required. The length of.the basin is 300 fe;t.

(91.4 m) and the width is 121 feet (36.9 m). The assumption of a rectangular

basin eases the computation of Ac'

o o [ 10 acze-tr). (43560 £t
c 300 ft acre

= 1452 ££2.(135 o)
The average runoff event flow rate is 0.0.46 1n/ﬁr. Converting this value

to ft3/sec yields

2
. fe 43560 ft hr
QR (0-0146 in. /hr) ( 12 in) (600 acres) ( acre ) (3600 sec)

= 8.8 ft3/sec (0.25 m3/sec)

The capacity is 10 acre-feet or 435600 ft3. Thus, the sedimentation

index is
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o1 - (435600 £ ), [_8.8 £e3/sec
' 8.8 fto/sec/ . \ 1452 £r?
e 8.2 x 10° sec?/ft (2.7 x 107 sec?/m)

From Figure I-Cl the corresponding total suspended solids removal is 100~

18% or 82Z.
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Method: Statistical Moments Method, Sedimentation Tank (Source: ref., 23)

Data Requirements: 1) Surface area of the sedimentation tank
: 2) Average runoff event flow rate
3) Coefficient of variation for runoff event flow rate

Description: Small and DiTorozs and Hydroscience17 have developed a long-
term removal equation for stormwater treatment devices based on

assumed stochastic distributions of average event flow and pollutant
concentrations. These distributions are based on stofm.relacionshipa
shown in figure I-Dl. Sedimentation tanks are viewed differently from
other detention facilities as they are not normally designed to provide

a significant le§e1 of storage. However, this approach may be useful in

some cases. The pertinent equat;én is given as

100-R = -‘13 q_‘!'[loo—r(cz.q)] cq pc(c) pq(q) dc dq (I-D1)

where R = long-term average pollutgnt removal, percent,
¢ = runoff event concentration, lb/acre-im.,
q= runoffAevent flow rate, acre-in/hr,
r(c,q) = percentage pollutant removal by treatment device as a function
of ¢ and q,
pc(c) = probability distribution function of average runoff event
| pollutant concentration,
pq(q) = probability distribution function of average event flow, and
W = average pollutant loading to treatment device for all events,
lb/hr.
The average flow for each runoff event, q, 1s assumed to be independent
of the average concentration and to have a mean of QR,Ja coefficient of
variation vq, and ; gamma probability distribution function. The probabil-

ity distribution function of flow is given as

k , x=1 ‘
p (q) = (5 ) A e~¥9/Q (1-D2)
b g/ \TG
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where k = l/vq, and
I'(c) = the gamma function with argument k.
The average event concentration, ¢, with mean C and coefficient of
variation Vor is'also assumed to be distributed according to the gamma
distribution fumction.
1f pollution removal is assumed to be a functibn of flow alone,

then equation I-D2 ma} be simplified to
C
100-R = = f[100-r(q)] q p_(q) dq (1-D3)
W q

The usefulness of equation I-D3 for sedimentation tanks is emhanced by re-
quiring the average removal for each event to be described by
-bq/As

() =ae (I-D4)

. where a = coefficient, a < 100,

b = coefficient, hr/in., and

As = surface area of sedimentatioﬁ tank, acres.
The term q/As can be viewed as an indicator of the "average' overflow
rate or detention time for each event (recall earlier discussion).
Equation I-D4 requires that depth be felacively con;tant over the length
and width of the facility. Several removal equations for suspended solids
are shown in Figure I-D2.

Substituting equations I-D2 and I-D4 into equation I-D3, integrating

and solving for R; yields

1 K+l

bQ
R
L+
)

R=a (1-D5)

Equation I-D5 represents a long-term removal function relating pollutant

removal, R, to the average runoff event flow rate. However, the value of R
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estimated by equation I-D5 is probably comservative because of the additiomal
removal oceuring between events. Equations I-D3 through I-D5 assume that the
water level in the facility is constant during each storm and that the
detention facility remains full between storms (i.e., the level remains

at the bottom of an elevated outlet structure between storms). In other
words, the basin is essentially a flow-through sedimentation tank and does
not provide any significant amount of storage. Thus, this procedure is
probably only applicable to basins where the capacity is reiatively small
when compared to most storm volumes. .

The advantage of such an approach is that local hydrologic factors
are included in the analysis. Additionally, any pollutant may be investi-
gated. The major drawbacks are obtaining the necessary statistics ({i.e.,
vq and Qé) and the size/flow restric;ion noted above. |
Example: The éverage event runoff flow rate and the coefficient of
variation for the h&pothetical drainage area are 0.0146 in/hi or 0.0371 cm/hr
and 1.73, respectively (seeAearlier discussion). Using the composite suspended
solids removal function given in Figure I-D2, tﬁe long~term average removal
percentage is computed as follows:

Qg = (0.0146 in/hx) (£t/12 in) (600 acres) (43560 ft’/acre)

(24 hr/d) (7.48 gal/ft>)

57100000 gal/d

bo$
[}

1/vq = 1/1.73 = 0.578

80.0

[
[}

0.000373 ft’-d/gal

36300 fe2

o
[

>
"
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: . ' 0.578 + 1
R =80 1

L + £0.000373 £t2-d/gal) (57100000 gal/d)
(0.578) (36300 £t2)

= 68.7Z
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Method: Statistical Moments Method, Storage

Data Requirements: 1) Set of runoff statistics (mean and coefficient of
variation of runoff event flow, volume, duration
and the time between storms)

2) Basin volume
3) Release rate

17

Description: Hydroscience, Inc.”  has developed a set of long-term per-
formance curves for storage basins operated with interevent drawdown
pumping. A conceptual view of how such a storage/releasé configuration
operaﬁes is shown in Figure I-El. From this figure and several assump-
tions, a set of curves relating the‘mean effective storage capacity, VE’
to the maximum storage capacity, VB, and the interevent drawdown rate, Q,
waé developed. These curves are Qhown in Figure I-E2. Among the assump-
tions used to develoé this relationship are the following:

1) The runoff flows, q, duration, d, and time between storms, &,

are exponentially distributed and independent (i.e., gamma

distributions with vq =V "V = 1.

d
2) The basin is emptied or drawn down at a constant rate, I, between
events.
3) Storm volumes exceeding the available basin capacity are by-passed.
4) The available storage capacity for any particular storm, Ve, is
the differepce between the maximum capacity, VB, and the volume
remaining from the previous storm. The expected value (or long-
- term mean) of Ve is the mean effective storage capacity, VE'
5) Storm 1 begins with Ve = VE'
6) The coefficient of variation for runoff event volumes is /3.
The curves in Figure I-E2 are normalized over the mean runoff volume, VR’
to enhance their applicability.
The long-term fraction of runoff pollutant load not caﬁtured (i.e.,

discharged with by-passed flows) by the storage basin, fv, is calculated
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ag the by-passed load, divided by the total load:

fy=¢C f / q(d = V/q) p,(d) pq(q) dd dq (I-E1)
q=0 d=V/q

€ Qg Dy
where fv = long-term fraction of pollutant load not captured,
C = mean runoff pollutant concentration for all events, mass/volume

Pd (d) = probability distribution for runoff event duration, d,

pq (q) = probability distribution for runoff event flow, q,

Q = meanArunéff flow for all events, volume/time, and

DR = mean runoff event duration; time.

Equation I-El was numerically integrated to obtain the curves shown in

Figure ;—ES. The fraction not captufed, fv, is a function of the mean

effective storage capacity;‘VE, and the coefficient of variation of the

runoff volumes, v Again the mean effective storage‘capacity, VE’ is

vR®
normalized over V, to enhance the applicability of the curves. Note

R
that the runoff concentration is assumed to be independent of runoff
flow. This creates a situation in which the runoff concentration is a
constant value, C, for all flows and, thus, first;flush effects are
ignored. quever, Hydroscience 17 developed a set of curves to account
for the first-flush effect.

Unfortunately, this method only calculates the fraction of the
pqllutant load "captured”" by the basin, i.e., the load that is not by-
passed for some period of time. In order to account for the removal of
pollutants a relationship between long-term efficiency and an indicator
of detention ability is required. The long-term efficiency is multiplied
by the fraction "captured" by the basin to determine the actual level of
pollution control.
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Figure I-El. Conceptualization of Storage Operation (source: ref. 17)
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An approach similar to that used by Howard et al.14

can be used with-:
this method to account for pollution reduction in storage, i.e., |

R =a log (DT) + b | (I-E2)
where R = long-term pollutant removal efficiency, 0 <R <10

a, b = coefficients, and

DT = detention parameter, hr
The definition of DT is purposely left unspecified. Howard et all4 recom-
mend letting DT = S/2Q where S is the basin volume in inches and Q is the
release or treatment rate in inches/hour. However, other indicators of
detention ability are probably equally as valid (e.g., basin volume/average
inflow, basin volume/total annual inflow, etc.). The coefficients a and b
must be determined from an applicable data base such as a cross sectiom of
basin data, by calibration against on-site data, or by calibration to the
results of a simulator that directly models pollutant removal (e.g. SWMM S/T
Blockls).

Pollutant removal equations need not be limited to the type given by.

equation I-E2. Other forms are equally permissible .as long as they can
be used to relate some indic;tor of detention time and long-term pollutant
removal. One possible (and perhaps pfeferrable) alternative 1is

R=% - X0, - . (1-E3)

where R = long-term pollutant removal efficiency, 0 > R E-Rmax

R = paximum efficiency, 0 > R > 1,
max - "max —

K = coefficient, 1/hr, and

DT = detention parameter, hr.
' The reader is cautioned that the results from batch settling tests are not
directly suitable to find values for the coefficients in equations I-E2 or
I-E3. 1In these applications, the critical variable is the elapsed settling

time, t The parameter DT is only an indicator of the detention ability

dt
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of the basin. On the other hand, ty 13 a real-time measure limited to ex-~
perimental work and simulators capable of tracking the detention time of

‘each water parcel as it passes through a detention basin.

Example: Nome
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Method: Statistical Analysis Method (Source: ref. 14)

Data Requiréments: 1) Set of runoff statistics
2) Basin capacity
3) Treatment plant or release rate

Description: The purpose of the statistical analysis method is to obtain
closed form expressions for the probability distributions of runoff, overflow
and pollution events - expressions which reflect the natural physical proc-
cesses in the watershed and the effect of man-madé facilities and operatioms.
These results caﬁ then be used in planning control strategies.

To'accomplish this, the watershed has to be represented by a very
simple model. Storm events are defined, and the rainfall data are analyzed
to obtain the statistics 6f rainfall probability distributions. Using
these distributions and a watershed model, probability distributions of
runoff and pollution events are then derived. These distributions form the-
basis for determining the runoff and pollution control provided by combina-
tions of storgge and treatmené caéacicies.

The watershed and facilities are shown schematically in Figure I-El.
~Rainfall is the input to the watershed. This input is transformed into rumn-
off, whose temporal behavior depends on that of the rainfall and on the stor-
age and conveyance characteristics of the watershed. The runoff picks up
pollution from the watershed and flows into the man-made reservoir. Watef
is released from the reservoif to the treatment plant, and the treated outflow
is discharged into the receiving waters. When the reservoir cannot contaiﬁ
all the runoff, the remainder spills into the receiving waters without going
through the treatment plant. Water can also be released after detentiom in
storage into the receiving waters without passing through treatment. This
allows the operator to prepare some empty storage when he expects the next
storm, reieasing into the receiving waters runoff which was already allowed

to settle in the resérvoir and trapping the first flush of the next storm.
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The mathematical method is based on the following propositions and

assumptions:

(1)

(2)

(3)

(4)

(5)

(6)

(N

Runoff is generated from the rainfall by first subtracting the
depression storage, 84s and then multiplying the remaining
effective precipitation by the runoff coefficient, ¢.
The concentration of pollution in the runoff waters is constant,
independent of the time between storms, rainfall intensity, or
time during the storm. Any specified single pollutant (e.g.
suspénded solids) can be considered.
The treatment plant operates at a comstant rate, (in inches/
hr), as long as water is in the reservoir. This treatment rate
is assigned to storm runoff only, i.e., it is the capacity of
the sewage treatment plant above that needed to treat dry weath-
er flows as it is a separate wet-weather plant.
The efficiency éf the treatment plant, Nga» is constant.
The storage reservoir has a treatment efficiency, Ng» which 1is
due to the residence time of water in it. This efficiency is
estimated as

ng = a log (DT) + b, RT < RTMIN (I-F1)
where (a) and (b) are empirically determined coefficients and
RTMIN is some reasonable minimum value of DT above which
equation I-F1 is valid. The value of DT, the detention
paramete;, is estimated as S/2Q where S is the basin
capacity (in inéhes).'
The bypass overflow receives no treatment, and therefore enters
into the receiving waters with the 6riginal pollutant concentra-
tion.

Runoff enters the reservoir at a constant rate for the approxi-
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Figure I-Fl. Schematic Representation of the System Used by the
» Statistical Analysis Method (source: ref. 14)
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mate duration of the rainfall, i.e. the temporal distribution of
inflow to the reservoir is not affected by routing on the water-
shed or in the pipes.

(8) The reservoir is assumed to be full at the end of the previous

storm.

Example: None
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Method: Corps of Engineer's STORM model (Source : ref. 16)

Data Requirements: 1) Long-term hourly rainfall record

2) Drainage area characteristics (imperviousness,
depression storage)

3) Basin volume.

4) Treatment plant or release rate

Description: TFigure I-Gl shows a schematic representation of the seven
storm water elements modeled by STORM. In this approach, rainfall washes
dust and dirt and the associated pollutants off the watershed. -The re-
sulting runoff is routed to the treatment-storage facilities where

runoff less than or equal to the treatment rate is treated and released.
Runoff exceeding the capacity of the treatment plant is stored for treatmént
at a later time. If storage is exceeded, the untreated excess is wastéd
through overflow directly into the receiving waters. The magnitude and
frequency of these overfiaws are often important in a storm yater study.
STORM provides statistical information on washoff, as well as overflows.
The quantity, quality, and number of‘overflows areifunctioﬁs of hydrologic
characteristics, land use, treatment rate, and storage capacity.

. Compqtations.of treatm;nt, storage, and overflow are accomplished on
an hourly basis throughout the rainfall/snowmelt record. Periods of no
rain are skipped. The number of dry hours is used for various purposes
including recovery of soil moisture storage capability. Every hour in
which runoff (may include dry-weather flow) occurs, the treatment facili-
ties are utilized to treat as much runoff as possible. When the ruﬁoff
rate exceeds the treatment rate, storage is utilized to,contain the
runoff. When runoff is less than the treatment rate, the excess treatment
rate is uvtilized to diminish the storage level. If the storagé‘capacity
is exceeded,‘all-excess ruoff is considered overflow and does not pass through
the storage facility. This overflow is lost from the system and cannot be

- treated later., While the storm runoff is in storage its age is increasing.
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Various methods of aging are used including average, first-in: last-ouf.
first-in: first out, or others, dependi#g on the inlet and outlet configufations
of the storage reservoir. STORM does not compute the amount of pollutant
reductions due to settlement of solids while in storage.‘

An approach similar to that used by Howard et al.14 can be used with
STORM to account for pollution reduction in storage, i.e.,

R=a log (DT) + b (I-G1)
where R = long-term pollutant removal efficiency, 0 > R > 1.0
a, b = coefficients, and
DT = detention parameter, hr

The definition of DT is purposely left unspecified. Howard et 31.14 recom-
mend letting DT = $/2T where S is the basin volume in inches and T is the
release or treatmént rate in inches/hour. However,‘other indicators of
detencion.ability are probably equally valid (e.g., basin volume/average
inflow, basin Qolume/total annual iﬁflow, etc.). The coefficients 2 and b
must be determined from an applicable data base such as a cross section
of basin data, by calibration against on-site data, or by calibration to
the results of a simulator that directly models pollutant removal (e.g.,
SWMM S/T Blockls).

Pollutant removal equations need not be limited to the type given by
equation I-Gl. Other forms are equally permissible as long as they can be
used to relate some indicator of detention time to long~term pollutant

removal. One possible (and perhaps preferable) alternative is

R=R (1~ ¢ k(DT)) (1-G2)
where R= long-term pollutant removal efficiency, O < R f-i;ax

R = maximum efficiency, 0 < R
- max

<1,
max

K = coefficient, 1l/hr, and
DT = detention parameter, hr.
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The reader is cautioned that the results from batch settling tests are
not directly suitablé to find values for the coefficients in equations
I-Gl and I-G2. In these applications, the critical variable is the
elasped settling time, ty The parameter DT is only an indicator of the
detention ability of the basin. On the other.hand, ty is a real-time
measure limited to experimental work and simulators capable of tracking
the detention time of each water parcel as it passes through a detention

basin.
( The long~term pollutant removal efficiency is multiplied by the
estimate of pollutant "capture" provided by the model to determine the
overall level of pollution control. Pollutant.capture is defined as the

fraction (on an annual basis) of the pollutant load passing through the

storage—~treatment system.

Example: Nome

Cc-97



 Method: SWMM Storage/Treatment Block (Source: ref. 23 and ref. 15)

Data Requirements: 1) Basin geometry and outlet hydraulics

Description: The University of Florida15 has developed the Storage/Treatment

3) Flow and pollutant concentration time series
(from measurements and/or another simulator)
4)" Evaporation rates

(S/T) Block as part of the extensive EPA Storm Water Management Model

" (SWMM). The S/T Block is a flexible simulator capable of modeling

several storage/treatment units, including detention facilities. The

model has several advantages, among them:

1)
2)
k)]
4)
5)

6)

7
8)

the ability to model a wide variety of detention facility
geometries and outlet structures;

sludge accounting;

the capability for dry-weather drawdown;

it is readily interfaced with ;he other blocks of SWMM
(which have the-ability to simulate stormwater &ischarges
from a variety of drainage areas); .
pollutants may be characterized by'parciclé size/specific
gravity distributions;

a wide variety of timefvarying pollutaht removal equations
may be used; -

any pollutant may be simulated; and

it is the most versatile model available.

The model lacks the ability, however, to model the resuspension of

settled particles. Basins may be modeled as completely-mixed or plug

flow reactors: intermediate (arbitrary flow) modes are not available.

A detailed description of the SWMM Storage/Treatment Block is given by

2) Pollutant removal equation or particle size distribution

Huber et al.ls.
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For complete mixing, the concentratiom -of the pollutant in the unit
is assumed to be equal to the effluent concentration. The mass balance
equation for the assumed well-mixed, variable-volume reservoir shown in

Figure I-Hl is 22:

dg.c = 1(2) €'(t) - 0(8) (&) - K C(t) V(r) (1-H1)
where  V = reservoir volume, ft3,
1

C" = influent pollutant concentration, mg/l,
| C = effluent and reservoir pollutant concentration, mg/I,

I = inflow rate, ft3/sec,

0 = outflow rate, ft3/sec,

t = time, sec, and

K = decay coefficient, secfl.
Equation I-H1 is‘very difficult to work with directly. It may be approxi-
mated by writing the mass balance equation for the pollutant over the in-
terval, At:

Change in Mass entering Mass leaving Decay during

mass in basin = during At - during At - At
ci I, + cg I, 6101 + €0, c,V, + C,V,
C,V, - €V = 5 ae- 2222 ap g 222t (1-m2)

where subscripts 1 and 2 refer to the beginning and end of the time step,
respectively.

From # separate flow-routing procedgre‘(the Puls method27), Il; Iz, 01,
02, Vl’ and V2 are known. The concentration in the reservoir at the beginning
of the time step, Cl’ and the influent concentrations, C{ and Cg are also
known as are the decay rate, K, and the time step, At. Thus, the only

unknown, the concentration at the end of the time step, C2, can be found di-
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Figure I-Hl. Well-Mixed, Variable-Volume Reservoir (source: ref. 24)
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Table I-Hl. Detention Facility Performance, S/T Block (source: ref. 23)

UNIT PERFORHANCE SUMMARIES FOR YEAR 1971

ruusuendt SUMMARY FOR UNIT # 1, DETENTION BASIN R RERAE
FLOW FLOV SUS. SOLIDS SUS. E0LIDS BOD BOD
(CE) 7 14T - Z TRT (LBS) 4 70T 4 TRT (LLES) Z 70T 4 TRT
INFLOW, TOT 0. 1675E+08 0. 3571E+06 0. S404E+0S
BYPASS 0.0 0.0 0.0 0.0 0.0 0.0
INFLOY, TRT 0. 1675E+08 100.0 _ 0.3571E+06 100.0 0. S404E+05 100. 0 '
OUTFLOW 0.15850E+08 98.5 98.9 O0.1475E+05 41.3 41.3 0.3500E+05 &6 . & 86.6
RESIDUALS 0.0 0.0 0.0 0.0 ‘ 0.0 0.0 0.0 0.0 0.0
REMAINING 0. 2IBIE+06 1.3 1.3 0.2094E+06 58. & SB8.6 0.16802E+05 33.3 33.3
EVAP. LOSS 0. 3193E+05 0.2 0.2 :
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rectly by rearranging equation I-H2 to yield

1 1
(c; I, + C, 1) c,0 K C,V
clv1+' 11 22 At - 11 At - 11 At
2 2 2
C, = : (I-H3)
2 v, + 558 + % 4

2
Equation I-H3 is the basis for the complete mixing model of pollutant
routing through a detention unit.

Equations I-H1l, I-H2, and I-H3 assume that pollutants are removed at
a rate.proportional to the concentration present in the unit. In other
words, a first-order reaction is assumed. The coefficient K is the rate
constant —— it represents the fraction of pollutant removed per unit of
time. Thus, the product of K and At represents the fraction removed
during a time step, R. Thé user controls the value of R through the use .
of a use;-éuppiied removal equation (see Equation I-H6 and accompanying
discussion). -

Removed pollutant quantities are not allowed to accumulate in a
campletgly-mixed detention unit. Strictly, pollutants cannot settle
under such conditions. All pollutant femoval is assumed to occur by
other means, such as biological decomposition. Several processes such as
flocculatioA and rapid-mix chlorination are essentially completely-mixed
.detention units.

If the user selects the plug flow option, the inflow during each
time step, herein called a plug, is labeled and queued through the
detention unit. Transfer of éollutants betwéen plugs is noc.permitted.
The outflow for any time step is comprised of the oldest plugs, and/or
fractions thereof, preéent in the unit. This is accomplished by satisfyiﬁg
continuity for the present outflow volume (calculated by the Puls flow- .

' routing procedure27):
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LP

z v, + £ s V - .
j=JP h | b o (I-H4)

where Vo = volume leaving unit during the present time step, ft3,

V., = volume entering unit during the jth time step (plug jJ),

]
ft3,
fj = fraction of plug k that must leave the unit tu satisfy
; continuity with Vo, 0 fj 21,

3? = time step number of the oldest plug in the wit, and
LP = time step number of the.foungest plug required to
satisfy continuity with v, |

Removal equations are specified by the user (see later discussion) and, in most
chseg, should be written as a function of detention time (along with other
possible pgrameters). The detention time for each plug j is calculated as

| (cd)j = (KKDT - j) At ' (I-H5)
where kKDT = present time gtep number.

Removal of any poliutant may be simulated as a function of detention
time, the time step size, its influent concentration, the removal fractions
of pollutants, and/or the influent concentrations of other pollutants. This
selection is left to the user bﬁt there are some restrictions (depending
on the basin type). A single, flexible equation 1s prbvided by the

program to construct the desired removal equation:

3y a, ag
R =('a12exp[alxl]x2 + al3exp[a3x3]x4 + alae?:p[asxslx6
+ expla,x, + agx,]x a9x alox 311)816 (1-86)
3)58XPlazRy T ag¥giXg X190 *1n
where x; = removal equation variables,
a

= coefficients, and

3

R = removal fraction, 0 < R < 1.0.
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The uéer assigns the removal equation variables, Xy to specific

program variables (detention time, flow rate, etc.). If an equation
variable is not ;ssigned it is set equal to 1.0 for the duration of the
simulation. The values of the coefficients, aj, are directly specified
by the users. There is considerable flexibility contained in equation
I-H6 and, with a judicious selection of coefficients and assignment of
variables, the user probably can create thé desired equation. An example
is given below.

An earlier version of the Storage/Treatment Block employed the
12

following removal equation for suspeﬁded solids in a sedimentation tank™ :
-Kt
‘ RSS Rmnx(l -e d) (I-H7)
where RSS = guspended solids removal fraction, O g=Rss é=Rm4x'

R = maximum removal fraction,
max

t detention time, sec, and

d

K = decay coefficient, sec-l.

This same equation céuld be built from equation I-H6 by setting ay, =.Rmax

a -R ., a; = -K, a6 ™ 1.0, and letting Xy = detention time, ty

13 © "max
All other coefficients, a

J 4
Treatability studies can help determine the value of decay coeffi-

» would equal zero.

cients (Sée Appendix II). Ideally, there would also be some flow and
pollutant ;oncentration measurements (for the influent and effluent,
concurren;ly) for an adeﬁuate calibration. However, if treatability data
are the only source of performance data, the model could probably generate ,
a reasonable estimate of long-term performanée.

Example: The Storage/Treatment (S/T) Block of the Storm Water

Management Model was used to simulate the hypothetical detention facility

" described earlier. A year of flow and pollutant concentration data were

generated using the Corps of Engineers' STORM model and linked to the S/T
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Block through an interfacing program. These data were generated from ;he
land use information provided in the general example description and the
Minneapolis precipitation record for 1971. Based on a frequency analysis of
25 years of precipitation records, Heaney et al.l1 selected 1971 as a fairly
t&pical year for Mihneapolis. The basin was modeled as a plug-flow unit and
a relationship identical to equation I-H7 was used to remove suspended solids
and BODS. The value of Rmax was set at 0.65 and 0.35 for'suspended solids
and BODS, respectively, and the value of K.equalled 0.0003 se'::.1 in both
cases. The fesults are summarized in Table I-Hl.> The suspended solids
removal is 58.7 percent and the BODS removal is 33.4 perceﬁc. 4

A simulator provides an extra benefit in that specific periods can be
investigated in more detail. The behavior of the facility during the storm
of August 31, 1971 is shown in Figure I-H2. The total rainfall for this
storm was 1.19.in. (3.02 cm). A scan of the results shows the expected re-
sponse. The peak flows are substantially reduced and discharged over a
significgntly longer period than that of the inflows. In this particular
case, the dischérges ;re very high when the water'deptﬁ in tge ba;in ex-
ceeds 12 ft (the depth at the bottom of the weir) and very low between
.6 ft and 12 ft (orifice discharge). A substantial reduction in the

suspended solids loading is also evident.
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Method: Other Simulation Methods (Source: ref. 23)

Data Requirements: Variable; generally requires basin geometry, outlet
structure, pollutant removal coefficilerts and inflow
time series.

Description; In a report by the City of Milwaukee8 concerning the design of
the Humboldt Avenue detention basin, a simple model was developed to aid
in the analysis. In this model, the basin is treated as a constant-
volume, plug-flow reactor and pollutants are removed as a function of
detention time (i.e., the length of time a'plug_of water remains in the
basin). No provisions are made for solids characteristics (i.e., particle
size distribution), resuspension of settled material, sludge build-up or
varying outlet structures. Despite its simplicity, the model admirably
performed the required tasks.

A more advanced model developed by Ward et al.28 was given the
acronym DEPOSITS. It is designed to simulaté sediment detention basins
but is readily adaptable to urban stormwater detention facilities.
Again, the detention facility is modeled as a plug-flow reactof. In
this case, sediment is removed by simulating the settling of
particles and a particle size/specific gravity distribution is required.
In contrast to the Milwaukee model, DEPOSITS is capable of simulating
the facility as a variable surface area and volume unit. The model also
accounts for the effects of sediment (sludge) build-up. It is not in-
tended for long-term simulations.

Medinazz constructed a detention fa;ility modellby solving the
differential equations governing the movement of flow and pollutants
through well-mixed detention basins. The solutions, containing complex
integrals, are directly useable if simple fofcing functions (inflow
hydrographs and pollutographs) are assumed. However, these for;ing

functions are rarely simple and, in fact, contain a substantial random

C-108



element. Thus, direct solutions are nearly impossible to achieve. This
difficulty is overcome by evaiuating the solution at discrete intervals

and assuming a constant forcing function over each iﬁterval. This method
is applicable to constant and variable voluhe facilities. Unfortunately,

the model is limited to a linear relationship between volume and outflow.
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Appendix II: Treatability Studies for Detention Basins

Several NURP studies are evaluating the removal efficiencies of
stormwater detention ponds. Data on the performance of these ponds are
very scarce. Whipple and Hunter29 have examined the settleability

of urban runoff pollution. Their data will be used to describe a rela-

- tively gener;l procedure for summarizing the results of a treatability

study. Figure II-1 shows their settleability data for hydrocarbons. The
usual assumption in environmental engineering is that pollutant removal
follows first-order kinetics. If this is the case then the equation for

hydrocarbon removal can be represented by

ele, = ¥ | (11-1)
where ¢ = hydrocarbon concentration at any time t, mg/1,
cy = initial hydrocarbon concentration, mg/l,
t = detention time, hr, and

k = rate constant, hr—l.

Taking the logarithm of equation (1) yields

» ln(c/co) = -kt ' (11-2)
Thus, a plot of the data on semi-log paper should field a straight line
with a slope of -k. Unfortunately, the data do not plot as a straight
line on semi-log paper (see Figure II-2) indicating that the assumption of
first-order kinetics, in this case, is inappropriate. A primary reason for
the popularity of assuming first-order kinetics is that the resulting solution
is so simple. Removal efficiencies are independent of initial concentrations.
However, first-order kinetics may provide a réasonable approximation if the
range of times is relatively short. For example, first-order kinetics
can be assumed to hold for the hydrocarbon data as long as the detention
times are less than about eight hours (see Figure II-2). One could next
try second-order kinetics, or third orde;, or zero order. Fortunately,
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a more general approach exists wherein.the order can assume non-integer
values.
The rate of re;ction and concentration of reactant can be related
as follows:
-kt - (11-3)

where r = reaction rate,

k = rate constant,

¢ = concentration of reactant, and

n = reaction order.
Using equation II-3, the reaction order éan be found by plotting reaction
r;te, r = dc/dt, versus councentration, ¢, as shown in Figure II-3., Techni-~
cally, the above procedure is called the differential~method'for deter-
mining the reaction order for isothermal irreversible reactions in a
perfectly mixed, constant volume reactor (see Levenspie121, Hilllz,
Holland and Ahthonyla, and/or Butt4 for details). The expression for the

proportion remaining can be found for any n by solving

r = -dc/dt = k e . (11-4)
Integrating equation II-4 yields
-
/ey = [1+ (@-De "L ke]'™ 041 (11-5)

For the hydrocarbon data, k = 0.037, n = 1.90 (see Figure 1I-3), and c, =

2.8 mg/l. Substituting into equation II-5 yields

1
efe, = [1+ (1.90-1)2.809971) (L037)¢)371-%0, op
simplifying, '
efc, = [1+ .0842¢) 71+ (11-6)
Equation II-6 cad-;e spot checked by trying a few trial values of t.
t, hr. (clco)meas. (clco)calc.
5 0.62 0.68
15 0.36 ' 0.40
25 0.30 | 0.28
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The equation is on the high side in the lower range of time and is a
little high fér larger times.

Using equation II-5 as a general equétion, the results from treata-
bility studies can be expressed in terms of three parameters, initial
concentration, oo the reaction order, n, and the reaction coefficient,
k. Admittedly, equation II-5 only applies for a relatively restrictive
case of a constant volume, isothermal, completely mixed batch reactor in
which all constituents are assumed to react independently. Nevertheless,
it is much better than making the potentially unrealistic assumption that

first-order kinetics apply.
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Addendum I - Review of Basin Data - Met. Washington, D.C. COG

The use of event quantity and quality data for 'two basins in the
Washington, D.C. area for the purposes of estimating basin performance
proved fruitless. A quick review of the data reveals a lack of any rela-
'tionship between inflow and outflow events. In many cases, the éutflow
volume is greater than the inflow volume. This is possible only if flows
from earlier storms are also being released. Without more knowledge of
the operation of these basins, a statement about performance is impossible.
However, it may be possible to use these data, with complete knowledge of
the basin design and operation, to. calibrate a simulator such as the SWMM

Storage/Treatment Block.
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APPENDIX D
WATER QUALITY CRITERIA FOR URBAN RUNOFF

The section that follows provides the information and methods developed to
date for the selection of receiving water quality criteria appropriate for
urban runoff. The issue here centers around the difference between the ex-
posure regime used in toxicity tests to develop general water quality cri-
teria (48 to 96 hours or longer) and the exposure regime organisms inhabiting
runoff receiving waters could encounter (4.5 to 15 hours). The criteria
based on 48 or 96 hour toxicity tests are postulated to be overly restrictive
for urban runoff exposures. For the priority pollutants, the EPA published
criteria are described; the limitations of the EPA criteria for urban runoff
are discussed; and methods to adjust the EPA criteria for short-term urban
runoff exposures are presented. Dissolved oxygen and suspended solids cri-
teria are also considered.

PRIORITY POLLUTANTS CRITERIA

EPA Criteria.

In developing the proposed priority pollutant criteria, EPA performed three
steps as follows: (1) guidelines were established for use in deriving the
criteria, (2) criteria were computed for the protection of human health and
aquatic life, and (3) a two-value criterion for each substance was considered
for.protection of aquatic life. The two values are a maximum, which protects
:gajngg acute toxicity, and a 24-hour average, which protects against chronic
oxicity. '

Using their guidelines, EPA derived and published (in three issues of the
Federal Register, the last being 28 November 1980) aquatic life and human
health criteria for all of the priority pollutants. Criticism of the guide-
lines resulted in the development of a second set of guidelines which, unlike
the first set, specified certain minimum data requirements for deriving
aquatic life criteria. These minimum requirements severly limited the num-
ber of substances for which criteria could be developed. Hence, although
criteria documents were published for all of the priority pollutants, aquatic
life criteria were developed for only 20 of them. These are arsenic, cad-
mium, chromium, copper, lead, mercury, nickel, selenium, silver, zinc, aldrin,
chlordane, cyanide, DDT and metabolités, dieldrin, endrin, heptachlor, lin-
dane, polychlorinated biphenyls, and toxaphene.

To obtain the final acute value for protection of aquatic life the following
procedure based on LC50 concentrations was used. Note that a LC50 is defined
as thg concentration that will kill 50 percent of the exposed population of
organisms during a specific period of time.

1. The geometric means of LC50 toxicity tests for a pollutant were
computed by species. The 48 hour exposure time was taken as
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the end-point of the test for most invertebrates and 96 hours for
fish and some invertebrates.

2. LC50's for the species were numerically ranked and the numbers
transformed to cumulative probability values.

3. A least square regression line, defining the relationship between
species-probability values and the mean LC50s was computed.

4. The mean LC50 corresponding to a probability of .05 was identified
by interpolation or extrapolation.

The mean LC50 corresponding to a species probability of .05 was defined as
the maximum criterion value. Computed in this fashion, the maximum value
corresponds to the concentration above which lie the LC50s of 95 percent of
the tested species. For poliutants whose toxicity was determined to be af-
fected by some natural property of water, the final acute equation was speci-
fied as the means for computing the maximum criterion value. Hardness was
the only natural property of water considered.

The final chronic values were computed by much the same method as described
above; however, the important differences are: :

1. The exposure times for chronic tests were at least 28 days.

2. The test end-point was not the LC50 concentration; rather the

. concentration values were the geometric means of the lowest
tested concentration that caused a statistically significant
adverse effect and the concentration immediately below it in
the test series were used. When there were insufficient data
to compute a final chronic value from chronic data alone, the
final acute-chronic ratio (defined as the ratio between the
LC50 and final chronic value) was employed.

Generally, the 24 hour average criterion corresponded to the final chronic
value. In some cases, however, a final residue value, designed to prevent
unacceptable tissue concentrations of pollutants determined the appropriate
24-hour criterion.

Application of the EPA Criteria to Urban Runoff.

A limitation of the EPA criteria centers around differences in the exposure
regimen commonly used in toxicity tests (data from which the criteria were
derived) and the exposure regimen that organ1sms inhabiting runoff receiving
streams could encounter.

The temporal features of urban runoff events consist of relatively short dur-
ation exposures with relatively large time periods between episodes..“for



sites located in much of the eastern portion of the country, rainstorm sta-
tistics (or average) are as follows:

Storm Time Between Storm
Duration Midpoints
(hours) (hours)

Median (50 percentile) 4.5 60

Mean - 6.0 80

90 percentile 15.0 200

For the semi-arid region of the western part of the country, storm durations

are generally the same as for the eastern U.S., but the period between storms
is about twice as long. Runoff discharge times are somewhat longer but gen-

erally similar to storm duration times.

The above characteristic time scales are very different from those considered
in developing the EPA.water quality criteria. Therefore, a question exists
as to: what are appropriate water quality criteria for highly time variable
discharges such as urban runoff? That is, are the EPA criteria overly re-
strictive for urban runoff exposures?

It is well known that with the kinds of biological responses measured in
toxicity tests (with aquatic organisms), the concentration of a chemical
substance required to elicit a response of a given magnitude, be it some
percentage of mortality, reduction in growth rate, reduction in fecundity,
etc., is usually inversely proportional to the time of exposure. For the
priority pollutants, data used to derive the maximum criterion value were
chosen only from 48- and 96-hour tests. Data used to derive the 24-hour
average criterion value were chosen from tests with exposure times of at
least 28 days.

Because the duration of storms is much shorter than the exposure times used
in toxicity tests, it is quite likely that use of the criteria to assess the
hazard of urban runoff will overestimate the hazard.

Time is not the only factor of difference. In toxicity tests, the test or-
ganisms are exposed to constant concentrations and exposure is continuous
throughout the test. In urban runoff receiving waters, the concentrations of
potentially toxic constituents change continuously during events as well as
from event to event. Runoff events are episodic, occurring on the average of
every 60 hours. Although repeated exposure to chemical substances in the
runoff could cause chronic effects in organisms, little is known about the
effects of such repeated exposures. The occurence of adverse effects:
probably is greater when exposure to a given concentration is continuous
rather than intermittent.

The maximum criteria values proposed by EPA are LCS50s {EPA used 48 and 96 hour
LC50s). Because of differences in individual sensitivity, it is not necessar-
ily true that a population must be exposed to a 48 or 96 hour LC50 for 48 or
96 hours for 50 percent mortality to occur. Figure la, b and c show a set of
h¥pothﬁtiga11time-mortality curves for populations exposed to a 96-hour LC50

of a chemical.
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Figure la represents a case where only during the last few hours of the test
does any mortality occur. During those hours, 50 percent of the organisms
die. Such a time-mortality pattern is extremely rare. Figure 1b illustrates
a case where mortality occurs gradually and reaches 50 percent around the
g6th hour. Figure lc shows a case where 50 percent of the population dies
during the first 24 hours. Figures 1lb and lc represent the most commonly
observed kinds of time-mortality patterns and indicate that exceedance of a
maximum criterion value for very short periods could cause death or adverse
sublethal effects in some sensitive species. These types of responses par-
tially illustrate the complexity of the situation. The procedure presented
below could be used to differentiate these types of responses and.provide
information directly usable to assess the impacts of urban runoff.

The runoff discharge duration may not always be an accurate measure of expo-
sure time. In some instances, exposure time can be much longer than the
storm duration. Certain kinds of organisms could be exposed to runoff con-
stituents long after discharge ceases. Such organisms include phytoplankton
and zooplankton (including fish eggs and larvae), each of which could become
entrained in the runoff plume. The net effect is that a percentage of cer-
tain populations .may experience longer exposure times.

Even for situations where the organism exposure time is longer than the ac-
tual discharge period, the differences in exposure regime for organisms in
runoff receiving waters and for organisms in toxicity. tests are very large.
For example, to derive the 24 hour average criterion values, 'an exposure time
of at least 28 days was used. It is quite possible that for urban runoff, a
24-hour criterion value is not appropriate. For the same reasons, the pro-
posed maximum criterion values may also be inappropriate for urban runoff.
For the NURP project, procedures to explicitly consider the shart duration
exposures characteristic of urban runoff were investigated as described below.

Impairment of Beneficial Use Criteria.

Impairment of beneficial use will, for the following discussion, be consid-
ered concentrations that result in mortality of 50 percent of the population
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(i.e., LCS50's). Other criteria, such as no mortality, could also be devel-
oped and employ similar calculation procedures. It is evident from the pre-
vious discussion that use of the EPA criteria will probably overestimate the
hazard of urban runoff to agquatic life in terms of impairment of beneficial
use. This section addresses modifications to the criteria that would make
them more appropriate for assessing water quality problems associated with
urban runoff defined in terms of beneficial use.

Two methods are presented to establish criterion levels. The first proce-
dure involves adjusting the maximum criteria value to explicitly consider
_the expected exposure times (LIU, 1979).

The second approach employs the data on equivalent mortality dosage, detoxi-
fication rates, and expectad mean concentrations in urban runoff (MANCINI, 1982).

The first procedure adjusts the maximum criterion values so that they relate
more closely to expected exposure times in runoff receiving streams. This

~ entails computing a value that when divided into the maximum criterion value
of a pollutant will provide an estimate of the LC50 corresponding to the
exposure time of interest. This LC50 is called the time-adjusted LC50, and
is computed as described below. The assumption is that meeting the adjusted
criteria for intermittent exposures, provides the same degree of protection
implied by the base criteria value, that is, that a generally healthy
aquatic life population will be maintained.

1 set of factors for converting 24-, 43-, and 72-hour LC50's to 96-hour
-C50's were presented in the 18 May 1979 issue of the Federal Reqister

(40 FR 21506). The factors are 0.66, 0.81, and 0.92 and are the respective
jeometric means of all 96:24, 96:48, and 96:72 hour LC50 ratios computed for
individual chemicals on a test-by-test basis using LC50 estimates available
at that time. The relationship between the 24, 48, and 72 hour exposure
times and the factors for converting the LC50's associated with these exno-
sure times to 96-hour LC50's is described by the linear equation:

y = (0.563 Tog,q .) - 0.123. (1)

Where i is the exposure time in hours and y'1 is the 96:x LC50 ratio. The
correlation coefficient for this relationship is 0.998.

To extend the range below 24 hours, geometric means of the 96:1, 96:2, 96:4,
96:8, and 96:16 hour LC50 ratios were computed using experimental 1, 2, 4, 8
and 16 hour LC50 estimates for 10 chemicals (June, 1979). These short expo-
sure means and the above values obtained by EPA were included in a least
squares regression. The analysis indicated that the relationship can be
described by the linear equation:

y = (0.35 logyo ¥) + 0.27 | (2)

The correlation coefficient for this relationship is 0.994. C(learly,
Equation (2) can be used to convert a LC50 for an exposure time less than
96 hours to the 96 hour LC50 value, or to convert a 96 hour LC50 to a LC50
for a smaller exposure time.
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Equation (2) was used to convert 96 hour LC50's obtained by Liu for the
10 chemicals considered to LC50's for exposure times of 1, 2, 4, 8, and
16 hours. The computed short exposure LC50's were compared to measured
values with reasonably good agreement.

The time-adjusted maximum criterion value (cvt) is computed from the maximum -
criterion value (MCV) using the equation:

A
cv, = y (3)

Applying the conversion method to the maximum criterion value instead of to
some specific 96-hour LC50 is valid because the maximum criterion value could
be considered a 96-hour LC50. It was derived from 48-hour LC50's from tests
with certain invertebrates and 96-hour LC50's from tests with fish and cer-
tain invertebrates. The 48- and 96-hour LC50's were considered equivalent
end-points. As indicated by Equation (3), the adjustment ratio y is assumed
to be the same for all chemicals.

Table 1 presents the maximum criterion values and time-adjusted criterion
values for all of the priority pollutants for which maximum criterion values
are available. The time-adjusted values correspond to exposure times of 4.5,
6.0, 15 hours, which for at least the eastern portion of U.S. are the median,
mean, and 90th percentile duration of storms.

The second approach which has been used to estimate concentration levels
against which intermittent exposure concentrations due "to urban runoff can be
compared, and employs data on equivalent mortality dosage, detoxification
rates, and mean concentrations in urban runoff.

The framework considers uptake and depuration of toxics by organisms and cal-
culates an equivalent toxic dosage. The calculation results provide a method
of obtaining a dose response relationship for organisms which are subjected
to time variable toxic concentrations. The framework employs data collected
from standard bioassay test procedures to evaluate the coefficients required
in the analysis. The procedures have been tested under four sets of condi-
tions which employed constant concentration bioassay results to predict or-
ganism mortality as a result of exposure to time variable concentrations.

A series of calculations were developed which considered exposure of the more
sensitive fish (in a limited data base that had been analyzed) to a series of
average duration storm events having the mean concentration of each contami-
nant. The interval between storms was 60 hours (the median). The calculated
equivalent dosage was atlowed to stabilize, and the concentration required to
produce mortality at the 50 percent level of population sensitivity was cal-
culated. The results are summarized in Table 2. These results include the
effects of carryover between average storm conditions. The calculated con-
centrations for mortality are presented for 4.5 and 12-hour duration storms
(the 50 and 85 percentile, respectively).

While the concentrations provided by the first procedure are essentially es-

- timates of "safe" levels, those provided by the second procedure provide es-
timates of intermittent concentration levels which would result in a serious
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TABLE 1. MAXIMUM AND TIME-ADJUSTED CRITERION VALUES FOR SELECTED PRIORITY POLLUTANTS

i
i

EPA MAXIMUM - TIME-ADJUSTED MAXIMUM CRITERION VALUES (i.g/:)
POLLUTANT CRITERION VALUES

(ng/s)te? 4.5 HOURS 6.0 HOURS 15 HOURS
Arsenic 440 880 810 650
Cadmium 3.0 6 5.5 4.4
Chromium (+3) 4,700 9,400 8,650 6,900
Chromium (+6) 21 42 39 31
Copper 22 44 40 32
Lead 170 340 313 250
Mercury _ 4.1 ~ 8.4 1.7 6.2
Nickel ) 1,800 3,600 3,300 2,650
Selenium (Selenite) 260 520 480 380
Silver 4.1 8.2 7.5 6.0
linc 320 640 590 470
Aldrin 3.0 6.0 5.5 4.4
Chlordane 2.4 4.8 4.4 3.5
Cyanide 52.0 104 96 76
00T (p,p) 1.1 2.2 2.0 1.6
Dieldrin 2.5 5.0 4.6 3.7
Endrin 0.18 0.36 0.33 0.26
Heptachlor 0.52 1.04 0.96 0.76
Lindane (gamma H(B) 2.0 4.0 3.7 2.9
Toxaphene 1.6 3.2 2.9 2.4

! values specified for "total recoverable" metals
2 values based on a hardness of 100 mg/% as CaCO,




TABLE 2. CALCULATED CONCENTRATIONS REQUIRED FOR MORTALITY
OF SOME FISH SPECIES AS A RESULT OF EXPOSURE TO
URBAN RUNOFF

Event Mean (1) (2)
Concentration Concentration (u:q/.) for 50 Mortality
g/ : Urban Runoff
Urban Storm
Chemical ~ Runoff 4.5 HR 12 HR
Zinc 160 1800 800
Copper 30 600 200
Lead ' 330 11,000 4300
Cadmium . |. 3 n 5

NOTES: (1) Event mean concentration was not obtained from the NURP
data base.

(2) Effects of carry-over of expected mean concentrations and
other average storm conditions are included.

adverse impact (50 percent kill of the selected species). The assumption
.utilized in the screening calculations which evaluate impact levels, is
that such events, while they would, constitute a severe insult to the
biological population, would not totally deny that use if they were to
recur at sufficiently infrequent intervals.

A comparison of the “"safe" concentrations in Table 1 and the calculated
concentrations for 50 percent mortality in Table 2 indicate that there are
substantial differences. In addition to the fact that they represent
different levels of effect, these differences are in part a result of the
differences in data base used to define sensitive species. Another egually
important source of this difference, is the manner in which the duration

of exposure has been included in the analysis.

Neither set of concentrations are compietely satisfactory criteria for
storm event related exposures. The published criteria do not explicitly
account for the time scale of exposures associated with storm events.

These criteria tend to be over protective of the environment by restricting
allowable concentrations during the short exposure periods characteristic

~ of runoff events. By contrast, the adjusted criteria presented in Tables 1
and 2 tend to overestimate allowable concentratiecns since the data base
analyzed may not include representative sensitive species which require
protection. "

Assuming little or no exposure under non-storm ambient conditions, concen-
tration criteria which are appropriate for storm related phenomena would

be between the two sets of values. Methods have been developed which would
employ the existing data base to calculate criteria which consider time
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variable concentrations and exposure periods which are consistent with
storm event exposure durations and the interval between storms.

Chronic Effects

The usual approach to establishment of water quality criteria considers
acute effects such as mortality and chronic effects such as inhibited
reproduction, etc. '

The EPA criteria derive the maximum value from acute effects protection .
1imits and the 24-hour value from chronic effects protection limits (as
derived by an acute/chronic ratio times the maximum). A method is avail-
able to calculate the time history of stress on the organism ("equivalent
exposure"). The equivalent mortality dose producing mortality of 50 per-
cent of the population is obtained from the analysis of bioassay data.

The calculated equivalent dose at any time which results from some sequence
of exposures can be divided by the equivalent mortality dose. This ratio
(as % of equivalent mortality dose) could be considered as a measure of

the chronic stress to which the organism is subjected.

Table 3 presents the calculated percent equivalent mortality dose carried
over (on average) from a sequence of storms. This is the calculated equi-
valent mortality dose at the start of a storm event. Table 3 also presents
information on the calculated percent equivalent mortality dose at the end of
4.5 and 23 hour storms whose concentrations are at the mean expected value.
These results suggest that, for some of the toxics analyzed, a variable but
moderately high level of stress may result from exposure to the undiluted
contaminants in urban runoff. Stresses on the order of 2 to 25 percent of
the equivalent mortality dose could produce some chronic effects (and pos-
sibly some acute effects as well). The calculations presented in Table 3
are for undiluted urban runoff. Computations could be developed consider-
ing various dilutions of the runoff. . :

TABLE 3. CARRYOVER EFFECTS BETWEEN URBAN RUNOFF STORMS

Expected Mean % Mortality Stress
Concentration Average @ 4.5 hr. @ 12 hr.
. Chemical (mg/2) Carryover Storm Storm

Zinc 163 8.6 15.7 26.8
Arsenic .05 - - L
Copper .03 2.6 - "6.4 "12.2
Lead .325 . 8.3 8.8 9.7
Chromium .018 | - _ - -
Cadmium .003 2.3 o 4.4
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Dissolved Oxygen Criteria.

~Water quality criteria for dissolved oxygen (D.0.), which are specifically
designed for exposures associated with urban runoff, have not been examined
in detail. EPA promulgated criteria set a minimum D.0. of 5 mg/¢t. D.0.
standards such as those proposed by the State of Ohio (Federal Register

Vol. 45, 231, 11/28/80, 79054) for warm water fisheries on some water bodies
specifying 5 mg/2 for 16 hours of any 24 hour period and not less than 4 mg/®
at any time were denied by EPA. There is strong historical precedence for
maintaining D.0. standards on most water bodies at a minimum of 5 mg/2. This
is usually based on information similar to that summarized in Table 4.

An approach to dissolved oxygen water quality criteria similar to that used
for priority pollutants can be considered. Based on the information summarized

;nsTab}e 4, criteria for D.0. during storm event time scales could be set at
o mg/i., '

TABLE 4. SUMMARY OF THE INFORMATION AVAILABLE ON THE
EFFECTS OF DISSOLVED OXYGEN CONCENTRATION

ON FISH
Dissolved Oxygen Effecfs Reported Reference

Saturation to 1. Generally considered USEPA (7)

5 mg/2 adequate for a healty
population.

5 mg/< to 2.5 mg/< 1. Sublethal effects on (Abernathy) (28)
adults observed in
laboratories.

2. Reduced growth rate (Siefert et al.) (29)

associated with con- (Moss) (26)
stant exposure of (Warren) (30)
adults..

3. Some increased morta-
lity Qf early life
stages (no direct data
on population effects).

4. Time variable exposures | (Whiteworth) (31)
(8 to 12 hours every 24
hours) appeared to
result in reduced
qrowth rates.

2.5 mg/+ to 1. Possible mortality of (Moss) (26)

1.5 mg/s adult and/or smaller (Abernathy) (28)
fish due to combina- (Warren) (30)

tion of stresses with
significant D.0. con-
tribution to mortality.

1.5 mg/’ to zero 1. Fish mortality (short (Moss) (26)
exposure). (Warren) (30)
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“Total Suspended Solids Criteria. : '
The 1ink between total suspended solids (TSS) concentrations and impairment of
beneficial use is not well defined. Except at very high levels, the primary

" aquatic life effects of TSS are indirect. These include such problems as

benthic impacts due to deposition and scour which cause habitat damage, espe-

cially in areas subject to lower stream flow velocities. To estimate some

measure of TSS levels for urban runoff, the findings of a 1965 study of suspended
solids effect by the European Inland Fisheries Advisory Commission was adopted.

The Commission's study resulted in the following conclusions relating to
inert solids concentrations and satisfactory water quality for fish life:

1. There is no evidence that concentrations of suspended solids less than
25 mg/’% have any harmful effects on fisheries.

2. It should usually be possible to maintain good or moderate fisheries
in waters which normally contain 25 to 80 mg/® suspended solids. Other
factors being equal, however, the yield of fish from such waters might
be somewhat lower than with less than 25 mg/'.

3. Waters normally containing from 80 to 400 mg/¢ suspended solids are
unlikely to support good freshwater fisheries, although fisheries may
sometimes be found at the lower concentrations within this range.

4. At best, only poor fisheries are likely to be found in waters which
normally contain more than 400 mg/% suspended solids.

The Commission report also stated that exposure to several thousand mg/t for
several hours or days may not kill fish and that other inert or organic solids
may be substantially more toxic. ' '

Summary of the Criteria Used. .

There are clearly limitations and problems with the various criteria as
discussed above. Considering this situation, the NURP project has adopted a
number of criteria for use in-the study. The EPA criterion values for prior-
ity pollutants were employed to represent water quality problems defined in
terms of numerical standards. In addition, values based on the results of
the procedures to establish criterion which explicitly consider the short-term
exposures of urban runoff were selected to represent water quaTity problems
defined in terms of beneficial use protection.

For beneficial use protection, two numerical criterion values representing
“effects levels" were selected - one for mortality at approximately the 50
percent level of population sensitivity and a second which is the 50 percent
mortality value reduced by a factor of two. This second value was taken to
represent no substantial mortality which would effect the overall population
and therefore beneficial water usage.

A summary of the water quality criterion values used in the screening analyses
performed by NURP is presented in Table 5. For the heavy metals, the EPA
criteria are specified for "total recoverable metals." The effects level
criteria were developed from bioassay data in which the tests used soluble
salts of the metal. The criteria thus reflect only the toxic species of

the heavy metals. In applying these criteria, the solids content of the
runoff and the tendency for metals and other priority pollutants to absorb

to this material must be considered.
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TABLE 5. SUMMARY OF WATER QUALITY CRITERION VALUES USED IN NURP STUDY
CONCENTRATIONS - wg/¢
1 7
4 EPA_CRITERIA EFFECTS LEVELS
CONTAMINANT ESTIMATED 5 | 5
24 HOUR MAX THRESHOLD . MORTALITY
Zinc 47 320 600 1,600
Chromium (Total) | (40)3 4,700 8,650 —
Copper 5.6 22 40 500
Lead 3.8 170 313 4,500
Cadmium .025 3 5.5 10
Arsenic (40)3 440 810 —
—— — e SR p— ——tusemn  esms— — —. —— em— —4
Tss 4 25 " 250 2,500
oD 4 5 15 50

relatively soft water.

3 No criteria proposed - value shown is lowest observed chrome concen-

Based on a hardness of 100 mg/% as CaC0;.
Hardness not explicitly considered, but values developed from data in

tration reported in EPA documents.

“ No criteria for these pollutants - values shown represent levels
estimated to represent equivalent criteria effects (for use in
screening analysis activities).

5 Based on Procedure #1 estimates of "safe" tevels for intermittent
exposures (average duration 6 hr).

& Based on Procedure #2 estimates of serious impact from intermittent
exposures {average duration 6 hr).

D-13



REFERENCES

4 0. H. W., H. c. Carley, B. E. Suta, Static, Flow Through and Plug Flow
yassay Study with the Bluegill Sunfish Exposed to 10 Chemical Toxicants, by
[ International, For EPA, contract 68-01-4108, 1979.

ropean Inland Fisheries Commission. "Water Quality Criteria for European
ashwater Fish Report on Finely Divided Solids and Inland Fisheries."
ternational Journal of Air and Water Pollution, Vol. 9. 1965.

ncini, J. L. "Development of Methods to Define “ater Quality Effects of
ban Runoff;" EPA Cooperative Agreement Mo. 806328, (1932, in press).

D-1¢



-—

APPENDIX E
INDIVIDUAL PROJECT SUMMARIES

£-1



Appendix E

Summaries of conclusions for selected NURP projects are presented in this ap-
pendix. The projects are presented in order by EPA Region number from I through X
as follows: ,

Region I Lake Quinsigamond,” MA
Durham, NH )
Region II Irondequoit Bay, NY
Long Island, NY '
Region Il Baltimore, MD
" Region IV winston;Sa1em, NC
Region V Lansing, MI

Ann Arbor, MI
Oakland County, MI
Glenn Ellyn, IL
Champaign, IL
Milwaukee, WI

Region VI ' " Little Rock, AK
Austin, TX
" Region VIII Denver, CO
.Region IX Castro Valley, CA
Region X Bellevue, WA
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MASSACHUSETTS DEPARTMENT OF _
ENVIRONMENTAL QUALITY ENGINEERING
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Lake Quinsigamond NURP.

A major component of the work plan for the Lake Quinsigamond NURP project
was to evaluate the response of the receiving water to stormwater inputs. A
detailed evaluation of the response of Lake Quinsigamond and Flint Pond to pollu-
tant loadings was conducted. The evaluation was based on intensive lake and
tributary monitoring data collected under the 314 Clean Lakes Diagnostic study,
together with tributary and stormwater sampling data collected by the NURP project.
The analysis utilized a batch phosphorus model to simulate the most important
interactions affecting dissolved oxygen and algal populations in the lake. Based
on this analysis, the major findings can be summarized as follows:

Water quality conditions in Lake Quinsigamond and Flint Pond héve remained
relatively stable between 1971 and 1980. This can be largely attributed
to the lake's morphology and self-limiting chemical characteristics. -

Chlorophyll, transparency, and hypolimnetic oxygen depletion rated indi-
cate that Lake Quinsigamond is in a late mesotrophic stage. Despite its
similar water quality conditions, Flint Pond is classified as eutrophic
due to its aquatic weed densities. The differences between Lake Quinsig-
amond and Flint Pond can be attributed to differences in morpho]og1ca1
characteristics.

Major water quality problems identified in the lake include hypolimnetic
oxygen depletion, heavy metals build-up in sediments, near-shore solids
deposition, and tributary bacterial levels. Reduction of cold-water
fisheries habitat is the major use-related impairment identified in the
lake. Bacterial levels in the tributaries have resulted in the closing
of one secondary water supply well (Coa]mine Brook). It is important

to note that, in this case, urban runoff is not, per se, the source of
the problem. . Misconnections, leaky sewers, and direct discharges have

. been identified as the primary source of th1s problem.

Excessive weed growth and heavy metals in sediments have been identified
as the major water quality problems in Flint Pond. These have resulted
in significant impairment of recreational use of the pond in terms of
swimming, boating and fishing. 4

Dissolved phosphorus has been identified as the major limiting nutrient
and most important from a control standpoint. Lake mass balances -and
literature studies suggest that between 0 and 20 percent of the particu-
late phosphorus loads enter1ng the lake are eventually able to support
algal growth.

Nutrient balance calculations indicate that surface runoff accounts for

87 percent of the total phosphorus, 67 percent of the dissolved phosphorus,
96 percent of the suspended solids, and 49 percent of the total nitrogen
input to the lakes. Tributary base flow and atmospheric inputs account
for the remaining loadings. Dissolved phosphorus inputs to Flint Pond

from unsewered areas is nominally estimated at 18 percent.
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Lake Quinsigamond (Cont'd)

Analysis of lake data in relation to antecedent rainfall periods indicate
significantly higher concentrations of total.phosphorus, dissolved phos-

phorus, and coliform bacteria on wet days as compared with dry days.

More intensive sampling is required to more adequately assess the extent

and significance of short-term bacterial standards violations in specific
areas of the lake.

Future land uses are estimated to result in a 12-14 percent degradation

in average water quality conditions, as measured by suspended solids,
available phosphorus, and other eutrophication-related variables. There-
fore, control of 12-14 percent of future available phosphorus and suspended
solids loadings would be needed to maintain existing water quality.

Reduction of phosphorus loadings to insure 200 days of hypolimnetic oxygen
supply at spring turnover is suggested as a potential water .quality manage-
ment objective. This would reduce the potential for internal metals and
nutrient cycling, improve fish habitat, and provide proportionate reduc-
tions in chlorophyll and increases in transparency.

Under projected future land uses, the above objective would require about
a 50 percent reduction in loadings of available phosphorus in surface run-
off during an average hydrologic year. Control requirements during a wet
hydrologic year would be more stringent (78%). .

Because of the importance of dissolved phosphorus loadings, watershed

management-strategies for reducing runoff volumes by encouraging water
infiltration should be examined along with runoff treatment schemes as
means of achieving water quality objectives.

Based on the findings enumerated above, a comprehensive water quality manage-
ment plan is being developed of which the urban runoff component is a major element.
Watershed management plans are being developed for each major tributary. Natural
detention/storage mechanisms are being utilized as in-system filters for solids
and nutrient controls to the maximum extent possible. Wherever possible, ground-
water recharge options for stormwater are being considered. End-of-pipe and in-
line solids treatment systems are being considered for major stormwater systems
discharging directly to the lake (e.g., Route 9 drain, medical school drain,

I-290 drainage system). Combinations of Best Management Practices, including
street-sweeping and catch basin-cleaning, among others, are also being considered
astapp;ogriate in developing an overall stormwater management strategy for the
watershed.

Finally, it is extremely important to recognize that stormwater management is
one component of the water quality management plan under development. Other
major components of this program are the control of sanitary sewage discharges
via leaks, misconnections and other sources, and septic system leachate inputs
from unsewered areas. : '
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NATIONWIDE URBAN RUNOFF PROGRAM

NEW HAMPSHIRE WATER SUPPLY AND
POLLUTION CONTROL COMMISION

DURHAM, NH
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Durham, New Hampshire

Two streams were monitored at stations upstream of the urban area for back-
ground conditions, and at downstream locations where the effect of urban runoff
could be observed. At one location; the Oyster River, monitoring results from
three storm events show no detectable increase in concentrations at downstream
stations compared with upstream boundary levels during storms. (Not surprising
since "urban area" constitutes on]y about 6 percent of the contributing catchment,
and 1/3 of this is Institutional giving a Drainage Area Ratio of 15.6.) Pette
Brook, with 23 percent of the catchment above the downstream monitoring station
(DAR 3 3) shows a "trend of increased concentration" observed during storms. Data
are insufficient at this time for assessing whether the fishable/swimmable use
classification is impaired.

Mass loads discharged into the estuary during storms appear to be significant
in magnitude when all sources (urban and non-urban) are considered. The impact of
such loads on important downstream water bodies (the estuary), whether a significant
effect on beneficial use is probable, and whether the contaminant loads which origi-
nate from urban areas are an 1mportant contributor to any detrimental effect, have
not yet been determined. _

Control techniques for reducing urban runoff loads will be evaluated for their
ability to control any potential problems that are anticipated and will provide
important information for statewide programs.
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IBNURP
WATER QUALITY IMPACTS

Irondequoit Bay is the receiving water body for a 153-square-mile watershed
in western New York. The Bay is a prime water resource for the urbanized area
surrounding the City of Rochester. However, much of the recreational potential
of the Bay is restricted by its advanced state of eutrophication. The problems
associated with Irondequoit Bay - hypolimnetic oxygen depletion, turbidity,
and adverse fishery impacts - all result from the phosphorus-enriched status of
the Bay. Local government has implemented a plan to eliminate all point source
discharges to the Bay and its watershed. It is the intent of the urban runoff
project to examine the role of diffuse urban runoff pollution in the progres-
sive eutrophication of Irondequoit Bay.

Seventy-five percent (75%), or 115 square miles, of the total watershed
is being studied under the urban runoff project. The remaining twenty-five
percent (25%), or 38 square miles, at the upstream end of the watershed will
be part of a rural non-point source assessment study. Preliminary land
use figures indicate that the NURP study area contains 36 square miles of
residentially developed lands (i.e., 31%), 12 miles square miles of commercial/
industrial development (11%) and 67 square miles of parkland/undeveloped land
(52%). These figures typify the area which ‘is undergoing intensive suburban
development with a major shift from active and inactive agricultural use to
residential use.

A scan of the water quality parameters monitored during 1980 shows that
the event mean concentrations all fall within the range reported in the USEPA
Preliminary Report dated 9/30/81. Detailed loadings from the individual land
use monitoring sites and the watershed as a whole are being developed for phos-
phorous, lead and suspended solids. Preliminary results suggest that 55% of
the total phosphorous load comes from the urban study area which comprises 75%
of the total watershed area. Conversely, the agritultural area, which com-
prises only 25% of the land area, produces 45% of the total phosphorous load.
The lead loading in the watershed appears to be directly proportional to the
land area: the agricultural area produced 25% of the load and the urban area
produced 75% of the load. A more detailed breakdown of loadings within the
urban study area is underway.

The project is considering several treatment and management options to
control urban runoff pollution including detention/retention facilities, street
sweeping, porous pavement, and decreased road salting. One of the most prom-
ising proposals is to utilize an existing 100-acre wetland located at the
south end of the Bay to remove nutrients and suspended solids. If managed
properly, this wetland would renovate the runoff from both the urban and rural
areas just prior to its entry into the Bay. Monitoring sites have been con-
structed at the influent and effluent ends of the wetlands and they will provide
the basic information necessary for developing a phosphorous budget and esti-
mating sediment loss within the wetland unit. The expected output from this
study will include recommendations for developing a demonstration project
in the wetland.
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PROJECT SUMMARY

Long Island Regional Planning Board
in cooperation with
U.S. Geological Survey

Nassau County Department of Health
Suffolk County Department of Health Services
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I. PROJECT LOCATION

The Long Island component of the NURP deals with the urban runoff problems
affecting the ground and surface waters of two New York Metropolitan Area
Counties: Nassau and Suffolk. The receiving waters of principal interestto the
counties of Nassau and Suffolk in the L.I. NURP program are the groundwater
reservoir and the south shore marine embayments. The groundwater recharge basin
project sites are located at Laurel Hollow, Syosset and Plainview in the Nassau
Town of Oyster Bay and at South Huntington and Centereach, in the Suffolk Towns
of Huntington and Brookhaven, respectively. The surface water project sites are
located at Unqua Pond and Bayville in the Town of Oyster Bay; on the Carll's
River in the Town of Babylon; and on Orowoc Creek in the Town of Islip.

1I. PROJECT DESCRIPTION

A. Urban Runoff Related Problems

The quantity and quality of available groundwater and the quality of surface
waters have long been concerns of Long Island officials and residents, who recog-
nized their dependence on the groundwater for potable supplies and on the surface
waters for recreation and for the economically important shellfish industry. The
208 Study, which addressed these concerns, found that stormwater runoff is a major,
and in many cases, the major non-point source of pollution in the bi-county region.
The 208 investigations indicated that runoff from highways, medium and high density
residential areas, and commercial and industrial areas was contributing varying
amounts of coliform bacteria, organic chemicals, sediment, heavy metals, and
nitrogen to both ground and surface waters.

A question was raised as to whether the more than 3000 recharge basins or
sumps used throughout the island as outlets for local drainage systems and' as
devices for replenishing the aquifers were contributing to the areawide contam-
ination of the drinking water. Did the basins function as conduits facilitating
the entry of water borne pollutants or did they function as control devices fil-
tering out some or all of the pollutants?

Stormwater runoff was identified as the major source of bacterial loading
to marine waters and, thus, the indirect cause of the denial of certification by
the New York State Department of Conservation for about one fourth of the shell- .
fishing area, an area containing an estimated one third of the clams. Much
of this area is along the south shore, where the annual commercial shellfish
harvest is valued at approximately $17.5 million. Figure 1 shows the location
of areas closed to shellfishing as of June 198l. Deep embayments along the
north shore provide ,an important recreational resource and, to a lesser extent,
shellfish beds. Runoff-related closure of bathing beaches in response to ele-
vated coliform counts is a minor problem since such incidents tend to be rela-

tively infrequent and of short duration.

B. Legal/Political Implications, Public Attitudes

There are local legal implications of Long Island's runoff prob--
lems; however, they do not appear to be as significant as in many areas.
Inasmuch as the drainage basins contributing runoff, and the receiving.
waters, are gencrally located within the same political jurisdiction

E4-3



there 1is no question of municipal liability for the diminution of the rights of

the downstream user as is often the case in a riverine situation. There is a

legally established long term denial of a beneficial use ——the taking of shellfish —
in portions of the bay in response to the presence of coliform bacteria at levels

in excess of the prescribed New York State standard 70mpn/100ml for the certificaction
of shellfishing areas. In addition there is a similar relatively infrequent, short
term denial of the beneficial use of certain beaches, based upon the existence of
coliform levels that contravene the standards for bathing or contact recreation,

2400mpn/100wml.

The legal implications of the proposed control measures vary from measure to
measure. In the case of stream corridor storage and stream bed infiltration legal
difficulties appear unlikely so long as the area subject to inundation is not in-
creased beyond the historical limits of the floodplain and so long as groundwater
elevations and impoundment levels do not exceed those that prevailed during wet
years prior to sewering and the consequent drop in water table elevations.

Any modification of the stream beds to provide stormwater flow to maintain
freshwater wetlands or to improve percolation could involve questions of owner-
ship and on occasion the need for temporary or permanent easements.

‘ Police power intervention may be required to proteﬁt the beds of streams and
ponds that are drying up from the type of encroachment that would impair their
usefulness in retaining or detaining runoff.

In the case of pond modifications such as dredging, the construction of
weirs, or the installation of baffles to avoid short circuiting and imcrease
detention timé, not only the ownership of the bottom, but also the rights of ad-.
jacent and nearby residents to recreational use of the waters would have to be

considered.

The reliance on land use controls such as zoning, subdivision regulations
and the acquisition of the fee or lesser interests in land in order to preserve
or protect stream corridor areas not already dedicated for open space or con-
servation purposes,raises political and fiscal rather than legal questioms.
Similarly, changes in drainage system requirements to foster use of the Bayville
type leaching system; the prohibition of duck feeding; and the enforcement of
existing wetlands protection and dog controls involves problems of costs and pub-
lic acceptance rather than legal authority. '

Both the problems and the proposed controls have political implications.
There 1s political dissatisfaction resulting from the denial of beneficial uses
of marine waters. This has been manifested in the growth of baymen's, sportsmen's
and conservation organizations that have lobbied for improved water quality in
nearshore areas and/or changes in the New York State standards for certificatinn.
seeding of open shellfishing areas and habitat creation or restoration.

As for the control measures, there appears to be little or no political
opposition to storage and stream bed infiltration and freshwater wetlands pre-
servation. In fact, to the extent that NURP control measures obviate the need for
remedial action to offset groundwater losses attributable to sewering, they may
generate considerable political support.
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There 1s likely to be moderate to significant opposition to other proposed
measures because of the felatively minor) capital outlays rcquired for pond modi-
fications and the installation of leaching systems, the major capital outlays
for the acquisition of lands or development rights, and the potential loss of
rateables.

Opposition to the enactment of a ban on the feeding of waterfowl and to the
enforcement of dog control and tidal wetlands laws arises not so much from fiscal
concerns as from the view that such actions constitute an unwarranted infringe-
ment of personal and property rights.

Public attitudes affect both the perception of the problem and the willing-
ness to support mitigating measures. Many Long Island residents have little
understanding of causal relationships, particularly in the case of stormwater
runoff. Public concerns in respect to recharge basins have focused on issues of
safety and appearance rather than water quality. As for marine waters, the at-
titude has generally been one of annoyance with the inconvenience of beach
closures and a tendency to regard them either as the result of an "act of God"
or the fault of New York City. Recreatiomal and commercial shellfishermen,
although frequently at odds withome another, share a common desire for im-
provements in water quality and for changes in what they regard as unnecessarilv
stringent certification requirements.

The need for strong public support for proposed control measures, especiall:
those such as a ban on waterfowl feeding and pooper-scooper laws that must rely
on voluntary compliance, indicatesthe need for a well designed, well-funded
public educat1on program.

C. BMP's Investigated

1. Nassau County Department of Health
a. Natural Impoundment - Unqua Pond, Massapequa
1) Location: Southest cormer of Nassau County, New York
2) Drainage Area: 298.5 acres, consisting of
253 acres (85%) medium density residential
15 acres (5%) commercial
30 acres (10%Z) open space
3) Description: 5.5 acres "natural impoundment with a depth of 3-:
feet having a baseflow volume of approximately 900,000 cu. ft.
Rectangular in shape, north, east, south shore lines - parklands;
west shore - residential.
4) Effectiveness: 75-95% removal of bacteriological loading (total
coliform, fecal coliform, fecal streptococci) from surface runoif
to south shore embayments during low to medium storm events (i.a.,
1 inch/24 hrs. or less). This type of storm event comprises ths
majority of the annual precipitation events.

Suspended solids removals by the impoundment are in the .range
of 43-75% for low/medium storm events and 40-56% for larger stemm

events (i.e., more than 1"/24 hrs.).
5) Cost: Negligible ~ possible dredging costs as impoundment becomes

filled with sediment.
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- 6) Problems: The impoundment does not appear to effect significant
removals during larger storm events (i.e., more than 1"/24 hrs.).
What appears to happen is a short circuiting of storm flow through
the pond, allowing entering runoff to pass rapidly through or
over the resident pond water. An example of such an occurrence
was a storm event on September 15-16, 1981, A total rainfall of
2.44" was recorded during a 24-hour period. A comparison of EMC's
of influent and effluent bacteriological parameters indicate no
removal of total or fecal coliform bacteria. There was a cor-
responding 75X removal of fecal streptococci.

In-line stormwater storage drainage system

1) Location: Northeast Nassau County, Inc. Village of Bayville

2) Drainage Area: 65.6 acres of which 100% is medium density residential
with 15% impervious land surface (9.8 acres).

3) Description: Separate storm sewer system consisting of a series of
interconnected leaching pools (10' diameter reinforced concrete
perforated rings ~ 3 rings deep - 18') located below the street
right of way into which stormwater flows from 6' diameter leaching
type catch basins (12' deep). Interconnecting piping is perforated
to facilitate recharge to groundwater. Stormwater runoff first
enters the leaching catch basins. Once these basins are full aad
the influent of runoff exceeds the leaching rate, the basins over-
flow to the larger leaching pools located in series along the mz2in
storm sewer line. As each pool fills to maximum capacity and if the
rate of influent exceeds the leaching rate of the pool, the effluent
will overflow to the next pool downstream. The entire system
produces a discharge to the estuarine receiving water (Mill Neck
Creek) only when the storage and leaching capacity of the syste=
are exceeded. : _

4) Effectiveness: Since construction of the system was completed in the
fall of 1979, there has been evidence of system overflow to the
receiving water on two or three occasions. These occurrences were
during storm events with rainfall intensities of five inches/hour
or more (e.g., intense thunderstorm activity). The majority of
storm events for this locale are much less intense and permit
retention and recharge of the runoff to groundwater.

5) Cost: Construction costs for the installation of the Perry Avenue
In-Line Storage Sewer System was $836,855 (1979). Cost covered
all phases of construction including installation of leaching
basins, pools and drainage pipe, sidewalk and curb reconstruction
and roadway regrading and resurfacing.

The system includes 31 recharge-leaching pools, each consisting of
10' diameter reinforced concrete rings with concrete slab cover,

28 leaching catch basins, each consisting of 6' diameter reinforced
concrete rings with concrete slab covers, curb inlets and road
grates and interconnecting reinforced, perforated conmcrete pipes

_ ranging from 15" to 42" diameter.
6) Problems: There have been some problems with subsidence of soils

surrounding the mainline leaching pools. This problem is seen =ore
as a problem with installation of the leaching rings and proper
backfilling than with the design of the system.

The effectiveness of the system may decrease with age as cloggirg

of soil pores continues.  Sediment and leaf removal from the leaching
catch basins is necessary on at least an annual basis to maintain
proper functioning of structures.
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2. Suffolk County Department of Realth Services

8. (Orowoc Creek - Dry stream channel, energy dissipation/wetlands
1) Location: South Brentwood, New York

2) Drainage Area:
3) Description:

4) Effectiveness:

190 acres, all medium density residential

The site 18 at a trapezoidal shaped recharge basin
Just to the north of the Southern State Parkway in
South Brentwood, Islip town, located on the service
road to the parkway. The basin is approximately
450' long and 300' wide at its longest and widest
points. There is a storm drain draining a small
residential area that discharges into the east

side of the basin, roughly 200' downstream from:
the stream influent point at the northern end of
the basin. A low (8"-10" high) concrete wall at
the end of the 10' long concrete apron to the
storm drain, which has been in place for at least
15 years, acts as a working, effective energy
dissipator. The basin and stream channel upstream
are heavily overgrown with wetlands vegetation and,
hence, provide an effective site for wetlands treat-
ment. Upstream of the recharge basin, the channel
is dry for much of the year and resembles the
conditions predicted in the Suffolk County Flow
Augmentation Needs Study (FANS) for streams
without augmentation. _

Unknown (as yet untested). SCDHS has been

looking for a site that may be monitored to

assess the stormwater runoff treatment benefits
that may be derived from the drying up of portions
.of streams due to the effect of sewering. SCDHS
proposes to (a) establish a monitoring station at
the basin influent to evaluate the treatment pro-
vided by the dry stream channel, (b) have a
monitoring station at the storm drain discharge
to the basin, to sample runoff from the small
residential area and (c) sample at the basin effluent
to evaluate the treatment provided by the wetlands
vegetation and from recharge in the basin.

Because of the existence of heavy vegetation in

the channel up-stream and also in the recharge
basin, it is anticipated that there would be several
storms for which there may not be any flow measured
at the basin's influent or effluent points. If
conditions of no flow do occur as expected, then a
consequent total removal of pollutants to surface
water will have been achieved as a result of energy,
dissipation, retention, and percolation.

5) Cost: Negligible - no routine maintenance costs.
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6) Note: SCDHS 1s dropping the energy dissipation construction at
: Westview from the study for three (3) reasoms:

(1) the low bid for constructing the facility wae $41,000,
which was approximately $20,000 more than the LMS es-
timate;

(2) although SCDHS' field crew had identified 40 to 50
potential sites where energy dissipation could be im-
plemented, the total contributory drainage area to
these sites is not as significant as originally en-
visioned before the site inspections were done; and,

(3) energy dissipation/wetlands treatment can be evaluatel
at the storm drain discharge to the Orowoc Creek site.

The Westview Avenue site would be retained in the moni-
toring program as a control for evaluating the impact
of modifying the street cleaning practices at Central
Avenue. It is intended to sample both sites during
the same storm events.

b. Carlls River - Street sweeping

1) Location: Deer Park, New York

2) Drainage Area: 73 acres, all medium density residential

3) Description: An area of 73 acres draining to Central Avenue is
being used to investigate the impacts of varying
frequencies of street sweeping on stormwater runoff
quality. Sampling will be conducted at a manhole at
Central Avenue and W. 42nd Street which discharges
to a 45" x 72" oval drain.

4) Effectiveness: Unknown (as yet untested).

Monitoring will be conducted from March 1982 through

the Fall of 1982. This work should be done because

street sweeping appears to be one of the few control
options for addressing the contamination attributable
to direct runoff to the bay.

5) Cost: Approximately $600 per sweep (both sides of street).
Frequency of sweeping is anticipated to be weekly,
thus the total cost (capital plus O & M) for the
program is approximately $15,000-$20,000.

3. U. S. Geological Survey

a. Stormwater recharge basins
(All basins are approximately 1-3 acres in size and 14-40 feet deep).
(1) Basins:
(a) Plainview, N. Y.
-land use - major highway
~drainage area - 190 acres
-Z impervious - 6.3
(b) Syosset, N. Y.
-land use - medium density residential (1/4-acre zoning)
~-drainage area - 28.2 acres
-2 impervious - 16

E4-8



2)

(3)

%)

(c) Laurel Rollow, K. Y. '
~land use - low density residential (2-acre zoning)
~drainage area - 100 acres
<% impervious - 4.7

(d) Huntington, N. Y.
-land use - parking lot and shopping mall
~drainage area - 39.2 acres
-Z impervious - 100

(e) Centereach, N. Y. (N.Y.S. Dept. of Transportation Ecological
Recharge Basin: lined with plastic; holds water permanently
up to predetermined level, above which exfiltratiom occurs
through basin walls)
-~land use - strip commercial
-drainage area - 68 acres
-% impervious - 6

Effectiveness:

Costs:

(a) Bacteria: virtually 1002 removal of total coliform, fecal
coliform, and fecal streptococci after infiltratiom to the
water table. '

(b) Heavy metals: high concentrations in stormwater (up to 3 ppm
Pb, for example) reduced by 1-2 orders of magnitude.

(c) Nitrogen: low concentrations of total nitrogen in stormwater
(median values of 1-3 mg/l) indicate that stormwater is not
a significant contributor of nitrogen to groundwater.

(d) Chlorides: these ions tend to be conservative and are not re-
moved during infiltration. Median concentrations are low
( < 20 mg/1) except in the parking lot area, where the median
concentration is 78 mg/l. »

(e) Priority pollutants: an extremely limited number of analyses
indicates that priority pollutants in stormwater and ground-
water are below the recommended limit of 10 ug/l with two
exceptions: 1,1,1 trichloroethane in Huntington groundwater is
23 ug/l, and 4,4-DDT in Plainview stormwater is 30 ug/l (based
on one analysis only).

The only costs associated with recharge basins on Long Island
are the initial costs of construction, implacement of security
features such as fences, and landscaping. No maintenance is re-
quired due to the sandy, porous nature of the soil.

Recharge basins ‘Jocated in shopping center areas tend to be-
come clogged with oil debris, reducing their effectiveness and
causing them to hold water at all times. However, all recharge
basins on Long Island are large enough so that this does not pre-
sent any serious problems.
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I111. PRELIMINARY CONCLUSIONS REACHED

A. SURFACE WATERS

1. The significance of urban runoff as a contributor of coliform loadings
to surface waters, indicated in the L.I. 208 and ongoing monitoring studies, has
been confirmed by extensive baseline sampling. When load contributions from
point scurces are factored out of the total loadings to the bays, it is found that
coliform contamination levels remain high enough to keep shellfish beds closed.

2. NKassau and Suffolk Counties represent two entirely ditterent situations
in terms of runoff effects and control. The western south shore bays of
Nassauare subject to much greater tidal flushing, which distributes loadings
throughout the Nassau Bay System. The Suffolk portion of the bay is much more
stable and, hence, tends to concentrate loadings close to their discharge points.
To achieve load reductions in Nassau, controls must be instituted on a global
scale, while in Suffolk reductions can be achieved using localized controls.

3. An extensive stormwater runoff modeling effort developed for the
study has indicated that a reduction of total coliform loads of one to two
orders of magnitude (90 - 99%) will lead to surface waters that meet current
water quality standards im many areas.

4. Lland uses within stream drainage basins have been disaggregated in an
attempt to quantify the proportion of runoff from streams versus the prop-
ortion attributable to direct overland runoff to tidal waters. It appears
that approximately 45% of the total coliform load from runoff in Nassau and
25% of the total in Suffolk can be attributed to overland runoff. ’

5. Coliform removals from runoff of 75 - 95X have been observed in Uncua
Pond. This is probably attributable to natural processes (settling, filtration)
acting on runoff. The removals observed appear to be inversely related to
rainfall magnitude (volume and intensity). High removals have been observed
for low.volume, low intensity storms, which comprise the majority of Long Island
precipitation events. Poorer removals have been observed for high volume, high

intensity storms.

6. The in-line storage system with leaching pools performs very effectively,
but appears to be hydraulically over-designed.

7. The use of stream corridors to replicate the natural processes
observed in ponds (detention, settling, filtration) offers a promising means
of achieving a significant degree of runoff control. However, to achieve
the further reductions needed to meet bay water quality standards, overland
runoff from shoreline areas draining directly to tidal waters must also
be controlled.

8. Extensive sewering, with resultant lowering of water levels, and a
reduction in the pace of development in Nassau County will tend to reduce
runoff pollution without further planning and control, and may help to solve
Nassau's runoff pfoblems. However, active planning and control is needed in
Suffolk, because increasing development in the eastern portion of the county
will increase pollutant loadings to runoff and the bays.
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9. Direct overland runoff, which appears to contribute approximately
40Z of the bacterial loading to the bays in Nassau County and 252 in Suffolk
County, 1is generally not amenable to the same type of control that is effective
in a stream corridor. '

10. The original 208 surveys and stormwater sampling implicates dogs as
the primary contributors of coliform bacteria to surface waters. Preliminary
examination of NURP fecal coliform-fecal streptococci ratios support this
finding.

11. There 1is evidenée'that large waterfowl populations on ponds contribute
a significant portion of the total coliform load to the ponds; small populations
do not. Opportunities for control are limited.

_ 12, With little remaining vacant land and, hence, few opportunities for
additional development, changes in land use in Nassau County over the next
twenty to thirty years will not have a significant impact on pollutant load-
ings in runoff. Similarly, there is expected to be little if any change in
western Suffolk. Lloadings from land in Brookhaven and points east, how-
ever, are expected to increase with projected increases in development.

B. GROUNDWATERS

l. The practice of collecting urban stormwater runoff in recharge basias
and allowing it to infiltrate to the groundwater does not appear to constitute
a threat to the quality of the groundwater resource on Long Island.

2. Bacteria carried by runoff do not seem to reach the water table via
infiltration. Removal of total coliform, fecal coliform and fecal streptococci,
during infiltration to the water table, is virtually 100%.-

3. Heavy metals are reduced by infiltration by several orders of mag-
nitude, down to detection limits.

4. There seems to be no adverse iﬁpact on groundwater from nitrogen
in runoff, but it is difficult to tell since nitrogen from other sources
is almost always found in groundwater. '

5. Chlorides seem to be totally unaffected by filtration and seem to
pass freely through the unsaturated zone. Low median concentrations were
found at all sites except the Huntington parking lot.

. 6. A limited number of priority pollutant analyses indicates that
‘priority pollutants in stormwater and groundwater are below the recommended
limit of 10ug/l with 2 exceptions: 1,1,l1-trichloroethane in Huntington,
and 4.4-DDT in Plainview. s

7. Most basins appear to be functioning satisfactorily, and in fact
most seem to be over-designed. No special maintenance seems to be required.
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IV. PURTHER INVESTICATIONS

Useful further investigations would include the instrumentation and evalu-
ation of recharge basins draining other land-use types, more extensive analysi:
of stormwater and groundwater for priority pollutants, and analysis of water
and/or sediment in the unsaturated zone beneath the recharge basins to determize
hov and where the removal of certain stormwater constituents occurs. Addi-
tional computer modeling of rainfall-runoff relationships would be extremely
useful in the prediction and evaluation of direct runoff constituent loadings
to Great South Bay.

Investigations to permit the refinement of pond modification designs for
increased detention of runoff and enhanced bacterial dieoff appear likely to
Yield significant benefits.

Continuation and possible expansion of the NURP salmonella study should
be helpful in addressing the question of an appropriate standard for the cer-
tification of shellfishing areas. Inasmuch as Long Island runoff sampling
suggests that a large part of the coliform loading is of non-human origin, it
would seem useful to look for the presence of human pathogens rather than in-
dicator organisms before closing shellfishing areas. The salmonella study is
expected to complement an on-going Syffolk County study of the concentrations
of bacteria and other pathogeni¢ organisms in the water column and in the meat
of shellfish.
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NATIONWIDE URBAN RUNOFF PROGRAM

BALTIMORE REGIONAL
PLANNING COMMISSION

BALTIMORE, MD
REGION III, EPA
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1I.

Project Location:

Baltimore City/County, Maryland

Proiect Description:

A.

Urban Runoff-related Problems Observed

The Jones Falls Urban Runoff Project (JFURP) has observed a range
of possible problems through both its receiving waters and small
catchment sampling. If a water quality "problem" is described by

.EPA's three level definition, the observations may be interpreted

as follows:
Violation of State Standards - During storm runoff, receiving waters

stations have exhibited violations in turbidity and fecal coliform
bacterial indicators. Dry weather, base-flow conditions have also
shown periodic bacterial violations. .Priority pollutant sampling
has not been implemented for comparison with new state pesticide
standards. Small homogeneous catchments as well as receiving water
stations downstream of more urbanized areas have exhibited some

heavy metals event mean concentration levels that exceed EPA cri-

teria; lead concentrations, for example, No state standards pre-
sently exist for nutrients, although event mean concentratlon values
for total phosphorus seem to be significant.

Denial or Impairment of Benef1c1al Use - Data collected to date (11/81)
has not identified a direct denial or impairment of beneficial uses.
For example, children are periodically seen playing and wading in the

. Stony Run stream, wherg fecal coliform levels have been documented at

levels greater than 10Y MPN/100 ml, with no apparent ill effects.
Public Perception of a Problem - Communications with various publics

in the watershed have not yet revealed a true perception of a pro-

blem in the Jones Falls. However, two problems related to urban runoff
have been identified by the public: localized flooding and rapidly
eroding streambanks. In the past, private citizens have been suf-
ficiently concerned about the aesthetics of the Jones Falls and its
tributaries to sponsor massive one—day clean-up campaigns.

. Where

Bacterial violations have been observed at all three receiving stream
stations - both up and downstream of the urban area. The five small

homogeneous catchments, ranging in land use from low to high density

residential and mixed re31dent1al-commerc1al have all exhibited vio-
lations. .

Severe streambank erosion has occurred along both the Western Run and
Stony Run tributaries and the Jones Falls mainstream. Most noticeable,
however, is the Western Run which was subjected to intensive rainfall
and resultant flooding in 1977 from Hurricane David.
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C. How Often .
Analysis of data is not complete at this time.

D. How Severe
Analysis of data is not complete at this time.

E. Under wWhat Circumstances
Analysis of data is not complete at this time.

F. Local Legal and Political Implications and Public Attitudes

Through the past 208 Water Quality Management Planning process,

member jurisdictions and the private sector have become more aware

of problems in the region's waters and that nonpoint sources
(including urban runoff) may be a major contributing factor. As the
emphasis has shifted from planning to implementation, certain pro-
grams are being changed or -initiated to better reflect water quality
objectives.- However, the earlier 208 studies only identified the pre-
sence of nonpoint sources and a possible relationship to resulting
problems. A definitive quantification and description of urban runoff
quality and its effects in receiving waters has not been determined.
In the highly developed urban areas where urban housekeeping manage-
ment practices seem to be more feasible then structural controls,
local governments believe their present levels and types of practices
are adequate. Also, with present economic limitations, an increase

in practice applications may not be justified when compared to other
governmental needs. Perhaps the "best" management -strategy achievable
will be one in which the application of current management practices
will be optimized with some attendant positive results in water quality.
JFURP results, both in pollutant contributions, effects and '"best" .
methods of control, should better define the balance needed in water
quality objectives achievement and increased or modified costs.

G. BMP's Investigated

During the JFURP Study, a range of BMPs are being investigated. These
include an old water supply impoundment (60 acres), now a recreational
lake, and a range of non-structural urban housekeeping practices.
Inputs, outputs, and lake quality are being monitored to determine its
effectiveness as a detention structure. Housekeeping practices under
study include manual and mechanical street/alley cleaning, storm inlet
maintenance, domestic animal litter control, and general sanitation
practices. )

1. Effectiveness of BMPs - not available at this time

2. Costs of BMPs - not available at this time

E. Problems - none so far

III. Preliminary Conclusions Reached, Trends Indicated

The level of data analysis completed at this time does not allow preliminary
conclusions or trends to be reached.
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IV, Further Investigations Indicated - none at this time. Additional data
collection and analysis may reveal the need for further investigations.
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NATIONWIDE URBAN RUNOFF PROGRAM

NORTH CAROLINA DEPARTMENT OF
NATURAL RESOURCES

WINSTON-SALEM, NC
REGION IV, EPA
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II.

TII.

Project Location

- The Winston-Salem NURP project is located in Winston-Salem, North Carolina,

in the county of Forsyth.

Urban runoff related problems observed

There are two major tributaries draining the county, Muddy Creek and
Abbott's Creek; both streams drain into the Yadkin River, a major source
of drinking water for many communities downstream. Both Winston-Salem
study watersheds are in headwater areas of Muddy Creek. A major portion
of the urban area drains into Salem Creek, a tributary of Muddy Creek,
upstream of High Rock Lake.

The Muddy Creek watershed was monitored to determine its importance to
water quality in High Rock Lake, a lake downstream of the confluence of
Muddy Creek and the Yakdin River (High Rock Lake Study, Weiss). Between
October 1977, and September, 1978, seventeen (17) river sampling points,
which defined fifteen (15) discrete subbasins and twelve (12) lake lo-
cations were systematically sampled at a three week interval. Thirty
(30) different water quality parameters were analyzed and defined in each
sample.

Utilizing the total area for each subbasin as derived from a land use
analysis (GIRAS maps), the average daily yield of the principal water
quality parameters was calculated for each of the Yadkin subbasins. The
relative magnitude of these yields can be assessed by cgmparing the

Upper Yadkin (Station 1) draining appro§imate1y 4900 Km~ with that of
Muddy Creek (Station 2) draining 684 Km“. In the seasonal period of April-
Nozember the Kje1-§itrogen yield of the Upper Yadkin was 2596 grams/day/
Km~ whgreas 684 Km~ of the Muddy Creek subbasin produced 10,610 grams/
day/km“. Maximum seasonal yields for . phosphorus were generated from the
Muddy Creek subbasin. Of the heavy @etals zinc has the highest yield at
stations 2 3gnd 1 (320 and 209 g/d/Km°, respectively). Mercury was, highest
(3.6 g/d/km"~) at Abbotts Creek follgwed by Muddy Creek (2.1 g/d/Km )5
Chromium in Muddy Creek (484 g/d/Km®) agd the main river (238 g/d/Km"),
were highest as was arsenic (289 g/d/Km~) in Muddy Creek and the main

~river (176 g/d/Km®).

The effect of changes in river flow on yield was further examined by
comparing the ratio between maximum and minimum mean yields at the same
station for each of river flow categories. From further analysis it was
clear that Muddy Creek was exporting water degrading parameters at a
rate several times or even orders of magnitude greater than the next
largest exporter. :

How often and how severe

Information on how often and how severe urban runoff problems are has
not been developed at this time.
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Iv.

VI.

Under what circumstances

Although within the NURP project this has not yet been determined, some
inferences can be made from the 208 Urban Water Quality Management Plan.
The N.C. 208 Program collected and analyzed limited data in Winston-Salem.
For instance, mercury concentrations considered “problematic" (problematic
is defined here as a concentration above the state water quality standards)
occured more during low flow conditions than high flow (45% of samples
taken during low flow versus 13% of samples taken during high flow). Lead
and iron “problem” concentrations occurred in 100% and 92% respectively of
the samples taken during high flow and 13% and 15% respectively of the
samples taken during low flow. Pollutant concentrations were generally
higher in the CBD than in the residential watersheds monitored.

Local, legqal and;pp]iticaﬁ implications and public attitudes

Public attitudes toward urban runoff and/or the NURP project have been
mixed. The project has received quite a bit of support from a segment

of the area public; however, it has been a controversial issue also. It
seems, even though there have been numerous efforts at public involvement,
the general public remains unaware of stormwater runoff's environmental
impacts.

BMP's investigated

Street sweeping and catch basin cleaning are the BMP's being tested in the
Winston-Salem study. Much of the data is still to be collected or stored
on computer, therefore, the following BMP discussion is preliminary.

Effectiveness of BMPs

Street sweeping activities have been monitored in both residential and CBD
land uses for sweeper efficiency as well as water quality. Also, street
solids accumulation studies and sweeping program effectiveness have been
investigated. One preliminary observation is that the sweeper can
actually add solids to an area being swept if the initial street solids
loading is small enough. This may be by breaking up larger particles
into smaller ones, or by brush wear or by dropping solids picked up
elsewhere. The trend that seems to be developing is the larger the
initial load the better the removal of total street solids. Removals
have been seen up to 40%. As expected, sweeping seems to be less
efficient at the smaller particle sizes. h

Cost of BMF'S

Cost documentation is being prepared for both BMP's tested. Ouring the
cost document formulation we found various factors that influence cost

and should be acknowledged in street sweeping program review. Among these
are: (1) distance to dump area, (2) age and type of equipment, (3) age and
type of road surface, (4) seasonal influences (leaf, snow, etc.), (5)
distance to site. These and other factors (unless adequately identified)
can make cost and program comparisons extremely difficult. Average total
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costs for residential street sweeping were determined to be $10.30/curb
mile, and for CBD total cost was $6.41/curb mile (MRI Document, K. Rife).
Average operating speed for the CBD is 4.7 curb miles/hour. For the
residential average speed is 3.00 curb miles/hour. Cost effectiveness
analyses will be included in the final report.

!

Problems

A complete problem description concerning street sweeping will .be included
in the final report. Presently the only problems noticed are: (1) initial
data indicates that sweepers are not that effective on the small particle
sizes, (2) regenerative air vacuum sweepers use water sprayers to control
dust; however, vacuum sweepers freeze up when air temperature falls below
40°F,  Catch basin cleaning has not proven to be an effective BMP for
several reasons. First, most cities in N.C. have no catch basins they
have drop inlets or junction boxes. This eliminates the detention treat-
ment techniques. Since the outlet pipe is at the bottom of the tank, no
settling occurs. These devices serve the purpose the city needs by elimi-
nating clogging of drainage pipe. Quite a bit of manpower and resources
go into cleaning of catch basins in Winston-Salem. They are cleaned on
two schedules once per year and/or emergency stoppage. Therefore,

problem catch basins are cleaned more frequently than the average ones.

Problems occur when the catch.basins are cleaned and the cleaning equipment
takes a Jot of water into a holding tank which has to be emptied period-
jcally. Emptying it in a sanitary sewer instead of a storm drain or

creek bed would be more suitable.

Analysis of actual catch basin data has not begun.
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II.

III.

Project Location

Michigan, Ingham County, Lansing
Project Description

Recent monitoring efforts along the Grand River have documented the
existing water quality, and identified nonpoint source poltution as a
major contributor to biochemical oxygen demand, nitrogen and suspended
solids. Fish ladders have been installed downstream at barriers which
now permit salmon migration upstream into the Lansing area. With this
potential recreational opportunity being realized presently, the public
attitude, and that of the local governing bodies is strongly in favor
of reducing pollution from urban nonpoint sources.

The Bogus Swamp Drain Drainage District was selected as a location where
three alternative types of best management practices could be implemented,
and their effectiveness evaluated. They include an in-line wet retention
basin, two in-line up-sized (increased volume) lengths of storm drain,

and an in-line dry detention basin.

Estimated cost of the wet retention basin with a runoff storage capacity
above normal level of 83,000 cubic feet, is approximately $173,000.

The incremental costs for the increased diameter sections of storm drains
(above that of the normally sized drains) totalled approximately $36,000.
Pipes were 96 inch diameter, instead of 54 inch (needed for flow), and
were 144 ft. and 85 ft. in length. . :

The remaining BMP is an existing depression comprised of several back
yards, which floods on occasions when the existing drains prove inade-
quate to handle the total flow, which subsequently discharges the

excess .back into the storm drains, as the flows decrease. No costs have
been developed for this existing condition.

Problems were encountered in scheduling the project in conjunction with
the construction efforts required. Also, when sampling and monitoring
were initiated, sanitary flows from illicit connections had to be
corrected, along with improperly discharged industrial wastes.

Preliminary Conclusions Reached; Trends Indicated

Evaluation of the in-line wet retention basin has proved that it is very
effective in retaining suspended sediment, total phosphorus, total
Kjeldahl nitrogen, biochemical oxygen demand and lead. Efficiéncy of
retention increases with an increase in storm size, based on data for

" the sizes of storm evaluated,

Results of evaluation of the in-line upsized storm drain sections have
shown highly variable performance. One tentative conclusion is that
the shorter section is probably too short for suitable settling times,
given the small particle sizes encountered. The longer section has
proved to be more effective in reducing sediment loads, and pollutants
assgciated with them, although less effective than the wet retention
basin. ‘
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Iv.

The results obtained from the normally dry detention basin are still
being evaluated, as event sampling was initiated later for this BMP.

A very preliminary look at early results indicates that while it operates
effectively for flood control, its effectiveness in reducing pollutants
is poor. .

Further Investigations Indicated, In Pursuit of Answers to Original

Questions and (oncerns

Given the difficulty of locating space in urban settings for in-line wet
retention basins like that investigated, the use of up-sized in-line
storm drains to serve a similar purpose needs further evaluation. A
longer length than either of those evaluated, and locations providing
opportunities to evaluate different loading conditions, and over a range
of storm events for all seasons, is suggested by evaluation to date.
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II.

'Project Location

Michigan, Washtenaw County, Ann Arbor

Brief Project Description

A.

Urban Runoff Related Problems Observed

Earlier water quality surveys disclosed relatively good water quality
conditions during dry weather flow, with dramatic increases in pollu-
tant levels being experienced during stormwater runoff periods. Water
quality standards violations have resulted. :

Nhere, etc.

Studies identified the reach of the Hufon River between the Argo and
Geddes Dams as one of three problem areas. Nonpoint sources would be
the primary source, since point source discharges do not exist in this
reach.

Both the community and the State consider the river to be a recreational
resource. Many past studies have been conducted by the University of
Michigan, located in Ann Arbor. As a result, there has been consider-
able public awareness concerning the quality of water in the Huron
River.

. BMP's Investigated

Three BMP's have been investigated in this project. One was the
Swift Run wetlands. This BMP has proved to be very effective for the
range of storm event sizes sampled, for removal of solids and heavy
metals. The effectiveness of nutrients removal appears to vary,
depending on seasonal conditions.

The second BMP evaluated was the existing Pittsfield-Ann Arbor
retention basin, designed to function as a flood control structure.
It has proven to be quite effective in removal of solids, and pollu-
tants associated with them. Appropriate modifications of the basin

outlet structure, oriented towards water pollution control, would be
expected to improve the functioning of this BMP in control of runoff

pollutants.

The third BMP was an on-line detention basin constructed adjacent to
Traver Creek. Although it will function as an off-line basin,

. while it was being monitored, it was operating as an on-line BMP.

It demonstrated only minimal removal of pollutants, as tested.
Construction delayed monitoring this project, and not as many events
were sampled, as a result.

Costs are being developed for these BMP's, to be extent possible,
but are not yet available.
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III. Preliminary Conclusions Reached and Trends Indicated

The flood control wet retention basin in the Pittsfield-Ann Arbor

Drain has demonstrated, for the range of events sampled and the seasonal
coverage included, that water quality benefits are produced, also. The
Swift Run Wetlands are also effective in the removal of pollutants,
subject (in the case of nutrients) to seasonal variations. The Traver
Creek Drain BMP has proven less effective, in part, it seems, due to

the upstream sources of contributions (from a largely agricultural, less
intensively developed area).

IV.- Further Investigations Indicated in Pursuit of Answers to Original Concerns

Areas where further investigations would appear to be fruitful include
the following:

1. For Traver Creek Drain, the BMP needs to be evaluated as an off-line -
structure, with further testing as urban-development occurs.

2. For Pittsfield-Ann Arbor Drain, the BMP should be evaluated after -
specific outlet structure modifications designed to improve pollu-
tion control, are implemented.

3. The results obtained during the evaluations described above
should cover a wider range of storm events, and be conducted during
all seasons to better understand the effectiveness variability that
may result from different levels of runoff, during the different
seasons. :
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II.

L.

Iv‘

Project Location

Michigan, Oakland County, Troy
Brief Prgject‘Description

The project was located in a relatively flat, poorly drained and highly
urbanized area in southeast Michigan. Experience had demonstrated
evidence of poor storm-induced water quality. In addition, a network

of rain gages was in place in close proximity. Southeast Michigan Council
of Govermments studies have identified urban stormwater as an important
factor in water quality degradation. This has become increasingly ob-
vious as treatment of municipal and industrial sources has been imple-
mented in the area. Given the poor drainage conditions, developers

have been required to provide normally dry detention basins adequate

for flood control purposes. Their design is such that they do not reduce
pollutants included in urban storm runoff.

Three of these on-line basins have been selected for modification to
provide pollutant removal. The project to date, has evaluated the pollu-
tants and concentrations prior to actual modifications to determine a
base against which to compare results following the basin modifications.
Sampling for this purpose will be accomplished in the spring of 1982,

now that modifications have been accomplished. A problem of keeping all
the monitoring and sampling equipment operating during any given event
has limited the usable data obtained during the initial phase.

Legal and institutional aspects of an implementation program are under
review as well, and recommendations concerning needs in these areas will
be another end product of this project.

Preliminary conclusions reached

Until the event monitoring and sampling of the modified basins has been
comp]eted, and evaluation of results obtained can be done, no conclu-
sions can be drawn.

Further Investigations Indicated in Pursuit of the Answer to the

Original Question

Other than .a need to establish a much larger data base, followed by a
much increased sampling and monitoring program of modified structures,
to include a wide range of storm events for all seasons, it is too soon
to determine other potential investigative. needs.
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II.

III.

Project Location:

Glen E1llyn, DuPage County, I1linois

Project Description:

A.

Urban runoff-related problem observed

Algal blooms and low dissolved oxygen (DO) levels.

Where

Detention Basin

How Often

Algae - Spring, Summer and Fall.

Low dissolved oxygen - Summér, occasionally.
How Severe

Algae - blooms quite visible.

DO - < 5 near the lake bottom.

Under What Circumstances.

Algae - almost any time.
00 - quiet days, warm temperatures.

Local, Legal and Political Implications and Public Attitudes.

No legal or political implications at present. Public unconcerned,
since principal recreational uses (ice skating, aesthetics and
fishing) are not yet seriously impaired.

BMP's Investigated

Wet bottom detention - effectiveness not yet calculated but thought
to be about 90% for suspended constituents. No costs have been
assembled yet. No problems related to the evaluation have been
experienced.

Preliminary conclusions reached, trends indicated

Wet bottom detention is very effective in removing suspended
constituents for this particular case. There have been no con-
clusions drawn yet concerning pollutant sources. It appears that

_ about 75% of the load to the detention basin is less than 63 microns
in size. Little or no material is being retained in most catchbasins.
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Further investigations indicated in pursuit of answer to original

questions/concerns.

Further investigation is needed on the availability of constituent
pollutants for uptake by benthic organisms. There is concern that
pollutant constituents in detention basin sediments may become mobile
and available to the water column under changing conditions of pH, DO
or chloride, as well as uptake by lake bottom benthic organisms, and
the potential for bio-accumulation in fish. An additional concern
relates to the question of habitat, and whether the limiting
constraint on aquatic organisms is pollutant related or habitat

related. .
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I]liﬁois, Champaign County, City of Champaign.

Project Description
History of Urban Runoff Related Problems

Champaign was one of eight SMA's studied in the 1978 208 urban stormwater
assessment. The urban assessment for Champaign indicated that general
water use standards are exceeded between 20-30 times a year for lead,
copper and iron. The once a year maximum for these concentrations could
be 15-20 times higher than the standard. Mercury was regqularly observed
~ in stormwater samples and could be expected to exceed the standard 10

times a year. Total suspended solids and total dissolved solids were
also frequently high. :

Public Attitudes

During the 208 urban stormwater assessment an Urban Stormwater Task Force
composed of 8 local steering committees assessed the IEPA's study. The
Champaign local steering committee concurred that there was an urban
runoff pollution problem but felt additional data was necessary to
determine whether urban stormwater runoff was a detriment to fishable and
swimable water quality, whether current general use standards were
applicable to urban stormwater poliution, and the relative impact of
urban runoff in relation to other pollution sources.

The local steering coomittee strongly supported intensive monitoring of a
local basin to clarify the above issues. In addition, the committee
supported less expensive BMP's such as optimized street sweeping,
monitored road salting and on-site runoff control ordinances.
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Project Description

The i]linois NURP is evaluating the use of municipal street sweeping as a
BMP for the improvement of urban stormwater quality. Eight major project
objectives are:

1. To relate the accumulation of street dirt to land use, traffic count,
time, and type and conditions of street surface.

2. To define the washoff of street dirt in terms of rainfall rate, flow
' rate, available material, particle size, slope and surface roughness.

3. To determine what fraction of pollutants occurring in stormwater
runoff may be attributed to atmospheric fallout.

4. Modify the ILLUDAS model (1) to permit examination of the functions
determined in objectives 1 through 3. '

5. To calibrate the modified model on all instrumented basins.
6. To identify sources of pollutants in the urban environment.

7. To determine, if possible, the influence of deposition and scour in
the pipe system on runoff quality.

8. To develop accurate production functions and corresponding cost
functions for various levels of municipal street sweeping. (Bender
et al. 1981)

Four basins have been monitored since 1979: 2 paired single family
residential land use basins and 2 paired commercial land use basins. In
addition, a microbasin with a single curb inlet and no pipe flow is being
examined for the washout characteristics of surface flow.

A1l four basins are being measured for rainfall and runoff quantity and
quality, contribution by atmospheric deposition, street dirt load,
accumulation rates and particle distribution. Concentration analysis is
being compieted for lead, iron, copper, total suspended solids, chemical
oxygen demand, phosphorous, K-Nitrogen, nitrite, ammonia, chloride and
sulfate. Eighty-three events have been monitored and 1663 samples
collected between November 1979 and July 1981.
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BMP Investigated

Street sweeping in one of each paired basin occurred while the other
remained unswept. - In the summer of 1980 each experimental basin was

swept twice weekly. As the study progressed, the frequency was switched
to once a week and the basin treatments were reversed so the original
control basins were swept and sweeping in the original experimental

basins terminated. A three wheel mechanical sweeper was used for
sweeping. Preliminary results for sweeper efficiency are presented below.

Removal Efficiency by Particle Size

PERCENT REMOVED

Mattis South John North

Portion of Load (Commercial) (Residentiel)
TOTAL _ 23 36
>3350 microns 24 61
3350-2000 microns 24 36
2000-1000 microns 25 39
1000-500 microns 26 36
500-250 microns 25 25
250-125 microns 18 15
125-63 microns ' 6 10

<63 microns 6 -5
(Table from Bender et al. 1981) '

Based on 1980 figures, it has been estimated that sweeping costs $13.89
per curb mile. Proper percentages for parts replacement, major repairs,
fringe benefits and overhead were not calculated into the cost per curb
mile which has resulted in a curb mile cost which may be lower than
actual cost. This information is currently being analyzed and a new.
estimate of cost per curb mile is being calculated. In a survey of 15
IN1linois Municipalities, Public Work Departments estimated sweeping costs
of between $4.98 - 220.60 per curb mile.
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Preliminary Conclusions and Trends

An analysis of the 1980 basin load data indicates that sweeping twice a
week has a large impact on measured street load. Load was reduced
approximately 63% in the residential basin and 24% in the commercial
basin. :

Limited analysis has been made on water quality data so no conclusions
about sweeper effect on pollution concentration can be made. However,
there is an indication that sweeping in the residential basin may have a
negative effect on water quality because more material is washed off the
swept basin versus an unswept basin. Additional analysis on the other
basins must be made before conclusions can be made.

Future Investigations

Further analysis will be made to determine the effect of sweeping on
water qulaity by: additional comparisons of runoff quality from swept
and unswept basins, from experimental basins before and after the
sweeping program was initiated and simulation with the Q-I1ludas water
quality model. .

The next phase of NURP will examine the effects of urban runoff on
receiving streams. Water quality upstream and downstream of the City of
Champaign will be monitored. ‘

Reference
Bender, Michael G., Michael L. Terstriep, and Douglas C. Noel. 1981.
Second Annual Report. Nationwide Urban Runoff Project, Champaign,
I11inois. Evaluation of the Effectiveness of. Municipal Street Sweeping
in the Control of Urban Storm Runoff Pollution. I1linois State Water
Survey, Urbana, Illinois. 82 pp.

WBC:jk/sp/2377¢c,1-6
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II‘

SUMMARY OF MILWAUKEE COUNTY NURP PROJECT

Project Location

Milwaukee, Milwaukee County, Wisconsin

Surmary of Findings:

The purpose of this project is to characterize urban runoff, to identify
urban runoff contaminant problems, and to evaluate street sweeping as an
urban runoff control practice.

A.

Urban Runoff Water Quality:

Several urban runoff contaminants have been observed at
concentrations above that considered to be serious. These include

. metals (lead, zinc, cadmium and copper), suspended solids, and fecal

coliform. Nutrients and BOD were not found at excessive
concentrations and were generally much lover than Wisconsin's
guidelines for sewage treatment plants.

The determination of 'problem' metal concentrations is based on the
proposed 'White Book' criteria published in the Federal Register
(v45, N231, November, 1980). 'Prablem' concentrations were deemed
to be the acute toxicity concentrations for freshwater aquatic life,
“not to be exceeded at any time.“ These maxima concentrations are
locally dependent upon the hardness of the receiving waters (for the
Hilwaukee area, 250 mg/1 is a representative value for average event
flow hardness concentration). The analyses to date have been able
to identify the location, frequency and extent of urban runoff
problems. Circumstances under which these problems occur, however,
have not been identified, i.e., the effects of antecedent conditions
and rainfall characteristics on concentrations remains unknown.

Lead:

Acute toxicity concentration: 6526 ug/l. Thirty-six (36) and
eighteen (18) percent of the event mean concentrations at the
comercial and high density residential areas respectively
exceeded this concentration. Small percentages (one (1) and
' four (4)) of the events at the medium density residential areas
and the parking lots also exceeded this concentration.

Zinc:

Acute toxicity concentration: 687 ug/1. Sixteen (16) percent
of the events at the commercial areas exceeded this
concentration, as did one (1) and two (2) percent of the medium
density residential areas and the parking lots respectively.
There is presently insufficient data at the high density
residential areas to make an evaluation of this contaminant.
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Cadmi um:
Acute toxicity concentration: 8 ug/1. This concentration is
frequently exceeded at the commercial areas and at Rustler (a
parking lot), but not at the other areas.

Copper:

Acute toxicity concentration: 52 ug/1. This concentration is
frequently ‘exceeded at Wood Center (a commercial area) but not
at the other areas.

Suspended Solids:

Wisconsin does not have an ambient stream standard for suspended
solids. The State's guidelines for sewage treatment plant '
effluent however specify a maximum 30 day average of 30 mg/1,
and a maximum 7 day average of 45 mg/1. Seventy-five percent of
all suspended solids event mean concentrations exceeded 30 mg/1,
50 percent exceeded 67 mg/1, 25 percent exceeded 150 mg/1, and
.10 percent exceeded 300 mg/1. Concentrations at the commercial
areas and at Lincoln Creek (a high density residential area)
greatly exceeded concentrations at the other areas.

Fecal Coliform:

Wisconsin has a fecal coliform ambient stream standard such that
not more than 10 percent of the samples taken over a 30 day
period can have fecal coliform counts that exceed 400 mpn/100
ml. Ninety percent of all of the urban runoff samples collected
exceeded this level, and twenty (20) percent exceeded 50,000
mpn/100 mi. :

Based on a recent survey of 1,000 people in the. Milwaukee area,

95 percent of the respondents believe that there are significant
water quality problems, but only 23 percent believe that urban
runoff is a significant pollutant source. Less than 10 percent of
the respondents objected to increased. expenditures for nonpoint
source pollution control.

Street sweeping as an urban runoff control practice:

The experimental design of the project incorporated traditional test
and control design concepts, i.e., test areas, where the sweeping
frequencies varied between baseline and accelerated levels, and
control areas where the frequencies were lield constant at baseline
levels. There is considerable unexplained variability in urban
runoff concentrations however. Even under the control situation
there exists extreme fluctuations in the data base, 1.e., when
paired test and control areas were swept at the same frequency,

\
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there were very inconsistent relationships between their respective
event mean concentrations. Given this poor signal to noise ratio,
it is very difficult to extract meaningful information. There was
found to be no demonstrable, statistically significant impact of
accelerated street sweeping on any water quality parameter. Whether
there was in fact no impact, or the impact was minor relative to
the. noise, is indeterminable.

I1I. Preliminary Conclusion Reached:

Iv.

The degraded condition of urban runoff poses serious threats to
freshwater aquatic 1ife and to human body contact recreation. These
threats arise from high levels of suspended solids and fecal coliform
draining from most urban areas, and of toxic metals from heavily
developed commercial and (to a lessor degree) high density residential
areas. Frequent street sweeping was not found to be effective in
reducing these contaminants.

Further Investigations Indicated:

A major weakness in interpreting the impacts of high concentrations of
contaminants lies in the inadequate understanding of on-site and
synergistic impacts of high event-flow concentrations on aquatic
organisms. Although event concentrations can be compared to established
or pronulgated criteria, (generally set for low-flow conditions),
extrapolating from those criteria to actual in-stream impacts is a far
more nebulous and uncertain affair.  Further research is needed to
ascertain the actual in-stream impacts of high event-flow concentrations.

0948A
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II.

II1.

Iv.

Project Location:

Little Rock, Pulaski County, Arkansas

Project Descr{gtion:

A'

Urban runoff-related problems observed

Pollutants identified as contributing to water quality problems are

excessive coliform concentration, low pH and dissolved oxygen levels,
high phosphorous and heavy metals concentrations, and violation of
the water quality standards for BOD and suspended solids.

Where, etc.

Water quality problems related to urban runoff were observed in the
Fourche drainage system, which includes a proposed public use area
in Fourche Bottoms, where present poor water quality (high bacterial
counts) precludes water based recreation. The city, the county, the
health department and the University of Arkansas at Little Rock are
act1ve1y cooperating to control flooding and upgrade water quality
in the Fourche system.

Water quality problems were identified during the first year sampling
program, conducted to discover background conditions. The second
phase of the investigation will include sampling to evaluate the ef-
fectiveness of BMP's that are now in place or being installed. The
BMP's being checked are sodding and rip rap along stream banks,
gabions, channel clearing, vegetation, and low water check dams.

Preliminary conclusions reached, trends indicated

BMP evaluation has not resulted in any conclusions being reached or trends
indicated, at this early time in the project.

Further investigations indicated, etc.

The project has not yet progressed to the stage where further investiga-
tions can be identified.
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I1.

Project Location:

Austin, Travis County, Texas

Project Descg;pt1on

A.

m m o o o

Urban runoff-related problems observed

The results obtained so far indicate that high fecal coliform counts
were the most distinct characteristic of the runoff loadings from
both stormwater runoff and receiving water stations. Other runoff-
related receiving water impacts were elevated levels of alkalinity,
TSS, ammonia, total phosphorus, BOD, and bacteria in the lake
waters. Ammonia concentrations were found to exceed .5 mg/L during
several runoff events. There was an increase in water treatment
cost for the production of drinking water which correlated with run-
off events when the cumulative rainfall volume was greater than one
inch. Town Lake (the most urbanized receiving water) generally has
bacteria levels 5 to 6 times greater than that of Lake Austin. Dur-
ing storm events, this variation is greater. Also, some heavy met-
als (lead, zinc) and pesticides (DDT and metabolites) have been
found in significant levels in the sediments.

Where - N/A

How Often - N/A

How Severe - N/A

Under What Circumstances - N/A

Local Legal and Political Implications and Public Attitudes

The local populace is very concerned with environmental issues.
These attitudes are concerned with aesthetic and environmental
issues relating to development in the Austin area. Accordingly,
the results of this NURP project will receive close scrutiny from
the Council, economic interests, and the populace as a whole.

BMP's Investigated

As part of the local NURP study we have 1nvest1gated a stormwater
detention basin as well as non-structural controls in the form of
three levels of impervious cover.

1. Effectiveness of BMP's

a. Stormwater Detention Basin - The basin under investigation
seems to be somewhat effective in removing TSS (67%), and mar-
ginally effective in removing ammonia (27%) and TKN (26%). It
is felt at this time that insufficient data exists to draw
broad conclusions.
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b. Non-structural controls. At the present time data indicate that
the storm average concentrations of most pollutants seem to be about
the same for each of the two test watersheds given similar. physical
conditions. However, data has shown that the total runoff volume
(on a per acre basis) is significantly lower for the Rollingwood
(Tow impervious cover -- 21%) watershed than for the Northwest
Austin (high impervious cover -- 39%) watershed, hence the
Rollingwood watershed contributes significantly less pollutant mass
(1bs/acre) than does the Northwest Austin watershed under similar
physical conditions.

2. Cost of BMP's - not available at this time

3. Problems - The. study ran for only 7 months of data gathering (March-
September), due to unexpected fiood damage and equipment malfunc-
tions, where it was originally designed to collect one year's data.
As a result, seasonal variations cannot be.accurately shown. Also,
inflow/outflow data at Woodhollow Dam is rather sparse.

II1. Preliminary Conclusions Reached, Trends Indicated

Characteristic runoff-related receiving water impacts were elevated levels of
alkalinity, 7SS, ammonia, total phosphorous, BOD and bacteria in the lake
waters. During the course of the receivina water study, it has been observed
that the short-term impact of the "conventional" pollutants on the Town Lake-
Lake Austin receiving waters has been limited both spatially and temporally.
The impact of the discharge plume from the tributaries to the lakes has been
limited to those areas immediately downstream of the tributary confluence with
the receiving water and in near-shore areas of the lake nearest the tributary.
These effects also are 1imited from only a few hours to several days after the
storm event, depending on the parameter being examined and the strength of the
storm (intensity and duration). Unfortunately, comparison with upstream dam
releases is not complete. Native biota do not seem to be negatively impacted
by these discharge plumes. Long term effects of runoff on the receiving
waters are still under investigation, and trends and conclusions cannot be
meaningfully determined at this time. -

Conclusions may be reached regarding the stormwater monitoring program from
the data now available to the project. It has been seen that the. storm-
averaged concentration of most pollutants may be correlated rather well with
dry days between runoff events, as well as total volume of runoff and storm
intensity, in addition to other parameters. In many cases this correlation

is quite good. Equations are presently being developed to describe the storm-
averaged concentrations in terms of some of these parameters. In addition,
runoff co-efficients also correlate very well with dry days between storm
events. Peak fluxes (1bs/hour) of COD, TOC, NH5-N, and Total P correlate well

with peak flows at the monitoring sites and the flux curves for most pollutants.
tend to closely follow the general shape of their associated hydrographs.

There is a definite trend toward higher runoff coefficients with an increase

in impervious cover. Medium density residential land use (39% impervious)

does produce a larger runoff pollutant load than a low-density residential
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land use (21% impervious). Neither developed watershed demonstrated signifi-
cantly higher concentrations of detected parameters upon comparison, but were
significantly higher than the undeveloped control watershed at Turkey Creek.

IV. Further Investigations Indicated -

A. Continuation of sampling at the Noodhd]low Dam site to get suffi-
cient data for a statistically significant determination of its
efficiency in removal of pollutants. ‘

B. A seasonal study of the lake that takes in fall and winter
- conditions.

C. A study ofithe bacterial levels from the tributaries and the
sources and types of contamination.
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DENVER REGIONAL URBAN RUNOFF PROGRAM

Adams, Arapahoe, Bqulder, Denver, Douglas and Jefferson Counties

The Denver region, situated at the foot of the Rocky Mountains, receives only
about 14 to 15 inches of precipitation each year. About one-third of this total
occurs as snowfall in the winter months. The snows usually melt rapidly within
three to four days. However, there may be one or two periods where the snow
remains on the ground for more than a week at a time. Lead and other airborne
particulate matter will accumulate in this pack but generally the snowfall will be
of significant water equivalent to provide enough water during snowmelt runoff
to dilute the concentrations of most chemical constituents so as not to pose a
problem in the receiving waters. Salt loadings are higher during these periods,
as one might expect from street sanding and salting operations, but measured
chloride concentrations are considered not to approach problem levels for aquatic
life in the streams. .

During the remainder of the year approximately eight or nine inches of rain will"
fall. Two rainfall regimes are apparent: 1) frontal systems in early spring and
fall which produce long, gradual, light rains; and 2) convectional systems,
summer thunderstorms characterized by localized heavy rainfall of short duration.
It 1s these high intensity rains in the late summer during low flow conditions

that produce the greatest loads of contaminants. Atmospheric deposition during
long intervals between rains, oftentimes for weeks at a time, has a chance to
build up large loads on the land surface. This is exacerbated by dry soil con-
ditions, general windy conditions, and the agricultural and construction-related
activities occurring at the outskirts of the Denver region.

When the thunderstorms do occur, the high kinetic energy associated with rain-
drop impact and overland flow carry the accumulated loads to the receiving waters
Data collected to date have shown that quantifiable relationships exist between
the total amounts of rainfall, effective impervious areas, and storm loads for
selected constituents, Unit area loading rates are greater for basins with a
large extent of imperviousness which in general is related to more intense urban
land use activities. The Cherry Creek basin, which encompasses the greater
part of the rapidly developing downtown central business district, produces the
most nonpoint pollution compared to other tributary basins on a per area basis.
A good part of this basin is storm-sewered with direct hydraulic connections to
the creek, which has a minimal base flow to begin with. The Cherry Creek
basin can produce up to 25 percent of the total storm loads measured at a down-
stream location on the Platte even though it encompasses only 13 percent of the
entire monitored area.

During late summer when streamflows are low and temperatures are high, there
is not enough base flow in the South Platte to dilute the incoming storm loads.
An order of magnitude increase, from around 300 to 3,000 cfs, will occur in the
Platte and the runoff response of the basin to rainfall is rapid. It takes about
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two-tenths of an inch of rain to wet all the street and vegetated surfaces before
runoff will occur. This is important because a large proportion of the total
annual rainfall occurs as a number of these small rainfall amounts, or cloud-
bursts, added up together over the course of a year. Another consideration occurs
during the month of May when the heaviest rainfall occurs (two to three inches
of rain). This coincides with high streamflow in the South Platte River due to
the snowpack in the mountains which is melting at this time of the year. A dilu-
tion effect can occur during this period. This does not occur during drought
conditions as are prone to occur from time to time and which the region is now
experiencing. Most of the urban runoff related problems can be considered to
occur under conditions of low flow, high temperature and low dissolved oxygen
observed during late summer which are critical periods for the survival of fish,

When discussing the urban runoff "problem" it is important to define what actually
is meant by this term. It is not difficult to describe the "effect": that quantifiable
loads of chemical constituents are generated during runoff events and that they
move to receiving waters. Defining the "impact" is a much more difficult task.
Intuitively the word impact refers to a condition adversely affecting public health
or the health of aquatic biota, if the latter is determined to be a desirable amenity
to preserve. Another consideration is that the magnitude of a water quality
problem is defined in terms of how "clean" we choose a desirable level of water
quality to be. Clearly, a "problem" occurs only when the criteria we have
established has been exceeded more often than a predetermined "acceptable"
number of times in a given period.

The duration of the exceedance is also important. The potential exists for a
problem to occur when considering the fishery potential of a stream. The major
contaminants of concern are potentially toxic substances. Besides the synthetic
organic compounds, the dissolved forms of certain heavy metals, such as lead,
zinc, and cadmium could pose a problem for stream life and also public water
supply. This is because the dissolved metals are the biologically available form
of the metal, the one which is easily incorporated into body tissues. Shock
loading of water supply intakes from urban runoff is a potential concern and a
management strategy designed to avoid using intake water with high dissolved
metals would be advisable. At this point in our investigation, it would be
difficult to assess the impact on stream organisms without an extensive literature
review of toxicity levels impacting sensitive endemic fish species present. As
the dissolved metal loads occur during the first part of storms and move as slug
loads downstream, and considering durations on the order of a few hours of
exposure and the tendency for fish to avoid plumes of toxic concentrations of
dissolved substances, no conclusions can be drawn from the available data at
this time on the extent or severity of the urban runoff impact on the South Platte

River.

Even though it cannot be specified at this time if there is a chemical pollutant
problem associated with urban runoff in Denver, another interpretation might
connote that there is a physical problem. The effect of sedimentation in the
stream channel must also be considered. Much of the sediment transported during
runoff periods is clay-sized and remains suspended in the flow. This component
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merely moves through the system, whereas sand and silt are deposited in the

river channel during storm periods, although scour of the bottom materials is

also occurring. The impervious areas accumulate dry depositional materials
which eventually are worked into the streams. Since major flood control structures
have been built on the mainstem of the Platte and also on its major tributaries

at the periphery of the urbanized Denver area, no large events are allowed to
really scour the channel and both point source and nonpoint source sediments
accumulate over time. These sediments have the potential to continually inter-
act with the overlying water column depending on physical conditions of temper-
ature, pH and redox which control mobilization of heavy metals, for instance.
Current thoughts are that keeping these materials out of the river might be
beneficial in that the channel substrate would be improved, and thus, fish

habitat. If the sediments are inactive then no chemical problem can be ascertained,
however, a physical problem might still exist,

Other potential problems are evident from the storm data collected to date.
Relatively high nutrient loads, mainly phosphorus and nitrogen compounds, have
been observed to occur. The interpretation is that accelerated eutrophication of
reservoirs, and other impoundments characteristic of water supply management

in the semi-arid west, can and will occur in waterbodies receiving this nutrient- .
laden runoff. If the reservoir is used for agricultural irrigation purposes, then
the nutrients might be considered beneficial, although the water-borne metals
could be detrimental, especially when they accumulate in the soil over the years.
If the reservoir {s used for recreational purposes, then bacterial pollution might
pose a problem as fecal material usually associated with the suspended matter
can reach into the hundreds of thousands of colonies per 100 milliliters, far in
excess of the suggested maximum of 2000 colonies/100 ml for secondary contact
recreation. However, duration of exposure by humans could be effectively
managed to minimize recreational disturbances, ‘

The Best Management Practices, or BMPs, which were investigated in the Denver
project include detention ponds and runoff ordinances. Although street sweeping
with vacuum-type sweepers is a possible BMP, it was considered that this
management practice would be very expensive. Other studies have shown negligible
‘effect, negative effect, or beneficial effects from street sweeping. High sweeping
frequency would probably preclude a cost-effective, energy-efficient approach.
~Sediment control, by detaining storm flows, has promise although maintenance of
facilities is a continuing cost. Detention ponds built from scratch, retrofitted
floed retention ponds already in place, and rock-filled percolation pits seem to
hold promise as BMPs for the Denver region. Another alternative is the creation
of wetlands in low-lying areas. The wildlife and aesthetic amenities, as well as
natural high contaminant-removal efficiencies of wetlands should be seriously
considered as well as negative impacts such as pest control, Results from mon-
itoring a detention pond's effect on water quality are still being evaluated at the
present time. As the water quality problem is merely changed into a solid waste
problem, disposal of pond sediments in an appropriate manner must also be
considered. Other considerations are the possible injuries which could be
associated with these structures, and the delegation of maintenance responsibilities.
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This brings us to the final considerations, those being the political and legal
implications. There exists an intrinsic value to having a waterbody close by
that people can enjoy, but assessing the dollar value ascribed to this is a
difficult matter., Fish in the river are desirable, but at what replacement cost?
What are the relative point and nonpoint effects on water quality, how can these
be differentiated, how can available funding for control measure spending be
determined on a cost-benefit basis? What flexibility exists for local governments
to spend federal funds on nonpoint control? How is local financing generated?
What political entities should be responsible for implementing a control program
should one be established? Ultimately, what are the benefits to be accrued at
what costs? Unfortunately, answers to these questions cannot be determined at
this time for the Denver region, although they are being pursued and will be
addressed in further analyses and deliberations on the matter.
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SUMMARY
SAN FRANCISCO BAY AREA
NATIONAL URBAN RUNOFF PROJECT

by
Gary Shawley, Project Manager

I. PROJECT LOCATION

Castro Valley is a small, unincorporated community in Alameda County,
California, within the metropolitan San Francisco Bay region. It is located
on the east side of San Francisco Bay, south of Oakland and north of San
Jose. The project's primary test area is a natural, 2.4 square mile water-
shed which is considered typical of residential basins in the San Francisco
Bay region. :

I1. PROJECT DESCRIPTION

A. Runoff Related Problems

~ The San Francisco Bay-Delta Estuary is the single, most important
water body in California. More than half of California's fishery resources
either 1ive in or directly depend on the estuary for their survival. It -
aLso provides recreation to over five million people who live near its
shore.

Stormwater-borne pollutants are thought to adversely effect the
water quality of San Francisco Bay, but a formal assessment of impacts is
difficult because the Bay drainage area is so'large (about 3200 square
miles). Although runoff contributes large amounts of pollutants, its
relationship to observed water quality problems remains uncertain. The
primary use of many creeks in the Bay area is to convey stormwater runoff
to the Bay. Castro Valley's creek's contribution of toxic pollutants
into the Bay is seen as a potential water quality problem.

To determine whether improvements in water quality are necessary,
requires one to consider the beneficial uses of ‘the receiving water. In
Castro Valley Creek, the support of aquatic habitat is an established
beneficial use. Table 1 compares EPA's aquatic life criteria with the
observed conditions in Castro Valley Creek for selected total and dissolved
metals. The table reports concentrations but does not consider the annual
Toads delivered to the Bay. Note that the maximum dissolved concentrations
. are higher than the standards and that the total concentrations also exceed
the maximum allowable concentrations.
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TABLE 1

Concentrations* of Selected Metals in Castro Valley Creek Storm-
water Compared to Water Quality Criteria for Aquatic Life

Constituent Aquatic Life Criteria Castro Valley Creek
Total Dissolved
Maximum Average Max. Average Max. Average
Copper 0.04 0.006 0.7 0.1 0.35 0.05
Lead : 0.04 0.02 3.3 0.5 0.7 0.01
Zinc 0.6 0.05 2.2 0.3 0.7 0.1

*Units are mg/l, Castro Valley Creek water hardness = about 200 mg/1

Two add1t1ona1 problems in the Bay are thought to be linked to storm-
water runoff:

o Commercial and recreational shellfish harvesting is prohibited
because of contamination from bacteria and heavy metals

o Fish ki1l incidents can be traced to specific pollution causes
(although many fish kills in the Bay occur for unknown reasons).

The state is investigating the causes of death of striped bass. The
state may also initiate an aquatic habitat institute which will monitor the
effects of point and non-point discharges on the bay biota. .

The public's awareness of and concern for Castro Valley Creek's water
quality is not high because its primary use {and that of most other creeks
in the Bay area) is to convey stormwater runoff into San Francisco Bay. To
the extent that it exists, public perception of a water quality problem
focuses on the Bay as a scenic, recreational and commercial water resource
for all communities within the Bay Area. There is widespread (and at times
vocal) citizen concern over water quality of the Bay itself. The Bay area
208 Study drew heavily upon public support and active citizen participation
in carrying out its problem identification tasks. However, the magnitude and
technical/institutional complexity of Bay water quality problems tend to
discourage remedial action by any one community.

B. Best Management Practice Investigated

This project was conducted to develop information on the control of
urban stormwater runoff and the potential impacts on water quality. This
‘was the first project to be part of EPA's Nationwide Urban Runoff Program
(NURP) and was designed to develop an understanding of the relationship
between street cleaning and urban stormwater runoff quality, using Castro
Valley Creek as the focus. The scope of this project did not include an
investigation of the effects of street cleaning on the water quality of San
Francisco Bay. However, the project was based on the assumption that, if
street cleaning would improve water quality in Castro Valley Creek, then
street cleaning on a larger scale might improve water quality in the Bay.
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1. Effec;iveness

Informatjon on the urban runoff mass loading was compared
to the initial street surface loading values for each constituent. This
analysis showed that up to 20 percent of the total solids and about 35
percent of the lead could have been prevented from reaching the creek.
Figure 1 11lustrates this relationship and further shows that, after about
. three passes per week, additional street cleaning effort is unproduct1ve
_If maximum urban starmwater runoff improvements are to result from street
cleaning, then the streets should be cleaned during the winter months
between adjacent storm periods in the Bay area.

2. Costs

' Figure 2 shows that, after an initial steep rise in unit
cost (i.e., from zero to twice-a-month street cleaning), the unit costs
actually decrease. That is, the cost required to prevent a pound of
material from reaching the receiving water decreases. After the frequency
exceeds about three times per week, however, the unit costs increase again.
1f the program costs can be Justified in terms of water quality, then
cleaning three times a week between the winter storms may give the best
return for the money for total solids.

3. Special Asbestos Study

. As part of this project, a special study of asbestos was
conducted and it yielded some interesting results. It was confirmed that
optical techniques are inadequate to identify asbestos in small quantities,
especially for small fiber sizes. Also, about 10 percent of the runoff
monitored had detectable asbestos. The asbestos fiber concentration in
urban runfgf was about 30 million fibers per liter. This corresponds
to 3 x 10~ fibers per acre per year for an area without asbestos in
the natural soils. Eighty percent of the street surface samples had
detectable asbestos fibers. Street cleaning was found capable of removing
10% of the asbestos on street surfaces with weekly cleaning and up to 50%
with cleaning three times per week.

I1I. DESIGN OF STREET CLEANING PROGRAMS FOR WATER QUALITY

Procedures were developed to calculate the effectiveness of street
cleaning operations in improving urban runoff quality. Simple tables and
figures were prepared in the project report to supplement this discussion.
These procedures can be used to develop street cleaning programs necessary
to meet runoff allocation goals, the most cost-effective unit removal costs
or just the appropriation of available street cleaning dollars in the
service area. They can also be used to determine when and where service.
reductions should be made as decreasing budgets warrant.
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The Bellevue NURP project is located totally within the limits of the City of
Bellevue, King County, Washington. :

Project Description

The Bellevue drainage system relies on an extensive network of small streams
as a "trunk system" to convey Storm and Surface Water to the two large lakes,
Lake Washington and Lake Sammamish, bordering Bellevue to the west and east
respectively. Major problems are solids and pollutant delivery into this
natural conveyance system and erosion and flooding within the conveyance
system. These problems occur at some level almost continuously during our
seven-month winter rain season, with as many as half-a-dozen serious, signi-
ficantly damaging events per year. There also have been sporadic fish kills
due to accidental spills and some indiscriminant dumping. These problems have
been documented as largely responsible for serious deterioration in fish habitat
in the stream system. ‘

Since the City's objective to manage the Storm and Surface Water System to
operate naturally (according to natural principles), the City relies on pollu-
tant source controls and regional and on-site detention as major controls.

The management practices being evaluated in Bellevue are street sweeping,
catchbasins and line maintenance, and detention. Surrey Downs and Lake Hills
are two residential basins under study for street sweeping and conveyance
maintenance. An urban arterial basin is being studied for detention as a
water quality control.

Since the 1960's Bellevue has been very interested in water quantity and
quality controls for its Storm and Surface Water System. Several public
referenda have been held which resulted in the foundation of a Drainage
Utility in the mid-1970's and the sale of $10 million in revenue bonds in the
1980's for major capital improvements. Strong public support has also
resulted in stringent erosion control regulations and enforcement, a salmon
enhancement program for Bellevue's streams, and participation in NURP.
Bellevue volunteered, as part of a pilot program, to receive the first general
NPDES permit in the State for stormwater discharges. Strong public and
political backing have been an essential part of Bellevue's progress in stprm-
water management. Bellevue plans to develop a comprehensive storm water
quality management program based on information generated through NURP.

Preliminary Results

Preliminary results indicate that street sweeping is not a effective measure
for stormwater runoff pollution abatement in Bellevue. The best removals
seen to date have been 30%-40% and these are rarely achieved. Even without
street sweeping for a 5-7 month period, accumulation is usually no more than
500-800 1bs. solids/curb-mile in our experimental basins which is signifi-
cantly cleaner than other areas monitored in the country. An intensive street
sweeping program of three times a week using a standard mobil sweeper rarely
reduces this load beyond 300-350 1bs. solids/curb-mile. During periods of
low loading, negative removals have been frequently observed. This is
probably due to erosion of the street surface and/or broom, or possibly to
‘tracking in of material on the bottom of the sweeper from dirty areas.
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One reason for the low loadings is probably cl1mate. Rainfall in Bellevue
occurs so frequently (approximately every two days in winter and every 4-7

days in summer) that before accumulation reaches a level where sweeping could
be effective, rain effectively washes off the streets. In addition, the street
sweepers do not operate well under continually damp street surface conditions.

Comparing street surface loads to storm loads, we have found that most of the
sediment material is not coming from the streets. The only time street surface
material contributes significantly to storm loads is for small storms (short
duration, low intensity? For the larger storms, more off-street contri-
bution and more conveyance-system bedload movement is indicated. We have

also found that solids loads are seasonal, with up to 50% of the total annual
solids loadings delivered in the months of November and December. These loads
may be coming from erosion and/or washout of the systems bedload with the first
heavy seasonal rains,

Investigation of catchbasins revealed- sediment loads ranging from 0.5-2.5 ft.3
catchbasin. This is greater than the street area contributary to these catch-
basins but apparently little of this bedload moves once an “equilibrium" bed-
load has been established. It was also found that street surface and catch-
basin sediment is comprised of similar constituents, possibly implying a
similar source. The constituents observed in the runoff, however, are signi-
ficantly different, possibly indicating different significant sources.

Preliminary Conclusions

In residential basins at least street sweeping is probably of little value

as a water quality control measure. Since this appears to be based primarily
on area hydrology, street sweeping may be of little value in most areas (land
uses) in Bellevue except where these are extremely high, instantaneous loads.

We hope to evauate other land use areas to test this preliminary conclusion
during the last phase'of the project. If sweeping is useful at all, it probably
would be in late summer and fall before the winter rains and before the salmon
return to spawn in Bellevue's streams.

Catchbasin and sewer cleaning may have some impact but more data and modeling
are needed. Specifically it's necessary to investigate whether, if bedloads
were removed on a more frequent basis (just before when they reach equilibrium
allowing re-accumulation), significant improvements in runoff quality would
follow. The City hopes to test this hypothesis during the last phase of the
project. The data to date have clearly shown that sediment should be target
pollutant for control since most of the polluting material is associated with
solids.

In the last stage of the study, Bellevue will be looking more closely for
pollutant sources and controls not associated with streets. That portion of
the study focussed on detention did not yield enough data to draw even preli-
minary conclusions at this time. However, detention has the potential for
controlling both street and non-street pollutant sources, as well-as water
quantitiy problems. Several hundred of these systems are already installed
in B?llevue. Therefore, Bellevue is very interested in the outcome of these
studies.

E17-3



APPENDIX F
PRIORITY POLLUTANT REPORT

F-1



APPENDIX F
FOREWORD

This appendix was prepared by the Monitoring and Data Support Division
of the EPA Office of Water Regulations and Standards. Supporting contractors
were Dalton-Dalton-Newport, Cleveland Ohio and Versar, Springfield, Virginia.
Their preliminary findings of the NURP priority pollutant monitoring program
and special metals .sampling project are presented.



- PRELIMINARY FINDINGS OF THE NURP
PRIORITY POLLUTANT MONITORING PROGRAM

December 24, 1981

U.S. Environmental Protection Agency
Monitoring and Data Support Division
Mr. Rod Frederick, Project Officer
Dr. Richard Healy, Work Assignment Manager
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PREFACE

The U.S. Environmental Protection Agency, Office of
Water Regulations and Standards (OWRS), is conducting pro--
grams to evaluate the environmental hazards posed by pri-
ority pollutants in our nation's waters. The Monitoring
and Data Support Division of OWRS is coordinating a pro-
gram to determine the significance of urban runoff as one
source of toxic pollutants to receiving waters. Specif-
ically, the objective of this program, the Nationwide Ur-
ban Runoff Program (NURP) priority pollutant monitoring
effort, is to make a preliminary assessment of which pri-
ority pollutants are found in urban stormwater runoff, how
often, at what concentrations, and with what potential
impacts.

The special metals sampling project is an additional
effort designed to enhance the usefulness of the NURP pri-
ority pollutant data base fér metals, which are the pollu-
tants most frequently associated with urban stormwater
runoff. The primary objective of the special metals proj-
ect is to determine the relationships among dissolved,
total, and total recoverable concentrations of selected
metals in runoff waters.

The information developed through these efforts will
permit identification of problem areas nationwide and the
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subsequent development of the most effective mitigation
strategies to correct urban runoff related problems where
necessary. This report documents.the preliminary findings
and results of the NURP priority pollutant and special
metals monitoring projects as of October 1981.



SECTION 1

INTRODUCTION

The Nationwide Urban Runoff Program (NURP) priority
pollutant monitoring effort was initiated to evaluate the
significance of priority pollutants in urban stormwater
runoff. The principal” objectives of the program are (1)
to determine which priority pollutants are found in urban.
stormwater runoff, how frequently, and at what concentra-
tions, and (2) to evaluate the potential impacts of prior-
ity pollutants carried by urban runoff on aquatic life and
water supplies. The information generated by this program
will allow the Environmental Protection Agency's (EPA's)
Office of Water Regulation and Standards (OWRS) to assess
the significance of urban runoff relative to other point
and non-point sources of toxic pollutants, in order to
develop the most efficient and cost-effective control

strategies.

The priority pollutants are a group of toxic chemicals
or classes of chemicals listed under Section 307(a) (1) of
the Clean Water Act of 1977 (PL 95-217, U.S.C. 466 et
seqg.). There are ten major groups of priority pollutants
including 129 specific compounds or classes of compounds.

The NURP priority pollutant monitoring program was
developed by EPA's Water Planning Division which provided

-1
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grants to various urban localities for sample collection
and laboratory analysis. EPA's Monitoring and Data Sup-
port Division (MDSD) is providing technical guidance con-
cerning sampling and analysis procedures, quality assur-
ance and quality control, processing of data, and inter-
pretation of results. The NURP priority pollutant program
was developed as a logical extension of the NURP conven-
tional pollutant program, which is primarily concerned
with measuring concentrations of conventional pollutants
such as solids, phosphorus, nitrogen, and nitrates in ur-

ban runoff.

With priority pollutant sampling activities now well
underway nationwide, this report presents preliminary re-
sults to date based on data which were available as of
October 31, 1981, and offers some tentative conclusions
regarding program objectives. Results are presented in
such 'a way as to be usable by individuals whose concerns
are national, regional, or local in scope. Obviouély,
 these are not final conclusions, but observed trends in
the data. Final conclusions must await .completion, veri-
fication, and analysis of the final data base.

This report is organized as follows:

Section 2 - Methodology

Section 3 - Findings

Section 4 - Conclusions

Section 5 - Special metals project

L2
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SECTION 2

METHODOLOGY

Nineteen cities and metropolitan governmental councils
(henceforth all will be referred to simply as “"cities")
are participating in the NURP priority pollutant monitor-
ing program (Table l). The geographical distribution of
these cities includes 11 of the 18 major river basins in
‘the continental United States (Figure 1), and ensures that
a variety of climatic regiﬁes and soil types are repre-
sented ‘in the sample population. MDSD provided cities
with the following general guidelines:

1. Use NURP sampling sites which are also being used
for conventional pollutant sampling.

2. Use sites which have flow only when it rains.

3. Take a flow composite sample for the entire storm
event. Discrete samples can also be taken to de-
termine concentration variations during the storm

event.
Barly in the program, participating cities attended an

MDSD-sponsored workshop in Springfield, virginia. Using
the sampling guidance manual as a guide ("Monitoring of

¢



TABLE 1.

. NURP CITIES
COLLECTING PRIORITY POLLUTANT SAMPLES?

1. Durham, New Hampshire
*2, Lake Quinsigamond, Massachusetts
3. Mystic River, Massachusetts
*4, Long Island, New York
5. Lake George, New York
6. Irondequoit Bay, New York
7. Metro Washington, D.C.
- 8. Baltimore, Maryland
1l. Tampa, Florida
12. Knoxville, Tennessee
*17. Glen Ellyn, Illinois
*19. Austin, Texas
*20. Little Rock, Arkansas
2l1. Kansas City, Missouri
*22. Denver, Colorado
23. Salt Lake City, Utah
*24,. - Rapid City, South Dakota
*27. Bellevue, Washington
*28. Eugene, Oregon

* Asterisk indicates cities from which priority pollutant
analytical data were available as of 10/31/8l1 in time to
be included in this report. '

2 Numbering systemlconforms to NURP éonvention- some num-
bers are omitted as not all NURP c1t1es are collecting

prxorxty pollutant samples.

Toxic Pollutants in Urban Runoff: A Guidance Manual"
[Versar, 1980a)l), a number of issues were covered, e.g.,
sample collection procedures such as container selection,
container preparation, sample preservation, and shipping
procedures; and modification of conventional sampling
equipment for the collection of priority pollutant sam-
Ples. Extensive information on NURP guidance regarding
these and other relevant topics'can'be obtained from the
many sources which are listed in the References section of

this report.



Numbers identifty major river basins
delineated by the _Unite'd States !
Geological Survey, 1980.

' @-= Priority Pollutant City

Figure 1. NURP Priority Pollutant CIty Locations.



Samples are being collected from approximately 70
catchments which include a varied range of sizes, popula-
tions, and land use types (Appendix A). The largest
catchment, for example; collects runoff from 33,544 acres,
the smallest from but a single acre. The most common land
use types are low-density residential, medium-density res-
idential, and commercial. Land use characteristics of the
sampling sites were obtained and recorded for use in fu-
ture analyses, which will attempt to relate toxics concen-
trations and loadings to site-specific land use and topo-
graphic characteristics.

Each participating city has made appropriate labora-
tory contracts for analytical services. Six cities ar-
ranged for such services through a central EPA office,
while the remaining 13 cities contracted directly with
independent laboratories. Quality assurance (QA) proce-
dures were established to ensure that the data developed
from these many cities and laboratories would be of high
quality. QA procedures are detailed in "Quality Assurance
for Laboratory Analysis of 129 Priority Pollutants," (Ver-
sar, 1980b), and other NURP program documents. Inasmuch
as final QA/QC activities have not been completed, all °
data reported here must be considered preliminary.

At the time of preparation of this report, pfiozity
pollutant analytical data were available from nine
cities: Lake Quinsigamond, Massachusetts; Long Island,
New York; Glen Ellyn, Illinois; Austin, Texas; Little
Rock,.Arkansas; Denver, Colorado; Rapid City, South
Dakota; Bellevue, Washington; aﬁd Eugene, Oregon. A maxi-
mum of 68 sample results were available for the organic
priority pollutants and 46 sample results for the inorgan-
ics. For some pollutants, the number of samples is less
than the maximum because a pollutant may not have been
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analyzed for in a particular sample or because some re-
sults were withdrawn for quality control reasons. The
data available for this report represent approximately one
half of the final data base expected.

For the purposes of this program, asbestos was not
analyzed due to high associated costs. Dioxin was not
specifically analyzed for because of the health risk to
laboratory personnel involved. Gas chromatograms were
scanned for the possible presence of dioxin, however.

The approach used to summarize and analyze the NURP
priority pollutant data is outlined below:

1, A complete listing of the data was compiled for
‘ each pollutant which was detected, and identifies
city, site, date of sample collection, whether
the sample was discrete or composite, pH, and
measured pollutant concentration (Appendix C).
Important qualifying information concerning the
analytical results was also noted.

2. . Summaries of the data were prepared for each de-
tected pollutant including range of detected con-
centrations, mean, number of samples, frequency
of detection, and concentrations of that pollu-
tant reported in other urban runoff studies.

© 3. For those priority pollutants detected in 10 per-
cent or more of the samples, pollutant concentra-
tions in each undiluted runoff sample were compared
to EPA water quality criteria and drinking water
standards (Appendix B), Such a comparison provided
an initial identification of pollutants whose



concentrations in runoff could lead to potential
violations of criteria or standards or adversely
impact aquatic life or water supplies.

4. In a limited number of NURP samples, non-priority
pollutants were also analyzed for and these re-
sults are reported. These non-priority pollu-
tants are somewhat similar to priority pollutants
in chemical form and should be considered for
future work; however, specific analysis is beyond
the scope of the current program. ) ’

With reference to the above, some clarification is
wofth noting. In Step 2, the geometric mean rather than
the arithmetic mean is used, as this is the appropriate
" measure of central tendency when data are log-normally
distributed. Such a distribution of NURP and similar data
has been demonstrated in the draft EPA Water Planning
Division report "Preliminary Results of the NURP Program"
(Athayée et al., 1981), and other runoff studies.

Calculating an exact value for the mean (geometric or
arithmetic) is impossible, however, when some resﬁlts are
"not detected" and therefore unquantified. What can be
done in this case is to calculate two geometric means,
which determine a range within which the actual mean
should fall. ‘The upper end of this range is calculated by
substituting the reported (or nominal) detection limit in
the case of an "undetected" result. The lower end is cal-
culated by substituting one tenth of the detection limit
(although in no case a value less than 0.00l1) for an unde-
tectable result as a substitute for zero, which cannot be
accommodated in geometric mean calculations. This range
bracketing the geometric mean was not calculated if more
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than 85 percent of the sample results were "not detected,"
due to the preponderance of unknown values.

With regard to Step 3, several EPA water quality cri-
teria were used. Criteria for the protection of aquatic
life are of two types: (1) the freshwater "acute” crite-
rion, the maximum concentration of a pollutant permitted
at any time; and (2) the freshwater "chronic" criterion,
the maximum 24-hour average concentration allowed. 1If
either the acute or chronic criterion has not been estab-
lished for a pollutant, then the lowest reported fresh-
water acute concentration or the lowest reported fresh-
water chronic concentration was substituted. Human health
criteria include both a non-carcinogenic health criterion
for the ingestion of contaminated water and organisms, and
a carcinogenic effects criterion at the 107>, 1078,
and 10'7 risk levels for ingestion of contaminated water
and organisms. Human health criteria based on the inges-
tion of contaminated organisms only were not used, in
order to apply the ‘more stringent water and organisms
standards. EPA also has criteria associated with taste
and odor problems (organoleptic criteria) as well ;s
drinking water standards under the Safe Drinking Water Act.

2



SECTION 3

FINDINGS

Detailed NURP priority pollutant analytical results
including city and site where sample was collected, date
of collection, discrete or composite sample, pH, and pol-
lutant concentration can be found in Appendix C. Appen-
-dix C also lists, for each detected pollutant, the range
of concentrations, geometric mean (if calculated), number
of samples, frequency of detection, and reported concen-
trations in other studies. A concise summary of the cur-
rently available data base is presented in Table 2.

The findings derived from this preliminary NURP prior-
ity pollutant data base are: '

1, Sixty-two priority pollutants were detected in
urban runoff (Table 2); 65 were not found in any
urban runoff samples (Table 3). {(Asbestos is not
included in the NURP program and results for di-
chloromethane are not yet available.)

2. Thirteen of the 14 inorganic priority polluéants
were found in urban runoff. Most frequently de-
tected were zinc, lead, copper, and arsenic which
were found in 100, 93, 91, and 58 percent of the

10
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TABLE 2.

SUMMARY OF ANALYTICAL CHEMISTRY PINDINGS
PROM NURP PRIORITY POLLUTANT SAMPLES3
(includes information received through 10/31/81)

Prequency of Range of detected

Pollutant Cities vhere detectedd detection (V) concentrations (i9/1

1. PESTICIDES

1. Acrolein Not detected

2. Aldrin Not detected

3. o-Bexachlorocyclohexane (o-BAC) {Alpha) 22, 27 25, 0.0027-0.9

4. b-Bexachlorocyclohexane ( 8-BHC) (Beta) Rot detected

S. y-Hexachlorocyclohexane (y-BHC) (Gamma)

(Lindane) 22,27 11 0.002-0.9

6. &Hexachlorocyclohexane ( &BHC) (Delta) 27 3 0.006-0.007

7. Chlordane 2 2 0.01

8. DOD Not detected

9. DOE Not detected .

10. DOT 27 2 0.35

11. Dieldrin 27 3 0.008-0.1

12.  o-BEndosulfan (Alpha) 27 2 0.2

13. S8-Endosulfan (Beta) Not detected

14. Endosulfan sulfate Not detected

15. Bndrin Not detected

16. BEndrin aldehyde Not detected

17. Heptachlor Not detected

18. Heptachlor epoxide Mot detected

19. 1Isophorone Not detected

20. TCDD (2,3,7,8-tetrachlorodibenzo-p-dioxin) Not detected

21. Toxaphene Not detected
I1. METALS AND INORGANICS

22. Antimony 22 2 2

23. Arsenic 2,19,20,22,27 58 2-35

24+ Asbestos Rot included in NURP program

25. Berylliom 20 9 1-4

26. Cadmium 2,20,22,27 38 0.2-17

27. Chrosium 2,17,20,27,28 4s 2-61

28. Coppet 2,17,19,20,22,27,28 91 11-110

29. Cyanides 4,19,22,27 31 2-33

36. Lead 2,17,19,20,22,27,28 93 37.6-445

3l. Mercury 20,28 7 0.6-1.2

32. Wickel 2,20,22,27 “ 5-270

33. Selenium 19,22 20 2-25

34. Silver 17,27 4 0.6-0.8

35. Thallium Not detected

36. Zinc 2,17,19,20,22,27,28 100 10-546
I11. PCBs AND RELATED COMPOUNDS

37. PCB-1016 (Aroclor 1016) Not detected

38. PCB-1221 (Aroclor 1221) Not detected

39. PCB-1232 (Aroclor 1232) Not detected

40. PCB-1242 (Aroclor 1242) Not detected

41. PCB-1248 (Aroclor 1248) Not detected

42, PCB-1254 (Aroclor 1254) Rot detected -

43. PCB-1260 (Aroclor 1260) 2 2 0.03

44. 2-Chloronaphthalene Not detected

Iv. HALOGENATED ALIPHATICS

4s.
46.
47.

a)

Methane, bromo- (methyl bromide)
Methane, chloro- (methyl chloride)
Methane, dichloro- (methylene chloride)

Not detected
Not detected
Data not available



TABLE 2.

(Continued)

Pollutant

Cities wvhere detectedd

detection (%)

Range of detected
concentrations {wy/l)

Prequency of

Iv. HALOGENATED ALIPHATICS
(Continued)

48.
49.
$0.
Sl.
s2.
$3.
S4.
$S.
36.
$7.
38.
$9.
60.
61.
62.
63.
64.
€S,
66.
67.
68.
69.
70.

Methane, chlorodibromo~-

Methane, dichlorobromo-

Mathane, tribzomo- (bromoform)
Mgthane, trichloro- (chloroform)
Methane, tetrachloro~ (carbon tetrachloride)
Methane, trichlorofluoro=-S
Methane, dichlorodifluoro-¢ (Preon-12)
Ethane, chloro-

Ethane, 1,1~dichloro-

Sthane, 1,2-dichloro~

Bthane, 1,1,1-trichloro~

tthane, 1,l,2-trichloro~

Ethane, 1,1,2,2-tetrachloro-
Ethane, hexachloco~

Ethene, chloro~ (vinyl chloride)
Bthene, 1,l1-dichloro-

tthene, l,2-trans-dichloro-
Bthene, trichloro-

Bthene, tetrachloro-

Propane, 1,2-dichloro~

Propeane, 1,3-dichloro-
Butadiene, hexachloro~
Cyclopentadiene, hexachloro-

V. ETHERS

71.
72.
73.
74.
73.
76.
77.

Bther, bis(choromethyl)
Bther, bis(2-chloroethyl)
Ether, bis{2-chloroisopropyl)
Bther, 2-chloroethyl vinyl
Ether, 4-bromophenyl phenyl
Ether, 4-chlotophenyl phenyl
8ie(2-chloroethoxy) sethane

vI. MONOCYCLIC AROMATICS (EXCLUDING PEENOLS. CRBSOLS,
. PHTHALATES)

78.
79.
a0.
a.
82.
83.
84.
8s.
86.
87.
8s.
89.

Benzene

Benzens, chloro~

Benzene, 1,2-dichloro~
Benzene, 1,3-dichloro~-
Senzene, 1,4-dichloro-
Benzene, 1,2,4-trichloro-
Benzene, hexachloro-
Benzene, ethyl=~

Benzene, nitro~

Toluene ’ -
Toluene, 2,4-dinitro-
Toluene, 2,6-3initro

VII. PHEROLS AND CRESOLS

90.
9.
92.
93.
94.

{(continued)

Phenol

Phenol, 2-chloro-
Phenol, 2,4-dichloro~
Phenol, 2,4,6-trichloro~
Phenol, pentachloro~

4,17,20,27,28
4,20,28
2,4,24,28
Not detected
Not detected
4,20,28

28
4,17,20,22,24,28
4,20,28

4,20

Not detected
Not detected
28

20,28

4,20,28
4,17,20,22,28
28

28

Not detected
Not detected.

Not detected
Not detected
Not detected
Not detected
Not detected
Hot detected
Not detected

4,17,20,27,28
20,28

Not detected
Not detected
Not detected
Not detected
Not detected
4,17,20,28
Not detected
4,17,20,

Not detected
Not detected

20,27

20,28

22

Not detected
4,19,20,22,27,28

F-20

12

1 2

1 2

1 1

24 0.2-8
6 1-2

9 0.358-27
9 1-5

2 4

3s 1-23
8 -3

9 1-3

3 1.5-4
12 1-3
12 1-3
10 1-43
1 3

3 1-2
kL 1-13
7 1-3
12 1-3
24 3-9

3 2-3°
3 2-22
1 10

18 1-118



TABLE 2. (Continued)

Pollutant

Cities where detected®

Prequency of
detection (%)

Range of detected
concentrations (ig/1;

VII. PHENOLS AND CRESOLS (Continued)

9. Phenol, 2-nitro-

96. Phenol, 4-nitro~

97. Phenol, 2,4-4initro-
98. Phenol, 2,4-dimethyl-
99. w==Cresol, p-chloro-
100. o-Cresol, 4,6-dinitro-

VIII. PHTHALATE ESTERS

101l. Phthalate, dimethyl

102. Phthalate, diethyl

103. Phthalate, 4i-n-butyl

104. Phthalate, di-n-octyl

105. Phthalate, bis(2-ethylhexyl)
106. Phthalate, butyl benzyl

IX. POLYCYCLIC AROMATIC HYDROCARBONS

107. Acenaphthene

108. Acenaphthylene

109. Anthracene

110. Benzo(a)anthracene
111. Benzo(b)fluoranthene
112. Benzo(k)fluoranthene
113. Benzo(g,h,i)perylene
114. Benzo(a)pyrene

115. Chrysene

116. . Dibenzo(a,h)anthracene
117. .Pluoranthene

118. Pluorene

119. Iadeno(l,2,3-c,d)pycene
120. Naphthalene

121. Phenanthrene

122. Pyrene

X. NITROSAMINES AND OTHER NITROGEN-CONTAINING
COMPOUNDS

123. Nitrosamine, 4imethyl (DMN)
124. Nitrosamine, diphenyl

125. Nitrosamine, di-n-propyl
126. Benzidine

127. Benzidine, 3,3'-dichloro-
'128. Hydrazine, 1,2-diphenyl-
129. Acrylonitrile

Not detected
4,20,28

Not detected
Not detected
4

Not detected

Not detected
17,20
4,20,22,24,28

20
4,17,19,20,22,28
Not detected

Not detected
Not detected
17,20,27

Not detected
27
17,27

_Not detected

17,27

Not detected
Not detected
4,20,28
17,20,27
17,27

Not detected
Not detected
Not detected
Not detected
Not detected
Not detecteqd
Not detected

10

11

24

[ - )

W

1-19

1-5
2.8-11

1-41.5

PN
1
w A

0.6-4.5

0.3-12

1-13
0.3-7
0.3-10

8 Baged on'sa organic and 46 inorganic sample results received

review. Nine cities reporting.

® Cities from which data are available:
2. Lake Quinsigamond, MA
4. Llong Island, NY
17. Glen Ellyn, IL *
19. Austin, TX
20. LUittle Rock, AR
22. Denver, CO
24. Rapid City, SO
27. Bellevue, WA
28. PEugene, OR

Nunbering of cities conforas to NURP convention.

< Recintly removed from priority pollutant list.

BN
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as of 10/31/81, adjusted for preliminary quality control



TABLE 1.

PRIORITY POLLUTANTS NOT DETECTED
IN NURP URBAN RUNOPF SAMPLES3
(includes information received through 10/31/81)

Reported limits
of detection®

Pollutant (1g/1)
I. . PESTICIDES
1. Acrolein 100
2. Aldrin 0.003-10
4. B-Bexachlorocyclohexane 0.004~10
8. DDD 0.012-10
9. OpE 0.006-10
13. 6&-Endosulfan 0.01-10
14. BEndosulfan sulfate 0.03-10
15. Bndrin 0.009-10
16. Endrin aldehyde 0.023-10
17. Heptachlor 0.002-10
18. Heptachlor epoxide 0.004-10
19. Isophorone 10
20. TCDD 0.5
21. Toxaphene 0.4-10
1I. METALS AND INORGANICS
3S. Thallium T 1-63
II1. PCBs AND RELATED COMPOUNDS
37. PCB-1016 ’ 0.04-10
3g. PCB-1221 0.04-10
39. PCB-1232 0.04-10
40. PCB-1242 . 0.04-10
41, PCB-1248 : 0.05-10
42. PCB-12S4 : 0.5-10
44, 2-Chloronaphthalene o ' 10
IV.  HAALOGENATED ALIPHATICS
45. Bromomethane 10
46. Chloromethane . 10
S4. Dichlorodifluoromethane® 10
$5. Chloroethane 10
§1. Hexachloroethane ’ 10
62. 'Chloroethene 10
69. Hexachlorobutadiene 10
70. Hexachlorocyclopentadiene 10
v. ETHERS
71. Bis(chloromethyl) ether 10
72. Bis(2-chloroethyl) ether 10
73. Bis(2-chloroisopropyl) ether 10
74. 2-Chloroethyl vinyl ether 1-10
75. 4-Bromophenyl phenyl ether 10
76. 4-Chlorophenyl phenyl ether ’ 10
77. Bis(2-chloroethoxy) methane 10

vI. HMONOCYCLIC AROMATICS (EXCLUDING PHENOLS, CRESOLS, PHTHALATES)

80.
al.
82.
83.

(continued)

1,2-Dichlorobenzene : 10

1,3-Dichlorobenzene 10

1,4-Dichlorobenzene 10

1,2,4-Trichlorobenzene 10
C a3




TABLE 3. (Continued)

- Reported limits
of detectionD

Pollutant ’ ) (\g/)

VI. MONOCYCLIC AROMATICS (EXCLUDING PHENOLS, CRESOLS, PHTHALATES)
{Continueld)

84. Bexachlorobenzene 10
86. Nitrobenzene 10
88. 2,4-Dinitrotoluene ) 10
89. 2,6-Dinitrotoluene 10

VII. PHENOLS AND CRESOLS

93. 2.4,6-Trichlorophenol 10-25
95. 2-Nitrophenol 10-25
97. 2,4-Dinitrophenol 25-250
98. 2,4~Dimethylphencl 10-25
100. 4,6-Dinitro-o-cresol 25-250

VII. PHTHALATE ESTERS

101. Dimethyl phthalate. - 10
106. Butyl benzyl phthslate 10

Ix. POLYCYCLIC AROMATICS

107. Acenaphthene 10
108. Acenaphthylene 10
113. Benzo(g.h,i)perylene 10-25
116. Dibenzo{a,h)anthracene 10-25
118. Pluorene 10
119. Indeno(l,2,3-c,d)pytene 10-2%

X. NITROSAMINES AND OTHER NITROGEN-CONTAINING COMPOUNDS

123. Dimethyl nitrosamine 10
124. Diphenyl nitrosamine 10
125. Di-n-propyl nitrosamine 10
126. Benzidine 100
127. 3,3'-Dichlorobenzidine 10
128. 1,2-Diphenylhydrazine 10
129. Acrylonitrile ‘ 100

& Based on 68 organic and 46 inorganic sample results received as of
10/31/81, adjusted for preliminary quality control review. Nine
cities reporting. :

.D wnere mote than one detection limit is applicable because labora-
tory methodologies 2iffered, a range is given.

€ Recently removed from the priority pollutant list.



samples, respectively (Table 4). The maximum
zinc concentration was 540 ug/l and the maximum
lead concentration was 445 ug/l. Cadmium, chrom-
ium, cyanides, nickel, and selenium were detected
in from 20 to 50 percent of the samples. Four
metals (antimony, beryllium, mercury, and silver)
were found in less than 10 percent of the sam-
ples. Thallium was the only priority pollutant

metal never found.

3. Of the 113 priority pollutant organics (dichloro-
methane excluded), 49 were found in urban run-
off. Of these, six were found in 20 percent or
more of the NURP samples: ohexachlorocyclo-
hexane; trichloromethane (chloroform); 1,1,l-tri-
chloroethane; benzene; toluene; and bis(z-ethyl-
hekyl) phthalate. The maximum reported concen-
‘trations among these pollutants are 41.5 ug/l for
bis(2-ethylhexyl) pnthalate, 23 ug/l for 1,1,1-
trichloroethane, and 13 ug/l for benzene. An ad-
ditional nine organics were found in 10 to 19
percent of the samples (Table 4).

4. A comparison of individual sample pollutant concen-
trations undiluted by stream flow with EPA water
quality criteria and drinking water standards re-
veals numerous exceedances of these levels, as shown
in Tables 5 and Sa., Table § displays the exceed-
ances on a number of samples basis, while Table Sa

converts this information to a percentage basis.
This analysis was conducted only for those pollut-
ants detected in at least 10 percent of the samples,
Among the metals, copper exceeded its freshwaper
acute criterion in 69 percent of the samples, while
cadmium and lead each exceeded this criterion at least

£
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TABLE 4.

MOST PREQUENTLY DETECTED POLLUTANTS
IN NURP URBAN RUNOFP SAMPLES?3

(includes informatio

n received through 10/31/81)

Pollutants Detected in 50% or More of the NURP Samples

Ino;ggniés

Organics

23,
28.
30.
36.

Arsenic (58%)
Copper (91%)
Lead (93%)
Zinc (100%)

Pollutants Detected in 20% to 49%

None

of the NURP Samples

Organics

26.
27.
29.
32.
33.

. Inorganics
Cadmium (38%) 3.
Chromium (45%) 51.
Cyanides (318%) 58.
Nickel (44%) 78.
Selenium (20%) 87.
10S5.

Pollutants Detected in 10% to 19%

o-Hexachlorocyclohexane (25%)
Trichloromethane (Chloroform) (24%)

1,1,1-Trichloroethane (35%)
Benzene (34%)
Toluene (24%)

Bis(2-ethylhexyl) phthalate (243)

of the NURP Samples

Inorganics

Organics

S.
64.
65.
66.
8S.
94.
96.
1o03.
121.

None

Ybﬁexaéhlorocycloﬁexane (Lindane) (11%)
1,2-trans-Dichloroethene (12%)

Trichloroethene (12%)
Tetrachloroethene (108%)
Ethylbenzene (12%)
Pentachlorophenol (18%)
4-Nitrophenol (10%)
Di-n-butyl phthalate (11%)
Phenanthrene (10%)

2 Based on 68 organic and 46 inorganic sample results received as of
10/31/81, adjusted for preliminary quality control review.
reporting. Does not include special metals samples.

v
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Nine cities



_TABLE S.

SUMMARY OF WATER QUALITY CRITERIA EXCEEDANCES FOR POLLUTANTS DETECTED IN AT LEAST 10 PERCENT
OF NURP SAMPLES: NUMBER OF INDIVIDUAL SAMPLES IN WHICH POLLUTANT CONCENTRATIONS EXCEED CRITEZRIAS

Number of times - Criteria exceedances®
detected Nuab
Pollutant of samples None FA PC OL HH HCS ow
I. PESTICIDES
j. oHexachlorocyclohexane 16/64 _ 1,13,16
$. rHexachlorocyclohexane (Lindane} 1/64 : -1 1,2,7
II.  METALS AND THORGANICS '
23. Acsenic 26/4% 26,26,26
26, Cadaimd 17/48 s 17 2 2
27. Chcomiusd.® 20/44 I 1
28. Copperd 41745 1 a4
29. Cyanides . 10/32 9
30, Leadd 40/43 16 40 37 37
32, wickeld 20/45 8 © 18
33, Seleniun 9/4S B B 7
36. zincd 45/45 . 6 40
Iv, HALOGENATED ALIPHATICS
Sl1. Methane, trichloro~ (chloroform) 16/66 8,16,16
S8, Ethane, 1l,1,l-trichloro~ 23/66 X .
64. Ethene, l,2-trana~dichloro~- 8/66 b 4
65. Ethene, trichloco~ 8/68 9,1,8
€6, Ethens, tetrachloro- 1/68 4,1,7

vI, MONOCYCLIC AROMATICS (EXCLUDING PHYENOLS, CRESOLS, PHTHALATES)

78. Benzene 22/6S 2,22,22
85. Benzene, ethyl~- 8/67 X
@7. Toluene 13/5% X
vII, PHENOLS AND CRESOLS
94. Phancl, pentachloro~ 12/67 1¢ ¢ )
96. Phenol, 4-nitro~ 1/67 X
VIII. PHTHALATE ESTERS
103. Phthalate, di-n-butyl 1/6% &*
105. Phthalate, bis(2-ethylhexyl) 14/59 13+
Ix. POLYCYCLIC AROMATIC HYDROCARBONS
1/67 7077

121. Phenanthrens

¢ Indicates PTA or FIC value substituted where PA or PC criterion not available (see balow).

8 Based on 68 organic and 46 inocganic sanple results received as of 10/31/81, adjusted for preliminary
quality control review. Nine cities reporting.

Preshwater ambient 24-hour instantanecus maximua criterion (®acute® criterion).

-] A -
PC « Preshwater ambient 24-hour average criterion (“chronic® criterion).
FTA = lowest reported freshwater acute toxic concentrzation. ({Used only when FA is not available.)
PIC » lowest ceported freshwater chronic toxic concentration. (Used only when PC is not available.)
OL = Taste and odor (ocrganoleptic) criterion.
HH = Non-carcinogenic human health criterion for ingestion of contaminated water and organisas.
HC = Protection of human health from carcinogenic effects for ingestion of contaminated water and

otganisas.
OW = pPrimacy drinking watar criterion.

EZatzies in this column indicate exceedances of the human carcinogen value at the 1075,

]
10-6, and 107 risk level, respectively. The numbers are cumulative, i.e., all 1075
exceedances sre included in 105 exceedances, and all 1076 exceedances are included in 10-7
exceedances.

4 Where hardness dependent, hatdness of 100 #g/1 CaCOy equivalent assumed.

Different sets Of critecia are vritten for the trivalent and hexavalent focrms of chromium.
Por purposes of this analysis, all cheomium is assumed to be in the trivalent form.

£-2 18



TABLE Sa.

IN AT T 10 PR T
SUMMARY OF WATER QUALITY CRITERIA EXCEEDANCES POR POLLUTANTS DETECTED LEAS RCEN
OF NURP SAMPLES: PERCENTAGE OF SAMPLES IN WHICH POLLUTANT CONCENTRATIONS EXCEED CRITERIA®

e e
S

Critecia exceedances (V)P

Prequency of
pollutant detection (%) None PA PC OL HH HCS ow
1. PESTICIDES
3. oHexachlorocyclohexane 28 2,20,2%
S. yHexachlorocyclohexane (Lindane) 11 2 2,3,11
1z, NETALS AND INORGANICS
23. Arsenic 58 8,58,38
2¢. Cadmius? 1 20 38 4 ]
27. Chromjund«® 4s 2* 2
28. Coppecd 9 69 91
. ides k8 . 20
;:. SIQ::‘ 93 . 37 9 86 [ 1
32. Nickeld .“" 18 «0 '
3). Selenius 20 ) 16 16
36. tincd 100 . 13 89
Iv. BALOGENATED ALIPHATICS
-
Sl. Methane, trichloro- (chlorofors) 24 12,24, 24
$8. Zthane, 1,1,l-trichloro~ 3s X
64. Ethene, 1,2-trans-dichloro- 12 X
65. Ethene, trichloro- 12 0,1,12
66. Etthene, tetrachloro~ 22 6,22,22
vIi. WONOCYCLIC AROMATICS (EXCLUDING PHENOLS, CRESOLS, PHTHALATES)
768. Senzene 4 b 4 3,34,34
6S. Benzene, ethyl- ) . 12 b §
§7. Toluens . 24
vIl. PHENOLS AND CRESOLS
94. Phenol, pentachloro- 18 1* 10° 1
96. Phenol, é-nitro- . 10 }
VIII. PHTHALATE ESTERS
103. Phthalate, d{-n-butyl ) 1 . " 100
10S. Mhchalate, Dis{2-ethylhexyl) 214 22¢
Ix. POLYCYCLIC AROMATIC HYDROCARBONS
121. Phenanthrene 10 : " 10,10,10

.

" * Indicates PTA or PIC value substituted whece PA ot PC criterion not available (see below).

8 Based on 68 organic and 46 inorganic saaple results received as of 10/31/81, adjusted for preliminary
quality control teview. Wine cities ceporting.

b

®  Preshwvater ambient 24-hour instantaneous asximum criterion (®acute® criterion).
PC = Preshwater amblent 24-hour average criterion (®chronic® criterion).
PTA = Lowest repocted freshvater acute toxic concentration. (Used only when PA is not available.)
PIC = Lowvest reported freshwater chronic toxic concentration. (Used only when PC i3 not available.)
QL = Taste and odor (organoleptic) critecion.
BH e Non-carcinogenic human health criterion for ingestion of contaminated vater and organisms.
HC = Protection of human health froa carcinogenic effects for ingestion of contaminated water and

organisas.
OW = pPrimary drinking water ccitecion. "'
€ Bntzries in this column indicate exceedances of the husan carcinogen value at the 103,
106, and 10-7 cisk level, respectively. The numbers ate cumulative, i.s., all 10-5
exceedances are inciluded in 106 exceedances, and all 10~ exceedances ace included in 10~7
exceedances.

8 Wnere hardness dependent, hardness of 100 ag/l CaCOy equivalent assumed.

¢ Different sets of criteria are written for the trivalent and hexavalent forms of chromiun.
Por purposes of this analysis, all chro-tux_n is assumed to be in the trivalent fora.
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20 percent of the time. Freshwater chronic cri-
teria exceedances were observed for lead, copper,
and zinc in at least 89 percent of the samples.
Drinking water criteria exceedances were signifi-
cant for lead (86 percent of the time). For the
non-carcinogenic human health criterion, lead (86
percent) and nickel (40 percent) exceedances were
most frequent. Arsenic human carcinogenic crite-
ria (at all risk levels) were exceeded 58 percent
of the time; however, drinking water standards of
50 ug/l for this pollutant were not exceeded.

(In cases where inorganic criteria values are
water hardness dependent, a value of 100 mg/l
CaCOg4 equivalent was assumed.)

Among the drganics, criteria exceedances occurred
most frequently in the freshwater chronic and hu-
man carcinogenic categories. Freshwater chronic
exceedances (utilizing the lowest reported fresh-
water chronic toxic concentration) were observed
most often for pentachlorophenol (10 percent),
di-n-butyl phthalate (10 percent), and bis(2-

‘ethylhexyl) phthalate (22 percent). Carcinogenic

3 risk level

criteria exceedances at the 10
were observed for o«BHC (2 percent), trichloro-
methane (12 percent), tetrachloroethene (6 per-
cent), and benzene (3 percent). However, at the

10'7 risk level these exceedances increase to

25, 24, 22, and 34 percent, respectively. These

exceedances at’ the 107/ level occurred for ev-
ery sample in which the pollutant was detected, a
result of the fact that the carcinogenic crite-
ria levels are less than the limits of detection
which were used. For organics, the freshwater
acute and organoleptic criteria were exceeded
only by a single pentachlorophenol sample.

CE-2P
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Whenever a criteria exceedance is noted above, this
does not necessarily imply that actual violations of cri-
teria did or will take place in receiving waters. Rather,
the technique used is an initial screening procedure, to
make a preliminary identification of those pollutants
whose presence in urban runoff requires further study.
Exceedances of freshwater chronic criteria levels may not
persist for a full 24-hour period, for example. However,
many small urban streams probably carry only slightly di-
luted runoff following storms, and acute criteria or other
exceedances may in fact be real for such streams.

While the 65 priority pollutants not detected are of
less immediate concern than those pollutants found often,
they cannot safely be eliminated from all future consider-
ation. Many of the pollutants not detected have criteria
which are below the detection limits of routine analytical
methods. More sensitive analytical methodologies must be
used and dilution-effects considered before it can be said
with assurance that these pollutants are not found in ur-
ban stormwater runoff at levels which pose a threat to hu-

‘man health oi aquatic life.

Several non-priority pollutants were reported by the
laboratory analyzing the Denver runoff samples (Table 6).
For example, the herbicide 2,4-dich10toébenoxyacetic acid
(2,4-D) was found at a concentration of 180 ug/l, a level
which violates its drinking water standard of 100 ug/l.
The Denver results indicate that many toxic compounds
which are not priority pollutants may be found in runoff,
and that such compounds may require further investigation
and control at some time in the future.

F-39
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TABLE 6.

NON=-PRIORITY POLLUTANTS REPORTED IN NURP

URBAN RUNOPF SAMPLES

2,/2~(2-Butoxyethoxy) ethoxy/ethanol

Estimated Number of times
concentra~- detected/Number
Pollutant tion (1g9/1) of samples
G-HeCHoxy-N,N'-bxs(l-methylethyl)-1 3,5~
triazine-2,4-dione 64 - 1/7
4-pPropoxyphenol 8 1/7
Methylheptanol 12 1/7.
3-Methyl-2-cyclohexen~l-one 6-9 4/7
1-(2-Butoxyethoxy)ethanol 5-23 2/17
2,2,4-Trimethyl-1,3-pentanediol 17 177
Tributylphosphate 6 1/7
9,10-Anthracenedione or
9,10-Phenanthrenedione 20-29 2/7
2,4-Dichlorophenoxyacetic acid or 2,4-D. 180 . 1/7
" (1,1'-biphenyl) -carboxaldehyde 17 o 1/7
Unidentified gsubstituted alkyl hydrocarbon 5-37 3/7
Unidentified substituted alkyl hydrocarbon 12-390 2/7
Unidentified substituted alkyl
hydrocarbon oil 10-500 2/1
Unidentified substituted polycyclic
aromatic 22 1/7
8 1/7

Note: Results reported by the Denver NURP program.
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SECTION 4

CONCLUSIONS

Section 3 identified the inorganic and organié prior-
ity pollutants which were most frequently detected in ur-
ban runoff and which were found at undiluted concentra-
tions exceeding applicable water quality criteria and
standardsf The 24 pollutants (9 inorganics and 15 organ-
ics) detected in greater than 10 percent of the urban run-
off samples have been selected for further evaluation and
discussion in this section. A cutoff point of 10 percent
was used because‘ﬁhe data are preliminary and the cutoff
tends to minimize unusual runoff conditions. More pollu-
tants will be analyzed in future reports.

The 24 priority pollutants found in 10 percent or more
of the NURP samples, and their predominant sources, are
shown in Table 7. In general} priority pollutant inor-
ganics were found more frequently and at higher concentra-
tions than the priority pollutant organics. The inorgan-
ics found most frequently and at the highest concentra-
tions were arsenic, cadﬁium, chromium, copper, cyanide,
lead, nickel, and zinc. Predominant sources of these
meégis in runoff are thought to be fossil fuel and gaso-
line consumption, metal alloy corrosion, and automobile
tire wear. Lindane (yBHC), oBHC, chloroform, 1,1,1-

*All findings and conclusians are considered tentative until campletian
of tharough quality assurance review.,
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TABLE 7.

PREDOMINANT SOURCES OF PRIORITY POLLUTANTS WHICH HAVE BEEN
DETECTED IN AT LEAST 10 PERCENT OF URBAN RUNOFF SAMPLES

Predominant sources

Product of the incomplete com~
bustion of fossil fuels, espe-
cially wood and coal burned in
residential home heating units.

Product of gasoline combustion

Metals released from the corro-
sion of alloys and from elec-

Metal released from the corro-

Automobile Related Activities

Anti-caking ingredient in road

Component of automobile tires

Pollutant
a. Possi]l Fuels Combustion
121. Phenanthrene
23. .Atsénic Products of fogsil fuel
32. Nickel combustion.
b. Gasoline Consumption

30. Lead Components of gasoline

78. Benzene

85. Ethylbenzene

87. Toluene

96. 4-Nitrophenol

29, Cyanide

Ce. Metal Alloy Corrosion

26. Cadmiunm

27. Chromium
tgoplating wastes.

28. Copper _
sion of copper plumbing and
from electroplating wastes.
Copper is also commonly used
in algicides.

4.

29. Cyanide
salts.

36. Zinc
and a common ingredient in
road salt.

S1. Chloroform Product of a chemical
interaction among road salt,
gasoline, and asphalt.

(continued)
F-32
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TABLE 7.

(Continued)

Pollutant

Predominant Sources

3.
S.

9%4.

58.
64.
65.
66.

103.

10s.

33.

51.

o~BHC
yBHC (Lindane)

Pentachlorophenol

l,l,l;Trichloroethane
1,2-trans-Dichloroethene

‘Trichloroethene

Tetrachloroethene

Di-n-butyl phthalate
Bis(2-ethylhexyl) phthalate

Selenium

Chloroform

Pesticide Use

Compounds commonly used in soil
treatment to eliminate nema-

todes and other pests.

Primarily used to protect wood
products from microbial and
fungal decay. Telephone poles
are commonly treated with pen-
tachlorophenol, for example.

Solvent Use by Light Industry

Products used in solvents by

light industries (e.g., dry
cleaning, auto repair, paint
contractors, metal finishing
and degreasing) to dissolve
grease and clean parts. The
"spent" solvent typically
finds its way into drains,
open storm drains, and surface
runoff due to careless dis-
posal practices.

Plastic Product Consumption

Two of the most widely used
plasticizers (components which
make plastic flexible). They
find their way into urban run-
off because, through time,
they "leach" from numerous
Plastic products (e.g., garden
hose, floor tile, plastic con-
tainers, food packaging) in
which they are found.

Natural Erosion

Element which occurs naturally
in rocks and soil.

Chlorination of Drinking Water
and Municipal Wastewater

Chemical compound formed as a
result of the chlorination of
drinking water and wastewater.

\j,?ﬁ
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trichloroethane, benzene, tdluene, bis(2¥e:hylhexyl)
phthalate, phenanthrene, and pentachlorophenol were the
priority pollutant organics found most frequently and at
highest concentrations. Their predominant sources are
believed to be pesticides, solvents, plastic products, and
water chlorination practices.

POTENTIAL RISK TO HUMAN HEALTH

A comparison of undiluted NURP priority pollutant con-
centrations with EPA's human health criteria for water
revealed that the organic priority pollutants found most
frequently pose little risk to humans at detected levels,
except possibly for phenanthtene and chloroform. Ten per-
cent of the urban runoff samples for these two pollutants
contained concentrations greater than the EPA criteria for
protection of health from carcinogenesis at a 10'5 risk
level. Pentachlorophenol (PCP) exceeded the organoleptic -
criterion in one sample, although it was found in 18 per-
cent of the samples. PCP does not appear to be a carcino-
gen, but tests with rats have shown it to be teratogenic

and fetotoxic.

Additional dilution éuring storm events may reduce the
concentrations of the organic pollutants found from the
;evels measured in runoff. This, in addition to known
fates and pathways of these organic pollutants, suggests a
minimal risk to humans due to urban runoff-borne priority
pollutants. Chloroform, solvents, and gasoline-related
qréanics found in urban runoff are rather volatile (half-
life 30 minutes) and are not expected td'persist-in sur-
face waters. These compounds can be expected to persist
in groundwater,{howé@er, where they are not able to vola-
tilize.

F-3¢
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PCP has a short lifetime in water because photolysis
degrades it in streams within-approximately one week.
However, where conditions such as turbidity limit photo--
lysis, degradation may take as long as several months.
PCP also sorbs to sediments where it can persist for
months and eventually recontaminate the water column,
which can be a problem in streams that are attempting to
recover from intermit:ént or continuous discharges.
Phenanthrene is also readily adsorbed to sediments where
it can persist and recontaminate the water column. The
effect of remobilization of these pollutants from sedi-
ments must be further evaluated before a conclusion
regarding potential risk to human health can be fully
stated. If PCP and phenanthrene are found in additional
NURP samples at concentrations of concern, monitoring may
be recommended at nearby water supplies.

The predominant pathway for human exposure for the
organics associated with gasoline is through ingested food
and inhalation. Contaminated sﬁrface water should there-
fore pose little risk at the levels measured in NURP sam-
ples. The plasticizers and pesticides should also pose a
minimal threat to humans as contaminated surface water is
an insignificant exposure pathway for these chemicals.

The plasticizer values in urban runoff are orders of mag-
nitude below toxic levels. However, bis(2-ethylhexyl)
phthalate has been shown to accumulate in aquatic life and
sediments. The effects of exposure to humans due to these
pathways at measured concentrations are currently unknown.

Some of the ptiority'pollutant metals found in u;ban
runoff could represent a potential risk to human health.
Exceedances of the non-carcinogenic human health, drinkingv
water, and human carcinogenic criteria were observed.
Detected lead concentrations in undiluted runoff ranged

v
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from 38 to 445 ug/l and exceeded the drinking water stan-
dard and.human health criterion of 50 ug/l (total lead) in
86 percent of the samples. Selenium concentrations in
undiluted runoff of from 2 to 25 ug/l exceeded the drink-
ing water standard and human health criterion of lO.ug/l
(total selenium) in 16 percent of the samples. Although
dilution in receiving streams and subsequent treatment in
drinking water treatment facilities would likely reduce
these observed concentrations, drinking water standard
violations are still possible under worst case condi-
tions. Such conditions would include cases where:

(1) the runoff generated during a storm event represented
a iarge portion of the total receiving water flow, result-
ing in a dilution of less than 1 to 10; (2) the prelimi-
nary sampling results are representative of lead and
selenium concentrations above drinking water supply in-
takes; and (3) lead and selenium removal by public drink-
ing water treatment facilities is minimal. Specific risks
to drinking water supplies could be evaluated by confirma-
tory sampling during storm events. '

Nickel concentrations in undiluted runoff were found
to exceed the human health criterion of 13.4 ug/l (total
nickel) in 40 percent of the samples with detected total
nickel concentrations ranging from 5 to 270 ug/l. Viola-
tions are expected to be less than the 40 percent figure
‘after dilution by receiving streams. Moreover, nickel is
not considered a significant human health problem in water
because it is poorly absorbed by the body when ingested.
Inhalation of nickel, especially nickel carbonyl, poses
the .greatest risk to human health. However, nickel com-
pounds aré‘suspected of acting synergistically with some
carcinogens to increase mutagenic effects (Sunderman,'
1981).



Arsenic concentrations in undiluted runoff frequently
exceeded the EPA human carcinogenic criteria (1077 risk
level) of .022 ug/l. There is, however, presently a de-
bate on the carcinogenic potency of arsenic, and this pre-
cludes a meaningful assessment of the risk to humans at
this time. The arsenic levels in the undiluted runoff
were all below the 50 ug/1 EPA drinking water standard.

POTENTIAL RISK TO AQUATIC LIFE

Only one organic priority pollutant, pentachloro-
phenol, was found to exceed fteshwater»acuté aquatic life
" criteria. This occurred only once, although the compound
was detected in 12 out of 67 NURP samples.

Four priority pollutant metals, cadmium, cbppet, lead,
and zinc, exceeded acute criteria in 13 to 68 percent of
the samples. The highest detected values for these pollu-
tants Qe;e two to five times higher than their appropriate
criteria. Consequently, these pollutants éould cause harm‘
to aquatic life, depending upon receiving stream dilution.

‘These same four priority poilutant metals, plus nickel
and cyanide, also exceeded 24-hour freshwater chronic cri-
teria in 18 to 93 percent of the samples. The highest

detected values for these pollutants ranged from 3 to 680
times higher than their appropriate criteria. However,
attenuating circumstances such as dilution and storm dura-
tion must be taken into account in order to fully evaluate
the significance of these exceedances. Since most storms
last between 2 and 16 hours, violations of chronic cri-
teria levels appear to be unlikely. The long-term effects
on aquatic life of these pollutants bound to sediments,
however, are unknown. These six pollutants may accumu-
late to some degree in sediments.

-3
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~ One final observation can be made regarding toxic
metal problems in runoff and receiving stream waters.
Many metals appear to be bound to organic matter or min-
eral particulates in water or bottom sediments. Through
desorbtion they are potentially available for movement in
a soluble form into the water column. In many cases de-
sorbtion is governed by the physical-chemical parameters
of pH, oxidation-reduction potential (EH), and dissolved
oxygen (DO). Low (acid) pH, EH, and DO favor solubility.
Current research on acid precipitation suggests that the
pH and possibly the EH of stormwater in many locations is
decreasing. Consequently, an increaée in the concentra-
tion of soluble metals and therefore the toxicity of these
pollutants in the water might be expected.

Cp
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SECTION 5

SPECIAL METALS SAMPLING PROJECT
INTRODUCTION

The Special Metals Project was initiated to enhance
the usefulness of the NURP priority pollutant metals data
base and to provide additional perspective on the potential
toxicity of priority pollutant metals in urban runoff. The
primary objective of this project was to determine the re-
lationship among dissolved; total, and total recoverable
concentrations of 29 metals (Table 8), including both prior-
ity and non-priority pollutant metals, and to evaluate the
potential impact of priority pollutant metals in urban run-
off on aquatic life and water supplies. A secondary ob-
Jective was to ensure a high level of qﬁality in the
generated data by having all the metal analysis conducted at
a single iaboratory. This project, thérefore, expands the
NURP priority pollutant metals data base which provides re-
sults for only one form (or fraction) of each metal's con-
- centration, and which uses numerous laboratories.

Definitions of the three metal fractions analyzed in
this project are given below:

® Dissolved metals - those constituents (metals)
which will pass through a 0.45 micron membrane
filter. Occasionally referred to as "soluble"
metal content.

® .Total recoverable metals - the concentration of
metals in an unfiltered sample following treat-
ment with hot dilute mineral acid. Occasionally
referred to as “extractable" metal content.

® Total metals - the concentration of metals
determined in an unfiltered sample following
vigorous digestion with concentrated nitric
acid. :

E-24
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Table 8

Speclal Metais Project: Parameter List

Priority Pollutant Metals Non=Prlority Poliutant Metals

Arsenic (As)
8ery!lium (Be)
Cadmiua (Cd)
Chromium (Cr)
Copper (Cu)
Lead (PD)
Mercury (Hg)
Nickel (N1)
Selenlium (Se)
Stiver (Ag)
Thallivam (TI)
Zinec (Za)

Aluminum (A!)
Barlum (Ba)
Boron (8)
Calcium (Ca)
Cobalt (Co)
lron (Fe)
Lithlum (LI)
Magnesium (Mg)
Manganese (Mn)
Molybdenum (Mo)
Potassium (K)
Sodium (Na)
Strontium (Sr)
Tin (Sn)
Titanium (T1)
Vanadium (V)
Yttrium (Y)




The three forms of metal are identified and quantified
because: (1) in most cases, aquatic life toxicity is be-
lieved to be directly related to the amount of dissolved
metal available, and (2) total recoverable and total metals
results are directly comparable to EPA water quality
criteria and dfinking water standards, respectively (Ap-
pendix D). Although the dissolved metal fraction is most
directly related to toxicity, criteria and standardg are
based on total metals fractions because they provide an
indication of the amount of metal available for dissolution.
"EPA's 1980 water quality criteria for priority pollutant
metals are based on laboratory toxicity tests in which the
actual form of the metal as measured in concentration may
not be known with certainty; most of these tests were pro-
bably conducted using metals in the more toxic, dissolved
form. The criteria for metals, however, are expressed in
terms of total recoverable metal in an effort to provide
adequﬁte protection of aquatic life. This fraction was
selecéed as the basis for the criteria because: (1) the
actual form of .the ﬁetal reported in laboratory toxicity
tests may not be known, and (2) metals in the aquatic en-
vironment may undefgo reactions which convert various forms
of the metal into the dissolved fraction. EPA's drinking
water staﬁdards. however, are based on the total metals
fraction. Consequently, to identify potential effects of
urban runoff on aquatic life and on water supplies, a com-
parison of both total recoverable and total metal con-
centrations against respective criteria and standards is
needed. A

As part of this project, 17 non-priority pollutant
metals were also measured in the three fractions since the
adélytical procedures provide this information at no ad-
ditional cost. These data are available to all NURP cities
and may'be analyzed for potentiél water quality impacts in
‘future EPA NURP assessments. The concentrations of three of
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these metals (Ca, Mg, and Sr) were used to calculate hard-
ness for each sample. These hardness values were then used
to calculate the applicable EPA water quality criteria for
selected priority pollutant metals with hardness-dependent
criteria.

METHODOLOGY

Twenty~-five NURP cities (Table 9 and Figure 2) are
participating in this project. These cities have been
supplied sampling kits with sufficient supplies to collect
eight runoff samples for each of the three fractions. Con-
sequently, a maximum of 200 samples can be analyzed for each
of the three fractions. Along with the sampling kit, a
sampling manual and recommendations on sampling were
provided. These recommendations are as follows:

1..The samples collected should be either flow-composited
or a series of discrete samples for a runoff event.

2. The special metals sample may be split out of the sam-
ple collected for priority pollutant analysis, or
for those cities not participating in the toxic sam-
pling program, the sample may be split out of a sam-
ple collected for conventional pollutant analysis.

The analytical methods followed by the contracted
laboratory are in accordance with the EPA approved pro-
cedures published in Methods for Chemical Analysis of Water
and Wastes (USEPA, 1979), and Inductively Coupled Plasma -

Atomic Emission Spectrometric Method for Trace Element An-
alysis of water and Wastes (USEPA, 1980). Table 10
summarizes the analysis procedures used and references the

EPA methods and detection limits for each metal. The use of
the Inductively Coupled Plasma-Atomic Emission Spectrometric
Method (ICP) for trace element analysis of runoff samples
provides a multi-element analysis at no additional cost.

F2
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Table 9

NURP Cities Participating In the Special Metals Sampling

Project

Durham, NH*
Lake Quinsigamond, MA®
Mystic River, MA®
trondequoit Bay, NY*
Lake George, NY?®*
Long lsland, NY*®
Baltimore, MD®
Washington, OC*
Knoxville, TN®
Tampa, FL*®
Winston-Salem, NC
Champalgn~Urbana, IL
M{lvaukee, W!

Chicago, IL*
Tri-County, MI
Washtonaw, M|
Austin, TX*®
Little Rock, AR*
Kansas City, MO*
Denver, CO*
Rapld City, SD*
Salt Lake City, UTH*
Fresno, CA
8ellevue, WA®
Eugene, OR*®

*Also particlipating In the NURP priority pollutant sampling program,
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Numbers identify major river basins
delineated by the United States }
Gaeological Survey, 1980.

® : Priorlty Poliutant Cily
O = Non-Priority Pollutant City

Figure 2 NURP Special Metals City Locations



Table 10

Summary of Analyf(cal Procedures Used in the

Special Metals Sampling Program

Detectlion Limit
Metal Method Analysis Reference No, _uq/|
Arsenic (As) Furnace AA (1) 206.,2 (2) 10
(Bery!lium (Be) ICP (3) 200.7 (&) 2
Cadmium (Cd) 1ICP (3) 200.7 (4) S
Chromium (Cr) ICP (3) 200.7 (&) 10
Copper (Cu) ICP (3) 200.7 (&) 20
Lead (Pb) ICP (3) 200.7 (4) 40
Mercury (Hg) Cold Yapor AA (5) 245.1 (2) !
Nickel (NI) ICP (3) 200.7 (4) - 20
Selenium (Se) Furnace AA (2) 270.2 (2) 10
Silver (Ag) ICP (3) 200.7 (4) 10
Thatlilum (TI1) Furnace AA (2) 279.2 (2) 10
Zinc (Zn) ICP (3) 200.7 (4) 10
Aluminum (ALl) 1ICP (3) 200.7 (4) 50
Barlium (Ba) ICP (3) 200.7 (&) 10
|Boron (8) ICP (3) 200.7 (4) 10
Calclum (Ca) 1ICP (3) 200.7 (&) 100
Cobalt (Co) ICP (3) 200.7 (&) 10
fron (Fe) ICP (3) 200.7 (&) 20
Lithlium (LI) ICP (3) 200.7 (4) 10
Magnesium (Mg) ICP (3) 200.7 (4) 100
Manganese (Mn) ICP (3) 200.7 (4) 10
Mo lybdenum (Mo) IEP (3) 200,7 (4) 10
Potassium (K) ICP (3) 200.7 (&) 200
Sodlum (Na) ICP (3 200.7 (&) ' 100
Strontium (Sr) ICP (3) 200.7 (4) 10
Tin (Sn) ICP (3) 200.7 (&) 50
Titanium (TI) 1ICP (3) 200.7 (&) 10
Vanadium (V) ICP (3) 200.7 (4) 10
Yttriam (Y) 1CP (3) 200.7 (4) 10
Footnotes:
"Atomle Absorption, Furnace Technique,
2y,5. Environmental Protectlion Agency. 1979. Methods for the Chemical

Andlysls of Water and Wastes,
Laboratory.

Environmental Monitoring and Support
Otfice of Research and Development, Clncinnatl, Ohlo,

3Induc‘rlvoly Coupled Plasma;A?omlc Emission Spectrometric Method.

4y.5. Environmental Protection Agency. 1980, Inductively Coupled
Plasma~-Atomic Emission Spectrometric Method for Trace Element Analysis cf

Water and Wastes, Environmental Monitoring and Support Laboratory.
Oftice of Research and Development. Cincinnati, Ohio,

5Manual Cold Vapor Atomic Absorption Technlque,
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Therefore, besides data on the priority pollutant metals,
which are of primary concern, data on 17 additional metal
elements are provided.

Four data analysis approaches are used to summarize
preliminary results:

1. Metals are identified by frequency of detection,
including calculations of geometric mean con-
centrations of each fraction (total, total re-
coverable, and dissolved).

2. Comparisons are made of priority pollutant metals
concentrations (total recoverable and total metal) of
undiluted urban runoff with EPA's water quality
criteria and drinking water standards, respectively.
These comparisons identify exceeded criteria and
standards in an effort to evaluate the potential
downstream effects on aquatic life as well as the
potential impacts on water supplies.

EPA water quality criteria for the protection of
aquatic life are of two types: (1) "acute" represent
the maximum concentration of a pollutant at any time:
(2) "chronic" represents the maximum 24-hour average
concentration allowed.

Those criteria that are hardness dependent were
adjusted using the hardness values calculated for each
water sample using Ca, Mg and Sr concentrations.
(Hardness values .ranged from 11.2 to 452 with the
arithmetic mean being 113 mg/l.)

3. Comparisons are made of dissolved metals
concentrations with total and total recoverable
concentrations to identify the relative xmportance of
each fraction for each metal.

4. Comparisons are made of special metal concentrations
with results of metals analyzed in the NURP priority
pollutant monitoring effort when samples were sampled
simultaneously for both programs.

S. Comparisons are made of non-priority pollutant metal
concentrations (total metal) found in undiluted urban
runoff with EPA's "Red Book" Criteria.

UL
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At this time, the focus of the data analysis is on the
priority pollutant metals. A range of the geometric mean
was calculated for each parameter, based on assumptions made
in the EPA-Water Planning Division report "Preliminary
Results of the NURP Program." Since it is not appropriate
to calculate a mean if most of the values are undetected,
only metals found in at least 10 percent of the samples are
included in this analysis. Two geometric means were computed
to identify a range within which the actual mean falls. The
upper end of the range was calculated using the actual de-
tection limit when the pollutant was undetected. The lower
end was calculated using a very small number (0.1 times the
detection limit) for the undetectable (remarked) result in
order to avoid zero, which cannot be accommodated in
geometric mean calculations. Mean concentrations were also
only calculated on composite samples:; therefore, the total
sample gize waé 46. The 14 discrete samples were excluded
because they do not provide an adequate representation of
the runoff event concentration.

The data analysis used event mean concentration which
is calculated by dividing the mass discharge, whether it be
total, total recoverable, or dissolved, by the total runoff
volume. If a flcw-weighted composite was collected, the
metal concentration was used to fepresent the event mean
.concentration. No flow data were reported for discrete
samples and, consequently, event mean concentrations could
. not be calculated. These discrete samples did provide daﬁa

on the instantaneous metal content of various periods in a
runoff event and were used in determining the percent of
total metal in the various metal fractions.

U7
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FINDINGS

Raw sampling data for all pollutants are given in Ap-
pendix E and summarized in Table 11. Appendix F contains
preliminary laboratory quality control (QC) data. 1In
general this QC data meets established laboratory control
limits (except for aluminum, boron, and iron ), including
control limits specified in "Quality Assurance for Labora-
tory Anaiysis of 129 Priority Pollutants" (U.S. Environ-
mental Protection Agency, Monitoring and Data Support
Division, Feﬁruary 4, 1980). Recoveries for spiked samples,
method standards, and reference standards -are within 90 to
110 percent for most metals, and replicate standard de-
viations (RSD's) for duplicate samples are generally less
than'lo percent.

Specific results and findings are summarized below:

1. Eight priority pollutant metals were detected in the
total fraction. Their frequency of detection and range
of values are shown below. The range surrounding the
geometric mean is also provided for the metals found
in at least 10% of the samples.

Frequéncy Rangé of " Range of

Found Above Detected Values Geometric Mean?*

Detection Limit (%) (ug/1) (ug/1l)
Zinc | 92 10-730 103-133
Lead : 70 40-740 43-106
Copper 53 . 20-120 7=-27
Chromium 45 10-80 4-14
Nickel 27 20-60 4-21
Cadmium 8 - S -
Beryllium , 8 2 -
Arsenic . 3 10-20 -

*Based on "total metal” values calculated in Appendix E and
presented in Table 1l1. '
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Tabie 11
Summmry of Number of ODetections, Maen Concentrations, Range and Oetection Limits for
Special Metais Oats Collectes ss of October 1981
(Compogite Sampies Only < 44 Semples: concentrations In ug/!)

Nusber of Geametric Mean Geometric Mesn Range ot Oevection

Pol tutent Form Detected Vaiues R = 0,10 R AN o RMKS Detected Yatues Limit
Tatai 1 - - 20 10
Arspnic Total Recowersbile 0 - - - 10
Olsso!ved [} - - - 10
fﬂ?l'l 4 - - 2 2
Berylilum Total Recoversbie 0 - - - 2
Olssolved o - - 2 2
Totsi 4 - - S S
Sadmium Tors( Recoverssie 1 - - s s
Ot 330 | ved 2 - - . 3-10 s
Toral 20 4 14 10 - 80 ]
Chrom! um Total Recoversdie 13 2 12 10 - 80 10
Qlssoived [} - - - 10
Torsl 20 . 7 k24 20 - 120 0
Copper - Toral Recoversoie 3 L} o 20 - 110 20
Ol ssoived - 20 - 80 20
Toral -] 43 108 40 - 740 40
Lead Toral Recoversdie F- 62 103 40 - 740 40
Olssoived 0 - - - ©
Totrsl [} - - - 1
“ercury Tors( Recoversdie: 0 ) - - - 1
Olssolved 1 - - | 1
Torel 12 4 P4 20 - 60 20
Sicket *® Tora! Recoversbie ¢ ’ - - 20 - 4 20
Cissolved ) - - 140 2
. Torsl 0 - - - ' 10
Seleniym . Total Recoversble 0 - - - 10
Ol ssoived 9 - - - 10
Total ° - - - 10
Silver Tora! Recoverstie -] - - - 10
Ql'ssoived . Q - - - 10

QMK » REMARK and Indicates non-detection,

**lontamination suspectes in dissoived traction,

v-uf
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Tadie 11 (Cont.)

Sumsary of Mumber of Oetections, Mesn Concentrutions, Range end Oetection Limits for

Soscist Meteis Oute Collected as of Ocrober 198!

(Camposite Sampies Oniy = 46 Samples: concentrations (a ug/l})

Number of GeommTric Mesn Geometric Mesn Range ot Detection
fol tyrent Sorm Outected Vaives A = 0,10 e R » RMK® Oatected Values Limi®
Torat o - - - 10
Thatlium Tota! Recoverstie 0 - - - 10
Olssolved 0 - - - 10
Torat 49 103 133 10 - 730 10
Zlne Tors! Recoversdle 3 118 137 20 - 6% 10
Of sa0i ved b1 a2 43 10 - 3% 10
Torat 43 2,309 2,423 200 - 74,400 0
Atuminum Tore! Recoveradle 7 1,487 1,487 5C - 44,900 0
Olssoived 12 1" b} 50 - 500 30
Totat 43 43 %0 10 - 800 {]
3arium Tors! Recoversdie 42 3 4 10 - 570 19
‘Olssoived 3 2 2 10 - 190 10
Torsl 32 13 b a4 10 -~ 180 10
Soron®® Tots! Recoweradie 43 7 32 10-- 180 10
Ol ss0tved » F-4 3 16 - 230 0
Tarat ) 20,220 2,220 3,100 = 121,000 100
Salcium Tora! Recoversdle 48 19,289 19,289 3,000 - 121,000 100
Olssolved 48 13,928 13,923 2,500 - 133,000 100
Torat 2 - - 20 - 30 10
Cobait Tora! Recoveradle 4 - - 10 - 20 10
Dlssoived 0 - - - 10
Torat 4 3.9 3,531 300 - 69,900 2
lron Tats! Recoverudle “ 2,560 2,668 280 - 48,600 20
Olssoived 7 3 49 2 - 470 20
Torst " 2 14 0 - 1,140 [}
Litatum Tors! Qecoveradie 10 2 3 10 = 1,200 10
Qlissoived 9 2 12 10 - 1,300 10
Tarsl 4« 3,338 %35 900 - 25,800 100
vagnes i um Tots! Recoveradie “ 5,200 $,200 900 - 25,100 100
Ofssoived L] 2,748 2,748 300 - 28,500 100

MK « IEMARK ang indicates nonedetection.
SeContaminarion susoected in dlssoived trectlon,




Table 11 (Cont.)
Susmsry of Number of Detections, Meen Concentrations, Range and Detection Limits for
Special Metyis Cate Coilected a3 of October 198!

(Composite Samples Onily = 48 Sampies: concentrations in ug/l)

‘ever of Fometric “ean Je0meYriz ‘lean ‘enje o letacr on
Pollutent Form Detec?ed Values WK = 0,10 Pvxe IMK_ = uKe Cetected Valyes Lini®
Toral .43 124 130 10 - 1,629 10
Menganese Tora! Recoversdle 43 124 130 10 - 1,5% 10
Dissoived 30 n 3 10 - 290 10
Toral 4 - - 0 -2 90
Mol ybdenum Tats! Recoversbie 0 - - - 10
Olssoived t - - 10 10
Totsl 48 2,941 2,981 700 - 16,900 200
Poress!ue Tors! Recoversdie L] 2,08 2,828 400 - 14,600 200
' Dlssoived 4 3,130 3,130 800 - 6,300 20
Torsl 46 3,992 9,992 700 - 142,000 100
Sodlum Tora! Recoversdie 4 6,138 6,138 900 - 148,000 100
Olssoi ved 48 6,93 8,93 990 - 160,000 100
Toral 48 86 . a6 2 - 4,490 10
Strontium Totei Recoversdie a8 L] L] 20 - 4,29 10
Oissoived L] . 68 66 10 - 5,200 10
Torsi 3 - - 30 20
Tia Tors). Recoversdie [] - - - 30
Olssoi! ved Q - - - 0
Total 3% 3 b 20 - 2,490 10
Titenium Total Recoversdie 40 » 3 10 - 390 19
Oissoived 1 - - 2 10
Totsi 14 3 13 10 - 1680 10
venadium Tota! Recoversdle 13 2 12 10 « %0 10
Olssolved ] - - - 10
Torat 3 - - 20 - 40 (-]
R dl’ Totat Recoversdie s 1 " 10 - 40 10
0l ss0ived 0 - - - 10

MK = REMARK and Indicates non—detection.




2. Comparisons of total recoverable and total metal
concentrations (undiluted by stream flow) with EPA
water quality criteria and drinking water standards,
respectively, reveal that lead, copper, and zinc
exceed acute criteria in greater than 37 percent of
the samples while they exceed chronic criteria in
greater than 53 percent of the samples (Table 12).
Lead concentrations were found to exceed EPA's
drinking water standards in 63 percent of the
samples,

3. A comparison of the priority pollutant metal fractions
(Table 13a) revealed that, in general, most of the
metals are in the particulate form; most of the metals
associated with particulates are in the total
recoverable fraction. However, copper, and zinc both
are present at 27 percent in the dissolved form. For
non- priority metals (Table 13b), a larger percent of
the metal concentration is in the dissolved fraction.
More than 90 percent of potassium, sodium, lithium,
and boron are present in the dissolved fraction, as
expected due to the high solubility of these metal
salts.

4. Four of the non-priority metals (barium, boron, iron
and manganese) have criteria available in EPA's "Red
Book" (Table 14). In undiluted runoff, barium and
boron 4id not exceed criteria; iron and manganese
exceeded the criteria for domestic water supplies
(welfare) in 98% and 77% of the respective samples.
These criteria are established to prevent brownish
staining of laundry and plumbing fixtures and
objectional taste in beverages.

CONCLUSTIONS

For this preliminary screening analysis, the results
indicate that zinc, lead, copper and chromium are the metals
found most frequently and at the highest concentration.

Lead concentrations in undiluted runoff were found to
exceed the drinking water standard and human health
criterion of 50 ug/l (total lead) in 63 percent of the
samples, with detected total lead concentrations ranging

5L
44



34

go-2

Table 12

Summary of Water Quallty Criteria Violations
(Analyses of data uses detected values only)

Percentage of

Samples In Violation

Freshwater Freshwater Human Orinking Water
Metal # of Samples . Acute Chronlc Heal th Standard
C
Arseanlc 60 0 L] 0 0
c .
Bery!tlum 60 0 0 0~ NS
Cadmium 60 3¢ 3¢ 2 2
Chromium . 60 0 2 2 2
Copper 60 a2bec s3PeC NCA 0
Lead 60 b 68 DrC &P 6P
Mercury 60 (1] 0 o€ (1]
Nickel 60 0 0 12€ NS
Selenlum 60 ] 0 0 0
Sliver 60 o€ o€ 0 0
Thal Hum 60 0. 0 0 0
Zinc 60 37 b 85 b NCA 0
Footnotes:

3lolatlons based on total recoverable fractlon only,

YFive violatlons as a result of 5 discrete samples collected for a singte runott event -In Long Istand, NY., May 11, 1981,

Cputection (imlt Is higher than criterla for the metal; therefore, the violation lncidence could be higher than shown,




Table

13a

Tota! Recoverable and Dissolved Metals Concen?riflon

as a Percent of Total

Priority Pollutant Metals
(Based on 60 samples)

Metals Concentration:

Percent Total Percent Frequency of Detection
Recoverable Dissolved in Total Fraction (%)
2 3
Arsenic RMK = 0 - - 2
RMK = RMK - -
2
Beryl!lilum RMK = 0 - - 7
: RMK = RMK - -
2
tCadmium RMK = 0 - - 7
| RMK = RMK - -
Chromium RMK = 0 61 0 33
RMK = RMK 77 41
Copper RMK = 0 93 27 33
RMK = RMK 94 53-
Lead RMK = 0 94 4 47
. RMK = RMK 95 18
Mercury RMK = 0 - - 0
RMK = RMK - -
. '
Nickel RMK = 0 35 - 20
RMK = RMK -85 -
2
Selenium RMK 0 - - 0
RMK = RMK - -
2
Sitver RMK = Q - - 0
RnK = RMK - -
2
Thallium RMK = O - - 0
RMK = RMK - -
Zinc RMK = 0 64 27 68
’ RMK = RMK 65 28
'Defermlned using only those samples with a detectable level of metal in

the total .fraction for greater than

108 of the samples analyzed.

devor than 10f of the samples had detectable levels of metal in the

total fraction,

3RMK = 0: Porcoh?ages have been calculated substituting zero for less
than detectable valyes in the dissoived and total recoverable
fractions,

RMK = RMK: Percentages have been calculated substituting the detectable
IImit for less than detectadble values In the dissolved and
total recoverable fractions.

‘One data point eliminatad from data Sef due to field contam!inatlion.
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Table 13b
Total Recoverable and Dissolved Metals Concentration
as a Percent of Total Metals Concentration:
Non=Priority Pollutant Metals
(Based on 60 samples)

Percent Total Percent .Frequency of Detec