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ARMY CRtEK LANUFILL
NEW CASTLE COUNTY
10/22/85

LAYEK i

f1 VERTICAL PERCOLATION LAYER
\ ; THICKNESS s 2̂ .00 INCHES

EVAPORATION COEFFICIENT • 3.300 MM/OAY*»O.S
POROSITY = _ .3710 VOL/VOL
FIELD CAPACITY = . ! 720 VOL/VOL

*'-' ' WILTING POINT = .0500 VOL/VOL
EFFECTIVE HYDRAULIC CONDUCTIVITY- = 16. 199999*1 INCHES/HR

WASTE LAYER
THICKNESS = 300.00 INCHES
EVAPORATION COEFFICIENT a 3.300 MM/DAY**O.S
POROSITY 3 .5200 VOL/VOL
FIELD CAPACITY a .3200 VOL/VOL
WILTING POINT a .1900 VOL/VOL
EFFECTIVE HYDRAULIC CONDUCTIVITY * .28300000 INCHES/HR
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GENERAL SIMULATION DATA

SCS RUNOFF CURVE NUMBER s 65.84
TOTAL AHtA OF COVER =2110000. SU. FT
EVAPORATIVE ZONE DEPTH = 10.00 INCHES
EFFECTIVE EVAPORATION COEFFICIENT = 3.300 MM/OAY**"0.5
UPPER LIMIT VEG. STORAGE = 3.71(10 INCHES
INITIAL VEG. STORAGE " = 1.1100 INCHES

CLIMATOLOGIC DATA FOR PHILADELPHIA PENNSYLVANIA

^ MONTHLY MEAN TEMPERATURES* DEGREES FAHRENHEIT

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

LEAF AREA INDEX TABLE

DATE LAI

1 .00
123 .00
139 1.23

• 154 2.01
170 2.01
185 2.01
201 2.01
217 2.01
232 1.81

32.31 34.10 41.37 52.19 63.65 72.68
76.86 71S«07 67.79 56*98 . >5.52 J6.4JL

MONTHLY MEANS SOLAR RADIATION* LANGLEYS PER DAY

JAN/JUL FEB/AUG MAR/SEP APR/OCT . MAY/NOV JUN/DECL.
131.61 191.10 284.66 387.22 471.30 514.37
504,89 445.40 351.64 249.28 165.20 122.13

2/9 .34 (Red)
366 .00

GOOD GRASS

WINTER COVER FACTOR » 1,20.



I

L

MONTHLY TOTALS FOR 74

JAN/JUL FtB/AUG MAR/SEP APR/OCT MAY/NOV JUN/OEC

PRECIPITATION (INCHES) 2.95 2.14 4.91 2.77 3.21 4.43
2.08 3.83 4,63 1.93 .81 4.04

RUNOFF (INCHES) .000 .000 .000 .000 .000 .000
.000 .000 .000 .000 .000 .000

EVAPOTRANSPIRATION .887 .841 1.069 1.314 1.931 2.256
1.228 1.609 1.935 .353 .409 .581

PERCOLATION FROM BASE 2.0091 1.3632 2.5292 3.1251 1.3186 1.6276
OK LANOULL (INCHES) 1.2083 1.6959 3.0455 1.8964 .6086 2.9287

r

I. DRAINAGE FROM BASE OF .000 .000 .000 .000 .000 .000
* LANDFILL (INCHES) .000 .000 .000 .000 .000 .000

ORIGINAL
(Red)

ANNUAL TOTALS FOR 74

. . — (INCHES) (CU« FT.) PERCENT

PRECIPITATION 37«78 6642982. 100,00

v RR302I33
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HUNUFF ,000 0. .00

EVAPOTRANSPIRATION 14.413 2534230. 36.15

PERCOLATION FROM BASE OF LANUFILL 23.3560 4106761. 61.82

DRAINAGE FROM BASE OF LANUKILL .000 0. .00

SOIL WATER AT START OF YEAH 99.52 17498582.

SOIL WATER At END OF YEAR 99.S3 17500565.

SNOW WATER AT START OF YEAR .00 0.

SNOW WATER AT END OF YEAR .00 0.

ANNUAL WATER BUDGET BALANCE .00 6. .00

SOIL WATER CONTENTS OF SEGMENTS
AT THE END OF YEAR ?4

SEGMENT INCHES
1 .014
2 .072
3 .036
4 ,.086
5 .086
6 .086
7 .086
8 2.410
9 96.604

ORIGINAL
(Red)

MONTHLY TOTALS FOR 75

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

•A-R302I3I*



PKEC1PITAT10N (INCritS) 4.00 2.91 4.68 2.97 4.9y 7.57
6.32 2.21 7.21 3.24 3.14 2^89

* RUNOFF (INCHES) .000 .000 .000 .000 .000 .000
.000 .000 .022 .000 .000 .000

» '
EVAPOTRANSPIRATION .729 .587 1.044 .826 1.975 2.567

^ (INCHES) 2,046 1.2/2 1.752 .964 .548 .514

. PERCOLATION FROM HASE 3.2328 2.1B45 3,3416 2.2601 3.0210 5 07?=;
J OF LANDFILL (INCHES, 4.3998 1.5609 3.10U !,1929 1.7723 l!alo7

I
> DRAINAGE FROM BASE OF .000 .000 .000 .000 .000 000

LANDFILL (INCHES) .000 .000 .00? .OQO '.̂  ^

.m

L

> •

*T ORIGHAL
'"*& (Red)

ANNUAL TOTALS FOR 75 •• -
™̂ ^̂ ^̂ ™̂***̂ ^̂ '—̂ **̂ -̂*̂ "*—B-*̂ <̂-̂ -***̂ --̂ -*̂ ^̂ ^̂ «*̂ ^̂ «»̂ ^̂ ^̂ ^̂ ^̂ «̂»̂ «̂»̂ i«̂ ^̂

(INCHES) - (CU. Ff;) PERCENT

PRECIPITATION . . . . . . . _ "527™ 9̂1661897 100700*

«UNOFF .022 3815. .04

EVAPOTRANSPIRATIQM 14.826 2606945, 28.44

PERCOLATION FROM BASE OF LANDFILL 36.3803 6396ti74. 69.79

DRAINAGE FROM 8ASE OF LANDFILL .000 0, .00

SOIL WATER AT START OF YEAR 99,53 17500565. 11302 I 35

SOIL WATER ATTEND =OF YEAR ^ 100.43 17659111,

SNOW WATER AT START QF YEAR .00 0.



L,

SNOW WATER AT END OF YEAR .00 0.

ANNUAL WAfER BUDGET BALANCE .00 9. .00

SOIL WATER CONTENTS OF SEGMENTS
' AT THE END OF YEAR 75

SEGMENT INCHES
• i ._oi6
" 2 .0"79

3 .094
' 4 .094

5L »09>
. " "6 .100

•* 7 .105
, " 9 2.413
t " "" "9~ 97.437

MONTHLY TOTALS FOR 76 " (Rgrf)

JAN/JUL FtB/AUG MAR/SEP APH/OCT MAY/NOV JUN/DEC

-* PRECIPITATION (INCHES) 4.50 1.66 2.38 2,06 4.35 3.42
'- 4.04 2.17 2.44 4.30 .32 1.63

f :
RUNOfF (INCHES) .000 .000 »000 .000 .000

.000 «OQO .000 .000 .000
*

EVAPOTRANSPIRATION .708 .522 .847 .937 1.742 1.551
(INCHES) 1.845 1.035 .994 1.213 .139 .369

J PERCOLATION FROM tiASE 3,9680 2.1949 1,5146 1,1777 2,6303 1.6975
OF LANDFILL CINCHES) 1.9940 1.6316 ,7177 2.7091 1.1691 1.2545



r
FHOM bASt OF ,QOU .000 .000 .000 .000 .000

1 LANDFILL (INCHtS) .000 .QUO .000 .000 .000 .000
*y

ANNUAL TOTALS FOR 76

(INCHES) (CU. FT.) PERCENT

PRECIPITATION 33.27 b849973. 100.00

f : RUNOFF .000 0. .00

EVAPUTRANSPIRATION 11.902 2092726. 35.77

! PERCOLATION FROM BASE OF LANDFILL 22.6590 3984212. 68.-11

r DRAINAGE FROM BASE OF LANDFILL .000 0. .00

^ SOIL WATER AT START OF YEAR 100.43 17659111.

P SOIL WATER AT END OF YEAR " 99.14 17432140.

SNOW WATER AT START OF YEAR .00 ~0. ̂  ^̂ '̂
r- . ' (R&rfJ
[ ' SNOW WATER AT END OF YEAR .00 0.

** ANNUAL WATER BUDGET BALANCE .00 7. .00

***•««»«»***»*«******»»**#*«*»*»*********»»«***********»*»************

SOIL WATER CONTENTS OF SEGMENTS
AT THE END OF YEAR 76



L

INCHES
1 .014
2 .069
3 .083
4 .083
5 *OB3
6 .083
7 .083
8 2.408
9 96.232

^__

f-ji MONTHLY TOTALS FOR 77
liilli _- . ...._-... - - ..... .._....„._... _ .,. _ - ..r

JAN/JUL FtB/AUG MAR/SEP APR/OCT MAY/NOV JUN/OEC

( PRECIPITATION (INCHES) 2.61 1.̂ 3 4.19 5.59 .70 5.33
I 1.47 7.65 4.49 3.11 6.95 5.96
«

' RUNOFF (INCHES) .000 .000 .000 .000 .000 .000
0 ,000 .000 .000 .000 .351 .000

?
Lj EVAPOTRANSPIRATION .403 .2*3 .79-8 1.298 .593 1.996

(INCHES) 1.139 2.728 1.796 1.133 1.113 .752

r
L' PERCOLATION FKOM BASE 2.1434 .6092 3.1617 3.3253 1.9639 1-9055
__ OF LANDFILL (INCHES) 1.6762 4.1534 2.7426 2.3365 4.7420̂ 5.2957
f"1

OHAINA6E FROM BASE OF .000 .000 .000 .000 .000 .000
> LANDFILL (INCHES) .000 .000 -000 .000 .000 .000

ORIGINAL

RR302I38
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ANNUAL TOTALS FOK 7,7
! - - . , .™ .. ,,.55™TL™^™?*™™^^.^^«»^<»a»^<»«^^^^»^^^nt.Mt_Tr ^r ̂ ^ i

(INCHES) (CU. FT.) PERCENT

PKEC1PITATIUN 749.38*" *8682648r rooloo"

RUNOFF ^ ~ V.351 ̂  /" 61782. .71

£</APOTRANSPJ;RATION _ 1̂ .942 2468986. 28.44
PERCOLATION FROM BASE OF LANDFILL 34,0553 59880S1. 68.97

DRAINAGE FROM BASE OF LANDFILL .000 0. .00

L,

n

.SOIL.,WATER AT START. OF YEAR 99.14 17432140.

SOIL WATER AT END OF YEAR 100,07 1759b963.

SNOW WATEK AT START OF YEAR ..pg 0.

SNOtTWATER ATTEND OF YEAR .00 0.
" . 4 • .' ' ~. . : - / — " ~ ' k" • -J- '•'-• ~-; "' - '• t . [i .. -. '

ANNUAL WATER BUDGET BALANCE .00 5.
• • - r. . - ; . ;«j, -* - . 1-*-

SOIL WATER CONTENTS OF SEGMENTS
- AT THE END OF YEAR 77

„_ J5EGMENT __ INCHES
1 .014
2 .070

- . __,.. 3 __ .084
4 ,084
5 ,084
6 .095
7 .111
B 2.409

. .. 9 97.121



r

'"* MONTHLY TOTALS FOR 78

^" " JAN/JUL FtB/AUG MAR/SEP APR/OCT MAY/NOV JUN/OEC

PRECIPITATION (INCHES) 8.90 l,JS 4-.31 1.76 6.00 1.76
4,45 6.43 2,02 1.20 2.19 5.42

RUNOFF (INCHES) .000 .000 .000 .000 .001 .000
^ :. _ ___ .209 .000 .000 .000 .000 .000

•%
fjj; EVAPOTRANSPIRATION .834 .551 1.068 .818 2.115 1.443
m " " " (INCHES) 1.262 2.312 1.241 .672 .514 .800
?
1_ PERCOLATION FROM BASE 6.7639 3.0357 2.0548 2.0239 2.9489 1.4489
3 OF LANUFILL (INCHES) 2.9684 2.6032 2.2832 ,5413 .6908 4.6512

DRAINAGE FROM BASE OF .000 .000 .000 .000 .000 .000
LANDFILL (INCHES) .000 .000 .000 .000 .000 .000

L .................. _ ............................................

:-* (Red)

ANNUAL TOTALS FOR 78
• MM •«•«»««» —— —— «»••«»" •«•«»«••«»• ••••»«§•»••*«»•••"«•*•*•«••»*>• »•»«•!

(INCHES) (CU. FT.) PERCENT

I



PRECIPITATION . 4b.79 3051406. 100.00

HUNOFF .210 3bb43. .46

% EVAPOTRANSPlrtATlON 13.629 2396351. 29,76

1 PERCOLATION FROM BASE OF LANDFILL 32.0141 5629149. 69.92

DRAINAGE FROM BASE OF LANDFILL .000 0. .00

V SOIL WATER AT START OF YEAK 100.07 17595963.

[ " SOIL WATER AT END OF YEAR 100.01 17585017.

SNOW WATER AT START OF YEAR .00 0.I , - - - - - - . _
[- | SNOW WATER AT END OF YEAR .00 0.

ANNUAL WATER BUDGET BALANCE .00 8. .00

SOIL WATER CONTENTS OF SEGMENTS
* AT THE END OF YEAR 78

S SEGMENT " INCHES
* 1 .014
r 2 .069

3 .083
L— 4 .083

5 .083
j 6 .083
L.J_ _ 7 .085

8 2.40B
G 9 97.100

_ ORIGINAL

*»*** »*#»»»*»»»*»*»#»#**»*****»*#*»*»***** ***

AVERAGE MONTHLY TOTALS FOR /4 THROUGH 78

JAN/JUL Ffc.8/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC



Qf
I

j . PKt-CiPirATION (INCHtS) <*.59 l.Hrf 4,09 3.03 J.6S 4.50
J.67 4.46 4,17 2.76 2.68 3.99

i *
l ;_

L RUNOFF (INCHES) .000 .000 .000 .000 .000 .000
.042 .000 .004 .000 .070 .000

L
EVAPUTHANStflRATION .712 .559 .965 1.039 1.671 1.963

(INCHES) 1.504 1.791 1.543 .867 .545 .603
1 . • _.

PECULATION FKOM dASE 3.to234 1.8775 2,5204 2.3824 2.3765 2.3504
I OF LANDFILL (INCHES) 2.4493 2.3290 2.3781 2.3352 1.9966 3.0742

DRAINAGE FROM BASE OF .000 .000 .000 .000 .000 .000
LANUFILL (INCHES) .000 .000 .000 .000 .000 .000

. AVERAGE ANNUAL TOTALS FOR 74 THROUGH 78

(INCHES) (CU. FT.) PERCENT

[ _ PRECIPITATION 43.67 . 7678639. 100,00

.- RUNOFF .117 20488. .27

EVAPOTRANSPIRATION . 13.762 2419848. 31.51

PERCOLATION FROM BASE OF LANDFILL 29.6929 =221009. 67.99

^ DRAINAGE FROM BASE OF LANDFILL .000 0, ,00

ORIQIHAL
(Red)
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PEAK DAILY VALUES FOR 74 THROUGH 78
'™»«»*—»-»—•»—~™»™«»~"«»»^»»«-*»»»«»—»»«i»« —•••••••••••—J—

(INCHES) (CU. f T.)

PRECIPITATION 3.99 70.15/5.0

RUNOFF . .351 61736,8

PERCOLATION FROM BASE OF LANDFILL .5523 * 97104,9
X

DRAINAGE FROM BASE OF LANUFILL .000 .0

HEAD ON BASE OF LANDFILL .0

SNOW WATER ,00 .0

MAXIMUM VEG. SOIL WATER (VOL/VOL) .1120

MINIMUM VEG. SOIL WATER (VOL/VOL) .0500

L - (R̂ >
™

r.: . '. ••••• •. ' ..."'. v •-;• : . . ..._:. .:„-;: : .
>
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AK.1Y CWttK L«.NUHLL
CASTLt COUNTY

1!!!!!!!!***********̂*

GOOD

H l

VERTICAL HtSCOLAfION
TrtlCK.iMESS

L * 1 U
tl-Ttcritft ^YURAULIC CONUUCTiVlTY = 2.30999997" iNCritS/HK

LAYEK 2

ORIGIRAL
(Red)

LAYER
S 24.00 INCHES

tVAPOKATION COEFFICIENT s 3.100 MM/DAY«»U,5
= .52uu VOL/VOL

FltLD CAPACITY s .4500 VOL/VOL
WILTING POINT a .3600 VOL/VOL

HYDRAULIC CONDUCTIVITY = __ .OOU14200 INCHES/HK



Tn£CKNt55 = 300.00 INCHES
.>< COEFFICIENT == 3. 300

~ """"" ~"" -----=i-- ~.520° VUL/VOL
= .3200 VUL/VUL

POINT * ,1900 VUL/VOL
UlC vJONUoCTlVITY = .2^300000

SIMULATION DATA

SCS "?UNUH- CURVE NUMdtiR » 77.42
TOTAL. AKEA UF COVt« a 2110000. SU. FT
H*/AHO^ATIVE ZONE UEPTH = 12.OU INCHtS
t'KFECTlVE EVAPORATION COtr F iC !£NT = 4.5UO MM/OAY*»0.5
UHHtH LIMIT V£l3. STOKAOt _ =_ "5.4960 INCHES

_ _ _ _ _ ""1.8900 lNCHEb~

« ^ i f\ • i- ,
psEi US' i O • ;< • i\

JATA FOk HMiUAUELPHlA PENNSYLVANIA "

MONTHLY MEAN T£MP£KAIUKLS» DEGREES FArlHENHtl T

JAN/JUL FtH/AiTG MArt/StP APK/QCT MAY/Lv*OV JUN/DEC

32.31 3̂ .10 41.37 S2.19 63.65 72, 6H
/b.^b /'D.'}/ o^.?9 6̂.98 45.52 36.49

MtAuS SOLArt RAUlATIUNt LANGLtYS PEK UAY

JAN/JUL KE'b/AUG M AH/SEP APH/OCT MAY/UUV JUN/UEC

131.61 IV1.10 2d4.66_ 3ti7.22 471,30 514.37
504.â  445."W" " " 351.B4 249.2H 165.20 122-13

LEAF AREA INDEX TABLE
DATE LAI

"""I "oo Ai302tU5
123 .00 '
139 1,23
1S4 2.01
170 2.01



L
I.

i

201 2.01
217 ^.01
2 U 1.81

1.31

2/V .'44
366 .00

GOOD bKASS

COVC.K FACTOR « 1.20

0-
MONTrtLY TOTALS FOR 74 ~:

I , JAN/JUL FhB/^uG MAR/SEP APR/OCT MAY/NOV JUN/DEC

, I PRtCIPITATlON (INCiiES) 2.9̂ 5 2.14 4,9i 2.77 3.21 4.43
^ 2.06 3.dJ 4.6d 1.93 ,Bl 4.04

! - -

L, RUNOFF ClNuntS) .000 *OUO .005 .000 .000 .000
.000 .040 .000 .028 .000

1.052 l.2b«* ' 2.464 2.SB4 4,630 5
,^ 2.1xil 2,9U7 3.986 2. Obi 1.015 1.102

LJ
PECULATION FKOM aAS£ .0713 .0/03 ,lle>9 .1321 .1330 * .1166

" OF CoVE^ (INCnESJ .1392 .1378 .1214 .1318 .1206 .1606

PErtCOLATlON FrtOM bASE .0526 .ObSS .0989 .1348 .1343 .1197
OF LANOKILL UNCrtfcS) .1396 .U44 .1239 .129o .1225 .1544

OKALNAGE FKUM HAS£ OF .000 .000 .000 .000 .000 .000
COVtrt (I>iCnES) .000 .000 .000 .000 .UOO .000

FKUM dASE OF .OUO .000 .000 .000 .000 ,000
LANUFILL <iraCHts> .000 . .ouo .000 .000 .uoo .000

AR3D2U6
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1

«. jj, i> ̂  -a-

ANNUAL TOTALS FUH 74

(INCHES) (CU.- FT.)
«••»•«•«••••• •*•••••»••• ••»••••••«

NATION 37,78 6642982. 100.00

.168 29470. .44

30,7u9 -3399̂ 84. 61.28

OF CUVErt" . i:.4516 " 255234. 3.84

:ON FKUM BASE OF LANUFILL 1,4103 247*76. 3.73

FROM dASE OF COVtK ,000 0. .00

UrsAI-lrtGt F.^UM dASE OF LAwUFlLL .000 0. ,00

SOIL tfAJt;* AT STAt^T UF YfcAK 111.37 1958l8b5.

SOIL iVATt* AT toiu OF fFAW 116.86 20547824.

S->*0«* .VATtrt AT STAKT OF YEA* ,UO _ 0. «

SNOW WATtK AT t»MU OF YEAH ,00 0,

A-MNUAL wiATErt HuOiitT dALANCt ,00 -17. .00

,SOIL *AI£* CO.vrtwTS UF SEGMENTS
AT i'rtt tNO OF YEAR ^4



*—

L

.916

V 10.800
10 S6

MONTHLY TOTALS FOR 75
\

JAN/JUL Ftb/AUO MAS/SEP APR/OCT MAY/NOV JUN/UEC

f PKEClPIiAI ION ll-sCntS) 4.00 2.91 4.68 2. 97 4.99 7.S7
,̂ ^ 6.32 ?.cil 7.21 3.24 3.14 2.89

RUNOFF (INCHES) 2.010 l.-Ub 2.513 ,882~ .093 1.393
1 .237 .QUO .787 l.OOb i.53b 1.4/6

Li EVAPOT^A aSeihiAfiON . .927 1.022 1.946 2.346 5,547 7.J41
(iNChtS) 6.65U 3,Slu 2.290 2.237 1.319 .871c

HtRCULATiO* FrtOM BAbt ,1479 .U73 .1381 .1372 .1381 .1328
OF COVEr? UNCrtES) ,1283 .1339 .1213 .1403 .1394 " .1401

PErtCOLATlON hKOM bASE .1475 . U84 .1386 .1368 .1388 .1340
^ OF LANUFILL (INCHES) .1301 .1350 .1202 .1370 .1394 .1402

,** DHAINAGii FKOM BASfc. OF ,000 .000 .000 .000 .000 .000
COVEH (iNCntS) .000 .f)UU .000 .000 .000 .000

FKort bASE OF .000 .000 .000 .000 .000 .000
LANUFILL (iNCHbS) ,OOU .OOU .000 .000 .000 .000

. . : . . . AB302U8
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ANNUAL TOTALS F'U* /5
11,' ' "̂•••̂ ^̂ ••̂ •̂•̂ •••̂ •••'

(INCHES) (CU. Fl.) PEKCE'MT

b2.13 9166189. 100.00

13.349 243S120, 26.57

lON Jb. 704 627*031. 6rt.<*9

. HtHCOLATlON MOM bA5£ OF COVtrt 1.6246 285bb3. 3.1^! l .
L- Pt.-fCuLATlOiM K«uM bASE OF LANOFlLL 1,6258 28S8/6. J.i^

f UHAlNAGt' FrtG* oASE OF CuvE^t ,_OQO > 0. .00

UhiAlNMtjc. FKUM e*ASE OF LANUh'lLL .000 0. .00
(
I SOIL ^ATF.K MT STAKT OF" YEAN 116.8b 2054/824.
L«_J-- .._. .- - --- — - - — -

SU_£L ^ATt« AT tNU OF r£AH 117.81 " 20715012.

-SW.H A/ATtK Af ^T»\KT OK YtA;« .00 - - U.

SIMO-V .vATtH AT trjo OF Y£AH .00 o.
ANNUAL *ATER BUDGET BALANCE .00 -26. .00

SOIL WATtR CONTtNlS UF SEGMENTS
Af THE END uF YEAR 7b

Sfc.GMfc.NT INCHES



1 Jl
7*5 i

-Ur>
Ho

10

L
r . it. (, . _ d

fe r̂ .-;\I _ V-^uJ

MONTHLY TOTALS FO* ?b

JAN/JUL FtB/AUG MAR/SEP APR/OCT MAY/NOV JUN/OtC

S) *.Su 1.66 2.38 2.06 " 4.35 3.*2
-- 4»Jt* 2.17 2.44 4.30 .32 !.hj

HU.UKF (INCHES) 3.6Ĵ  .^M ; ,fr?6 <002 -ft06
.000 .QUO .000 .001 .UOO .000

o,, .795 1.0/9
Lj <^CHtS) 3.991 ,,

.1364
.1*60 .UbJ .HwS .IJZ4 .1247

PhKCOLAIION .
Oh LMN.JHLL (INCHLS) .1409 .1̂ 5 .1190

° -000 <ouo o00 .00-0 .000 .oou
.000 .QUO ,000 .000 .000 .000

KKOM bASE UF .000 .000 .000 .000 .000 000.000 .000 ,000 • •oo
t̂vo*****̂ *̂ *̂ ^̂ *̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ,̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂

HR302150
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1

1 [
ANNUAL TOTALS FUK

(INCHES) (CU. FT.) PERCENT

PHE.CIHITATIUN 33.27 5ri49973. 100,00

RUNOF'F 5.377 945**>62. 16'. 16

tVAPu TRANSPIRATION 29.002 5Q9V475, 8 /.1 7

PtkCULA flON KrtOM riASt VJF CUVtK U62«y <i86407. 4.9U

f:; HEftCuLATION Fl^UM BASE OF LANUKILL 1.6328 6̂7096. 4.91
Jl. - - - r- -- , -

O^Al^uOt FHIOM dASt OF COVtH "~ .000 - 0. .00

J: UKAINAG£ FHOM oAbt OF LANUFILL .000 0. .00

SOIL WATt* AT SIAK.T OF YEAR ll/.tii 20/ltiOl2.

ir-it SOIL wAl'ER AT £NU OF YfcAH lib. 07 20232937.

rfATEK AT START OF YfcAK .00 0.

AT ti^U UF YtAH .00 " 0.

] " ANNUAL WATER. BUDGET dALANCE .00 " lb. .00

SOIL WAFEK CONTENTS OF SEGMENTS
Af THt ENU UK YEAR 76

INCHES
.031



L,.,

. 1 54

O ,'J'J6
/ .416
« 5.4̂ 6
* 10.800

10 96.0 Jb

*#*»a#»*tf

MONTHLY TOTALS FUR" 77

JAN/JUL FEB/AUG MAR/SEP APR/OC T MAY/NOV JUN/OEC

PRtCiPI T'Afli) >i { INCHtS) 2.61 l.JJ 4.1V S.S9 .70 5-33
i.4/ 7. Ob 4.4̂  3.11 6.9b 5.96

Uuurlclb) ,000 .OoO 1.26*+ 2.d04 .000 ,012
,OUU .Obi .000 .000 2.468 b.OO/

2.12** 2.207 3.63b b, 137
2.631 b.232 *f.267 2./18 1.534 ,835

r-, PEKCOL4llO.^ FKUM dAbt ,i'o*l .1289 . IbO^ ,1323 .1352 .1238
1 OF COVtK (l^CnES) ,Ufl .1^37 .1191 .1279 ,1400 . 143H

•

f17 PtKCOLAl tUiM r^UM bASE: .1556 - 1248 .1525 «1357 .1363 .1237
OK LAMUFILL ClNCribS) .13/1 .1252 .1207 .1268 .1338 .1441

URAl.4Av?b. hKUM dASt uF ,OOU .000 .000 .000 .000 .000
(l.MCrlbS) .000 ,OUO ,000 .000 .000 .000

OKAlNAGfc. FKU.-1 dASE OF .000 .OUO .000 .000 .000 .000
LANDFILL (INCHES) .000 .000 .000 .000 .000 .000

A.R302I52



—'- •"—— -— •'—•-J •"•

«•****«•****•*

(Red)'

TOTALS F'OR 77

(: • (INCHES) (CU. FT.) PERCENT
iij- ..-....—. ......... .......

PRECIPITATION 49.38 8682648. 100,00 ,

ffijl RUNOKF " 11.615 2042299. 23.52

LVAPUTRANSPIRACION 33.410 58745S2. 67.66

PhRCULATiO-J FROM bASE OF COVER 1.^212 28bu63.- 3.2H

HtRCOLAIIU-J FROM BASE OF LANOF'ILL 1.6163 284191. 3.27

te-' - urtAlivA.it FROH dASE OF CuvE^ .000 0. .00

f UHAlwAOb FKOM bASt OF LANUFILL .000 0. .00

SOIL WATtH AT START OF YEAR lib.07 2U232937.

! j SOIL *ATfc« AT tNO OF rtAR 117.81 20714^02.

..SNOW WATER AT START OF YEAR .00 0.

L . Si^Ow *AfErt AT L^U OF YtAK -00 ' 0.

r- ANNUAL WATEK bUOGET BALANCE .00 -20. .00
i " - .

*»*****«**»*^**«^**^*^*********»****************^***tt*^ttvtt****tt<*tt*****

SOIL WATER CONTfcNTS OF SEOMtNTS
AT THE LWO OF YtAH 77

StOMtNT INCHES
I *127
2 .763



I.•«•

r

OWGHWL
(Reef)

-> . "Ho
o .^lf>
7 .916
rt b
9 I0

iu ^o

* MQNlhLY TOTALS FOR 78

JAN/JUL FtB/AUG" M'AR/SEP ApR/OCT MAY/NOV JUN/OEC

PKnClPITAfiON (INCHES) **.90 1.3S 4.31 1,76 b.OO 1 . fo
4.45 fc.<*3 2.02 1.20 2.19 5*42

RUMOrF UMCntS) tj.H2 %592 l,aSeJ .000 .997 .000
.d22 .213 .000 .000 .000 1.1H7

O(U . /b3 1.014 2.059 2,258 5^225 4.771
i UNCHC.S) 3,532 **.7U2 3.2hb .906 1.030 1.005

L-
dASE . l*+2fl .1294 ,1439 .1347 .1383 .1264

J" OF CUVt-K (liJCMtS) .liO/ .1328 .1207 .ll^U ,1321 .1504

PtRCuLAllUN rKOM WASH .lM-32 ,U99 ,14*fO ,1355 .138t>
OF' LANOFiLL (IMCH£S) .1337 .1295 .1233 .1223 ,1215 ,1518

ub FKOM rfASb OF .000 .000 .000 .000 .000 ,000
COVER (INCHtS) .000 .000 .000 .000 .000 .000

t FKOrt HASt OF .000 .000 .000 .000 .000 .000
LANUFILL UMCHtS) .000 .OUO .000 .000 .000 .000



jflBfri '' -

• .' '

L ' - "-"• . . . . . . . . - ; . : - .
^tf**tt#tfttl><>$***tt**Wtt^

SOIL WAfbK CONTENTS OF SEGMENTS
Al I ME ENu OF YEAR 78

INCHES
1 ,068
2 .700
3 .916

ANNUAL TOTALS FOR 78

(INCHES) (CU, Fl.) P

PRtCIPITATIUN 4b,79 8051406. 100.00

KUiMOhF 13,782 2423266. 30,10

tvAPuTRANSPlRATIuN 30,530 536827to. 66,68

PECULATION FWOM oASE OF COvER 1.6002 2813/b. 3.49

PERCOLATION FROM JASL OF LANOFILL i.b997 2ai2/b. 3.49
KRV)M dAbc OF COVER .000 U. .00

FROM dAse OF LANDFILL . .000 o. ,00
SOIL wATtR AT START OF YtAR 117.81 2071<*b62.

:iOiL"*ArtH "ATT~tMJ OF YEAR i 17.69 2069317b.

-*'Alfert «T STAKT OK YEAH .00 0,

Mf t'JU OF YhAR .00 . 0.
*

wATtR bUOuET dALANCt .00 -2**. .00



I.
[

r.7

ORIGINAL

b ,91o
/ ,916

V 10.BOU
10 ' 96,042

. MONTHLY TOTALS F U* 74 THROUGH f8

' . JAN/JUL Ft8/AUG MAR/SEP APR/OCT MAY/NOV JUN/OEC

PRtCiPIlATlUN (INCHES) 4,59 1.88 4.09 3.03 3.85 4.50
f 3.67 4.46 4.17 2.76 2.68 3.99

L
F (1.4Cn£S> 2.751 .6J3 1.2?i .738 .339 .261

.212 .Ub3 .157 .207 .801 1.553
- . _ . - • • • . .

TRANSPIRATION ,90f 1.094 2.136 2. 334 4,o59 b,470
(INCHES) " 3.791 3.696 3.065 2.144 1.221 ,951

.IO'H FROM riASE .1326 .117^ .1392 .1339 .1362 .1281
Li OF COVER (INCHtS) .1363 .1327 .1204 .1301 ,l"3l4 . 1469

1 PhRCOLM LUN KRUfi dAb£ .1281 .U6:i .1360 .1356 .1371 .1291
Oh LA.4UF1LL (INLHC.S) .1363 .1333 -121% .1289 .1286 „ .1463

FKOM BASE OF .oou .ouo .000 .000 .000 .000
COVbR (INCHtS) .000 .OUO .000 '.000 .000 .000

t FKUM dASfc. OF .000 .OUO .000 .000 .UOO .000
LANOFILL (INCHtS) ,UOO .000 .000 .000 .000 .')00

RB302I56



L,

"*«/««
(Serf)

HH.MU*L TOTALS FOR 74 THKUUGH _ 78
— ™. .«••»•». »«l.«««..*«"*™—— ""'•••••""••••"•*— ™^—— *™ —— ™*""*w*"""™"*-*™"—— "™™*™""

(INCHES) (CU. Fl.) PERCENT

4 IPITATIO'-J 43.67 70/8639. 100,00

< HUNOFK —— --- ~ -8,958 1575124. 20.bl

31.871 5603983, 72.98

PECULATION KRUM BASE OF COVtR 1.5853 279749. 3.63

PtRCOLATIONi FROM BASE OF LANUFILL 1.5770 277283. 3-61

F'R'OM dAbt OF CUVtR - .000 0. ,00

FPOM DASE OF LANUKILL .000 0. ,00

•* *»****»*»**»**»**'»** »*«»*•«• «•***»*•»•»•«*»»*<***•»«-?»••*•.*»«••»

PtAK OAILY VALUES FOR 74 THROUGH 78
_̂ j,.. — .„.... ̂-mf^im^-Tr —~•̂ •̂•̂ ^̂ .̂ »»̂ ^̂ —...» »̂ »̂ »̂...».*̂ .»

(INCHtS) (CU. F T.)

PKtClPlTATION 3.99 701575.0

hiuNOFF 1-945 342006
I

PECULATION KwOM «ASE OF" COVER .0188 3297.4

PECULATION FROM BASE UF LAWF'lLL .0128 ' 2242.9

FROM dASE OF CUVtK .000 . .A



L

hKU'i OASt Oh LANuriLL .UOO
I

«r.Av U-M -5«Sci oF CuVtR 24,1

HCAO -Jfti buSt OF LA^uFlLL ,0
i •

b -jUW wAItR .00 . 0

L
'*AM«-iUM Vtu. SOIL WAFER (VUL/VUL)

f
( -4 4 1 HUM ^hu, SOIL ^AFcR ( ̂ UL/VUL)

flR302l58



ORIGINAL
(Red)

ARMY CRLEK
Ntw LwSlLE LUUNT T

c

GOOU

VtHTICAL PERCOLATIuN LAYtH
THlCiV^F.SS L ^ - 24,00 INCHES
EVAPORATION COEFFICIENT = 4,500
POROSITY = ,i*580 VUL/VOL
FitLO CAPACITY = .2230 VOL/VOL

C "JILTING POINT = ,0920 VOL/VOL
fiFCtCflVt HY09AUL1C CONUUCriVlTY = ,̂'109̂ 9997 l.MCHES/HK

LAYF.R 2

LATERAL UHAlNAGE LAftK
SLOPt * "3.00 Pt.K(
URAlNAGt LENGTH = 100.0 FtET
THICKNESS = 12,00 INCHtS
EVAPUKMTIUN COEFFlCItNl s 3.300
PUROSITY = .3510 VOL/VOL
FIELU CAPACITY = .1740 VOL/VOL
WILTING HOINT = .1070 VOL/VOL



L

u

ORIGIKAi
(Red)

LAY..* ..

SOIL LAYER ...r.4t.-c,. ,,._. . -c = 2<*.00 INCHES

'-. r. sir,Yu«AULic cu-MOucrivirr = ,ooui*zuo

Ik.
LMYE.K

= 300.00iclti" • : 3:ssx/OL/VOLTY s . JcUU vut-y vuu
. r,a UIN s -'I900 VUL/VOLtKhtcuvt HYUHAULIC coNOucnvirv - .2«3ooouo

*>J GENERAL SIMULATION DATA

*...* CURVE
TOTAL AKtA OF COVtK

«nEFFECTIVE tVAPOKAT ION COtFFlCIENT - *.bOO
UHPER LIHIT VEG.. STOWAGE « f'̂ SS NCHES
INITIAL VtG. STOHMbE 3 1.B900 INCHtb

CLIMATOLU^IC OATA FOR PHlLAUELPHlA PENNSYLVANIA

MONTHLY MEAN TtMPEKATUKtS* UEGREtS FAHRENHEIT

JAN/JUL f- ta/AUG MAK/SEP APK/OC T

*-•*•. |UlHL.***^t-.M^-'r'-x-'¥t.rv

1* tVAPOKATIVE Z0i4t DLPTH -- MMynAv»*n *\ * -.,-„. ..^ ...«.,,* T r ,i^. 0.14. c-c i r rcMT s 6..SQO MM/DAY**0.b



ORIGINAL
(Red)

M£A:,S_SULAK KAU L A F !•>* « LA -.»Lfc. Y S

JA.M/JUL F£.*/A.JG , x*«/st»> APK/OCT MAY/NOV
131.61 191.10 3rt4.66 38 /,2^ 4/1.30 514.37

' 40 351. 6*f

LEAF AKtA 1NUEX

UMtL LA I

.00
139 1.33
Ib4 2.01
1/0 2,01
18S 2.01
201 2,01
217 2.01
232 1.B1

- - -^ 248 1.31
263 .64
2/9 .34
366 .00

GOOD GRASS

*INTEK COVLK FACTOR = 1.20

»*«*«*****«^

MONTHLY TO TALS "FO^ 74

JAN/JUL htB/AUG MAR/ShP APR/OCT MAY/NOV JUN/OEC

PKEC1PITATION (INCHtS) 2.9b 2.14 4.91 2.77 "3.21 4.43
2,08 3.83 4,68 l.*3 .«! ^»0^

RUNOFF (IriCntS) -000 .000 .003 .000 .000 .000
.000 .035 .000 .020 .000 .03b

EVAPOrWANSPIHATlON .896 1,U6 2.246 2.542 2.615 3.066

^ " " ' \ 6 1



X *f

J

t.

ORIGINAL
"(R'ed)

1*139

I i.j.i r-<*.M )~jL .im-9 .loa'j ,i3io " .122/ .11/3 .1207
Or COVER (i-.C-itS) .1232 .1243 .1199 .1279 .1159 .1356

PECULATION KHIOM -JASt .Urt26 .1055 .1250 ,1271 ' -1180 .1196
OK LANUhiLL <£«CntS) ,l23d .1232 -1223 ,1255 .1183 .1320

J-Ku-1 DASt. uF 1.15b .n/v 1.665 2.123
COVER llMCncib) .brf^ .S37 1.741 1.069 .212

f ( ORAIiMAut FKU-^ DASt OF .000 .000 ,000 . ,OUO .000 .000
* | LAMOF ILL (INCHtS) .000 .000 ,000 .000 .000 .000

*.»«

ANNUAL TOTALS FUH 74
•—————-•-•————**•-«»-'-.———-•———-»——————••.-•——-»——«••—«^—••••••»—••.^^^•«.——-,——,—-,——

(INCHES) (CU. hT.) PERCENT

PrttLClHIl ATiU-s 3'7. /a 6642962. 100.00

KUNOFF .094 16456. .25

EVAPOTRANSPIRATION 22.071 3080760, 56.42

PERCOLATION FKOM dAS£ OF COVtR 1.4602 256751. 3.86

PERCOLATION FROM BASE OF LANUFILL 1.4230 250214. 3./7

OKAINA&£. FKOM dASE OF COVtK 13.617 23943&0. 36.04

UKAlraAGt. FROM liASE OF LANUFILL ,000 0. ,00

SOIL NATER AT START OF YtAR 113.45 19948995.

fiR302IS2



I
1

SOIL rtAltk CU^TtNTS Of S
AT IHL n-.o UF rtAR 74

SL<V-ic.NT INCHES
1 ,035
2 .204
3 .3̂ 5
4 - .363
5 .374
6 .372
7 .364
b 2.635
9 2.471

- - - 10 10,800
11 90.037

ORIG.NAL
(Red)

SulL -vAi-.^ -U UNO OF rBAH< - 114.U3

b.40* «ATr.« Af ST Art'1 OK'YtAK ' '" ' .00 0.

SiMO* j-Aftn AT_. tNO OF YtAK ... . .00 0.

AUIMUAL ^ATER "bUDGtl BALANCE .00 . -!•

,»*»»»»*»»#»##»*»**»******»**********************************

L .....
MONTHLY TOTALS FOR " 75 "

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/OEC

*,
PRECIPITATION (INCHtS) 4.00 2.̂ 1 ̂ .68 2.97 4.99 7.57

6.32 2.21 7.21 3.24 3.14 2-B9

RUNOFF (INCHES) .000 .000 .226 .002 .000 .11^
,206 .000 .449 ,000 «107 ,000

EVAPOTRANSPlHATlUf4 .915 1.117 2.101 2.335 3.2a4 4,50*
63



!fl£i*-*—̂  ̂  ft.~V.fcfW -S*.

T̂'

•

D

ORIGINAL
(Red)

1.9/7

,m* PtRCOLAfiOw hrtUM rjAic , 12^J . I l'H-2 .12/6 .1226 .1236
Of" LANOKILL Ct^CMnS) .1311 .1234 ^,1263 ,1360 .1230

l 1O.4 r-eu-i -i-^bfc. . l*o«: .1129 .1303 .1190 .1247 .1291
Oh COVER (liMU'ttS) . U2'+ .i^Ul .1312 .133^ .1213 . 1 '. o I

F«OM nuSfc. uF Z.dOd 1 , M4 2-3b* 1.414 1./53 2
COVER (1 »CntSj 2.49>i .962 1.612 3.041 1.36* . 7db

t FROM yASh OF .000 .000 .000 .000 .000 .000f i
[ . LANUFILL (IrtCritS) .000 .000 .000 .000 .000 .000

AMNUAL fOIALb FOR . 75

(INCHES) (CU, H.) PERChNT

52.13 " 9iooltt9. 100.00

RUNOFF . 1.103 193909. 2.12

EVAPUTHANSPlRMl ION 2b,4B9 4481730. 445.89

PERCOLATION hRUM BASE OF CuVER 1.5160 26bb64. 2,91

PERCOLATION KROM BASE OF LANDFILL 1.5100 265511. 2.90

OhAlNAGt FftUM BASE OF COVER 23.146 4069920. 44.40

OKAlNAGc. FROM dASE OF LANUFILL ,000 0. .00

SOIL WATER AT START OF YEAR 114,03 20050187.

4R302I6**



i.
[.:

L

SOIL wAIErt CUuMftNTS OK
AT Tn£ END "OF YtAR 75

Sc.bMt.Nf INCHES

2 .238
3 __Z»343
4 ,336
5 .327
6 ,450
/ .450
8 2.701
9 J, lib

*..- 10 10,HOO
. 11 9b,043

ORIGfNAL
-(Red)

SOIL w A i K r t A r crtu OF rt*K 114.91 . <?02052**b.

S.JO •* •* A i c.* -A! b PA* r -.r YC.>K =.OU 0,

Si-iUW rfmff.n1 41 LNO OF YEAR .00 0,

ANNUAL W A rFK bUboET BALANCE .00 2. .00

TOTALS FOR 76

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/OEC

PKECIPiTATION (INCHES) 4,50 1.66 2.38 2.06 4.35 3,42
4.04 2,17 2,44 4.30 .32 1.63

RUNOhF (INCHES) .121 .000 .000 .000 .040 .000
.000 .OUO ,000 .001 .000 .000

EVAPuT HA*>*SP IH A T IUnl



L
V.

...J
L

(Red)

151 £.2^5 .812

t-UOrf CAsh . 13'j-J .1173 ..1194 .116* .1260 ,ll&b
. 12../ . Id23 . 1U4-9 . 1246 .1181 .1221)

.** PtUCuLATlON F <UM oASE .1364 .1^06 .1196 .1165 .1259 .1135
OP LANUhILL Cl-NCnbS) .1222 ,Ul4 .10o/ .1209 ,1180 .1259

DKAlNAGt f-RO.i ^«5c Of- 2.603 i.bo4 1.015 .b.7? 1,363 ,927
COVER UmCrttS) 1.096 .9u-> .318 1.412 *o37 .593

FkOM dnSE OF .000 ,000 .000 .000 .000 .000
LANOHILL (INCHES) ,UOO .000 .000 .000 .000 .000

ANNUAL TUfALS FOR . 76

(INCHES) (CU. Kl'.l PERCENT

PKECIPITAHON 33.27 58499/3. 100.00

| * RUNOFF .161 26J79. .49

EVAPGrKAnSPlKATlOrt 19.964 3510397. 60.01(
PtHCOLATIUN FKOM BASE OF COVER 1.442b 253651. 4.34

f** PERCOLATION FROM BASE OF LANDFILL 1.4525 255402. " 4.37

UKAlNAGt FROM bAS£ OF COVER 13.613 2393586. 40,92

ORAlNAGfcL FROM bASE OF LANUFILL .000 0. .00

* SOIL WATER AT bTART OF YEAR 114.91 20205245,



l.
["
f j SOIL -j*ATt"K CONTENTS OF SEGMENTS
L ! rtf (Ht t-40 OF YtAK 76

INCHtS
1 .031
2 .153
3 .184
4 .184
5 .216
6 .252
7 .251
* 2,676
9 2.210
10 10,800
11 96.033

(Red)

OF YE«r< 112.99 _ 19867449.

S-'JUV *AfhR -* I 3 f urt f _OH .. YC.H.R __ » ' ^ Q _ _ 0,

^ 5NO-V ^AlErt **r Cf-JJ OF Y>.A"K VUO " 0,(

L Ar^UML v-.ATE"R dUUGET rjALAi^CC .00 ' /. ,00

TOTALS FOR 77

JAN/JUL FfcB/AUG MAR/SEP APR/OCT MAY/NOV JUN/OEC

PRECIPITATION (INCHES) 2.61 1.33 4.19 5.59 ./O 5.33
1.47 7.65 4.49 3.11 6.95 5.96

RUNOFF (INCHES) .000 .000 .090 .252 .000 .011
.000 .Oi>3 .000 .000 1.042 .176

,8H3 1.014 2.023 2.507 srf̂ TI?



\

L

OWGWAL
(Red)

I . /03 4.S«8 <r,!).J f d

.1331 ,1053 ,129/ . I2"2l* .1271 .LldU
OH COvdrc ClMLHfcSJ .1233 .1274 .lid/ .1204 .1291 ..1436

.1311 .1U67 ,12b& .12̂ 35 ,l^/<* .
1 OF LANOMLL (INCHES) .1235 ,1241 ,1215 .ll\$" .1258 ,1365

ORAI.4A.jfc rKQM ciASli OF 1,109 ,318 I.bl6 l.»33 .975 1.010
.96/ ^.2/8 l.b/3 1.2* 9 2.446 4

OHAI 4AGH FKUM aASt UF .000 ,000 .000 ,000 ,000 ,000
LAN Jh ILL (1 NCiibS ) .000 .000 ,000 .000 .000 ,000

*"' ANNUAL TOTALb FOR , 77

j (INCHtb) (CU, Fl.) PFKCENT

Hl TAlION H9.38 8682648. 100.00r -
I RUNOFF 1.623 285412. 3.29

TRANSPIRATION 23.9/8 4216206, 4ti.S6

PtRCOLATlON FROM 8ASE OF COVEK 1,4986 263497. . 3.03

PLKCOLATION FKOM BASE OF LANUFILL 1.4898 261962. 3.02
ORAlNAGE FROM BASE OF COVER 19.7dO 3477909. 40.06

UHAlNAGt FROM BASE OF LANUFILL .000 0. .00

SOIL *AT£R AT START OF YEAR 113,99 1986/449,

..._ ^ __ " __...__ .̂ ,____̂ , ... ..AR302I68



SOIL wATE* CUNIfNTS OF SfcGN
AT Trie. t>u OF ftAR "77

^itNT INCHES
1 .063
2 - .334
3 .429
4 .441
5 .445
6 .447
7 , 44 7
8 2.6/9
9 3.373

10 10,^00
11 96,042

ORIGINAL
(Red)

•3'JlL - v a l r * .*f fjj OF Yr.uK

——— .uu y.
SNOW rfrtfEK uf e>n_ UF YtAK - ,00

"Al'tH rJUUbtlF UALt.MCc ,00 Q
.'JO

.«

MONTHLY r ..

JAN/JUL KtB/AUG MAH/SgP APK/OCF MAY/NQV JUN/UEC

(INCHES)- a.90 i. 35 -4.31 iV>6 6.00 1. 76
4.45 6.43 2.02 1.20 2.19 5.42

• 000 .232 .000
.1*7 .000 .000 .000 J..01

>rfS6 1.038 2.105 2.131 3.bl3



I

L*J

L

(Red)

( 1 •iCnfc.S) 2.237 J.3b^ 2.093 . 6u_f ."ft 4 6

.1547 .
Of COvtr* (Ir,Crt£S> . 12ti9 .1*54 .lib/ .1026

•1 OMbE .1480 ,1403 .1229 -1192 ,1201 . lldM
LAiSur ILL ( INCHES) .1274 .1233 .1201 . 1064 . 1023 .13_i i

AiE UK 5.164 3.645 1,362 1.284" Ub36
1.415 1.326 1.091 .224 .317 d

DRAlNAOb FROM oASt OF .000 .000 .000 .000" .000 ,000
LANUf ILL <iiMCntS) ,000 ,000 .000 .000 ,000 .000

ANNUAL TOTALS FOR /8

^ (INCHES) (CU. Fl,) PERCENT

PRECIPITATION 45.79 tiOSl406. *100,00

RUNOFF 2,177 382/06, 4,75

EVAPOTRANSPIRATION 21.443 3770479. 46.83-
PERCOLATION FROM dASE OF COVtR 1.4762 259559. 3.̂ 2

PtKCOLAHON FROM BASE OF LANUFILL 1.4798 260207. 3,23

URAlNAbE FROM dASE OF COVER 20.971 36B7366. 45.80

UKAI.^AGE FRUM BASE OF LANUFILL ,000 o. ,00
SUIL ^ATtK AT START Of YEAR US.50 20308608.
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SOIL -Mltrt AT r.-M:_> .,_F rrlAr* _,__-,._ . _ 1 1>.22. .. .

SNO-v jvAltK A! 3 f M i < f OK YtAri .00 - 0.

SNOV -MTt-< ^ T ti.Mij oF fF*H _._00 .... .0,

AtM.sl'JAL -vA f LH --iUOucT -JAL^NC^ .00 b, .00

SOIL WATER CONTtNlS uF S
AT ItiE tNO OF Yi£^K

1 .062
2 .33**
3 .422
4 .43**
5 .440
6 .443
7 .445
8 2.6/6
9 3.12*
10 10.800
11 9̂ ,036

1 i #»»*»"«"^a#"**"*»*»*»»»*»*»»lfr#»**»#*»**»tftf»^L.̂ .1

C . " •'•••- " "- -:-- —•;- : -
Av_Er*AO£ MONTHLY TOTALS HOK ^4 ThHOUbH 78

i . JAN/JUL FEb/AUG MAW/SEP APR/OCT MAY/NOV JUN/OtC

PRECIPITATION (INCHES) 4.59 1.W8 4.09 3.03 3.85 4.50
3.67 4.46 4.17 2.76 2.6fl .3,99

RUNOFF (INCHES) .170 .OOU .068 .Obi .054 .025
.200 .037 .090 .004 .230 .082

EVAPOTRANSPIRATION .880 1.083 2.102 2.237 2.739 2.834
(INCHES) 2.360 2.6b5 2.13b 1.661 .965 .908

7 \. f •
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PtrfCOLAf tu;< t-.-vO* fJAot .12̂  .11^ -l^^l -l<il<* '123U
OK Lrt.JUULL (l.-JLncS) .Ubh .U31 .Ĥ t .1̂ 20 . U ?b

\ DRAMAUc fr<OM oASfc. UF <?,48f l.oob 1,608 1.466 1.2b2 1.306
COvtR (Ir^CnfeS) 1,331 1.262 1.26/ 1.407 l.oVb 2.021

DRAI-SMUC. CKUM oftSt "f .000 .OUO .000 .000 .000
LANOFILL (ifiLttt.S) .000 .000 .000 .000 .000

* »»««*«»»*****»»*«»»«*»»»^ *«**«»«»»»»»*

AVtiWAGfc. ANNUAL TOTALS FOR 74 THKOUGH 78

.^ (INCHES) (CU.

^3-67 7676639. 100.00

KUNOFr 1.032' 181384. ^2,36

hVAPOTKANSPlKATIUN 22.589 3971914. 51.73

PtHCOLATIO.M FROM ["dASE OF COVER 1.4787 260004, 3.39

ON KKO«~BASE OF LAKUKILL 1.4/10 258659. 3.37
FKOrt ri^SE OF CUV£R 18.225 3204̂ 28. % 41.73

c FROM oA^E OF LANOFILL .000 0, "***

ftE302l72
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j PtAK -MILY VALUES r'UK /4 THROUGH /8
—————-•——•——— ——— — — »—•*———»» —— ̂ —— * — • — — — — « —— — — —— — _«.^M —•——..«•» —

r - (l.^CrtES) (CU. r T.)

3.99 7015/b.O

1.042 1832, I./

PtRCOLAflON F^OM BASt OF COvtR =_".._ ...".-, Ollft" 2068.7

PERCOLATION FROM BASt OF LAivUFlLL .00/9 13ttb.7

UKAlNAGe FROM tfAS£ OF COVER .37£ Vb323.3

OKAIMAGE FHOM dAS£ OF LANDFILL .000 .0

HtAO UN HASt uF COVER 21.9

htAU ON bASt UF=LA(MUFILL ~ ----_---

:j MAXIMUM Vt£(j. SOIL *AfEK (VOL/VUL) .2304

"U -Mi MUM VtG, SOIL vVATtK (VOL/VUL) .0920

r n!*************************************'***************»̂u »****«»***»*»»**»»*«*»«»*»**»»**#-*
: ... . ..., ...T ...
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STATEMENT OP DETERMINATION

I, Thomas P. Eichler, have reviewed the facts, including the

Endangerment Assessment for the Army Creek Landfill attached

to this Statement, supporting the Administrative Order on Consent

between the United States Environmental Protection Agency and

New Castle County, Delaware, which Order is issued pursuant to

Section 106(a) of the Comprehensive Environmental, Response,

Compensation and Liability Act, 42 U.S.C. S9606(a), and I hereby

determine that the presence of hazardous substances at the

Army Creek Landfill facility located in New Castle County,

Delaware and the potential release of hazardous substance

from that facility may present a substantial hazard to human

health and the environment.

THOMAS P. EICHLER . 'DATET
Regional Administrator
U.S. Environmental Protection Agency
Region III



ENBAHGERMBNT ASSESSMENT
j ' (£?u)

Army Creek Landfill **•* *

, By Richard L. Zambito

ENGINEER, CERCIA ENFORCEMENT SECTION INTRODUCTION

The Army Creek landfill was an abandoned sand and gravel quarry which
was used by Newcastle County as a landfill for the disposal of various
wastes including some unknown chemical materials. Ground water contain!•*

j nation emanating from the landfill was discovered In 1971 and has been the
L- object of numerous studies and Investigations since that tlae.

I The RAMP report prepared by NUS provides the most comprehensive
summation of site conditions and data and was used extensively for this
assessment. The USGS performed a more extensive review of reports currently

I on the site, this report is included for the readers information*

The major hazard posed by the Army Creek landfill is posed by
contamination of ground water resources by the landfill. In light of
the extensive ground water use in area this contamination represents the

L.I most serious threat to public health. Of secondary concern is the threat
to surface water posed by discharge from recovery wells and leachate

[ji;- seeps. Sampling of wells in the area by EPA, DNBEC, and New Castle
[[[{[ County has revealed the presence of several toxic and carcinogenic

compounds *

, PHYSICAL DESCRIPTION

Location

I,. the Army Creek (Llangollen) landfill is an abandoned sand7 and
gravel pit which was used by New Castle County, Delaware, as a primary

r • disposal site for municipal and industrial wastes between 1960 and
i 1968. the site Is located on the northwest bank of Army Creek, which

discharges Into the Delaware River one mile east of the site as shown
, . in Figure 1*

L
The landfill Is bordered on the west by U.S. Routes 13 and 40 and

on the ease by State Route 9, located at distances of one-fourth and
one-fealf miles from the site respectively.

Army Creek "landfill is approximately two miles southwest of Hew
le, Delaware, lyinj

longitude (T7SGS, 1967),

*&fe«r *«4BWM» +*mm+*m* m^mmr^ ^mv ̂ gr w • W«̂ ^̂ B*»̂ *»̂  » — •— V̂B̂ -W »•»»— •« — •—— ——» —

r- Castle, Delaware, lying at 30*39*12 north latitude and 75'36?35" west
r *

The site is bordered on the northwest,by railroad tracks owned
by Perm Central Company, as shown in Figure 2. The Amoco Chemical
Corporation Polymer Plant, which was closed In 1980 due to fire, is
located one-half wile to the east. Llangollen Estates, a residential
development, is one-fourth mile to the south, as is the Artesian Water
Company's veil field.
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Site Description "***

The Army Creek Landfill is adjacent to the Delaware Sand and Gravel
Landfill, which lies just southeast of the site. The sites are topographi-
cally separated by Army Creek,

Many types of wastes have been dumped at the site, including liquid
waste chemicals and oils. Ponds and pits from the previous sand and grarel
operation ware filled with refuse, and the compaction of the refuse was
generally poor. Due to the lack of sufficient cover material and Inadequate
compaction, significant differential settlement occurred, resulting in an
uneven finished surface when the landfill was closed in 1968* this uneven
surface allowed rainwater to accumulate on and infiltrate Into the site.
the Army Creek Landfill contains refuse ranging from 6 feet to over 35 feet
In depth and covers an area of 44 acres. It Is approximately 4,400 feet
long and 200 feet to 900 feet wide, with a volume of approximately 2
milHoa cubic yards*

the Army Creek Landfill was operated as a sand and gravel pit by Salennl
Brothers until the pit was depleted. Supposedly, no clay was removed during
this time because it would have Interfered with the gravel-washing operation.
Hear its final stages, the pit had large pools of standing water in both
eastern and western sections, as was seen in an aerial photograph in SalennlTs
office.

When landfilling operations began, refuse was reported to have been dumpe
rather haphazardly, beginning from the eastern end of the pit and proceeding
toward the western portion, as shown in Figure 3. Existing ponds were
filled with refuse, and compaction and covering were poor. Dally and inter-
mittent cover material was obtained almost entirely from within the pit,
reportedly using the pit's floor of red clay and perhaps the Potomac sand
beneath it. When the county became pressed for landfill space, it is not
unlikely that additional volume for disposal may have been created by
excavation of the floor on the eastern end. Unfortunately, all surface
traces of the intermittent cover were obliterated when the final cover of
Pleistocene sand and gravel was hauled in from the Greggo and Ferrara
quarry north of the railroad tracks in 1968.

the Army Creek property was turned over to the Hew Castle County
Division of Parks and Recreation for intended use as a public park, although
further improvement of the property has not yet been made.
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Permit and Regulatory History

The Army Creek Landfill, which operated from 1960 to 1968, was permitted
to accept Industrial and municipal wastes (Weston, 1972). The permitting
agencies within the state of Delaware were not specific. The landfill
reached capacity and was closed in 1968.

Remedial Actions to Date

In January 1971, a domestic well owned by Mrs. Mary Rennl of Llangollen
Estates, adjacent to the landfill, became contaminated. New Castle County
and its consultant, Roy F* Weston, Inc. of West Chester, Pennsylvania began
a multi-year field Investigation to assess the problem. Results from that
investigation showed that leachate, most likely originating from the Army
Creek and Delaware Sand and Gravel Landfills, was contaminating local aqui-
fiers. Since 1971, all but about 14 residences in Llangollen Estates
abandoned their private ground water wells and are now serviced by the Artesian
Water Company.

j Western's remedial investigation has led to the installation of a ground-
L_. water recovery system designed to maintain a ground water divide between

the landfills and the Artesian Water Company well field. Contaminated ground
water obtained from the recovery well system is discharged untreated into ,
Army Creek. The overall focus of the multi-year study is to restore the
aquiflers to their pre-landfill coditions. In the interim, however, remedial
measures have been directed toward the preservation of the Artesian Water
Company wall field which serves a population of about 100,000.

SITE CONTAMINAIION/OFF-SItE CONTAMINATION

Air

Ambient air quality measurements have not been performed at the landfill.
Air quality measurements were taken from well head <-̂ ace by the FIT Region III
on November 12, 1981. The results are shown in Table 1 and indicate high

- concentrations of organic vapors, some within explosive ranges* None of the
well casings tested were deficient in oxygen.

Soil

Soils have not been sampled at Army Creek Landfill. However, five
sediment samples were taken from Army Creek by FIT on November 11, 1981.
The analyses generally show inorganics at concentrations well below 1 ppm
(except for iron, maxima concentration - 6430 ppb). The highest levels of
zinc (54 ppb), aluminum (605 ppb), vanadium (10 ppb), magnesium (370 ppb)
and sodium (1000 ppb) were found downstream of the landfill, while the
maxima concentrations of barium (74 ppb), iron (6430 ppb), lead (16 ppb),
manganese (282 ppb) and calcium 510 ppb) were found in the creek adjacent
to the south edge of the western portion of the landfill (see Figure 2).
Ovganlcs detected in the sediments are listed in Table 2 and 5,

A83&2I79
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Grouadwater

After the discovery of the leachate problem (in private wells) in 1971
by the Delaware Geological Survey and New Castle County Department of Public
Works, the county implementated a monitoring program to determine the extent
and area of leachate migration. Since then, wells in and around the landfill
have been saapled extensively, primarily for Inorganic water quality indi-
cators such as COD, total iron, manganese, and chlorides* the available data
typically show higher concentrations of contaminant indicators in the landfill
and recovery wells than in off-site wells. Iron encrustation on recovery
well casings has led to costly periodic well rehabilitation efforts. A
similar trend exists in the data for organic analyses of wells and around
the site, the most recent data are shown in tables 2 and 3.

Surface Water

Limited surface water aalyses have been performed for the Army Creed
Landfill, the most recent data indicate high levels of inorganic water
quality indicators such as iron and manganese as well as several priority
organic pollutants such as phenol, bis(2-ethyl hexyl) phthalate, butyl
benzyl phthalate, and di-n-butyl phthalate.

Biota

Recent photographs taken during an NDS REMPO site visit (March 2, 1983)
show normal vegetative cover with no signs of environmental stress. However,
the Fit site inspection report (November 1981) noted damage to flora where
leachate seeps from the landfill.

L
c



TABLE 1

SUMMARY OF FIELD MEASUREMENTS
ON NOVEMBER 9-11, 1981
E&E FIT REGION III

. . . _ . . , , *
OVA HOT explosimiter
/ \ 02 MeterNumber (PP»)

C

0 0 Sight Sufficient
it 0 0 0 Sufficient
1 ? 3 0 5 0 Sufficient
?J 200 200 0 Sufficient
° Off-scale 50 Off-scale Sufficient

Off-scale 3 Off-scale NAOff-scale Q Q Sufficient
40 0 45 Sufficient

«* . «f«- i «
, 1 - n 1 0 Sufficient
« 0 0 0 Sufficient
H Q 0 0 Sufficient
5 4 0 0 Sufficient

0 0 0 Sufficient
0 0 0 Sufficient

500 0 10 Sufficient
40 0 0 Sufficient
0 0 0 Sufficient

- - - 0- - ' - - -0 NA NA
0 0 NA. NA

, , 0 0 0 Sufficient
*L, 0 0 0 Sufficient
If1 °0 0 HA NA
S 0 0 0 Sufficient
* 8 " 0 0 SufficientRWS 0 0 u

f\ n83



Chemical 'Compounds

Records and/or analyses of the wastes are non-existent.
groundwaters, surface waters, and sediments give the best indication of
compounds and elements contained In the wastes. Generally, the data show
inorganic and organic contamination on-site. The specific compounds found
are summarized in tables 2 and 3.

l Hazardous Characteristics

A listing of the /I vmaable and/or toxic characteristics of hazardous
substances found in va -L <*ua sediment samples is shown in Tables 4 and 5.

L_ _ . _ _ _ . As can be seen from the taW.-ss 24 hazardous organics and 9 Inorganics, some
in concentrations above Federal Drinking Water Standards and Water-Quality

f Criteria were found- in jroundwater beneath the sites.

ENVIRONMENTAL SETTING

* s landforns
( 1 . ^"™mmmmmmmmmmmmmm—mm,

The Army Creek Landfill, located in New Castle County, Delaware is
( ''• within the Atlantic Coastal Plain geologic province.
L;J

In general, the coastal plain slopes are level to gently rolling with
:••••-, flat lowlands with many marshes. Elevations range from sea level to
Ujj, approximately 100 feet above sea level. Near the site, the slopes are

gently rolling with elevations ranging from approximately 20 to 50 feet above
sea level.

New Castle County Delaware, is drained mainly by streams that flow
eastward into the Delaware River. The area surrounding the Army Creek

. ' Landfill is drained by Army Creek, which flows past the site to the Delaware
L .. River approximately two miles downstream*

]" Surface Waters

Army Creek flows between the Army Creek (Llangollen) landfill and the
Delaware Sand and Gravel Landfill. It discharges into the Delaware

I j River one mile downstream and east of the site.

Geology and Soils

In general, the landfill is underlain by stream-deposited unconsolldated
sediments in excess of 600 feet thick, which overlie crystalline rocks.

. The uncotisolidated materials comprise two geologic formations. The lower-
most formation is the Potomac Formation of Cretaceous age* This formation
is overlain by the Columbia Formation of the Pleistocene age*

The Columbia Formation consists of orange, tan, and yellow, medium
to coarse sands and gravels that vary in grain size and degree of sorting,
both vertically and horizontally within the formation. This upper geologic
layer foirms a nearby continuous surficial cover, ranging from 10 to 60 feet
in thickness. The base of the formation ranges from about 10 feet above to
20 feet below the mean sea level in the vicinity of the landfill.̂  The dip
of the formation is toward the southeast. - - -

c
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This Potoaac Formation, which is approximately 600 feet thick, consists
of variegated red, gray, purple, yellow, and white, frequently lignitic
silts and clays containing interbedded white gray, and rust-brown sands
and sows gravel* This formation thickens and dips toward' the southeast
at approximately 40 to 140 feet per mile* The Potomac Formation is divided
into the Upper Potomac and the Lower Potomac Formations, separated by a
thick confining clay layer.

In the upper Potomac Formation the relatively impermeable silts and
clays are discontinuous and not uniform, with the sands of the Columbia
and Potoaac Formations coming in direct contact in some areas. A hydro-
geologic cross section (Section A-A in Figure 2 is shown in Figure 4
(Lee, 1982).

Since the discovery of contamination in the aquifers below the landfill,
numerous wells have been drilled in and around the landfill. A review of
logs of borings reveals that sediments described in and around the
landfill correlate adequately with the general geologic description above.
The logs list what could be identified as the fine and coarse sediments of
the Columbia and/or upper Potomac formations. The locations of selected
wells in the vicinity of the landfills are shown in Figure 5.

The Eastern portion of the landfill has been mapped
in the USDA-SCS Soil Survey of New Castle County, Delaware as a gravel
pit or quarry. The western portion of the landfill has been mapped as
Matapeake silt loam soil that has been moderately eroded* Soil survey
Information was gathered before the western portion was used as a land-*

r fill as Indicated by Figure 3* Today the western portion would be
i considered and mapped as gravel pit or quarry also*

In the vicinity of the landfill the soil survey has mapped Matapeake
silt loam, Matapeake-Sassafras-Urban Land Complex, and Woods town loam*

i- • The slopes on these mappings Units range from 0-10 percent.

f The Matapeake soil series consists of deep, well-drained soils that
occur on uplands of the Coastal Plain. The permeability in t***s soil
ranges from 0.63 to 2.0 inches per hour.

The Moods town series consists of deep, moderately well-drained soils
-- that occupy uplands of the Coastal Plain. These soils develop on old

deposits of sandy material that contain a moderate amount of slit and
clay* Peraeability in this soil ranges from 2.0 to 6,3 inches per hour.

Groundwater

The three aquifers which occur In and/or around the landfill site
are the:

. Shallow, unconfined Columbia Aquifer

. Confined, Upper Potomac Aquifer

. Confined, Lower Potomac Aquifer

r-
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TABLE i-

INORGANIC POLLUTANT DETECTED IN WATER AND SEDIMENT SAMPLES
AT THE ARMY CREEK LANDFILL

(VARIOUS DATES)

Aqueous Sediment Maximum Contaminant
Concentration Conctntration Limit for the Protection of

Pollutant Rang* ug/l Range ug/kg Potable Water Supplies ug/l

Arsenic <1Q - SO 50

Beryllium <2 - 4 0.2 0.037

Cadmium <5 - 30 - 10

Chromium <10 - 200 <1 - 3 50

Iron 40 - 224,000 106 - 6430 300

Laad <40 - 960 <4 - 16 50

Mangants* <10 - 3220 47 - 282 50

Nickal <20 - 120 <2 - 4 13.4

Zinc 10 - 8630 2-54 5000
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The shallow, unconfined Columbia Aquifer appears la the sands and
gravels of the Columbia Formation above the confining clay and silt
sediments of the Potoaac Formation, where present. Where these clays are
not present, the aquifer is unconfined. The water table in the Coluabia
Aquifer (deposits) is changed by seasonal fluctuation up to 10 feet,
generally rising from mid-October to early April and declining from aid-
April to mid-October. The general groundwater flow in this aquifer is **-

' toward Amy Creek*

The Upper Potomac Aquifer is one of the most productive groundwater
zones of New Castle County. This aquifer is a principal source of
drinking water in the county* Host large industrial groundwater supplies
and almost all groundwater withdrawls for municipal and land uses, obtain
their water from the coarse grained deposits of this aquifer*

This confined aquifer ranges in thickness from 2 to 80 feet. Pump
testa have shown the hydraulic conductivity to be 500 gpd/sq. ft, however
these results may be suspect (Altomari, 1983). Transmissivity ranges
from 45,000 to 70,000 gpd/ft (DeWalle 1981, Lee 1982). Regional accounts
show transmissivity values in the Upper Potomac for this area of Delaware
range from 40,000 to 50,000 gpd/ft.

The groundwater flow is generally from north to south toward the
Delaware liver, with an approximate natural hydraulic gradient of 0*005 ft
per foot (Lee 1982).

e>
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Delaware, as part of the Atlantic Coastal Plain, consists mainly of
flat lowlands with many marshes. The Army Creek Landfill is located
approximately seven miles south of Wilmington, Delaware, in the northern
end of the state* This area is marked by low, rolling hills which extend
northward and northwestward into Pennsylvania*

Characteristic of this region are warm,humid suaaers and winters
which are usually mild. Because of the close proximity of large water
bodies and the inflow of southerly winds, this region experiences high
relative humidity year-round.

fr £302201
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The rainfall distribution is fairly uniform throughout the year with

the summer normally experiencing the largest amount. Winds from the
Northwest prevail at an average of 9.2 mph in this area. A summary of average

1 monthly temperatures and rainfall for Wilmington is listed Table 6.

Land Use

Land within one mile of the Army Creek Landfill is used for residential,
commercial, and industrial purposes* 1

I The Aaoco Chemical Corporation Polymer Plant is located approximately
one-half mile east of the site* The plant had operated its own well field

| until 1973, producing between 1*3 mgd and 2.5 mgd, until the wells became
( contaminated and were closed. This contamination was probably caused by

leachate from the Army Creek and Delaware Sand and Gravel Landfills (Lee, 1982).
/ > The plant has been inactive since 1980*
i i '

1 Commercial development is extensive along Interstate Route 40, located
northwest of the site* Host of these establishments, especially those in

[ . the Hldvale area, are located within one mile of the site*

u
i:

The Artesian Water Company's well field is located one-half mile
f 1 | south of the site and currently provides the potable water supply for a
[[j population of approximately 100,000. During the early 1970fs the company

produced as much as 5.3 mgd from its well system* However, since the start*
up of the recovery well system installed by New Castle County, pumping
has been curtailed to a maximum of 2 mgd, with an average of approximately
1.8 mgd*

Also located within one half mile south of the site is Llangollen
Estates, a major residential center of approximately two hundred single
family dwellings* Light industrial development is located within one
mile of the site, along Grantham Lane and Hamburg Road, as shown in
Figure 1* There are about thirty single-family dwellings located in
these areas*

Another land use within the vicinity of the site is the Delaware
Sand and Gravel Landfill, located across Army Creek to the east. This
site wae used as a municipal and industrial landfill from 1968 until it
was closed in 1976*

POTENTIAL RECEPTORS

Population Distributions

The largest population center within a ten-mile radius of the Amy
Creek Landfill is Wilaington, Delaware. Located seven miles north of the
site, WliLmington has a population of 70,195 according to the 1980 census*
Delaware City lies seven miles to the southwest and has a population of
1,858. Two miles northeast of the site is New Castle, Delaware, which has
a population of 4,907. A residential development of approximately 200 single-
family dwellings, Llangollen Estates, lies one-half mile to the south,
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TABLE 6
AVERAGE MONTHLY. TEMPERATURES AND
RAINFALL FOR WILMINGTON, DELAWARE

Temperature (*F) Rainfall (In.)

32*0 2.85January
33.6 2*75February-

March

April

October

November

December

t,
c

41.6 3.74

52.3 3.20

A9 A 3.35
May 6r*

71 4 3'24June /x*4
_,_ 4̂.31

July 75*8
• -- ^ 3.98

August /*-A
fi7 9 3.42September 5/-*

45.7

34.7

3.49

3.32

40.25" (annual)
TOTAI,
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Surface Waters

Currently the waters of Army Creek and Army Pond are not used for
i water supply, recreational or industrial purposes.

Groundwater
I ^mmmmmmmmmmmmfMHmmmmmmmmmmmmMmt

I The major user of groundwater in the area is the Artesian Water
Company, located near Llangollen Estates. In 1973, New Castle County ,
installed its groundwater containment program to temporarily prevent

[ leachate from contaminating the Artesian well field. This program involved
Installing; numerous monitoring and leachate recovery wells between the land-

. , fills and the Artesian well field. The effort resulted in a production
limit of 2.0 mgd by the Artesian Water Company.

Currently, all but 14 residences of Llangollen Estates are served
by the Artesian Water Company (Altomari, 1983). These residents continue
to acquire their potable water from private wells, as did the other
residents until aquifer contamination was detected.

The Aaoco Chemical Corporation Polymer Plant was the only other
user of groundwater in the area. Well water production ceased in 1973
when the production wells became contaminated.

Land Users

Local, residents are the primary land users of the areas adjoining
the Army Creek Landfill. The residential areas of Llangollen Estates and
Mldvale are located within one half mile of the landfill to the south
and north, respectively.

Even though they are graphically removed from the site, customers of
the Artesian Water Company must also be considered when identifying
potential land users in the vicinity of the landfills.

PUBLIC HEAX2H CONCERN

Air Pollution

During the November, 1981 site inspection conducted by FIT Region III,
air pollution readings were obtained using an inorganic vapor analyzer (OVA)
monitoring instrument which detects certain organic vapors and gases. The
readings, in well casings in which organic vapors were detected, ranged from
40 ppm in Monitoring Well A8 to off-scale readings in Recovery Well 14 and
Monitoring Wfell A6. The majority of the wells showed no organic vapors.
It is difficult to assess the significance of the off-scale readings for the
air quality in the vicinity of these wells. However, at the concentrations
found in other wells in the area (500 ppm), natural dispersion of organic
vapors is expected to be sufficient to decrease concentrations below de-
tectable and harmful levels except in the immediate vicinity of the wells*
la view of the off-scale readings it will be necessary to evaluate each
area by additional monitoring of ambient air* The hazard to surrounding
populations presented by air pollution from this site, however, api~ ~~ ~ '
be minimal.

i...
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From another viewpoint, since the landfill was operated as a sanitary
landfill without a gas venting system, the potential exists for the release
of methane gas as a result of anaerobic decomposition. Again this does
not appear to be of great concern for off-site exposures.

Soil Contami-nation

Soils have not been sampled at the Army Creek Landfill. Wastes are
not apparent over the surface of the landfill and surface contamination
would not be expected since the wastes have been covered by several feeb
of uncontaminated soils* However, soil contamination should be expected
in areas where, leachate seeps from the landfill* Direct contact with
these areas should be avoided.

Groundwater Contamination

The contamination of the Columbia and Potomac aquifers, which serve
as the potable water supply for a population in excess of 10,000jis a
major public health concern. The hydrogeologic connection between the
Army Creek and Delaware Sand and Gravel Landfills has been documented in
previous reports by the county's consultants and FIT Region III* The
evaluation below addresses the contribution to the groundwater quality
degradation by the Aray Creek Landfill.

The presence of groundwater contamination in private wells was con-
firmed by the Delaware .Geological Survey and the New Castle County
Department of Public Works in 1971. Since then, extensive monitoring
has defined the area and extent of contaminant migration. Both inorganic
and organic contaminants have been detected in wells on and around the
landfill*

The most recent data resulting from the FIT site inspection in
November 1931, indicate levels of several contaminants greater than the
Federal Drinking Water Standards* These include iron, manganese,
chromium, beryllium, cadmium, lead, nickel, zinc, and arsenic* The
Artesian Water Company Well #2, a source of potable water supply, contaiu~d
four times the maTimnm contaminant limit of lead*

Nineteen priority organic pollutants were detected in the samples
but only four were quantified* Also, DNREC sampled private drinking water
wella in the vicinity of the landfill and found low levels (generally 1 ppb)
of chloroform, trichlorothylene, perchloroethylene, and 1,2-dichloroethane.
These compounds are also moderately to highly toxic, with three of the
four considered carcinogenic.

Surface Water Contamination

Army Creek receives surface water runoff and recovery vail dischargee
from the groundwater recovery system* However, Army Creek is not used
for municipal, industrial, or recreational purposes prior to Its discharge
to the Delaware River, one mile downstream* The effect of the creek on
the Delaware River is expected to be minimal due to dilutio
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It can not be determined at this time if discharges from the recovery
wells afflict fish, wildlife, and other casual users of Army Creek.

Fire and Explosion

Explosive vapor mixtures were detected in several of the well casings
during the FIT site inspection in November, 1981. Also, the nature of the
landfill (i.e., sanitary) would lend itself to the generation of methane
gas. Thu», the potential for fire or explosion exists, but the probability
of explosion appears to be small due to normal dilution and dispersion of
the vapors and gases*

General Risk Assessment

Air and soil contamination present minimal threat to the public so long
as access to the site is limited*

Groundwater contamination in the vicinity of the site presents the most
serious threat to the public health. Analytical investigations show that
toxic and carcinogenic organic compounds as well as toxic levels of some
inorganics are present in the groundwater*

Surface waters could possibly pose some threat due to use of Army
Creek by presently unidentified casual users. The impact of Army Creek on
the Delaware River should be minimal due to dilution.

Specific Toxlcological Assessment

EPA-Begion III toxicologlst, Dick Brunker, has reviewed the chemical data
presented! in Tables 2 and 3. A copy of Brunker's report is attached.

c



United S*ntes Department of t&e-interior
:V- GEOLOGICAL SURVEY
'.; WATER RESOURCES DIVISION J& .

208 Carroll Building /* &*>
8600 La Salle Road /

Towson, Maryland 21204

November 3, 1983

Kf* Stephanie. Del &e*
U.S* Environmental Protection Agency
Office of Waste Programs ^
Enforcement
Washington, D.C» 20460

Dear Ma. Bel Re': Re: Army Creek Landfill

Boa Vrobiesky has completed his review and discussion of the existing
data concerning Army Creek (Llangollen) landfill, New Castle County,
Delaware, aa parr of the U.S. Geological Survey hydrogeologic support
for the U.S. Environmental Protection Agency. The report is
attached* As requested by Roy Shrock, his packet also contains
xerox copies of oast of the cited references.

Herbert J

Li
Enclosure

cct Kor 3teock—— * _ — . •
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liEVIEW AND DISCUSSION Ob'
- - - - - - - • | £ >
CCKCEBNlNG ARM? CREEK (LLANGOLLE*., LANDFILIT^

AND DELAWARE SAND AND GRAVEL LANDFILL,

NEW CASTLE COUNTY, DELAWARE

Don Vroblesky, Hydrologist
U.S* Geological Survey, Towson, Maryland

A* Ĵ TEQDDdJQH
I This review has been prepared by the U.S. Geological Survey

air part of the cooperative hydrogeologic support for the U.S.
j Environmental Protection Agency (EPA) Enforcement investigat ion
I ! and alternatives assessment* The purpose is to summarize

previous efforts and to list any additional tasks related to
, hydrogeology which need to be performed to fully assess the
j i " contamination of the soil, surface-water, and ground-water at the

Army Creek Landfill and the Delaware Sand and Gravel Landfill for
, , the purpose of selecting optimum remedial actions. Cost analyses
LJ and political opposition to specific options are not addressed
m here*

B. PREVIOUS IHYEStlCAUQHS %
Several reports have been publ ished on the ground -water

. hydrology in the general area of the Army Creek Landfill. These
reports include?

1* Water level measurements (Boggess and Coskery, 19-56,
Costceryv 1957,. I960,. 1961ar 1961b; Coskery and Rasmussen, 1353;
Marine, 1955? Marine and Rasmussen, 19S4; Martin and Denver,

2» A hydrologic atlas of the Wilmington area by the U.S..
Geological Survey for the period 1950*1961 (Adams and Boggess,
1984).

3» Reports on the ground-water resources of Delaware
(Marine and Rasmussen, 1955; Sundstrom, Pickett, and Varrin,
1975; Roy F. Weston, Inc*, 1970; Woodruff, 1969, 1970) and of
northern Delaware specifically (Martin, in review; Rasmussen and
others, 1957; Sundstrom and Pickett, 1971; Sundstrom and others,
1967).

4. A report on the water resources of the Delmarva Peninsula
(Cushing and others, 1973).

Additional reports have been publ ished on the specific

8
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hydrology of the Army Creek Landf ill s i~ce grouna'-^water
contamination was first detected in 1971. These reports include:
Apgar (1975, 1976); Apgar and Langmuir (1971); Baedecker and
Apgar (in press)? Baedecker and Back (1979a, 1979b); Clark
(1979); DeWalle and Chian (1981), Fiore and Satterthwaite '(1973);
Geraghty and Miller, Inc. (1982); Lee (1981, 1982); Lee and
McGovern (1982a, 1982b); Leis and others (1976); Miller (1982);
Miller and Silka. (1981); New Castle County (1979); Niesen (1974);
NUS Corporation (1983); Roy F. Weston, Inc. (1972, 1973a, 1973b,
1973c* 1973d, 1973«, 1974a, 1974b, 1974c, 1975a, 1975b, 1976,
1977af 1977b, 197S, 1980a, 1980b, 1980c, 1981); Webb (1974), ̂and
Satterthwaite and Apgar (1972). Some of the consulting reports
by Roy F» Weston, Inc., and by Ecology and Environment, Inc.,
have been published by specific authors. These references are
cited under the author's name. Specific contents of the above
report's are discussed where appropriate in the following
sections* Complete references are cited at the end of this
.report*

C. SQtrgcg QoHEBQL MEASURES IBEHLLZIED IS TEE
1* ClaaJlifi. aX hazardous waste landf i 1 1 J.Q,
ds.aJjsiL£3 la mialBLssL ialillnâ iaa ami ££&£s.nJL

t,* Surface capping (synthetic or natural cover materials)
r b. Regrading to control surface-water runoff
I _ c. Revegetation

[ * Requirements s
[| 1) Estimate of the contribution of vertical

infiltration to leachate generation.
r 2.) Estimate of the amount of water that will enter the
i refuse after reduction of infiltration*

Available) datat
Based oa hydrologie mass balance calculations, Lee and

McGovern (1982a, p. 4*3) has estimated that only 0.4% of the
water moving* through Army Creek landfill is from vertical
infiltration* This figure is probably low because the data used
in the mass balance calculation appear to be for the aquifer
thickness and not for the* saturated landfill thickness. A more

f?; correct "statement would be that only 0.4% of the combined ground-
! water friow through the fill and through the aquifer immediately

beneath the fill is derived from vertical infiltration of
precipitation through the fill. Baedecker and Apgar (in press,
p.S) estimate that 70% of the leachate generation originates as
infiltrating percolation and only 30% from lateral inflow.

Thicknesses of saturated refuse are shown Niessen
(1974), New Castle County (1979), and DeWalle and Chian (1981).
The contribution of infiltration to generation of landfi11
leachate can be calculated based on these figures. An estimate
of the amount of precipitation infiltration and ground-wat
infiltration to the fill is also given in Roy F. Weston(1974
Papers by Clark (1979), Roy F. Weston (1974), and Niesen (1974
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contain estimates o* the amount of water t. t will enter the
refuse after reduction of infiltration. *.:_'/ CRlGlflAL

Data deficiencies:
None. r

2. Raxti&l &££ajc&iiaa and diu&ul al sr&atas.
jhe seasonal watep-table).

a* On-site in a newly constructed landfill
b* Off-site in a suitable facility ,

Requirements:
1} Suitable location to receive the wastes
2) Evaluation of the possibility of releasing

contaminants during handling and transport.
3) Location of areas within the fill containing wastes

disposed of below the seasonal water-table.
Available data:

Of primary hydrogeoiogic importance in determining
possible locations for a new onsite landfill is the configuration
of the clay layers and the water table. The thickness of the red
clay conf ining unit at the Army Creek Landfill site is shown in a
report by Roy F* Weston (1973a). Geologic conditions elsewhere
in New Castle County are discussed in reports cited in B3 above.

Th.e__|La_te_n,t ial for release of contaminants during
handling and transport depends on the chemical stability of waste
material. Although leachate tests have not been done on the
waste material, the presence of a pluxne of contaminated ground*
water indicates that the material is highly leachable.
Excavation and handling techniques would have to include
rainwater diversion and control of surface-water runoff.

A paper by Niessen (1974) contains maps showing the
bottom of the fill,, the thickness of the fill, the thickness o'f
saturated refuse in January^ 1974,. and the elevation of the water
table* Most of these maps caa also be found in New Castle County
(1979), and DeWaLle and Chian (1981)* These data, can be used
along* with water-table elevation maps of the wet season to

- determine the location of areas within the fill containing wastes
disposed of. below the seasonal water-table.

Data deficienciest
r None* An alternative apparently not considered is

removal of the waste buried beneath the seasonal water-table to a
hydrogeologically sound, temporary storage area. The excavations
could then be backfilled to above the seasonal water-table, and
the waste material could be returned to the original fill and
reburied. The same requirements and available data as above

1 pertain to this alternative.

US$82210
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Requirements!

1} Evaluation of the degree df treatment required to
brinff such presumably high concentrations to within
acceptable limits for discharge.

2) Evaluation of the possibility of re leas in
contaminants during the well installation process.

*>
3) Evaluation of the effects of mixing of the leachate

with uncontaininated, oxygenated ground-water induced
to move into and through the fill material as a
result of the pumping. *

Available data*
This option has been discussed briefly by Clark (1979),

suggesting that the leachate could be discharged into a county
sewer* It has also been discussed indirectly by Roy F. Weston

l (1974) in relation to drainlines. The report discusses options
1 of what to do with the ieachate, including recirculation and

spray irrigation. Treatability studies of the leachate collected
if from down-gradient wells has been done (Fiore and Satterthwaite,
liLi 1973). The determination was that the only interim treatment

feas ible would be lime addition, filtration, and final pH
o adjustment* This treatment would substantially reduce the amount
iJJlj of metals in solution, but would not effectively reduce COD and

ammonia contamination* The study determined that if water
L quality suitable for recharge of an aquifer used for public

supply is desired, then additional treatment must be used, sue
as activated carbon, ion exchange, and reverse osmosis. Thesj

* methods all concentrate contaminants in the spent carbon or brin
( solution rather chemical or biological degradation of them,
*'' creating* a problem of residue disposal. Leachate collected

directly from the fill will be more highly concentrated that the
samples for the treatability study. Extraction analyses done on
laachate taken directly from the fill (letter to Harry Otto,
DNREC* from US EPA Southeast Research Lab*, 5/18/74) show large
amounts of organic acids and industrial chemicals, particularly
phenols* relative to the other site wells* The amount of
treatment required for the leachate will therefore be greater
than indicated by the study.

The possibility of releasing contaminants during the
well installation process depends on the leachability of the
material, which has been discussed in "C2" above. Well
installation methods must be chosen which utilize as little water
as possible in order to minimize ieachate generation.

The effects of mixing oxygenated water with oxygen-
deficient leachate on organic chemistry is discussed in
Baedecker and Apgar (in press) and Baedecker and Back (1979a,
Ii7ib). JEf most of the iron in the existing leaghi*** pittm* ig
dtta to dlaTolution of aquifer matrix by leachateT as suggested by
Baedecker and Apgartin pfftas), then water flowing into 'the fill
gTixiny with ieaeftatg-, &ft* ft'*<ftff removed py wells Tn the
would be expected to contain substantially leas iron than

**
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found in wells pumping leachate from the aqui*,r*

Data deficiencies:
Treatability studies of leachate immediately adjacent

to or preferably in the fill material are needed to evaluate this
option. Suitable methods of disposal of the contaminants
concentrated by the additional treatment methods must be
determined.

4* C&a venting

Requirements:
1) Indications that gasses are present in sufficient

amount to be hazardous*
Available data:

OVA readings at the well heads in November, 1981
(Ecology and Environment, 1982) show high values at the Army
Creek landfill, indicating that methane and other volatile
"organic gasaes are present in explosive concentrations at several
wells*

Data deficiencies:
None concerning hydrogeology, although a risk

assessment should be determined before initiating additional
drilling, grading, or excavation at the fill.

* 5* Hi ftgt ion

[ Requirements t
Assessment of the time neccessary to deplete the

r landfill of leachable material*
Available data*

r The available data is largely qualitative* The time to
i restore the aquifer has been estimated at 25 years (New Castle
u- County, 19TT)r but it has been observed, for example, that some

landfills from the days of the Roman Empire are still producing
f~ leachate (Freeze and Cherry, 1979, p. 437). Baedecker and Apgar
L* (in press, p*24) point out that the refractory nature of many

organic compounds and their tendency to remain coated on aquifer
materials may cause contamination problems long after the
concentrations of major inorganic constituents return to pre-
landfill conditions*

Data deficiencies:
The amount of leachate to be generated and the. time

neccessary to deplete the landfill of leachable material are
unknown and possibly unknowable factors. If this option is
chosen, it must be assumed that the aquifer will be unusable for
at least several generations.
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D. Qgg*8TTiE QQHIEQL MEâ SHBES U2EBXIE12D IS THE BAMEj. . ̂  ..

Requirements:
1) Rate of ground-wate'r movement
2) Rate of leachate input to ground-water system
&) Rate of attenuation of pollutants
4) Rate of mechanical dispersion of pollutants
5) General behavior of contaminants in ground-water ., system.

Available data:.
This option relys on. natural attenuation and dispersion

of the leachate by the aquifer* The rate of ground-water
movement depends on aquifer hydraulic conductivity (k) and on the
head gradient (I): velocity=KI* Ground-water flow velocities and

! travel times between the Llangollen landfill and nearby major
[ production wells have been calculated (Roy F. Weston, 1973a);

however, they were based on head gradients for 1972 and probably
[ need to be devaluated based on more recent head data and updated
L. transmissivity values. The head gradient can be determined from

water table and piezometric maps. Limiting the data to those
{j1;,1 wells screened at approximately the same depth below the water
HUl table will reduce the effects of vertical flow on the head

gradient calculation* Water table or piezometric maps can be
r found for specific years in almost all of the reports on the
\ site. The hydraulic conductivity is a factor related to

aquifer matrix* It can be computed from transmissity by divid
transniissivity by the thickness of the aquifer. Transniissivit
based on pumping- and recovery tests have been calculated for the

4 ' study area (Roy F. Weston, 1973b). The thickness of the aquifer
r , can be found in boring logs (in EPA files, Philadelphia) or can

! be estimated if necessary*
( The rate of leachate input to the ground-water is'a

function of the amount of water entering the fill and of the
I teachability of the refuse*. The amount of water(Q) entering the
L. fill from horizontal flow can be calculated from Darey's Law:

Q*SIAr where- A* a cross-sectional area of the saturated waste
through which water flows* K and I are calculated as above* The
area (A) caa be determined from maps of the thickness of
saturated refuse (found, in Niessen, 1974$ New Castle Co.t 1979,
DeWalle and Chian, 1981)* The amount of vertical infiltration
can be calculated as discussed in C-l above*

Although the leachabiiity of the waste is an unknown
factor, a qualitative measure of the amount of leachate being
generated can be determined based on the amount of water entering
the fill and the known concentration of contaminants in the
ground water* This is probably adequate for purposes of
determining the impact of a "no-action1* decision.

The rate of attenuation of organic compounds in
ieachate moving through the aquifer at Llangollen landfill has
been Estimated by Webb (1974) and DeWalle and Chian (1981).
degree of dilution due to dispersion can be computed usi
chloride as the conservative species* Chloride analyses fron
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wells at the site are available for . calibration for -each year
from 1973 to 1983. A summary of chloride analyses for four wells
at the site can be found in Baedecker and Apgar (in press,;Fig.
6)* A cross-section of the chloride plume in mid 1973 showing
movement through the punctured clay is shown in DeWaiie and
Chian (1981)* ;

The general behavior of the organic contaminants in the
aquifer at Llangollen landfill is discussed in papers by
Baedecker and Apgar (in press) and Baedecker and Back (1979a,
19T9b)*

Data deficiencies:
None

2^Expansion qft present ground-water reeovery system.

Requirements:
1) Determination of optimum pumping rates and well

spacing*
2) Evalution of the effects of increased pumping

• on the amount of uncontaminated water wasted.

Available data*
Appropriate hydrogeologic parameters can be calculated

as in "Dl" above* The parameters can be used to calculate
drawdown curves* An alternative approach is to use an existing
2-D (Miller, 1982) or quasi 3-D.(Martin, in review) ground-water
flow model of the area to simulate the various pumping scenarios.

Data deficiencies:
If one of the existing flow-models is used, then it

would be neccessary to reduce the grid size and to improve the
calibration. Stream, bed leakance is a factor that is not well
defined and may have to be manipulated to facilitate calibration*

3. Treatment of ground-water fegayegy well discharges jji a. newly*
constructed £&££&££ treatment giant at the WJLllDilUlaa

Requirements:
Treatability tests on the ieachate*

Available data:
Treatability tests of the Llangollen landfill leahate,

as extracted from discharge wells, have been done (Fiore and
Satterthwaite, 1973). The conclusions are cited in C3 above.
The study was based on analyses from 1973. More recent analyses
(Baedecker and Apgar, in press) show that although the major
inorganic constituents have changed little, the number of organic
compounds and the organic .carbon content of the leachate have
greatly decreased.

Data deficiencies:
Updated treatability tests need to be done to



(Red)
adequately evaluate the leachate treats ,nt opt'ionrs. If
additional treatment is deemed neccessarry, such as activated
carbon, ion exchange, or reverse osmosis, then a suitable method
of disposal of the contaminants concentrated by such treatment
must be decided on.

4. Irsj.lnifi.ai. fll nuinifiifiai* io&i&lri&l̂ . and s rivals. sail
8ttpffli.es. &f feeted £3 pogtanyinant releases from the Delaware

Gravel and Arjny Creek ^andf 1 Us.

Requirements:
Same as *DZ* above*

Available data:
Same as "D3* above.

Data deficiencies:
Same as "D3" above.

L.

aqui fer rein eet ion f o 1 lowing treatment.

Requirements:
Same as "DS". above.

Available data:
Same as "D3" above.

[ Data deficiencies:
Same as "DS"" above regarding aquifer reinjection.

r Industrial use will depend on the specific industrial tolerance
to the type of water and on the quality of the resulting

1 wastewater*

Li fi. MinJjBlZiaC off-aite gpotmd-wftter jauroaagS. tO. tp}n|m̂ ze off-site

L.
r

Requirements:
Determination of the optimum pumping balance between

ground-water interception wells and supply wells required to
maintain maximum supply with minimal withdrawal for diversion of
contamination*

Available data;
This option can be addressed in the same manner as

above*

Data deficiencies:
Same as ttD2n above.
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Requirements: fRed)
1) The potential for contamination of there supplies
2) The availability of an alternate water supply source

Available data:
The potential for contamination can be qualitatively

determined as described in "Dl" above. The availability of an
alternate ground-water supply can be addressed using the ground-
water flow model by Martin (in review). The modeled area Is
divided into vertical layers, so individual layers can be
stressed and the resulting* effects of the stress on the other
layers can. be seen* One scenario tested by the model was the
effects over a 25-year period of the decrease in pump age by Amoco
in October, 1980. The simulation predicted a head recovery of
120 feet In the lower aquifer.

Data
Martin (in review) is used, then the
the effects of local geology should be

8. BS£lia££$l barrier Jjjj gravity In fcgt f on _l£fljg I&£ water table
the Poto/nac Aqui far soqth oX {he existing recovery we I 1 s .

L"
F

Requirements;
1) Area! distribution of head differences between the

water table aquifer and the Potomac Aquifer.
2) Chemical analyses from both aquifers in the area of

the proposed recharge barrier in order to determine the
effects of mixing1 of the two types of water, on
precipitation of solids and well clogging.

S) Evaluation of the drawdown in the water-table
aquifer as related to possible changes in the direction
of flow and the transport of contaminants in the water*
table aquifer.

4) Amount of recharge required to attain the desired
head distribution*

Available data:
The available data on the water-table aquifer appear to

be limited to the northwest of the fill (upgradi ent). The FIT
report (Lee and McGovern, 1982a) shows some wells south of the
fill which have no counterpart in the legend, such as wells R-2,
R-3r Dl, D2, etc., but apparently these wells are either filled
in or nothing is known about the depth.

Data deficiencies
If R-2, R-3, Dl, D2, etc. are of unknown depth or are

deep, then additional data must be obtained south of the recovery
we 11 system. This involves installation of water-table
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"piezometers* and at leasi one or two wells- *roin which water-
table samples can be obtained foe1 analysis.

:.- \ * ... .ORIGINAL
f ': (Red)

Restoration g£ Army Creek amd A.ptlH ^Qnd (by dredging, etc.) j.{
tua. a&s.uu.&d: as. a MAJIII al

fron? thft landf i lls

' Requirements: •• ~ :
• 1* Evaluation of ieachate impact on surface-water bodies,

| * 2* Evaluation of methodology of restoration •_
Available*data:

[ The limited data available indicate that stream-water
[ concentrations of iron and manganese increase significantly due

to discharge from recovery wells and that concentrations of iron,
I cadmium, chromium, lea<J, copper, nickel, zinc, and silver are
I-I over the maximum value for protection of fresh-water aquatic life

(Lee and McGovern, 1332a).

Data Deficiencies:
* Stream-sediment samples need to be collected and

analyzed in order to determine the value of this option. If the
;, results indicate that significant contamination has occurred,
Jlli then restoration options need to be addressed, such as

determining whether dredging will release more contaminants than
no-action. If dredging is decided on, then a suitable method of

__ ' disposal of the waste is needed.

E*

In order to evaluate any of the options requiring waste
treatment, updated treatability tests need to be done* If it Is
found that treatment methods such as activated carbon, ion
exchange, or reverse osmosis are neccessary, then a suitable
method of disposal of treatment residue must be determined* If
existing- ground-water flow models are used to evaluate options,
the grid size will have to be reduced and the framework will have
to be updated to account for localized geology; however this can
be done without additional field work.

Additional f ieldwork is neccessary to determine the effect
of landfill and leachate recovery operations on surface-water
bodies* Stream-sediment samples need to be coll ec ted and
analyzed. If the results indicate that significant contamination
has occurred, then restoration options need to be addressed, such
as determining whether dredging will release more contaminants
than no-aetion. If dredging is decided on, then a suitable
method of disposal of the waste is needed.

The amount of information known about wells R-3, R-4, Dl,
etc. is not clear from the literature. If these are not usab
wells sampling the water-table aquifer, then additiona
information has to be gathered in order to evaluate the option o
creating a ground-water divide by gravity injection recharge

10 AR3022I7
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Er.sJLimiaax.2 Xâ ailisaliaa al GtaaadzHalar. Caalamiaaliaa
Sfiii XfcS. Llan.ge lien Landf 111 ̂  Ha3» Caalifi County,

(Satterwaite and Apgar, 1972).
The report contains maps showing the bottom of the upper

Potomac confining beds in the landfill vicinity, the bottom of
the Columbia Formation in the landfill vicinity, an isopach of
the upper Potomac confining bed, the piezometric levels for
Sept** 19T2, the theoretical ground-water flow pattern in Sept.,
XiT2* and the known extent of contamination in Sept., 1972. Also
presented are presumed background water quality analyses.

Two papers by M* A* Apgar (1975, 197t) suggesting that the
underlying clays of the Potomac Group were probably removed in
places during development of the landfill*

S&1&C, Caolaaiaaliaa &2.&a£'ialad willx
Landfill, New Cast\q County^ fle4?yarer jfatent gj£ CoTyftfripi nation

Corrective Procedures. January 1973 (Weston, I973a).
This report contains maps of the thickness of the red

^ ' confining unit at the top of the Potomac Formation in the
vicinity of Llangollen landfill, and ground-water flow directions

[' and water quality (9/72) in the Upper Potomac aquifer* Ground-
Uli! water flow velocities and travel times between the Llangollen

Landfill and major, production wells in the vicinity are
f calculated based on head gradients for 1972* Chemical analyses

— , include— a Woĵ Lda*-. The proposed corrective .measures were to
install wells and. pi ezomet er s to determine aquifer
characteristics and to intercept the contamination.
g valuation. of Ground Jfalar. Aval lability aad £UlD£ia£ Capacity,.

ftl (Weston,. 1973b)
The report contains aquifer transmissivi t ies and storage

coefficients calculated from pumping and recovery tests and a map
showing the contaminated area. The recommendation was to reduce

j . the pumping rates in existing wells*

la Balsjc aad altara. Iran. &. 3+
ton ̂  Tn>. i. Jul>. 1^9 73 r

The memorandum discusses the positive and negative impacts
of several alternatives: leachate pumping and discharge with no
treatment; pumping and treating to remove metals only; pumping
and treating- for metals and ammonia; supplying deficit water
quantity to the Artesian Water Company from other water systems;
utilizing retrieval system with various options; treating
leachate in the aquifer- and landfill; planning to pump from
existing wells for either treatment and discharge or for drinking
water; no action, condemning aquifer.

la Pr.aJ.ajal ELUi itaro
liis. Ha.asoIIs.a
. .

The memorandum presents economic and technical rationale fo ̂
initial reduction of the number of potential alternatives for

12
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treating the L lan^ol 1 en ; landf til in ord to prevent its
contamination of a major portable water aquifer. Total haulage
of landfill materials to new site, as well as lining the landfill
bottom are ruled out as viable solutions. Certain options of
controlling water infiltration are discussed.

fr_e'liqF*n*gy Treatafrtlity StUdl Bfi£OILli.(Fiore and Satterthwaite,
1973).

The report concluded that the only interim treatment
feasible would be lime addition, filtration, and final pH
adjustment, this treatment would substantially reduce the amount
of metals in solution, but would not effectively reduce COD and
ammonia contamination. The study determined that if water
quality suitable for public supply of aquifer recharge is
desired, theft additional treatment must be used, such activated
carbon, ion exchange, and reverse osmosis.

\i ty 53Ltt4Zfc Lfi.a£&al£. Control Strategies for
tlangollen Landfill (Niessen, 1974).

The report contains maps showing the elevat ions of the
landfill floor, the contours of refuse thickness, the elevations
of the top of the clay beneath the fill, approximate dates of
refuse emplacement* thickness of saturated refuse, and the
elevation of the water table as of Jan., 1974. The report
examines hydrogeoigic control alternatives for isolating the
landfill and incineration alternatives for the ultimate disposal
of the refuse. It concludes that it is uncertain whether the
hydrogeologic isolation of the leachate would be effective enough
to restore the aquifer to its previous purity, and that
uncertainty remains as to the technical feasibility of certain
types of incinerators*
Eette-r fq £}£•. Harry W«r Qtto^ Technical Services Section. Delaware
Department of ffatural Tig sources. fXo,m
EUYJ rPnflte?t^\ Research Laboratory. Apri 1 18 t 1974.

The letter contains the results of analyses of leachate
samples by an extraction method designed to separate the leachate
into portions containing neutral, acidic, and basic compounds*
The samples were from a well directly in the fill, Recovery Well-
3, Well #29, and one of the Artesian Wells* The landfill
leachate contained large amounts of organic acids and industrial
chemicals. Recovery Well-3 and Well #29 were less contaminated.
The Artesian Well Company well was uncontaminated* The water in
the landfill was found to be strongly buffered near a neutral
pH, so the landfill materials did not constitute an odor problem;
however, if they were to escape the landfill and encounter an
acid environment, as in some cooking, gasses would be released.

water B&a£ji£fifis» ia ibfi. yigjitLt.y al a Solid Hail* Land till ia Ui&
Estates Aptfr^ New Caillfi. Gaunt y,.

(Sundstrom, 1974).
This report concluded that (1) the Lower Potomac aquifer was

completely developed or nearly completely developed by existing

13
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wells ia the area; (*; there appeared to be 1 ttle or no danger
of leachate contamination from the Ilangollen landfill to the
Lower Potomac aquifer in the Midvale-Llangollen Estates area:
(3)salt-water contamination from the Delaware River had not
occurred ia the Lower Potomac aquifer in the Midvale-Llangollen
Estates area; (4) .the limit of development of water from the wells
ia the Upper Potomac aquifer on a sustained basis was estimated to
be about 6,500,000 gpd or less in the study area; (5) as of
January 1, 1974, the Upper Potomac aquifer had received leachate
contamination in much of a 310-acre area in the study area; (6)
the Pleistocene and subcropping Potomac aquifer beneath and loath
of the landfill had received leachate contamination and was
passing the contamination to the Upper Potomac aquifer in
places; (T) Army Creek had received leachate contamination by
discharge front the Pleistocene aquifer to the creek in places;
and (i) a small rise in chlorides in the water from the Axnoco
Polymer tlant well field wells PW-2 and PW-3 located in the
northeastern part of the area was caused by slight leachate
contamination rather than salt-water from the Delaware River.

ESJZSJL lar. &r.mx Cc&fiJte Illaasaileal
November 17-18. 1977 (New CastU County, 1977).

The paper discusses various remedial action scenarios.
These are attenuation; hydrogeologic controls (precipitation
infiltration reduction, interception of ground-water inflow, and
co I Lection of leachate within the landf ill) ; removal of the
source (transport to another landfill or incineration); hasten
decompos ition (spray -irrigation or annel idic consumption.
Leachate treatment and incineration are examined in detail.

ACTy Cgfek Landfill Te_chni eal Rountable . HOJCOJBiiSLJL 17.-.18 r 1978 .
Summary Proceedings ("Qraftl (New Castle County, 1979)*

A number of possible solutions were discussed at the
j rountable meeting*. Attenuation, a no-action alternative, was

the least costly and appeared to have some degree of technical
merit, but was rejected because of the degree of risk associated

; with Artesian Water Company's well field* Removal of the source
1 was also considered* Moving the landfill was considered to be

just transporting the problem compounded by the costs of
excavation, transportation, and relandfill ing. Incineration was
rejected because of high cost and technical complications.
Recycling of the leachate through the landfill was eliminated
because DelawareTs humid climate would result in an ever-
increasing amount of leachate generation. Annelid i c
decomposition was rejected because it would only be applicable to
10X of the landfill mass. Hydrogeologic control was the
alternative recommended, which included relocation of recovery
wells closer to the source, applying a relatively impermeable
cover to the landfill surface, and diverting ground-water flow
around the landfill.

Agt* vitles lor Army qregk Landfill (Clark, 1979)
The report contains maps showing the potent iometr ic

of the Upper Potomac aquifer prior to installation of
measures and in March, 1976 and the extent of contamination

14
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migration as of Aû '̂ tr 1973. and May, 1978. *nyaruiv$t* *«.... ~-~
(precipitation infi. .ration reduction, inte option of ground-
water inflow, and collection of leachate within the fill) and
removal of the source are discussed. Spray irrigation,
recycling, and annelidic consumption are examined as well as
pressure maintenance and landfill aeration. The recommendations
are to minimize leachate production by surface capping and
upgradient trenching, and maximize leachate recovery by
construction of new recovery wells within or closer to the
landfill and phasing out the existing recovery system.
Bafi&U. discussing the chemioa^ frehaviour of fthg leaqhate...

The' general behavior of the organic contaminants in the
aquifer at Llangollen landfill is discussed in papers by Baedecker
and Apgar (in press) and Baedecker and Back (1979a, 1979b). The
reports conclude that beneath the landifll and* immediately
downgradieatof the landifll- large amounts iron and manganese are
dissolved, organic matter is oxidized and reduced, oxygen is
consumed, ammonia is adsorbed and nitrate is reduced. Farther
downgradient, iron and manganese precipitate,, less organic matter
is oxidized and reduced, and additional ammonia is removed by
ion exchange. Farther downgradient,the water chemistry is
predominantly controlled by mixing. The ratio of reduced nitrogen
to nitrate can be used to indicate the location of reducing
fronts as the leachate migrates. One report (Baedecker and Back,
1979a) suggests that ethylene may act as a conservative species at
this site and may therefore be useful as a tracer in transport
model ing. The paper by Baedecker and Apgar (in press) is a
conceptual chemical model using chloride as a conservative
tracer*
Feasifri \l^j SlttflS Ifr5r the Discharge ai Cpr^frtpinated Gro^ncjwater
irom Army Cr̂ a-fc LaadXill Ecstasy Waliâ  New C a a. tie Couals*
Del,aya.p;e (Roy F* Weston, 1980).

The report concludes that the State Road Pump Station had
insufficient capacity to receive all recover well flows; that
introduction of all or any recovery well flows to the Wilmington
WWTF would have minimal impact on effluent quality, unit
operation* or sludge disposal; that the Delaware River would be
minimally affected in terms of water qualtity by discharge of
recovery well flows to either the Wilmington WWTP or Army Creek;.
and that selective pretreatment facilities were not necessary.

al Irasa Qrsaaisa. ia Hail Kal&£ B&&& a Solid
LaadiJLLL (Dewalie and Chian, 1981).

The most significant aspect of this paper is a discussion of
attenuation of organics in the soil at Army Creek Landfill.
Notably, attenuation tends to decrease with decreasing molecular
weight, possibly because of the decreasing adsorptive capacity
that lower molecular weight compounds have with respect to the
soil adsorptive complex. The limited data indicate that most of
the biological degradation of the leachate occurs during the
first few hundred meters of permeation. Trace organics showed a
90 * concentration reduction for every 200 meters permeated
through the aquifer.

(Red)
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Id Io2££ii£&liaos. ai Hasaalr-oilgji Hazardous. £&&!&
a! Arms GrsAls Laadlili and D&la&az.* Saad

iaaifiil (Lee and McGovern, 1982a)
The report contains ground-water elevation maps for 9/72,

6/T5, 3/78, 7/7T, 1978, 2/81, and 11/81. The report also
contains a hydrologic mass balance in Army Creek and Delaware
Sand and Gravel landf ills, chemical analyses for 11/81, and a
graph showing the relationship between pump age and influence
distance*
Field Investigations of Uncontrolled Hazarflou? ffaste gites, ftelj.
Prilling s£ Delaware ffand anft Gravel Landfill (Lee and McGovern,

This report discusses the ground-water conditions at the
Delaware Sand and Gravel Landfill based on three monitoring wells
and two boreholes in the area* The report contains boring logs,
chemical analyses, and water levels for specific wells, as well
as the results of a magnetometer study which was unsuccessful in
delineating buried magnetic objects in the drum-pit area*

ai Iks. Recovery-well SsilfiJB io.1. lliSL Liaosoil&
Landfill,, flfgy Cast le Qqunty^ Qe^aware. (Geraghty and Miller,
1982)

The report used a 1 iaear gradient model to predict the
effects of the then ''proposed* relocation of the recovery-well
system^ to a site closer to the fill. The conclusions were (1)
The ground-water divi-d"e~-er"eated by the existing recovery-well
system" appeared to allow two significant segments of the plume to,
continue to drift toward the Artesion well field; (2) the
proposed new recovery-well program could expose the aquifer to
more extensive contamination;, (3) a larger number of wells closer
to the fill would be more effective? (4) a recharge program could
provide additional dilution and diversion*

ffl»outifl- Water Flow in tfre Pqtomaq Aqtii fers. JJgjy Castle
County, pelft^arg (Martin* in review).

The quasi 3-d model used simulates flow in three aquifers
and intervening- confining units of the Potomac Formation in New
Castle County. The calibrated model was used to evaluate changes
in water levels resulting from five possible scenarios of future
pumpage* One of the scenarios was based on the assumption of no
change in pumping rates for the next 25 years. The results
indicate that the reduction of pumpage at Amoco that occurred in
October, 1930,. should produce a head recovery of 120 ft. Other
scenarios are: (1) assume that Amoco pumpage did not decrease, (2)
redistribute pumpage, (3) include expected increases in pumpage,
(4) reduction: of ground-water use by substitution of other
supplies, such as surface-water or ground-water outside the study
area.

(Red)
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7,1 ORIGINAL
UNITED STATES ENV!RONMENTAL PROTECTION AGENCY (Red)

ffMian III -Attt i W»ln* <U* . * '111 - e»i 4 WtJn* St«.
Pi. 19106

SUBJECT: Toxicologies! Assessment of the Army Creek Landfill DATE* lUJi 1 3

l—J

r

FROM: Dick srunker, Toxicologist
Sic a Investigation and Support Section

TO: Richard Zaabito, Environmental Engineer
CERCLA Enforcement Section (3 &***•)

The Aray Creek landfill analyses revealed the presence of numerous
toxic pollutants at concentrations that would cause considerable
risks to to affected individuals and would be very damaging to an
impacted aquatic environment. There are at least three areas of
concern regarding the hazards that exist at this drum site. These
are; I) the threat of leachates to the nearby aquatic ecosystem;
II) the considerable long term cancer threat to those who drink
water containing these pollutants; and III) the threat of physical
damage caused by the toxic nature of these substances to those who
drink water containing these contaminants.

The data cited in the streamflow samples indicate that the Army
Creek watershed is currently being polluted by leachates from the
drum it *. These leachates can be expected to increase in concentra-
tion and complexity as more drums corrode releasing their contents*.
The toxic heavy metals have a strong propensity to bioaccumulate in
aquatic plants, insect larva, benthic fauna, fish, and most particu-
larly in shellfish causing a health hazard to the consumers of these
organisms .

In aquatic ecosystems these toxic substances cause a loss of
the less tolerant (and usually more desirable) species and cause
severe perturbations in the ecological balance of -the affected biomes,
usually resulting in their domination by less desirable species of
fish and other organisms. Dangerous, concentrations of copper were
detected in the streaaflow sample number V (Table 1). Copper is
particularly toxic to algae in these systems causing the cessation
of photosynthttic reactions in these primary producers. Reductions
in the amounts of this important food source are felt all along the
food chain and can have a severe impact on fish populations.

The concentrations of the six toxic metals listed on Table 1 are
«*11 above those established by the EPA as maximum values for the
protection of aquatic life and published in the Ambient Water Quality
Criteria for the respective metals and published in 1980. The drum
site has contaminated water containing copper concentrations that
are two orders higher than the maximum values allowed. Concentrations
of lead wera found that were three orders too high.

RB3Q2229
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There are at least 45 assays of six toxic heavy metals that reveal
concentrations that would produce deliterious effects in an aquatic
environment. This threat becomes more evident when it is appreciated
that current laboratory detection levels for cadmium, copper, chromium,
lead, and nickel are not nearly as low as the maximum allowable values
for these elements in aquatic systems. It is reasonable to assume that
numerous other well and stream samples contained concentrations of these
toxic elements that are harmful to the biota but were below detection limits.

At least six of the pollutants are carcinogens (Table 2). Some of these
carcinogens were found in concentrations that were about four orders
( 10,00Ox) higher than the concentration necessary to cause an additional
incidence of cancer In a population of one million. These included arsenic,
cadmium, beryllium, Dieldrin, and FCBs. Benzene was detected at a concentration
that was over two orders higher than a level that would cause a 10"̂
risk of a cancer increase.

Again it mist be stressed that the calculated individual 10~6 cancer risk
levels are all at least two orders lower, and for one element (beryllium),
It is three orders lower than labortory detection levels. Again we should
assume that numerous other samples contained concentrations of carcinogens
that represent an unsatisfactory cancer risk but these concentrations were
below detection levels.

Many of the samples contained concentrations of heavy metals that are
so high that they are considered to be toxic according to data published
in the Ambient Water Quality Criteria for the specific metals (Table 3).
The physical damages caused by these toxic elements are insidious and
take place slowly and over an extended period of tine. Organs and
physical system* affected include the circulatory system, reproductive
system, kidneys, liver, lungs, peripheral nervous system, reproductive
system including the brain, the bones, inner ear, the eyes and the teeth.
They are also alleged to cause personality changes and a loss of intelligence.
Much of the physical damage Is not reversible, even with the use of
chelation therapy. Children have been determined to be particularly
susceptible to these damaging affects.

Concentrations of nickel and lead are particulary dangerous at the
concentrations detected. Nickel is suspected to be a factor in stillbirths
and has be«ta linked to heart and liver damage of affected individuals.
The effects of the chronic ingestion of lead have bean widely studied and
have revealed daliterious effects to all of the systems and organs
previously mentioned. It has also been determined to cause blockages of
at least four reactions concerned with the formation of hemoglobin.
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CONCENTRATIONS THAI' WOULD CONSTITUTE A THH2AT TO FRESHWATER AQUATIC ECOSYSTEMS.

Copper (5.6); Chromium(0.3); Cadmium (0.012); Lead (0.75); Nickel (0.056); Zinc (47)

5A 90
51 80 50 80 120 500
70 20 180
54 80 80 80 40 210
56 140
57 20 100

, 48 100 10 10 60 8630
Bll 400 70 960 40 800
29
45

j 39 -100 200 30 600 120 600
31
R.W4 60 10 * 20

f RW5 450
_
AWC/MR*2 20 20 20 . 200

:0/PW2 20 20JMTCC

50

I L
i III

IV 150
p V 200 10
t
r (all variablesi are in ug/1)

L . . . . . . . . .
I Table 1
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L. INCREASED CANCER RISK

C Concentrations that would cause a cancer risk causing more than one additional
incidence in a population of one million (>10~6 risk) if 2 liters were consumed
per day for 70 years.__________________________________________

"• ——**j—— TM^ >d.k**>AM —————— _

pg/1* 0.66 ug/1 79 pg/L Arsenic Cadmium Beryllium Dieldrin Benzene
risk-> 2.2ng/l 2-6

100
10

54 20 40
48 . 10

_B11 60 - 0.35
I * 50 39 4
I. 7**

unlabled concentrations (pollutants) are ug/1.
* Pg/1 *%picagrams per liter (10""12 grams per liter)

** S.y. V » stream flow collection number V.

FJ ...- -,,
L!
r" Table 2

f"
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CONCENTRATIONS THAT COULP ILLICIT TOXIC EFFECTS IN DRINKING WATER.

Arsenic (50)*, Chromium (50), Cadmium (10), Lead (50), Nickel (13.4), Zinc (5000),

Well

51 80 120

54 80 80 40

48 * 60 8630

Bll 60 70 960 40

39 200 3tf 600 120

31 20

. I AWCMV#2 . 200

1 units are in ug/1 amounts
F̂igures in brackets indicate Ambient Water Quality criteria for drinking
water.

Table 3
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STATE OF DELAWARE
DEPARTMENT OF NATURAL RESOURCES

& ENVIRONMENTAL CONTROL
Division of Water Resources
Water Management Section

89 KINGS HIGHWAY
P.O. BOX 14O1 TCLEFHONt (3O2) 736 • 4761

DOVER. DCLAWARC 199O3

November 5, 19B5

Mr. Lawrence Benning (3WH53)
Chief, DE/WV Section
Water Permits Branch
O. S. Environmental Protection Agency
Region III
341 Chestnut Building
Philadelphia, PA 19107

u
Dear Hr. Bennings

Re: Army Creek Wellficld Draft
NPDES Permit No. DE 0050741

L-, Enclosed is a November 1, 1985 draft permit for the Army Creek
Wellfield discharge to Army Creek. This draft is being forwarded to

[ you for your comments prior to sending it to the permittee. Normally,
[ in accordance with the 1983 M.O.A. you are expected to provide

comment* within 30 days. Due to the urgency you have placed on the
. issuance of a permit to this particular permittee you are requested to
; provide cooaaents as early as possible, hopefully within 15 days.

Also enclosed is the information relative to this facility you
requested in your letter to me dated September 5, 1985. Specifically

^ , _ you requested us to provide:

(1) Flow information on Army Creek (Q7-10)

(2) Any instream aquatic biological data for Army Cteek

(3) Our rationale on how this data supports our decision for the
location of the point of discharge in accordance with the
August 27, 1982 "State of Delaware Water Quality Standards
for Streams** and Addendums

Flow Information

An excerpt of a U.S.G.S. report entitled "Water Resource Data -
Maryland and Delaware - Water Year 1981" has been enclosed.
Specifically, this excerpt is data for USGS gaging station 0182200
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Mr. Lawrence Benning (3WM53)
Page Two
November 5, 1985

Army Creek located at State Road (U.S. Rt. 13), Delaware. The data
indicates that a low flow of .01 cfs was encountered for 14
consecutive days during August and September 1981. As such the (Q7-
10) low flow is interpreted as being much less than .1 cfs.

Aquatic Biological Data

Enclosed is a October 29, 1985 memo from Mr. Gregory M. Mitchell
to DrT fiarry W. Otto* This memo is a report on the results of a June
11' 1985 biosurvey conducted at Army Creek. Also enclosed are two
memos that recount a finfish sampling effort of May 31, 1983. One of
these memos is dated June 17, 1983 and is again from Mr. Mitchell to
Dr. Otto. The second is dated June 2, 1983 and is from Mr. Mark F.
Boiler to Ramesh J. Shah and Marilyn P. LaRiccia.

In addition to the above information we are awaiting the formal
_ results of a static bipassay that was performed by EPA (at our

request) in the Deluth Laboratory. I have enclosed a copy of the
results that were relayed over the telephone. The written results
will b<! forwarded as soon as they are received.

Finally, additional biological data is available in Appendix L of
the feasibility study for this site. A copy has not been enclosed,
however, this document should be available in the Region III offices.

f Rationale" - - - — - ,
L .

As has been previously pointed out, the Q7-10 low flow of Army
I Creek is naturally less than .1 cfs. It is currently higher solely as
i a result of the recovery well discharges being pumped to the creek.
1 As such.when the recovery well discharges are eliminated the stream

will be intermittent and therefore will not support fishlife. The"
pond will be smaller but will probably still exist.

L.. . ... . -.„..-._.„._.._.. .. . ..,._.=,...._.... . .-- ,.
The creek downstream of the pond currently supports freshwater

aquatic species, in spite of the fact that the well discharges have
been pumped to the creek for the last decade or so. It is anticipated
that by continuing to pump these discharges to the pond for the next 5
years or so will have no significant negative impact on the present or
future uses of the pond. This is especially true when one considers
permit special conditions 6 and 7. These conditions state that it is
assumed the discharges will be discontinued as a result of the



Mr. Lawrence Benning (3WM53)
Page Three
November 5, 1985

landfill closure plan. Further, the permittee will be required to
decommission the facility (pond) and may be required to return the
pond back to its natural condition if certain, yet to be determined,
conditions exist. Therefore by allowing the permittee to use the pond
as the treatment facility for a limited time we will be able to get
the pond "cleaned up* or restored to its natural condition if
necessary.

After investigating the issue of using the pond as the treatment
facility I have come to the conclusion that this is an- unusual
situation. However, by allowing them to use the pond in this manner
we will eventually get the pond cleaned up. If we don't give some in
this area we do not have an alternative mechanism for getting the pond
cleaned up.

If you have any questions on the draft permit or the information
supplied herein, please contact me. " ~

Sincerely,

L J. Paul Jones
Environmental Engineer
Hater Pollution Branch

L
F-
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^ ... State Permit Number WPCC 3028/77
F T1*"̂ *1 NPDES Permit Number BE 0050741

'•* H Effective Date
Expiration Date

V 011985 AUTHORIZATION TO DISCHARGE UNDER THE

NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM

AND THE LAWS OF THE

. . . _ . . _ STATE OF DELAWARE

In compliance with the provisions of the Federal Water Pollution Control
Act, as amended by the Clean Water Act of 1977 (33 U.S.C. 1251 et seq.)

r (hereinafter referred to as "the Act"), end pursuant to the provisions of
[I 7 Del, C. f §6003

Kew Castle County Department of Public Works
2701 Capitol Trail
Newark,, Delaware 19711

is authorized to discharge from the facility
(Point Sources 001 ) located at

Army Creek Wellfield, parts of which are located on Llangollen Landfill
and Delaware Sand and Gravel Landfill

to receiving waters named

Army Creek,, a tributary of the Delaware River

L........ . _......._..... _.._. .._..._.,. ...._,"._!:_ ..._!._.
The effluent limitations, monitoring requirements and other permit con-

p ditions ere set forth in Fart I, II and III hereof.

R. Wayne Ashbee, Director Date Signed
Division of Water Resources
Department of Natural Resources 1R3Q2239

• < * • > * • *m _ * FV** *•' *' *1*"1 **and Environmental Control '
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Fart I
State p*rroit »™*«r WCC 3028/77
NPDES perwit Number DE 0050741
Page 2 of 18 Pages

A. General Description of Discharges and Facilities

Discharge 001 is the outfall of Army Pond and consists of -treated
groundwater that is pumped from 11 different groundwater recovery
wells located at Llangollen and Delaware Sand and Gravel Landfills.
The recovery wells are labeled as follows and are shown on the
location map below: RW-4; 27; RW-1; 28; 29; 31; 10; 11; 12? 13; 14.

y / • * • 4^L'_ -•*• f**AL-•̂i" r7/â V*; • "̂ KS-'̂ f̂̂ ^̂  ̂;

:coe ?ooo 3oc *ooo MOO toco

From U.S G S, Wilmington South. D*L-NJ. 7Vi Min.
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Part I
State Permit Number WPCC 3028/77
NFDES Permit Number DE 0050741
Page 5 of 18 Pages

D. SCHEDULE OF COMPLIANCE

L
I

1. The permittee shall achieve compliance with the effluent limitations
specified lor discharges in accordance with the following schedule:

Within 6 months of the effective date:

a. Install a primary measuring device for flow at the outfall of the pond.

2. No later than 14 calendar days following a date identified in the
above schedule of compliance, the permittee shall submit either a
report of progress or, in the case of specific actions being re-
quired by identified dates, a written notice of compliance or non-
compliance. In the latter case, the notice shall include the cause
of noncomplian.cc, any remedial actions taken, and the probability
bf meeting the next scheduled requirement.

E. Monitoring and Reporting

f "'J 1. Representative Sampling
L.' -. .._„.. . ...__... . Samples and measurements taken as required herein shall be representa-
/ tive of the volume and nature of the monitored discharge.

L - i - - ,, ^ 2. Reporting
L Monitoring results obtained during the previous one (1) month shall be

summarized for each month and reported on a Discharge Monitoring Report
Form (EPA No. 3320-1), postmarked no later than the 28th day of the

f; 1 month following the completed reporting period* The first report is
| " due on " * Signed copies of these,

and all other reports required herein, shall be submitted to the State
at the following address:

DELAWARE DEPT. OF NATURAL RESOURCES AND ENVIRONMENTAL CONTROL, DIVISION
OF WATER RESOURCES, R ft R BUILD IKG, P. 0. BOX 1401, DOVER, DELAWARE
19903, TELEPHONE (302) 736-4761

A&orynoit 7fiaUfi&H4
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Part I
State Permit Number WPCC 3026/77
KPDES Permit Number DE 0030741

NOV 011985 . ""' " " '""
3. Definitions

a. The daily average discharge - The total discharge by weight during
a calendar month divided by the number of days in the month that
the production or commercial facility was operating. Where less
than dally sampling is required by this permit, the dally average
discharge shall be determined by the summation of all the measured
daily discharges by weight divided by the number of days during
the calendar month when the measurements were made,

b. The dally maximum discharge - The total discharge by weight during
any calendar day.

c. Maximum instantaneous concentration -- The concentration of a pol-
lutant in terms of milligrams per liter which represents the value
obtained from a grab sample of an effluent. The maximum instanta-
neous concentration shall be based on a review of the degree of
fluctuation experienced In comparable systems. For purposes of
compliance, the maximum instantaneous concentration shall be based
on the actual analysis of the grab sample.

d. Bypass - The Intentional diversion of wastes from any portion of
treatment facility.

e. Upset - An exceptional incident In which there is unintentional
and temporary noncompliance with technology-based permit effluent
limitations because of factors beyond the reasonable control of
the permittee. An upset does not include noncompliance to the

f extent caused by operational error, Improperly designed treatment
I, facility. Inadequate treatment facilities, lack of preventive

maintenance or careless or Improper operation,

I f. Composite sample - A combination of Individual samples obtained
'—' at intervals over e time period. Either the volume of each In-

dividual sample is proportional to discharge flow rates or the
sampling interval (for constant volume samples) Is proportional
to the flow rates over the time period used to produce the com-
posite. For a continuous discharge, a minimum of 24 Individual
grab samples shall be collected 'and combined to constitute a 24
hour composite sample. For intermittent discharges of 4-8 hours
duration, a minimum of 12 grab samples shall be collected and
combined to constitute the composite sample for the discharge.
for intermittent discharges of less than 4 hours, a minimum of
individual grab samples shall be collected and combined to con-
stitute the composite sample equal to the duration of the dis-
charge in hours times 3 but not less than 3 samples.

Grab sample - An individual sample collected in less than 15
minutes.

L
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I/S (immersion stabilization) - A calibrated device is immersed in the
effluent stream until the reading is stabilised.

i. The monthly average temperature - The arithmetic mean of temperature
measurements made on en hourly basis, or the mean value plot of the
record of e continuous automated temperature recording instrument,
either during a calendar month, or during the operating month If flows
are of shorter duration.

J. The dally maximum temperature - The highest arithmetic mean of the
temperature observed for any two (2) consecutive hours during a 24-
hour day, "or during the operating day If flows are of shorter dura-
tion.

k. Measured flow - Any method of liquid volume measurement the accuracy
of which has been previously demonstrated In engineering practice, or
for which a relationship to absolute volume has been obtained.

1. Estimate - To be based on a technical evaluation of the sources con-
tributing to the discharge Including, but not limited to, pump capa-
bilities, water meters and batch discharge volumes.

m. Non-contact cooling water - The water that Is contained In a leak-f•ee
system, i.e., no contact with any gas, liquid, or solid other than he
container for transport; the water shall h&ve no net poundage add* .on
of any pollutant over intake water levels.

4. Test Procedures

- - Test procedures for the analysis of pollutants shall conform to the ; plicabl
test procedures Identified'in 40 C.F.R., Part 136, unless otherwise ecified
In this permit.

5. Quality Assurance Practices

The permittee is required to show the validity of all data by requir. ng its.
laboratory to adhere to the following minimum quality assurance pracLices:
a. Duplicate and spiked samples must be run for each constituent in the

permit on 5Z of the samples, or at least on one sample per month, which-
ever is greater. If the analysis frequency is less than one sample per
month, duplicate and/or spiked samples must be run for each analysis.

b. For spiked samples, a known amount of each constituent Is to be added
to the discharge sample. .-The amount of constituent added should be ap-
proximately the same amount present in the unspiked sample, or must be
approximately that stated as maximum or average In the discharge permit.

U) Pupilcat« aampl** are not requited for the following parameters: Color*
Temperature, Turbldley.

(2) Spiked samples are not required for the following parameters: Acidity,
Alkalinity, Bacteriological. Bcnridlnc, Chlorine, Color, Dissolved
Hardness,, pH, Oil & Crease, ILidlologlcal, Residues, Temperature, Turbidity,
BOD} and Total Suspended Solids. Procedures for spiking samples are avail-
able through the Regional Quality Assurance Coordinator.
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c. The data obtained in a and b shall be summarized In an annual •
report submitted at the end of the fourth quarter of reporting
In terms of precision, percent recovery, and the number of
duplicate and spiked samples run, date and laboratory log no*
of samples run and name of analyst.

•d. Precision shall be calculated-by the formula, standard devia-
tion s « (ja*/k)*, where d is the difference between dupli-
cate results, and k Is the number of duplicate pairs used in
the calculations.

e. Percent recovery shall be reported on the basis of the formula ' •
~ B. * 100 (F-D/A, where F is the analytical result of the spiked

sample, 1 Is the result before spiking of the sample, and A is
.the amount of constituent added to the sample.

f. The percent recovery, R, in e above shall be summarized yearly
In terms of mean recovery and standard deviation from the mean*
The formula, s » (£(x-5cW (n-1) Vs, where s is the standard devia
tlon around the mean x, x is an individual recovery value, and n
Is the number of data points, shall be applied.

f
g. The permittee or his contract laboratory Is required to annually

• analyze an external quality control reference sample for each
T' j pollutant. These are* available through the EPA regional quality
t. j assurance coordinator. Results shall be Included In the annual

report, c above.
i
: h. The permittee and/or his contract laboratory is required to mai ~
'" tain an up-to-date and continuous record of the method used, o:

any deviations from the method or options employed In the reference
, method, of reagent standardization, of equipment calibration and

LJ of tne data obtained in a, b and f above.

i.
i
L
L
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i. If a contract laboratory is utilized, the permittee shall report
the name and address of the laboratory and the parameters analyzed
together with the monitoring data required.

6. Records

a. For each measurement or sample taken pursuant to the requirements
of this permit, the permittee shall record the following informa-
tion:

(1) The date, exact place and time of sampling or measurements;

(2) The person(s) who performed the sampling or measurements;

AR3022b6
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(3) The dates analyses vere performed;

(4) The per son (s) who performed each analysis;

(5) The analytical techniques or methods used;

(6) The results of each analyses; and

- (7) The quality assurance information as stated above.

b. An operator log must be kept on site at all times. This log should
include time spent at the treatment facility on any date, and the
nature of operation and maintenance performed.

7. Additional Monitoring by Permittee

If the permittee monitors any pollutant at the location(s) designated
herein more frequently than required by this permit, using approved
analytical methods as specified above, the results of such monitoring
•Kail be included In the calculation and reporting of the values re-
quired in the Discharge Monitoring Report form (EPA No. 3320-1). Such
increased frequency shall also be indicated.

8. Records Retention

All records and Information resulting from the monitoring activities
required by this permit Including all records of analyses performed
and calibration and maintenance of instrumentation and recording from
continuous monitoring Instrumentation shall be retained for three (3)
years. This period of retention shall be extended automatically
during the-course of any unresolved litigation regarding the reg-
ulated activity or regarding control standards applicable to the
permittee, or as requested by. the Department.

3®22%7
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A. MANAGEMENT REQUIREMENTS

1. Change In Discharge

All discharges authorized herein shall be consistent with the terms
and conditions of this permit. The discharge of any pollutant iden-
tified In this permit at a level In excess of that authorized shall
constitute a violation of the penult. Any anticipated facility ex-
pansions, production increase, or process modifications which will
result in new, different or Increased discharge of pollutants must
be reported by submission of a new NPDES application at least 180
days prior to commencement of the changed discharge. Any other
activity which would constitute cause for modification or revocation
and reissuance of this permit, as described In Part II, B-5 of this
permit, shall be reported to the Department. Following such notice,
the permit may be modified to specify and limit any pollutants not
previously limited,

2, Noncompliance Notification

a. If, for any reason, the permittee does not comply with or will
be unable to comply with any daily maximum effluent limitations1
or maximum instantaneous concentration specified In this permit,'
the permittee shall provide the Department with the following
Information, In writing, vithin five (5) days of becoming aware
of such conditions:

(1) A description of the discharge and cause of noncompliance;

CO The period of noncompliance. Including exact dates and
times and the anticipated time when the discharge will

: return to compliance;

.(3) Steps being taken to reduce, eliminate and prevent recur-
rence of the noncomplying discharge.

b. In the case of any upset or discharge subject to any toxic pol-
lutant effluent standard under Section 307(a) of the Act, the
Department shall be notified vithin 24 hours of the time the
permittee becomes aware of the noncomplying discharge. Notifica-
tion shall include information as described in paragraph 2 (a)
above. If such notification is made orally, a written sub-
mission oust follow within five (5) days of the time the per-
mittee becomes aware of the noncomplying discharge.

3, Facilities Operation

The permittee shall at all times maintain In good working order
operate as efficiently as possible all collection and treatment fa-
cilities and systems (and related appurtenances) installed or used by
the permittee to achieve compliance with the terms and conditions of
this permit. Proper operation and maintenance Includes, but is not
limited to, effective performance based on designed facility removals
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adequate funding, effective management, adequate operator staffing
and training and adequate laboratory and process controls Including
appropriate quality assurance procedures,

4, Adverse Impact

, - The permittee shall take all reasonable steps to minimize any adverse
I Impact to the waters of the State or the United States resulting from
*" noncompliance with this permit, including such accelerated or addi-

tional monitoring as necessary to determine the nature and impact of
f j the noncomplying discharge,
-L.I. »

5* Bypassing

Any bypass of treatment facilities necessary to maintain compliance
vith the terms and conditions of this permit is prohibited unless:

a« the bypass is unavoidable to prevent loss of life, personal
Injury or severe property damage; and

b. There are no alternatives; and

c. The Department Is notified vithin 24 hours (If orally notified,
, ._ then followed by a written submission, vithin five (5) days of
f | ^ the permittee's becoming aware of the bypass. Where the need

1 for a bypass Is known (or should have been known) In advance,
this notification shall be submitted to the Department for ap-

, proval at least ten (10) days before the date of bypass; and

d. The bypass Is allowed under conditions determined by the Depait-
i ment to be necessary to minimize adverse effect as provided under
[ 7 Del. C.. Chapter 60, 16011.
ILj.il mmmmmmmmmmtmmmmm

6. Conditions Necessary for Demonstration of an Upset

An upset shall constitute an affirmative defense to an action brought
tfor noncompliance vith technology-based effluent limitations only if
1the permittee demonstrates, through properly signed contemporaneous
operating logs, or other relevant evidence, that:

«. An upset occurred and that the permittee can identify the
specific cause(s) of the upset; and

b. The permitted facility vas at the time being operated In a
prudent and workman-like manner and in compliance vith pro-
per operation and maintenance procedures; and

e. The permittee submitted a notification of noncompliance as
required by Part II, A.2.b,

d. The permittee has taken all remedial measures required to
.dver.ei-p.ct. AH3022U9
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7* Removed Substances

Solids, sludges, filter backwash, or other pollutants removed In the
course of collection or treatment of vastewatera shall be disposed of
In a manner such as to prevent any pollutant from such materials from
entering surface waters or groundwatcrs.

8. Failure

The permittee, In order to maintain compliance vith Its permit, shall
control production and all discharges upon reduction, loss or failure
of the treatment facility until the facility Is restored or an alter-
.native.method of treatment is provided.

L

U
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In order to insure compliance vith the effluent limitations and all
other terms and conditions of this permit, the Department may require
that the permittee shall provide an alternative power sufficient to
operate the vastevater collection and treatment facilities in accord-
ance vith the Schedule of Compliance contained in Part I of this per-
mit.

B. RESPONSIBILITY • -•

1. Right of Entry

The permittee shall allow the Secretary of the Department of Natura
Resources and Environmental Control, the Regional Administrator, an .
their authorized representatives. Jointly and severally, upon the
presentation of credentials and such other documents as may be re-
quired by lav:

a. To enter upon the permittee's premises where a point source is
located or vhere any records are required to be kept under the
terms and conditions of this permit; and

b. At reasonable times to have access to and copy any records re-
quired to be kept tinder the terms and conditions of this permit;
to inspect any monitoring equipment or monitoring method required
in this permit; to inspect any collection, treatment, pollution
management, or discharge facilities required under this permit;
and to sample any discharge of pollutants.

2. Transfer of Ownership and Control

In the event of any change In ownership or control of facilities from
which the authorized discharge emanates, the permit may be transferred
to another person If the permittee:

AR302250
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1
A written agreement between the transferrer and the transferree,
Indicating the specific date of proposed transfer of permit cov-
erage and acknowledging responsiblities of current and new per-
mittees for compliance vith and liability for the terms and con-
ditions of this permit, Is submitted to the Department; and

The Department vithin thirty (30) days of receipt of the noti-
fication of the proposed transfer does not notify the current

- - - - - ~* -•--—- »- _~j.r*.. VM*nv» m-I f i c a t l o n or tne proposea tr»a»*e* -«*- ~~- •——"* "™ —r .
permittee and the new permittee of intent to modify, revoke and
reusue? or terminate the permit and require that a new application
be submitted.

3, Reapplication for a Permit

are

Ed *,. Availability of Reports

timely and sufficient reapplic.tion has been submitted and the Departmen;
T̂unable through no fault of the permittee, to issue a new permit befo

pirltlon dlte of this permit, the terms and conditions of this pen
!u_omatically continued and remain fully effective and enforceable.

Except for data determined to be confidential under Section 308 of the A
all reports prepared in accordance vith the terms of this permit shall b
available for public inspection at the offices of the Department of Natu

._Resources and Environmental Control, As required by the Act, effluent d
•hall not be considered confidential, Knowingly making any false states
on any such report may result in the imposition of criminal penalties as
provided for under 7 Del. C., 16013.

5, Permit Modification, revocation and Re issuance and Termination

a. After notice and opportunity for a hearing, this permit may be
modified, terminated, or revoked and reissued in whole or In
part during Its tern for cause Including, but not limited to,

P, ..... ..„_ ,_., ___ the ôUovlng:_
' (1) Violation of any terms or conditions of this permit;

(2) Obtaining this permit by misrepresentation or failure to
disclose fully all relevant facts;

(3) A change In any condition that requires either a temporary
or permanent reduction or elimination of the authorized
discharge; or

(4) Information that the permitted discharge poses a threat to
human health or velfare.

ftR.30225t
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In addition to the provisions of paragraph 5.a. above, this permit
may be modified, revoked and reissued In whole or in part, but not
terminated, after notice and opportunity for a hearing, for cause
including, but not limited to, the following:

(1) Material and substantial alterations or additions to the dis-
.charger's operation which vere not covered in the effective
permit provided that such alterations do not constitute total
replacement of the process or production equipment causing
the discharge which converts it into a new source;

(2) The existence of a factor or factors which. If properly and
. . timely brought to the attention of the Department, would have

justified the application of limitations or other requirements
different from those required by applicable standards or
limitations but only if the requestor shows that such factor
or factors arose after the final permit vas issued;

(3) Revision, withdrawal or modification of State vater quality
standards or Environmental Protection Agency promulgated ef-
fluent limitations guidelines, but only when:

l_j (a) The permit term or condition requested to be
revoked was based on a promulgated effluent limitations
guideline or an Environmental Protection Agency approved
State vater quality standards,

(b) The U.S. Environmental Protection Agency has:

__ (i) Revised, vithdrawn or modified that portion of the ef-
fluent limitations guidelines on which the permit term
or condition vas based; or

(ii) Approved a State action vith regard to a vater quality
standard on which the permit term or condition vas based
andC

" (c) A request for modification or revocation and reissuance
F7" is filed vithin ninety.(90) days after Federal Register
1 notice of:

i (i) Revision, withdrawal or modification of that portion of
I the effluent limitations guidelines; or

(11) The U.S. Environmental Protection Agency ap or oval of
! State action regarding a vater quality standard;

(4) Judicial remand of Environmental Protection Agency promulj
effluent limitation* guidelines, If the remand concerns tl
portion of the guidelines on which the permit term or eonditloi
vas based and the request is filed vithin ninety (90) days of
the judicial remand;

AR302252
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(5) Any modification or revocation and relssuance of permits specif-
ically authorized by the Act;

(6) To comply vith any applicable standard or limitation promulgated
or approved under sections 301 (b) (2) (C) and (D), 304 (b) (2)
and 307 (a) (2) of the Clean Water Act, If the effluent standard

__ ._ ^or limitation »o issued or approved:

(a) Contains different conditions or is otherwise more stringei
- than any effluent limitations In the permit; or

(b) Controls any pollutant not limited in the permit.

The permit as modified or reissued under this paragraph shall
also contain any other requirements of the Act then applicable.

(7) To contain a schedule of compliance leading to termination of t
direct discharge by a date which is no later than the statutory
deadline;

(8) To modify a schedule of compliance In an Issued permit for good
and valid cause by a date which Is no later than the statutory
deadline.

(9) To modify a .schedule of compliance of a POTW which has received
a grant, under section 202 (a) (3) of the Act, to reflect the

• amount of time lost during construction of the Innovative and
alternative facilities by a date which is no later than the
•tatutory deadline.

6. Oil and Hazardous Substance Liability

Nothing In this permit shall be construed to preclude the institution
of any legal action or relieve the permittee from any responsibilities,
liabilities, or penalties to vhtch the permittee is or may be subject
ufider 7 Del* C.. Chapter 60.

7, State lavs

Nothing In this permit shall be construed to preclude the Institution
of any legal action or relieve the permittee from any responsibilities,
liabilities, or penalties established pursuant to any applicable State
lav or regulation.

0. Discharge of Pollutants

Any person who causes or contributes to the discharge of a pollutant
Into waters of the State or the United States either in excess of any
conditions specified in this permit or In absence of a specific permit
condition shall report such an incident to the Department as required
under 7 Del, C,. 16028.

AR302253
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Property Rights

The issuance of this permit neither conveys any property rights In
either real or personal property, or any exclusive privileges, nor
authorizes any Injury to private property or any invasion of per-
sonal rights, or any infringement of federal. State or local lavs
or regulations,"1"**' '

10. Construction* Authorizations "

This permit does not authorize or approve the construction of any
onshore or offshore-physical'structures or facilities or the under-
taking of any work In any navigable waters.

11. Severability

The provisions of this permit are sever able. If any provision of
— this permit is held Invalid, the remainder of this permit shall not

be affected. If the application of any provision of this permit to
any circumstance is held invalid, Its application to other circum-
stance* shall not be affected.

L
r
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A. Special Conditions

[ 1. This'permit supersedes NPDES Permit DE 0050741 as issued on
October 11, 1977.

: 2. For the purpose of determining compliance vith the flov limitation,
I— pump records shall be used. For the purpose of determining

compliance vith loading limitations the flov, leaving the treatment
facility at the time the sample is collected, shall be used.

3i. The necessary state and federal permits for the installation of the
primary flov measuring device must be obtained. Additionally, the
primary flov measuring device shall be designed, installed and maintaii
according to accepted engineering principles and practices.

4. There shall be no leaks at the recovery veils or in the piping
between the recovery veils and the treatment facility.

5. Bioassay tests shall be conducted quarterly on discharge 001 usin
"Daphnia" in accordance vith the testing procedures outlined in
•Methods for Measuring the Acute Toxicity of Effluents to Aquati-.
Organisms" EPA-600/4-78-012, revised July 1978 and the foliowine
ninimum requirements:

i. Prepare effluent vater by collecting representative composj j
samples of the discharge. During the sampling day, if the
instantaneous flov rate does not vary by more than + 15 pe ent
of the average flov rate, then a tiroe-intervaled composite /ill
be an acceptable representative sample. Otherwise, flov
veighted composite samples will have to be collected.

ii. Perform aseries of three 24-hour static toxicity tests. A.lov
a 24-hour lag period between each test. These tests must be
initiated as soon as possible, but no later than 24 hours after
collection of the effluent samples (as specified in i.). A
survival rate of 80% or greater as an average of three tests
indicates lov toxicity. In these tests the control samples
must have a survival rate of 80% or greater for the tests
results to be valid. If thê control sample has a survival rate
of less than 60%, then the _tests must be conducted again.

["" Test results must be reported to the Department vithin 15 days
I of completion of these tests. This report Bust include the

individual and average survival rates for the three tests.

j iii. Upon completion of the static toxicity tests, if the average
survival rate (in the discharge) is less than 80%, the

• permittee shall:

a. Perform a flov through LĈ o-96 hours test according to
EPA's approved methods (Kef: Methods for Measuring the
Acute Toxicity of Effluents to Aquatic Organisms EPA-600/4-
78-012 revised July 1978).

L
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t- fc b. Characterise vastevater by appropriate EPA approved
-t - analytical procedures.

c. Report to th» Department the LĈ g-96 hours of the effluent
and the wastewater characterization results vithin 15 days

1 of test completion.

iv. If LĈ -96 hours is less than 50% whole vaste, submit a plan,
f vithin 30 days of test completion, for "reducing the effluent
L. toxicity.

v. The permittee shall notify the Department in vriting at least
30 days before the planned day for conducting the bioascays.
The permittee shall also split the composite samples used to
perform the static bioassay tests with _Department personnel.

vi. All documentation pertaining to these toxicity tests must be
maintained at the facility and must be made available for
inspection, upon request, by the Department.

vii. After the completion of 4 bioassays, the permittee may request
the Department to review the data from these tests to modify
the monitoring frequencies of the bioassays.

S. This permit is for discharges contaminated groundwater from recovery
veils identified on-page 2. It is issued on the assumption that
all contaminated groundwater recovery veils will be eliminated as
part of the Army Creek Landfill closure plan.

7. Within 6 months the permittee shall develop and submit for approval
a plan to decommission the treatment facility. The plan is to be
implemented vithin 3 months of the discharges from contaminated ground-
water recovery veils being eliminated. The plan shall address at
least the following:

a. The necessary methodology to return Army Pond back to its
natural condition.

b. Th« necessary state and/or federal permits required to
implement the methodology outlined as a result of a. above.

c. A schedule for obtaining the required permits as veil as
for implementing the methodology.

d. The necessary criteria and testing to determine prior to
the implementation of the methodology the advisability of
implementing the proposal.

j
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Water Resources Data
Maryland and Delaware
Water Year 1981

U.S. GEOLOGICAL SURVEY WATER-DATA REPORT MD-DE-81-1
Prepared in cooperation with the States of Maryland and Delaware
and with other agencies
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• KUVARE MVE1 BASIN •" 4S

01441200 ARXT CRIER AT STATE ROAD, DE

LOCATION.—tat 39*3B'S4". long 75'57'It" New Castle County, Hydrolegic Unit 02040205, on left bank at downstreaa \
end •£ culvert e» U.S* Highway IS, 0.2 ai (0.3 ka) south of State Road, and 2.3 ai (i.J ka) upttreaa froa aouth.

DRAINAGE AUA.--2.4Z ai1 (4.27 ka').
PERIOD OF RECORO.—October 1974 ta Sapteaber 1911 (discontinued),
CAG£.*-v.ater*state Tacorder. Concrete control slace Sept. 24, 1979. Altitude of gage is 10 ft (3.0 a), froa topo-

graphic aap*
REMARKS. "Records poor. Several observations of water teaperature were aade during the year.
EXTREMES ?QX PERIOD Of RECORD.--Maxiaua discharge known, 114 ft»/» (S.21 aVs) Jan. 21, 1979, gage height, 4.09 ft

(1.247 a): alaiaua daily discharge, 0.01 ft*/s (cO.OOl a'/*) aaay days during August, Septeabtr, October 1910,
and Awgust, Sapteaeer 1911.

EXTREMES MR CURRENT TEAR.—Teak discharges above Use of 4S ft'/* (l.B •»/») and aaiiaua (•):
Discharge Cage height Discharge Cage height

Date Tiae (ft*/*) (»»/*> (ft) (a) Date Tiae (ft'/s) (a>/s) (ft) (a)
Hay IS IBIS 129 3.BS 3.11 1.161 July 21 Unknown Unknown Unknown
June 20 141S 79 2.24 5.25 0.991 Aug. B Unknown "Unknown Unknown

' Mlniaua daily discharge, 0.01 ft*/» (<0.001 aVs) aany days during October, August, and Scpteaber.
DISCHARGE, IN CUBIC FEET PER SECOND. WATER YEAR OCTOBER 1910 TO SEPTEMBER 1911

MEAN VALUES

* OAT OCT ftOV DEC JAN PE6 WAB AM »*Y JU* JUL »UG JC*

1 .42 .99 .U .12 .47 .14 2.4 .40 .96 .IB .42 .41
I .45 .9B .11 .13 3.4 .14 .44 4.2 1.4 .40 .9? .01
3 .94 .04 .04 .10 .44 .11 .27 .54 .19 .15 .10 ,»?
4 .65 .53 .44 .47 .14 .44 .21 .3D .14 U* .46 .42
5 .04 .20 .44 .44 .46 1.2 1.4 .21 .15 .50 .44 .42

* .03 .97 .46 .94 .47 .76 .49 .14 .66 .16 .43
T .62 .47 .47 .49 .44 •»! .27 .14 .46 .65 .03
9 .92 .49 .47 .07 1*4 .27 .21 .44 .44 .43 35
9 .02 .14 .1* .44 .33 .21 .34 .4* .IA .43 3.4
IB .02 .47 .20 .44 .17 .17 .21 .4% .27 .43 2.0

11 .46 .46 .11 .44 4.1 .34 .21 17 .67 .43 .15
12 .02 .04 .14 .04 1.5 .21 1.7 ' 2.7 .44 .43 .16
13 .01 .44 .4% .44 .29 .14 .51 .57 .44 .03 .OS
1« .42 .44 .99 .93 .21 .12 ft.4 .34 .53 .05 • .46
IS .62 .09 .11 .45 .19 .1> 1.1 23 .44 .42 .20t
14 .62 .96 .24 .97 .19 .26 .34 l.« .63 .02 4.7
17 .12 .*4 .14 .67 .21 .1* .34 .43 3.1 .42 .60
IB .40 2.6 .44 .47 .22 .10 .22 .27 .14 .62 .63
19 .40 .25 .94 .14 .22 .4* .22 .54 .97 .34 .42
20 .46 .17 .94 .26 1.3 .6* .34 .24 3.6 1.2 .61

21 .94 .14 .94 .26 .79 .99 .14- .14 .59 25 .01
22 .42 .13 .93 .32 .36 .44 .17 .17 .34 .20 .SI
23 .42 .10 .22 .31 1.4 .14 .31 .12 .20 .02 .41
2.4 .02 3.9 .SI .26 1.1 .4" .72 .18 .14 .02 .41
21 15 1.4 .23 .24 .2* .47 .21 .49 1.9 .42 .41

24 1.4 .24 .96 .22 .20 .99 .19 .66 .15 .92 ,61
27 .2* .1* .94 .13 .16 .49 .17 .97 .16 .42 «£!.
24 .22 .76 .12 .!• .19 .99 .91 .42 .47 .64 ,61
24 .14 .26 .24 .16 -— .99 .90 .19 .45 .49 .41
34 *19 .13 .21 .14 —— .71 .29 .12 .64 ,44 .41
31 .99 —— .13 .47 —— .25 ~ .99 —» .93 .41

TOTAL 24.37 12.95 4.44 3.97 23.79 6.94 21.27 55.30 13.49 30.10 45.4* V
KFlh ,66 .43 .13 .13 .45 .22 .71 1.76 .46 .47 1.46
«AX IS 1.9 .SI .32 9.1 1.2 5.4 13 3.1 25 35
"IN .61 .46 .43 .93 .97 .97 .IT .47 .93 .92 .9)
CFS* .27 .19 .95 .95 .35 .99 .24 .74 .14 .44 .61
!•<* .31 .20 .66 .66 .37 .11 .31 .95 .21 .46 .71

CAl. m 1«64 TOTAL 344.9S ttC*N .82 «AX 14 HIM .61 CFSV .34 |h 4.42
*TK Vft 1911 TOTAL 257.97 MAN .71 ' Max 35 HIM .61 CFSM .M IN 3.44
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TO: Harry W. Otto

FROM: "Gregory M. Mitchell

DATE: October 29, 1965

SUBJECT: Bio-Survey at Army Creek

On June 11, 1_985, a qualitative biological survey vas
conducted at Army Creek. Survey objectives were to determine
what kinds of aacroinvertebrates existed above and below Army
Pond* Sample -locations were Rt. 13 Brd. - east side (Storet Ho.
114021) and Army Pond effluent (No Storet No.). Also, a set of
water quality samples (routine parameters) and water samples for
acute toxic bioassays ware collected. This report only discusses
the bio-survey results.

General Description of Sample Sites

The sample station at Rt. 13 was a stream, but flow velocity
was extremely slow. The stream channel with noticeable flow was
less than 2 ft. wide. Even in the channel, flow velocity was
slow. Below this area was a large pool approximately 10 ft. wide
and 1 ft. deep. Biota collections were taken from the small
channel and pool. The substrate was hard with scattered cobbles,
pebbles, gravel and sand.

The sample location at Army Pond effluent was in the stream
just below pond discharge. This station had moderate flow
velocity, a riffle and a large deep pool. The stream was about
12 ft. wide, the riffle shallow and the pool 4 ft. deep. The
substrate was hard pack clay and sand with scattered cobbles and
boulders. Biological sampling was done in the riffle and pool.

Sample timing was ideal because of low flow (spring drought)
in Army Creek and Army Pond. -During the spring season, there had
been- very little rain water dilution to minimize pollution
impacts*

Materials and Methods

At both stations, qualitative sampling was conducted by
three people for 30 minutes. The sampling protocol is outlined
below:

1. Kick samples - the D-shaped net (0.5 aun mesh)
was held upright and the sediment was kicked
several times in front of the net. Dislodged
benthos drifted into the net. This could only j|ft3022S9
be done at the Army Creek effluent station
because stream flow was adequate.
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2. Sweep samples - the D-shaped net was swept
across the bottom, around the stream banks and
through aquatic vegetation. Sweeps through
vegetation were very productive.

3. Random hand-picked cobbles - 15 cobbles were
examined closely for clinging invertebrates*

4. Sieve sediments - sediments in_pools and next
to stream bank were sieved with the 0.5 mm
mesh sieve. Several oligochaetes, pea clams
and chironomids were collected.

5. Dip net samples - a 3/6 inch mesh hand dip net
j ! vas swept through pools and aquatic vegetation
I, ! for finfish and very large macrbinvertebrates.

A few fish, dragonfly nymphs and large snails
j were collected.L i

This qualitative technique does not permit collected
organisms to be enumerated as number of individuals per unit
sample area (e.g. - 50 mayflies per square foot). Densities are
listed as abundant (>25 individuals), common (>10 individuals)
and present «10 individuals).

L
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Advantages of qualitative sampling are less sample time and
laboratory time. Also, a variety of habitats are surveyed
instead of just the riffle-habitat when using the quantitative
Surber sampler. The more habitats sampled will increase species
wealth. Species wealth is the strongest and simplest biological
parameter for assessing water quality impacts.

_ ' _ . . ' . * "
Results

Chemical and physical data are presented in Table 1. The
identification and relative abundancies of macroinvertebrates are
.listed in Table 2.

Chironomids were lumped under one taxon (Chironomidae) on
the Benthic Data Sheet (Table 2). If all midge larvae were
collected and identified, several species would probably be
present. This would raise the total number of taxa. Field
observations noted a lot of red chironomids at both sample sites.

Table I
Cheaical and Physical Data

Water D.O.;
Station Temp.. C* oM/1 oH Flow Vel. Bottom Type____

Rt. 13 Brd. 20 5.9 6.68 None Hard: cobble, pebble,
gravel, sand

Amy Pond Eff. 22 B.2 6.60 Moderate Hard: cobble, sand,
clay pack
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Discussion - Rt. 13 Brd. Station

At this sample site invertebrate densities were very high.
The moft abundant organisms were Chironomidae larvae, snails
(Phvsa>t pea clams CMuseulium)v Tubificidae worms and leeches.
Feeding habits of these dominant organisms are scavengers and
filter feeders. These feeding habits and the high standing crop
indicated organic enrichment.i.

l
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Several other different Kinds of invertebrates were
collected. These included mayflies, damselflies, dragonflies,
beetles, crayfish and other snail species. A total of 13 taxa
were identified which was fair species wealth.

Environmental tolerances of the organisms sampled range from
facultative to tolerant. The one exception-may be the mayflies
(Centroptilum> but a literature search was fruitless.

A small effort was made to see what finfish vere residing.
After dip netting in a pool and around aquatic plants, one small
carp and bluegill were captured and released.

Negative responses indicated by the invertebrate community
were the high standing crop, dominance of hardy speciesf plus
scavengers and filter feeders. Species richness was fair
(positive response). Overall stream health appeared to be fair,
but moderate organic enrichment was strongly suggested.
Fortunately, toxicity did not* appear to be a problem.

Pis cuss ien - Army Pond Effluent

At this sample location invertebrate densities were high.
Although the standing crop would still be considered high, it vas
not as enormous as the other sample site. Most abundant species
vere Chironomidae larvae, caddisflies (Hvdropsvche). and snails
(Phvsa>. Like the other sample station, these invertebrates were
scavengers and filter feeders. Hydropsychid caddisflies not
collected at the Rt. 13 Brd. Station were abundant at this
location because of adequate flow velocity. These species build
nets and depend on swift flov to wash food stuffs into the nets.
I strongly believe they vere not nutritionally or vater quality
limited, but limited by nearly no flov at the other station.
Also, net spinning caddisflies vere indicative of high levels of
suspended organic particulates.

Many other different types of invertebrates vere collected.
These included blackflies C ft i mu1i um). mayflies (Caenis).
damselflies, dragonflies, shrimp, Planorbidae snails <f*elisoma>.
Tubificidae worms, leeches and flatvorms. The total number of
taxa vas 12 which indicated fair species richness.

AR302261
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Environmental tolerances of the organisms ranged from
facultative to tolerant. Only the caddisflies vere sensitive
types. The mayflies (C&eni«> are considered faculative by most
authors.

One hxigh carp and several small fish were seen, but not
identified. One bluegill vas collected and released*

The high invertebrate densities, abundance of hardy species
and feeding habits (filter feeders and scavengers) indicated
environmental impacts. Positive signs were the sensitive
Hydropsychidae larvae and fair species richness. Moderate
organic enrichment and high levels of suspended particulates were
strongly suggested. There vas no indication of toxicity.

Conclusions

Species composition and species richness at both sample
sites vere similar. Macroinvertebrate densities were high, but
the Rt* 13 Brd. Station appeared to have greater biomass. Also
common to both stations were the preponderance of facultative and
tolerant organisms. These community responses strongly suggested
moderate organic enrichment.

L
r;
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Table 2
Army Creek 1965
Benthic Data

Organism* Stations
Rt. 13 Brd. ____Armv Pond Eff

Diptera
-Chironomidae A A
Simuliidae

Simullurn «p. — P
Tr ichoptera

Hvdropsvchq SP . « A
Ephemeroptera

lum SP. P —-
Caenis SP. — P

Odonata
Zygoptera

Isehntira SP. ^ P —
Arnia SP. C C

Anisoptera P P
Coleoptera
Dytiscidae

Aoabus SP. P --
Decapoda
Palaemonidae

Palaemonetes SP. -— P
Astacidae

Cambarus SP. P —
Gastropoda

I Helisoma gp. C P
v „ _ Phvsa SP, A A

Lvmnaea SP. P —
r • Pelecypoda
. i Sphaeriidae

Muscullurn SP. A —
U AnnelIda

Oligochaeta
Tubificidae A P

Hirudinea 'A C
Turbellaria -- p

Total No. of Taxa 13 12

GMM.dlh
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\ - , fftQM. ' Crssor? Xitchall» &ob«rt Carrov

,= ' ; 6AM: Jua* 17, if83 „.' • . " - . .^'

» :' * . SUSJICTJ Tiafish Collations at Red Lion Crs*k» Anaj Crsek sad St. Joass

i

lit!

L

Om May.31, 1M3, ths tad Lioo Creak sad Angr Crssk vsrrers:'w*r«

Ths foUoviâ  day, Jnas 2« 19S3, the St. Jom*s tlT*r surrey

Survey objectives vsr« to collect SBibisnt vstsr sad ficfish ssŝ plas 4t all

ssjBpls sites* At lad tion Cr«ak, s««pls sitss vsra Bouto 13 Iridt* (Storst 107021)

tout* S Sridss (Stsrst 107031)* Ths Army Crssk sopl* sits vas ths railroad bridge

balov Llsogollea i<refill (no Storst auaher). At St. Joaas KiTar, tha saapla sits_ * :
j : . was a*xt te the. Wildcat Landfill (£.H. 7.75. ao storst aoabsr).
U»» *'•* ... - . . . . . . . . . . . , - ,- -

for the aabiomt .vater «aâ l«B) vere PO's aad

Tiails for vjathstie ort»nle rhsalrsTs. All ssBBplss VBJTS xrsb supls*. At .Ud

•tod Army Crasfc*, finfish VBJTS collected vith standard fIsh colleccion

such as gill a*ts «ad btxxl sievss. Aa abuadaaee of fish vers captured. All

pr*»«nrsd for tissua saalysss vsre coiapossd of ssvsrsl iadiriduals. The large

catfish vas th« only siajl* fish smapl*. At the St. JOBS* ftivsr* s gill o«t vs« set

tiaots *uJ collsetioas tfarc sparac. Two channoxl catfish sad two scull whits

v«rft packaged for sAapl«£S.
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. . Ustsd balw.ars the fifth spaci** collects* sa4 prmssmd f. ish tuple* sslacted

for tissus analysts. ....-• y,.̂  7̂̂ : :: - -"• ' ''-''• - '•-' •"— -: " .'• -. '''-'""' \ : '-

' " " ~ " Tish
\ . '•' ' '' 5tJitlogs ---'̂  riah Calloctad_____ for Aatlysea

ftsd Uea Croeki tt. 13 Brd. Statioa brova ballhaadj), whits >orch brovm ballhesds.
- - - - - - - - , - --/:-^-;_ -.--.. '-. - ~ -. •-'-."-•.r^- - -,v-- vhita parch

• • - - - - -
lad Lion Croak, St. t ftrd. Stattoa brova bttllhMHi, CUB, vtiita brova bullheads,

t fissard shad, chaaaal chanael e*tf iaU,

Aray Crssk, n. Brd. Station brova bullhssds, radfim brova bullhaads
. . ^ pickarsls* fvupkiaao)** swa-

fish, blue gill atmflah,
"'. ' ~~~ '""' " '- .-"' "'."̂J ---•..:—— - blue epot ooafish. black

crsppls* goldsa
=--=-- - • --' '.,.. - ' - . : - • • • vhite ff«rth»

St. Jooss Klv«r» acrt to VUUcst . chaimsl catflsh» vhita chaMsl catfish,
Laodf ill paxch, black crapplo . vhita perch

Extra fish that Technical Sarricss Section Blid Baot aoed for analysis verm girea to

fibaaroch. upoia tiMir request (Jo* tiaram)* At Kod Lion Creak, Xouta 13 tridga

[ Station, they vera giYom vnita pare*. At th* koata 9 Bridge Station, they mra given

brova bullh*Adsv carp, gtxtard shad sad vhita perch.t • .
L ' , S«v«ral ifflaxc paorMftasl participated ia tha l*d Uon Md Araty Creekfs sarrojy.

Boy Killer, Cathy Martin sad Joe Ksxper (nsh BUad Wildlife Dir.) vere responsible for

collecting fiah at aU thr«« asapls stations. Special thanks to them for their cooper-

ation and op*iti*« in fish collactioma for making this survey a saccass. Hark

Blosssr (Water Rssoarcas Section) a*d Greg Kitchall (technical Ssrvicoa Sactioa) col-

lected s&bient vater ssmplas (orgaaies sad SOC's) at all stations. Bob Carrov, &U*a
• •

Lynch, sad Greg Hltchsll (tachnical Ssrriceo Section) varo rospoasiblo for quality

control in the field. Identifications, vsights sad Uagtha of all fish m^dM col-

lected vars reiMrdod. All fish staples vsrs psckssod. in acatena riasod slwaiaiwa foil
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# ' , ' . ' * A . -\ •"'•".-•"•••i * / tad isMtdiattly plaeoi 1m lea thtstt* Thty also 6M?l«to4 sad proefros* all analytic*!

. VBHotst tht*t* *a* Intl «**t04ly stssts. Mark Boiler (tfatar Sapply SaAtiem) obssnrad

j "" " fish collections tnd prtscrraticma for possible fish collsctioas by Utter Supply
X • , «• ;

: Soetioa. Hark Blosser sad Hark BtUer also did field roeonaaisstacs at Army Cretk. /
f '( _ . . Saaplt eollactieme for ths siagls station tt St. Joa*a ftivar vaa a «ach simpler

, ^ V effcnrt. Vatar samples (organic* and SOC's) tad fish collection* v«rm tarried oat by

• - Ctthy Martia, Jo« £aap«r tad Crn MitchtU. tpeeita thtaks to contarvation aids (Tish

[ j *a4 VlUllft Divisioo) for rsmonriag «id from tha Urktr'a landing boat rtmp. ~

Tat ertrall projoet vts computed vith t minimoa amoiimt of the customary probloaa

' taa.C pUgut field cellectiea. f ' • -- -: ^-.-- .* - - ' • -; -

f " &w«T«r ia tha future v« stromgly recovaend that all intsrtattd parties ptrtici-
. - • __ _ .
*—• pat* ia me*tisss from planing to «x*cuti»n. ' • ^ -:..=..

j '* Amlytictl rtselts tra ptadimg. -

thomta 7.
Eobtrt J.

I ' Boy Killer
LJ Catky Kartlm
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TO: Harry W. Ottc?

•
THRU: Hobert F. Garrow

FROM: Gregory h. Mitchell
Ellf?n tC. Lynch f<£Tc

LI/«T£S March 28, 19Bfc

liUt'JHCT: ^ami>lma tf'.Jalii.y ContruJ at Army Creek
re liand and Grave) - tiuperfundJ

wai.«? r rm-'J *? t **f*a<n fef?Uimg|nt samp 1 es we re
collected at Army Cr«t*k on March -26̂  i V££ . All samples
were? c:oJ lerLed Dxt:«»pt * ov Station i> • intermittent
stream <?a&L 01 jnert iJispctBai art?̂ 'i . Ai (,t*r walking
ino«?t ul this seunit'ni. . it was apparurit tvhere w^s no
stream Mow. Only a Jew tiny pools approximately one
inch deep were

Water and sediment a amp liny at Army Cr^ek becian at
the lower station 6 Itadal gate east- of Rt. 9.' and
samples were consistently collected uoina upstream.

-----Upon Arrival ^»t oach '-t̂ tjon. water samples were
hand aipp«r-d first. No cul lectiun Uc? vices were ubea
such &s buckets, Ecoops, etc* Sjuce v.]J sample sites
were shallow, sediments were a* oo h^nd dippea. One
han?j with a i-horoucihly rinsed J*tax uiovt? »ciean axc<ve
at each stdtxon; held the sediment samplf.' jar. The jar
w»»s pt'shvcJ -̂<*_- J.nc-ritfs into thr t̂fdjurient and r^wt-pt
acro=t£» the bottom unfc.il iill*?cJ. bt.icky, niucidy seUt-
munvs wtT*- rinsed c-fi tfie out&ide c»i the jar wi ih
stream

An attempt at t *ch st?tjoi* was m^de to get itiu<JJy
or oory s-edim^nts ?iuj nut s?nJ. iii-Avcri t-n»j peblili.̂ .

t. *:h Tt-act».*ri«ai n,fa «(» *̂ o«i€* •.'tatictns* u»ert» doiiu i-
eci by lint* &̂ nd. MI it or L*lr.v. At t.hu'&t-1 tuatio.i.-
'j. i, A, •», 7», thtic wa=. the bei-t 2-ainpie we coutu

e samples were r.ol U»cteU at Station i
sJiU? ol l?t. 13 b«.»liii.f? iMirv wnu»en ̂  . All s«impi-?e

t»lan(* sampler wi?r«* Kept chi Heed in ;m ice che il EJ33Q22 7 i
*™dufincj tht* d^v. L*?û J CUE-tody sheets were also sui?—

mitied tu the laOuratory.

Stream observations ^t a biolouJcal nncl physical
point ot view indicated stresses-. Luxurious- «jr<-»wt.h-i i»i
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long filamentous a)g«**. he*vy rrun precipitate (oranqt?
substrate.1 and g*E,sinu, bubbling sediments iwhun pene-
trated.* w*>re observed at most locations, except
Station 6.

fetation £ <intermittent stream east of inert
dispos&J arofO wx] 1 be inspected the urst week t.*i
April IVSb. Li alow is adequate, water samples will lie*
collected. A sediment sample will b<?» collected regara-
less oi flow.

GMH«E£Lidl!i
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• •
DEPARTMEltT OF NATURAL RESOURCES AND EJA'1RO»IEOTAL CONTROL

SPECIAL ANALYTICAL REQUEST

DATE SAMPLED; JairA 23. /9̂ 3" SAMPLED BY: y/yr̂  fMfoU RESULTS TO:

COMPLETION DATES tT/E /rr ANALYST: 3 /Cô '̂jjo.c-1 APPROVED:1
I * ANALYTICAL REQUEST: ^6e attached

L ;'
_ •' LOG KO. _______________SAMPLE DESCRIPTION
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.STATE OF DELAWARE

DEPARTMENT OF NATURAL RESOURCES AND EOTIROttOTAL CONTROL

SPECIAL ANALYTICAL REQUEST

L m DATE SAMPLED; /frrrJy T3j /3SSAMPLED BY:fo/tcA /̂ ffarAeH. RESULTS TO:

COMPLETION DATE: Sfel&ST AKALYST: .S.TSbLn̂ no APPROVED: __

I ANALYTICAL REQUEST:

•• ~T> ̂ ' ' ,_̂
LOG NO. ____________SAMPLE DESCRIPTION

fft-my

7 gr^ueJ P/lfc

880 2—; -- •*

DATA REPORT:: \jLtAjL. L*. ~7tO tf 'CU/6 <. < jC _ / Ag>». 7.̂0. » L < ̂ A ̂1 ̂"tv Ĵ *-/ A /?
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TECHNICAL SERVICES SECTION /
-DIVISION OF ENVIRONMENTAL CONTROL

DEPARTMENT OF NATURAL RESOURCES AND ENVIRONMENTAL CONTROL. REQUEST FOR LABORATORY ANALYSIS• ' • ___
DATE SAMPLED A%&»d̂  ft*>ftfcS* SAMPLER ^y l̂ ÛrAE faj BOAT £ __ / SPLIT

REQUESTER -Q ' "'"' "" ________ RESULTS TO oÛ dC

'SAMPLE TYPE: STREAM^ WELL____ DOMESTIC WASTE___ INDUSTRIAL_ AIR» .
BIOLOGICAL__'' SLUTteE '"' ' BORING ' STP OTHER

, SOURCE NAME tVyyiw C ^ g € V , N P D E S DE --

ADDRESS

SAMPLING MODE GRAB /o / COMPOSITE MFG. _________ S/N
FROM: . YR_____ MO______ DAY______ HR

BASIN _______. TO: YR_____ MO_____ DAY______ KR~

\AcAffHIO ADDED TO ____

COMMENTS/INSTRUCTIONpa/l -

LOG. NO SAMPLE IDENTIFICATION

ioo7c ' r
*»

TIME

n
HtO-

TEMP.,°C.
WTR

1

AIR
C12
Res.

£L

SECCHI
IN. FLOW

DEPTHJB̂"̂w

DATE & TIME ACCEPTED '3 £ ( 'ACCEPTS)' BY

APPROVED BY

COST CENTER
AP

WP DSW

PE FF

FW

tfs - M DATE

t t/ (Laboratory S^ipervlsor)
i'&Afl+f L^f . V//V—*

APPROVEI BY /
(̂Laboratory Manager)

/IR30227S
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.AftORATORV LOG NO.
?. SATURATION
DIS. OXYGEN. »«/!
100, mg/1
COD, mfc/1
COLOR, UNITS
TRHIDITY, FTU
SPEC. COND., umhos/ctn
pH
ALK..ing/l C*C03

AClDlTV,mg/l CaC03

HARDNESS, nR/1
CHLORIDE, mg/1
T. NITROGEN, wg/1
ORGANIC N.,mg/l
AMMONIA N.,mR/l
NITRITE N..mR/l
NITRATE N.,mR/l
SL'LFATE, «g/l S04 ^
TOTAL pOSPHORUS.mg/1

SET. SOLIDS, TOl/1
T. SUSP. SLDS.,mR/l
S.V. SUSP. SLDS.,mR/l
V. SUSP. SLDS.,mg/l
'OTAL SOLIDS, ttg/1
N, V. T. SLDS.,mg/l
VOL. TOT. SLDS., mR/1
T. DIS. SLDS.,!Dg/l
\ MOISTURE
*!BAS,mg/l
GREASE. mR/1
PHENOL, UR/1
TOC, Wfi/1

IRON, uR/J. -ToKl
COPPER, ug/1
MANGANESE, ug/V
CHROMIUM, UR/<p
SILVER, UR/̂
CALCIUM, ugfl
ZINC, UR*
LEAD, ue/4.
NICKEL, ui/1
CATMIVM, UR.̂
MERCURY, ufiA-
AR5ENJC, uc/4̂
SELENIUM, ug/y
hVhT<<rv̂ '̂ *-̂  /t A/A.TIT>T . -vn — t m gfy

T. COL 1 FORM. 1/100 ml
F. COL 1 FORM. */100 ml
F. STREP. moo al .

•

u4U

yr

'S1

t, ,

s
k

/?Vô
lle-l
IS-M
<**

X7.V7
n-97
</e
<o i>o
<3.««».Se
1/L&.
.

»

LA1

. *

•

ifrf
fCfO
/o.̂ l
<I6

to-llyvA• «T"-

</**o.s>
<7,0<;a5o.??,J/

- .

i.t*

MM*
-4 ——a7*
•t5T5W
<IO

A7-Vns
<•;*
•«,!So
£*6
.0-7J
33̂

-

-|.0̂

•• -.

7X5̂  «
•

3̂ y
<IO<1*
79-75
r̂Vf

</0 .
<0-̂ >S3,o
<6̂ -0
7̂ ,7A

U*la\

•

-

f̂̂
*Vf/*.?*</̂
/V3
25JJL

-f/«
<0j£"»r.v?<OL^C
/Y5

_

•f

U.UH

. *

*Ttb\
/3AO
/Y.?3<j»
V/0
5£*2£
•C/?
0-fe3
/3.5V
<0.<Y>
7*,4£

•uAU

-»#7
J*H</o
-0«
aAJi/o.//
</9
<0.Sfc
«?.*
<o.5b
•̂ /d

JOS

•

.'1-H•':.'
.
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ANALYSIS REQUEST

L
i:

L.

L.

.ARORATHRY IM NO* ii
*. SATURATION 1
ins. OXYGKN, wg/i y
BOH, wR/i l
COn, RiR/l (j
COLOR, UNITS jj
TURBIDITY, FTU II
SPEC. CDN'D., uinhos/cm jj
PH 1 G«<V
ALK.,mg/l CaC03 11
AC!DITYimg/l CaC03 Jj

HARDNESS, niR/1 H
CHLORIDE, CTR/1 1
T. NITROGEN, mg/1 A
OROAKIC N..mg/I jj
AMMONIA N.,mg/l I
XITR1TF N.,mg/l jj
NITRATE X.,mg/l ||
SULFATE, mg/1 SO^ |
TOTAL PHOSPHORUS, ing/l|

SET. SOLIDS, ral/1 j
T. SUSP. SLDS.,mg/l
S.V* SUSP. SLDS.,dR/l
V. SUSP. SLDS..ros/I H
TOTAL SOLIDS, 0g/l H
N. V. T. SLDS.,mg/l i
X'OL. TOT. SLDS., TDR/1 1
T. DIS. SLDS,,mR/l 1
;, MOISTURE P
MBAS.me/1 jj
f.RFASE, mg/1
PHENOL, uz/l jj
TOC, wiR/l 1
IRON, ug/S. ij?/fOZ
COPPER, J?/l 1
MANGANESE, up/*̂  I/V^
CHROMIUM, ug/y 1/5: atf
SILVER, uc/̂ - |̂ /O
TALni'M, u«7l fl
ZINC, u^^- l̂ **-*
:.EA;>, ̂ c* w.«*o
MCKEL. uc-'l
r AI'MIVX. oc'*- -Cl 0
XSSiTSY, uc/f- CO.S"0
AK>-.\rr, ne/4- < Jl D
<p:.Ksr"M. a«/^r ê.̂ o
fcitf x «.̂ r̂ A *̂ - ŷ .̂ fo/ * J •-

7, co:.;r.̂ RM, #/ioo mi
T. COLIrVSM, ̂/100 ml
f. 5TBEP. */100 ml
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DATE SAf

* COMPLET:
J PROJECT

r. — , —

*'V-

3TATE (OF DELAUAR1

DEPARTfCNT OF NATURAL RESOURCES AND 1

OR6ANIC ANALYTICAL Rf

IPLED̂ /̂ /ĝ 'SAMPLED BŶ j££̂ MCflgt<SAMPLE -

ION DATÊ /̂ i /€̂  ANALYST jf£> fi,fJfê COST CEI

LOCATION ̂ n&mC^et
P̂ î * S-t* ? (Saws. Aaft-r

1 •
1"* SAMPLE ! SAMPLE
i- LOG NO. J . DESCRIPTION

r
f m mmmmr ^mCi,,,'

fc «?*/
itm. G93
W £#&
p. #81

{ -J*-

f 6>9c
U

L_*

1 ANALSIS
REQUEST

t
i

r
1 COMMENT!

JLjMUttrfl

• ' •

ENVIRONMENTAL CONTROL

EQUEST .

rYFE>fi0(rfl6Ur ..RESULTS TO S.V̂ U«.

T̂ER /)SCi APPROVED T̂?-' .-,
^ - '

Q̂ R̂ ^̂ -

'

.

* 1 u J£«T or ftT€ 13

* A . e-flST o f £ T £ H • .
*3 PoWO tfiLTT-

4*q _̂̂ .̂ r-
*5" p^otf^ P̂
*̂  T,McG*T*
* O X^1 O—1 Vî î/fit- pf i

Uy/tjt̂ Tfi" *~^ . , , •
tji-̂ -UC « . . .. .

,,r --• . .-r-TT--. JL

-

,

Chlorinated Pesticide/^/ Insecticide/./ Herbicide/7/ Fungicide/^/

PCB/̂ 7 VOA/T? Acid Extractables/̂ / Base /Neutral ExtractablM/^7

BTX ̂ 7 OTHER _
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TECHNICAL SKKV1CKS SKCTION
" DIVISION OP KNVIRONMKNTAL CONTROL

DEPARTMENT OF NATURAL RESOURCES AND ENVIRONMENTAL CONTROL
REQUEST FOR LABORATORY ANALYSIS

_ Vm.*̂ *"̂ "̂" î fl̂ k.
DATE SAMPLEDJĝ  Jfcfrr\ \ 1 yVW SAMPLER K\S \vUc\\ CAR /~/ BOAT l~i Ŝ A,

REQUESTER - £O________________ RESULTS TO BO

SAMPLE TYPE: STREAM U/. WKLI.___ DOMESTIC WASTE___ .INDUSTRIAL____ AIR_

BIOLOGICAL SLUDGE BORING STP OTHER

SOURCE NAME foĝ s 0.<g-g.\C______________________, NPDES DE -

ADDRESS t̂ ftX, Vf\VV^ OAXt^ L,,7 ̂OLC ̂ .V rft^'.rct_______________

SAMPLING MODE GRAB /TT/ COMPOSITE MFC.__ ~ S/N
L , • FRWt: YR_____ MO______ DAY______ HR
I, . BASIN_________,______ TO: YR_____ MO______ DAY______ HR~

TIDE THIO ADDED TO

COMMENTS/INSTRUCTION

LOG. NO* SAMPLE IDENTIFICATION

V

TIME WTR

(*.&
AIR

i * '
*/ / 3 I ̂  '* j• * .'̂ ______ ACCEPTED BY W /v^ (<.V.w.ADATE & TIME ACCEPTED.

APPROVED BY

COST CENTER
AP

yp J&

vs

RC

DSW

DR

PE

:

FF

FW
APPROVED W

(Laboratory M;

DATE Ĵdt t



ANALYSIS REQUEST
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L
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.ABORATORV LOG NO.
1 SATURATION
DIS. OXYGEN, n»tt/l
BOD. inn/I
COD. roR/J
COLOR, I'NITS
TURBIDITY. KTU
SPKC. Cnxn.»«tohosA-m
Pll
ALK.tfflK/l CaCO-j
ACID irk', IBR/I CaCOj

JHAKDNKSS, mii/1
CHLORIDE, mg/1
T. NITROGEN, mR/J
ORGANIC N.,mR/|
AMMONIA N,,mg/l
SITRITF N.%mg/l
NJTKATfc N.,mg/l
SULFATE, ng/1 SO*
TOTAL PHOSPHORUS ,m>;/l

SET. SOLIDS, ml /I
T. SUSP. SLDS.,mg/j
N.V. SUSP. SLDS..WK/I
V. SUSP. SLDS.fmg/L
TOTAL SOLIDS, tnR/1
N. V. T. SU>S.,mfg/
VOL. TOT. SLDS., w>;/3
T. DIS. SLDS.,mR/l
Z MOISTURE
MhAS.mg/1
GREASE, mp/l
PHENOL, ug/1
TOC, mg/1
IRON, ugA
COPPER, uVl
MANGANESE. UR/*
CHROMIUM. uR/5>-
S11.VEK. ue/i
CALCIUM. u//l
2 INC. UE/5-
LEAD, uttA»
NICKEL, UK/1
CADXU'M. u«fl.
MEKCfHY, iiwA.
ARSCNIC, ufij4
SELENIUM, "R#>
tidni/rM. X<4/*>-

J ^ **
7. COM FORM, f/100 ml
F. COMFORM. 1/100 ml
K. STRKP. iK/100 ml

92**
• .

L..1I

'IfAfff
S7.0-L
1J.S7
</6

JJ.ob
3/.M

<*O
<0-90
<3,Q
<Q*5Q
Z7.M

-

•

-

1

*SIĝ p
•

"

1

b
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STATE OF DELAWARE
DEPARTMENT OF NATURAL RESOURCES

& ENVIRONMENTAL CONTROL
DIVISION OF ENVIRONMENTAL CONTROL
WATER RESOURCES SECTION

PO BOK I4OI
Dove*. DtiAWAMC 19903 TtutPHONC: I3O2) 73« - 4761

Ramesh J. Shah
Marilyn P. LaRiccia

FROM: Mark F.- Boiler

j ' - SUBJ: Red Lion Creek Fish Sampling

*- DATEt June 2, 1983

On May 31, 1983, I vent to Red Lion Creek to observe the Division of
Fish and Wildlife and Tech. Services collect fish samples. My trip was
planned so I could watch sampling procedures and processing of the

Bob Garrow, Ellen Lynch, and Gregg Mitchell from Tech. Services; Mark
Blosser and myself from Water Resources; Roy Miller, Cathy Martin and .
Dave Caster of Fish and Wildlife and Joe Morone of Diamond Shamrock
were all present.

Fish ware collected with 50' X 6" gill nets with h* to l"a* mesh. The
gill net was set across the creek at the Bed Lion Rt. 9 bridge and left
for approximately lh hours. A haul seine 25* X 4* X %" was pulled along
the bank of the Bed Lion. In all, 6 species of fish were caught.

Carp 15 fish - from" 1 to 8 Ibs.
Brown Bullhead 8 fish - from 1 to 2 Ibs.

Ictalurus punetatus Channel Catfish 1 fish - approx, 8 Ibs.
Lepomis gibbosus Pumpkinseed Sunfish 4 fish-all less than 1 Ib.
Mpronc Americana White Perch 10 fish - all less than 1 Ib.
Dorosooa cepedianum Gizzard Shad 4 fish r up to 3 Ibs.

Diamond Shamrock and Tech Services divided up the fish they needed to
analyze so both had enough samples. The fish kept for the analysis were
carp, bullhead, cat fish, gizzard shad, and white perch. This way bottom
feeders and predator fish were analyzed along with the gizzard shad
which is a plankton and invertibrate feeder. After being measured and
weighed, the fish were wrapped in acetone rinsed aluminum foil and put
on ice.

AH302282
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I ' % MEMO TO RAMESH J. SHAH
T •••• V * MARILYM P. LARICC1A

Junii 2, 19B3 ~ .
Pag« 2

At lit. 13 Red Lion Creek, a gill net was set across the creek for 30 run.
and a haul seine was pulled along the bank, Z night add unsuccessfully,
due to deep water. Fifty {50) white perch, 3 to 5 inches and 4 brown
bullheads up to 10 inches were collected in the gill net. No other
species were collected. These fish were divided with Diamond Shamrock
for a split sample.

The Army Creek sample station at Rt. 9* was changed to Army Creek near
\ j the irailroad bridge by Mark Blosser. He decided that if the fish were
*— • going to have any contamination from the landfill, that they would have

it there since this station is directly adjacent to the landfill and
the recovery system feeds the creek a large amount of water. Also the
tidaJL influence was minimal. He thought that the fish at the Rt. 9
station were sore or less Delaware River fish and that the volume of
Delaware River Water flowing in and out of the creek greatly diluted
any influence of Army Creek. Sampling at Rt. 9; however, should be
done because these fish are large and are a recreational and food source
which could be a threat to human health. Sampling should definitely be
done if the Army Creek fish are contaminated*

In all, 9 species of fish were collected at Army Creek:

Lepomis macrochirus Bluegill 8 fish - .5 to 3 inches
Enne acanthus glories us Blue spotted sunfish 4 fish - .5 to 2 inches
Lepomis cyibbosis Pumpkinseed sunfish 35 fish - .5 to 3 inches
Pomoxis annular!s White crappie 4 fish - .5 to 1.5 inches
Esox amerieanus Redfin pickeral 7 fish - . 7 to 9 inches
Ictalurus nebulosis Brown bullhead 4 fish - 4 to 6 inches
Notemigonus crysoleucas Golden shiner 1 fish - 4 inches
Anguilla rostrata American eel 4 fish - 3 to 6 inches
Morone anericana White perch , 5 fish - 2.5 to 3 inches

This diversity of species indicates to me that the fish population is in
a healthy state. The fish were small but healthy. They did not appear
stunted or sick* There were no signs of stress and no fish were deformed.
The small size of the fish is due to the small body of water sampled, plus,
these fish were sampled in a rocky area where the net hung up frequently
joaking escape possible for larger fish.L
Invertibrates collected consisted of numerous grass shrimp and mayfly

f ̂ § larvae. These also appear to be healthy. It appears that if toxic
substances are present, they are at levels low enough not to endanger
aquatic life. These fish were at various stages in their life cycles with
some fish being very small and sone fish filled with eggs and milt ready
to spawn at any tine.

The fifth to be analyzed at Army Creek are Pumpkinseed sunfish, Redf in pickeral,
and Brown bullhead. These fish also were weighed and measured and wrapped
in acetone rinsed aluminum foil*

The analyses should be completed within two (2) weeks and results sent
shortly thereafter.

A8302283
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STATE OF DELAWARE
DEPARTMENT or NATURAL RESOURCES

ft ENVIRONMENTAL CONTROL
Division of Water Resources
Water Management Section

•9 Kmat HIGHWAY
P.O. BOX 14O1 TELEPHONE: OO2J 736 - 4761

DOVEft. DELAWARE 1B9O3

November 14, 1985

Ms. Elaine Harbold
U.S. Environmental Protection Agency
Region III
841 Chestnut Building
Philadelphia, PA 19107

Re: Army Creek Wcllfield
Rehoboth Summertime Performance

^̂ _i , Georgetown Cease and Desist Order

Dear Ms. Harbold:

Li
L

Enclosed is a letter from Teresa J. Norberg-King to Rick Greene.
The letter and attachment confirm the bioassay results for Army Creek
that were provided to us over the telephone. The telephone results
were submitted to you as part of the permit package sent to Mr. Larry
Benning on November 5, 1985.

It is not clear from the results presentaiton, however we have
determined that the sample for which dilutions were run was for the
effluent of Army Pond.

"Additionally, Z have enclosed all recent correspondence relative
to the recent Cease and Desist Order issued to the Town of Georgetown.
A package that constitutes our evaluation of the Rehoboth Beach STP
summertime performance has also been included.

Sincerely,

Paul Jones
Environmental Engineer
Water Pollution Branch

Enclosure

JPJ/dlp A&302285
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY"
• ENVIRONMENTAL RESEARCH LABORATORY - DULUTH

6201 CONGDON BOULEVARD
DULUTH, MINNESOTA 65304

7 November 1985

Rick Green
Environmental Engineering
Water Pollution Branch DNREC
89 Kings Highway
PO Box 1401
Dover DE 19903

Dear Rick: JM

Here is the data on Army Creek. I did not provide any methods
Information with this except for the following. The test used
Ceriodaphnia dubia. It used 15 mis of test solution and one
animal per 15 ml. We use 10 animals per concentration. Test
was renewed twice after it was initiated. Young were counted
at each renewal. Animals were fed a mixture of yeast/trout
chow/Cerophyl* at 13 mg/1 final concentration. Test began with
<6 hr old young. They are fed daily. The test temperature is
2$°C. Young production was In the normal ranges of our expected
production.

This is brief in order to provide the results. If you need more
Information let us know, or if you need a more final report, let
us know.

Sipderely,
/»'

Teresa J. Norberg-King
Biologist

AB3022S6



ii , , . 6 Nov 1985
1 - - Joe Amato

Ceriodaphnia Chronic Tests Run 6/12/85

ARMY CREEK DELAWARE

% Sample !f Number of Young 95% Confidence 7-day Percent
I n t e r v a l S u r v i v a l

•I Control 21.1 (19.7 - 22.5) 90

1% *14.2 (10.0 - 18.4) 80

[ 3% *1M (4.8 - 18.0) *40

.r - 10% *13.5 (8.5 - 18.3) 50

U 30% 16.7 (12.7 - 20.7) 90

I ' 100X *17.7 (16.6 - 18.8) 100
LJ

§ Ambient Site——- —---
Red Lion * 21.6 (18.0 - 25.2) 100

R.R. Bridge 16.5 ( 0 - 64.9) *20

Pond Influent 16.8 (13.3 - 20.2) 90

Route 13 14.3 (8.0 * 20.6) 60

Routine Water Chemistries

Li
Initial Dissolved Oxygen Range Final Dissolved Oxygen Range

6.7 - 7.0 8.0 - 8.8 mg/1 7.5 - 7.8 mg/1

4
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# *

] * SOLUTE TRANSPORT FROM POINT SOURCES *
I * 3;N THREE-DIMENSIONAL UNIFORM FLOW *

* *
* MODELs PLUME3D *
* *

USER: EFS

LOCATION: ARMY CRK

DATE: 2/26/86

INPUT DATA;

DARCY VELOCITY........................i 1.OO ft/d
EFFECTIVE POROSITY-...................: .15
LONGITUDINAL DISPERSIVITY.............: 30.OO ft
LATERAL DISPERSIVITY. .................: iO. 00 -ft
VERTICAL DISPERSIVITY.................: 3.00 ft
DECAY CONSTANT (lambda).......,.......: O i/d
NUMBER OF POINT SOURCES............... i 5

SOURCE DATA:

SOURCE NO

C X - C O O R D I N A T E OF THE SOURCE............: 1000. OO -ft
Y-COQRDINATE OF THE SOURCE............: 3000.00 ft
Y-COORDINATE OF THE SOURCE. ....„...„..: 70. OO ft
THE SOURCE STRENBTH. ..................: O.OO Ib/d
ELAPSED TIME OF THE SOURCE ACTIVITY...: 365. OO d

SOURCE NO. 2

X-COORDINATE OF THE SOURCE............: 500.OO ft
Y-COORDINATE OF THE SOURCE............: 25OO.OO ft
Y-COORDINATE OF THE SOURCE............: 7O.OO ft
THE SOURCE STRENGTH...................: O.OO 1b/d
ELAPSED TIME OF THE SOURCE ACTIVITY...: 365.OO d
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SOURCE NO- 3

X-COORDINATE OF THE SOURCE............ z 5OO.OO ft
Y-COORDINATE OF THE SOURCE............s 2000.00 ft
Y-COQRDINATE OF THE: SOURCE............: 7O.00 ft
THElSOURCE STRENGTH............. .... ..: O-OO Ib/d
ELAPSED TIME OF THE SOURCE ACTIVITY.--: 365-00 d

SOURCE NO. 4

X-COORDINATE OF THE SOURCE............: 1000.OO ft
Y-COORDINATE OF THE SOURCE............: 150O.OO ft
Y-COORDINATE OF THE SOURCE. .........-..: 70. OO f t
THE SOURCE STRENGTH. .........-.........: O.OO Ib/d
ELAPSED TIME OF THE SOURCE ACTIVITY...: 365.00 d

SOURCE NO.

X-COORDINATE OF THE SOURCE............: 5OO.OO ft
Y-COORDINATE OF THE SOURCE. ..'.........: 1 GOO. 00 ft
Y-COORDINATE OF THE SOURCE............: 7O.OO ft
THE SOURCE STRENGTH...................s O.OO Ib/d
ELAPSED TIME OF THE SOURCE ACTIVITY...: 365.00 d

GRID DATA:

X-COORDINATE OF THE GRID ORIGIN....... s O.OO ft
Y-COORDINATE OF THE GRID ORIGIN.-.....: O.OO ft
Z-COORDINATE OF THE GRID ORIGIN.......: O.OO ft
DISTANCE INCREMENT DELX...............: 5OO.OO ft
DISTANCE INCREMENT DELY...............: 5OO.OO ft
DISTANCE INCREMENT DELZ...............: 10.00 ft

I NUMBER" OF NODES IN X-DIRECTIDN. .--....: 10
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