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FAIR LRASS

. _LAYER 1

- en T -

VERTICAL PERCOLATION LAYER

THICKNESS , ‘ o= 24400 INCHES
 EVAPORATION COEFFICIENT 3,300 MM/DAY®#%0,5
PUROSITY _ «3710 vOL/vVoL

1720 vOL/vOL
« 0500 vuLrsvoL
16.19999981 INCHES/HR

FIELD CAPACITY
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WASTE LAYER :
300.00 INCHES

THICKNESS
EVAPORATION COEFFICIENT 34300 MM/DAY®R#(),S
POROSETY «5200 vOL/voL
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+28300000 INCHES/HR
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: GENERAL SIMULATION DATA

SCS RUNUFF CURVE NUMBER

TOTAL AREA OF COVER

EVAPORATIVE ZONE DEPTH

EFFECTIVE EVAPORATION CORFFICIENT
(S UPPER LIMIT VEG. STORAGE o

INITLIAL VEG. STORAGE o

65849
2110000« SW. FT
1000 INCHES
34300 MM/DAY®#®(,5
37100 INCHES
11100 INCHES

i. CLIMATOLOGIC UATA FOR PHILADELPHIA PENNSYLVANIA
l-l . MONTHLY MEAN TEMPERATURESe DEGREES FAHRENREILY )
e
&j JAN/JUL FEQ/AUG MAR/SEP APR/OCT MAY /NOV JUN/DEC _
A 32,31 34410 41437 52419 63,65 72.68
r“.i L ?@08_6 oL ?So 0?_ . 67079 59!98 .. 45.§2 ) §604_2= L R
”ﬂ MONTHLY MEANS SOLAR RADIATIONs LANGLEYS PER DAY
i JAN/JUL FEB/AUG MAR/SEP APR/OCT .  MAY/NOV JUN/DEC

13l.61l 191410 284466 387,22 471430 516437
Fﬁ S04 .89 465440 351.84 249,28 165,20 I22.13
e LEAF AREA LINDEX TABLE ”
[ OATE LAL - = -

i .00 )
f 123 200
L.l-' . 139 _ ____._.__1 .23_ _—
- 154 2.01 - T
.. 170 2.01
[ 185 2.01 .
-~ : R 201 2.01 .
- 217 2401
r. , : , 232 1.81 -
A 248 1.31, | ORIGINAL
. 263 .6" o , .
279 «34 ' (Red)
366 «00 -
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MONTHLY TOTALS FOR T4

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

PRECIPLTATION (INCHES) 2495 24146  4.91 2477 3421 4443

‘ 2.08  3.83 4,68  1.93 Bl 4.04

RUNOFF  ( INCHES) (000 000 <000 4000 000 <000
2000 000 <000 <000 4000 4000

© EVAPOTRANSPIRATION (887 841 14069 14314 1,931  2.256

__...LINCHES) 014228 14609 14935

«353 «409

PERCOLATION FROM BASE 2.0091 1.3632 2.5292 3.1251 1.3186 1.6276

OF LANOF ILL (INCHES) 1.2083 1.6959 340455 1.8964 6086 2,9287
DRAINAGE FROM BASE OF <000 «000  +000 <000 «000 .000
LANDFILL (INCHES) .000 +000 «000 <000 «000 <000
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ANNUAL TOTALS FOR T4

(INCHES)  (CUs FTe)  PERCENT

PRECIPITATION 3778 6642982 100,00
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< RUNUFF 000 0 .00
: EVAPUTRANSPIRAT[ON 160613 2538230, 38.15
<
: PERCOLATION FROM BASE OF LANUFILL  23.3560 4106761, 61.82
- VRAINAGE FROM BASE OF LANUFILL +000 U «00
v SOIL WATER AT START OF YEAR 99.52 17498582,
L _ ,
, SOIL WATER AT END OF YEAR 99.53 17500565,
[ SNOW WATER AT START OF YEAR s 00 e
‘ SNOW WATER AT END OF YEAR « 00 Q.
i
L ~ ANNUAL WATER BUDGET BALANCE <00 6o «00 .
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SOIL WATER CONTENTS OF SEGMENTS
B AT THE END OF YEAR 74
*®
. . SEGMENT  INCHES o _ . - L
f' ' 1 0014
3 +086
[ & «086 i
. S ".086
6 « 086
7 «086
b 8 2410
N 9 964+604 _
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PRECIPITATION (INCHES) 4400 2.91 4,68
6,32 2421 7.21

RUNOFF  (INCHES) .000 +000 000
-000 1000 0022

EVAPUTRANSPIRATION . 729 o587 1044
( INCHES) 2.046 1.272 14752
PERCOLATION FROM BASE  3.2328 2.1545 3.3416
OF LANDFILL (INCHES) 4.3998 1.5609 3.1013
DRAINAGE FROM BASE OF « 000 «000 «000
LANDFILL (INCHES) <000 «000 «000

2497 G99 757
3.24 314 2«89
« 044 «000 « 300
« 100 «000 000
+826 1.975 2.567
« 964 « D48 514
242601 3.0210 55,0725
4¢1929 247723 1,2407
«0CO0 «+000 « 000
«000 «000 «000
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ANNUAL TOTALS FUR

75
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| (INCHES)
CPRECIPLTATION 5o
RUNOFF 022
EVAPOTRANSPIRATION 14.826
PERCOLATION FROM BASE OF LANDFILL 36,3803
'DRAiNAGE FROM BASE OF LANDFILL «000
SOIL WATER AT START OF YEAR 99453
" SOIL WATER AT END OF YEAR  100.43

_SNOW WATER AT START OF YEAR
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«00

(CUes FTs)

9166189,
3815,

2606945,

6396874,
0.
17500565,

17659111,

Q.

PERCENT

100,00
.04
28444

69.79
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SOIL WATER CONTENTS OF SEGMENTS
AT THE END OF YEAR 75

INCHES
016
<079
094
« 034
_.+094
«100
=105
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MONTHLY TOTALS FOR 76

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

206

3e42

PRECIPITATION (INCHES) 4450 1.66  2.38 4,35
4404 2417  2.44 4430 32 1.63
RUNOFF  { INCHES) 000 +000 <000 +000 000 <000
000 4000 <000 «000 000 <000
EVAPOTRANSPIRATION . 708 0522  .847 «937 1742  1.551
( INCHES) 1.845 1.035 <994  1.213 $139  .369
PERCOLATION FROM BASE  3.9680 2.1949 145146 11777 2.6303 1.6975
OF LANDFILL [INCHES) 19940 146316  «7177 247091 11,1691 11,2545
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DRATNAGE FrROM BASE OF » 004 QU0 ~«000 «000 000 « 000
LANDF ILL (INCHES) . « Uy Y «JUy 2000 «000 «000
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e "~ ANNUAL TOTALS FOR 76 T T e
T InchEs) | (CU. FTa)  PERCENT
PRECIPITATION -;g:é;-- -;52337;: IES:SE-
RUNOFF , . <000 0. « 00
EVAPUTRANSPIRATION | , 11.902 2092726, 35.77
PERCOLATION FROM BASE OF LANDFILL 2246590 3984212, 68,11
DRAINAGE FRUM BASE OF LANUFILL 000 Os <00

SOIL WATER AT START OF YEAR 100.43 17659111,
SOfL WATER AT ENO OF YEAR 99.14 17432140
 SNOW WATER AT START OF YEAR BT T R P = M(‘ﬁ‘f;ﬁ‘
_ SNOW WATER AT END OF YEAR  «00° 04 A
ANNUAL WATER BUDGET BALANCE o 00 Te «00

P S A T RN R S e -3 23 R T - R T T -2 222 2 2

@@?3;?2:¥5i7,

SOIL WATER CONTENTS OF SEGMENTS
AT THE END OF YEAR 76
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- SEUGMENT [NCHES
«+014
069
+083
«083
083
+083
«083

2.4038

96,232
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MONTHLY TOTALS FOR 77

E
=_.1
l
1
I

e JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC .
&
I PRECLPITATION (INCHES) 2.61 1e33 4,19 Se59 .70 5433
t 147 7.65 “u9 3.11 6495 5496
L
' RUNOFF (INCHES) +000 »000 000 000 «000 <000
o +000 «000 «000 +000 «351 «000
Lo EVAPOTRANSPIRATION +403 e293 +798 1.298 «593 1,996

( INCHES) la139 2.728  1.796 1.133 le113 « 752

-

PERCOLATION FROM BASE 2.164346  J6U92 341617 343253 1.9639 ]1.9035

r- OF LANDFILL (INCHES) 1.6762 441534 2.7426 243365 4.7420'.5.2957
I]l-'
DRAINAGE FROM BASE OF «000 «000 «000 «000 000 «000
b LANDFILL (INCHES) «000 « 000 -000 2000 «000 »000
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- ANNUAL TOTALS FO
PRtClPITATIUN B
RUNOFF "

‘ EVAPOTRANSPIRATION

?:PhRCDLATION FROM BASE OF LANUFILL.

| DRAINAGE FRUM BASE OF LANOFILL
" SOTU WATER AT START OF YEAR
SOIL WATER AT END OF YEAR
SNOW WATER AT START OF YEAR
SNOW WATER AT END OF YEAR

ANNUAL NATER BUDbET BALANCE '

Ro77

( INCHES) (CU.s FTa) PERCENT
Tan e e
;;35{ ;W 61782, .71
Lae 042 | . 2468936. 28,44
SZ:oégaw '75933051. 68,97

.ooo O .00
Soitearesziee.
100407 17595963,
- :%2, 7 e
ﬂf;éﬂl, v,tkr S. «00

SOIL WATER CONTENTS OF SEGMENTS

AT THE END OF YEAR 77

... .SEGMENT ____ INCHES
‘ o014
« 070
<084

« 084

« 084
«095
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2.409
97.121
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MONTHLY TOTALS FOR 78

JAN/JUL FEB/AUG MAR/SEP APR/UCT MAY/ZNOV JUN/DEC

PRECIPITATION (INCHES) 8.90 1«35 Ge31 1.76 6400 le76
4445 PR 2.02 . le20 2:19 S.42

RUNOFF ( INCHES) L000 000 000 000 001 000

. 4209 4000 000 4000 <000 4000
EVAPOTRANSPIRATION 834 .551  1.068 818 2,115 1,443
( INCHES) 1.262 2.312 1.261 672 4516 4800

PERCULATION FROM BASE 6.7639 3,0357 2.0548 2,0239 2.94989 1.4489

OF LANDFILL (INCHES) 2.9684 2,.,6032 22,2832 5413 «6908 4,6512
DRAINAGE FROM B8ASE OF «000 « 000 «000 =000 «000 «000

LANUFILL (INCHES) +000 «000  +000 000 000 .000
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¢z ORIGINAL
"7 (Red)
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ANNUAL TOTALS FOR 78
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PRECIPITATIUN

RUNOFF

EVAPQTRANSPIRATION

PERCOLATION FROM BASE OF LANUFILL
DRAINAGE FROM BASE OF LANDFILL
SOIL WATER AT START OF YEAR

[ - SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

E;E SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

SOIL WATER CONTENTS OF SEGMENTS
- AT THE END OF YEAR 78
SEGMENT INCHES
014
« 069
.083
083
.083
»083
. 085
2.408
97.100

Lo~

AVERAGE MONTHLY TOTALS FOR

14 THROUGH

45.79"

8051406,

10000

e210 36843, + 46

13,625 2396351, 29476

32.0141 5629149, 69.92

«000 Ue 00
100.07 17595963,
100401 1758501 7.
.00 0.
00 '

00 8o .00
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4,09

. PRECLPITATION (LNCHES) 4459 1.84 3,03 385 6450
3,867 446 4417 2.76 2.68 3.99

RUNOFF { LNCHES) <000 T.000 <000 000 000 <000
.062 000 <004 .000 .070 <000

EVAPUTRANSAIRATLON .712 559 e965 14039  L.671 1.963

{ INCHES) 14504 1,791  1.543 WB67 4545 .603
PERCULATION FROM SASE 3.6234 1.8775 25204 2.3824 23765 2.3506
OF LANDFILL {INCHES) 246493 203290 2.3781 243352 1.9966 3.0742
DRAINAGE FROM HASE OF <000 <000 <000 <000 000 <000

LANDUFILL (INCHES) <000 000 «000 4000 000

«000

BRSBTS B LT BEVLBLEEBRRIS RS S IOBE SRRSO R IR RIS RS R ERRRFE DS S SN

AVERAGE ANNUAL TOTALS FOR 74 THROUGH 78
‘-'-_-'“---_"‘_°-----'---------'----TIQE;EET----TEG:-E?:T----EEEEEE?-
PRECIPITATION T43.87 7678639, 100.00
RUNOFF 117 20488 Y
EVAPOTRANSPIRATION 13.762 2419848, 7 3i.51
PERCOLATION FROM BASE OF LANDFILL 29.6929 £221009. 67499
URAINAGE FRUM BASE OF LANDFILL «000 Oe Q0
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PEAK DAILY VALUES FUR 74 THROUGH 78

. D S e e e Sy WP A kW D oy e S g T WY Y . S5 G S G W D AR R D G T S D AR AR A e ey

“(INCHES) (CUe F o)
PRECIPITATION 3.99 70.157540
RUNOFF ‘ | .351 61736.8
PERCOLATLON FROM BASE OF LANDFILL .5523 ° 9710449

\ .

DRAINAGE FROM BASE OF LANUFILL <000 .0
HEAD ON BASE OF LANDFILL .0
SNOW WATER 00 «0
MAXIMUM VEGe SOIL WATER (VOL/VOL) 41120
MINIMUM VEG. SOIL WATER (VOL/VUL) « 0500
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GOUD GRASS

——— LAYER |

-

VERTICAL PERCOLAIIUN LAYER

THICKNESS 24400 LNCHES
EVAPURAT U CORFFICIENT 4500 MMZDAYRRG, S
PURUSLTY 458U VUL/VOL

FLELD CapacClTY
WILTING PUOLNT :
EFFECTI{VE mYURAULIC CUNUUCTIVITY

+2230 VUL/VOL
« 0920 VOL/VOL
2030999997 INCrES/Aw
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ke b 2 BT T

HARRIER >U[L. LAYER

THAICKNESS 2400 lNChHES
EVAPUKATION COEFF[CIENT 3100 MM/DAYHR®Y,S
PUROSITY «52uUU VUL/VOL

FleLD CAPACITY
wILTING PUINT
EFFECTIVE HYORAULIC CUNDUCTLVITY

«4200 VvOL/vOoL
« 3600 vOL/VOL
«00u14200 INCHES/HKR
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2ASTE Larew

TAICKNESS :
EvaPuraTlun COEFFICLENT
SIFISTO LY B Tt T
rlFLy CaruCIfyY

WEETING POLNT

EfFeGlIVE nyYuRaUlllC CanuCTLIVITY

~300«00 INCAES
e300 MMIUAYHH),S
«5200 vOL/VOL
«3200 vVOL/VOL
« 1900 vOL/ZVOL
« 23300000 INCHES/HK

ulmuluntr

VENERAL SIMULATION DATA

- R oy A g T o wp ur S e P m .

77e42

SCS RuUNUFF CURVE NUMBER =
TOTAL AREA UF CUVER = 2110000« S5Qe FT
EVARPURATIVE ZONE UVEPTH = 12400 INCHES
EFFECTIVE EvVvaPORATIUN COEFFICIENT = G4eSU0 MM/DAYRHH#D,5
Ukres LICIT VEQG. STURAGE o= T Se4960 INCHES
[WITLAL VEwDe STusfaGE = = 148900 INCHES
. A, Oiful”z
CLIMATOLULIC UATA FUK PHILAVELPH[A PENNsvdﬁgurA (f‘df“
o H il
AUNTHLY MEAN TEMPERATURESs DEGREES FarRENRELT .-
Jains Jull FESZAaUJL  — MARZSEP APK/0CT MAY /ZNQV JUNZDEL
3z2. 31 34410 41637 52419 63.65 1265
{65430 (5-0, cf.?9 56-98 45.52 3643
MUNTHLY MEANS SULAR RADIATIONy LANGLEYS PER UAY .
JANZ JUL FEB/ZAUG MaR/SEP APR/OCT MAY/IHOV JUNZDEC
131t} lvlal1Q 2H4 .66 3d7.22 471430 Sl4.37
S50%e539 GaB.h0) 351 .84 249.2H 165,20 122.13
LEAF AREA INUEX TaABLE
VATE LAL
1 .00 RR3G2145
123 «00 : : '
139 1.23
iss 2.01

170 2.01
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CWINTER COVER FaCTOR = Le20
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MONTALY TUTALS FUR

JAan/ZJUL FRB/ayG MAR/SEP APRAUCT MAY/ZNOV JUN/DEC.

T4

Hy

- ‘Iflt

'{hiﬂ)

PRECELPITATION {INCRES) 2e9% 2.la 4,91 2e77 3.21 4463
Z2eUd 3,53 4,68 1.93 «Hl Gof)t
RUNOFF  (INLAES) <00V ) «005 ¢ 000 « 000 <000
000 s0a0 «000 028 «000 +« 099
EVAPUTRANSPLRATION l.052 Le2ba ~ 2.464 2e584 4.630 5.513
( INCHES) 24131 2.9u7 3.986 2.051 l.uls 1102
PERCULATION FROM BASE JOTLE3  JU703 1189 <1321 #1330  .1ié6
OF CuvER (IMCRHES) Te1392 1373 1214 «1318 1206 . 1606
PERCOLATLION FROM HASE 0526 0BS5S T S 09RY «1368 e1343 01197
OF LANDF[LL (INCHES) 01396 el 364 «1239 «129> «l225 . 1560
DRALNAGE FRUM HASE OF « D00 <000 «000 +0U0 «U00 «UQuU
COvER (INURMES) <000 «0UU +000 «000 «U00 000
DRAINAGE FRUM HASE JF « 00D $GUO <000 «000 «000 000U
LAanuF ity (InCHRS) «000 . «OUU «000 «000 +U00 R TH

AR3021 46




T -

LA £t RRRY R EVEUEHETR AU E - R T RV Y ﬁ'ﬂ'iﬁ"é‘k‘é-b’-‘ﬁ’}':'*}‘-1'4‘}*1}‘?*%}-}%#%%%-&%&#-'l-a'l-i}-:bé?i?i.’r%*#i?***Qﬁ##%i}#\'b

LA B X-R-X) U db e b e R LR FRRBA ARG RR BRI ORI T U T DD 0 0243t 3

2 LA
- T e}
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EvﬁﬁuiwambﬁiwarIUN 30, 7u9 23692384%, . Bl.28
PERCULATLUN FRUM daSE OF COVER Le4516 255236, 3,84,
QcRCULArgoﬁ FrRUM HASE OE_LANUFLLL l.4163 d&?va. 3.73
JiR LAk FRUM SASE OF COvVER | 0000' Ue «00
URA[-IaGE FAUM BASE OF LANJFILL «U0U Ve «00
SOIL wAlER al STarT UF YEAK 111,37 19581855,
SULL waTER AT EnD OF YPaR 116486 20547824, _
SN0 JATER "',‘,T,,,?r,f"” OF YEAR el V ) 0 _
SNON WATER AT ENY OF YEAR -.607 0.
jDO -17, a0
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PERCULAT [N FNUM SASE
OF CUVER (INCHES)

PERCULATION FROM BASE

OF LANUFILL (INCHES)

DRAINAGE FrrOM BASE OF
COVER (INCAES)

DRAaINAGE FruM HASE OF
LANUF ILL (INCHES}
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«927
Ge 65U

«14(9
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o 1475
«1301

« 000
«000

«000
«0UV

2.91
fecl

le9ls
«0U0

l.022
3.51y

«1273
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o 1284
. IJSI}

« QU0
« LY

«0Ug
«UUy
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787

14946
2+290
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«000
«00Y
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.882
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Lo {ked)
ANNUAL ToTalLy FuR 5 : - Tt
e T T T R

PRECIPITATION 52413 9166169, 100,00
RUNUFF B 13,849 2435120, 26.57
EVAPUTRANSS Lea f 0H 354704 2750314 6449
PERCULATLION FrUM BASE OF CyYveRr Lab6245 28560603, .12
PERCULATION Fiuit BASE OF LANOFILL: 1.6258 | 2855?6. Jaut2
URAINAGE  FRUM BASE OF Cuvek L8400 .  0e  wou
UrRAINAGE FRUM BASE OF LANUFILL «000 Ce <10
SOIL «ATER T START OF YEAK 116486 2054 1824, B .
SUEL 4aTER AT ENU OF YEAR Li7e8L  20715vl2.
Seiy AaTER AT START OF YEAR ' 0V - - Ve
SnY WATER AT 200 UF YE&R 0G0 Ve
ANNUAL wATER BUUGET BALANCE .00 Caze. 0
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MONTHLY TOTALS FOR T6

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUNALEC

PReCIFITaTtun (INCAES) T l.56 "2e33 2.6 4.35 3.42

- - —‘-‘.U‘i 2.17 2.44 4.30 ‘32 1'63
RUNUFF  (INCRES) 3,632 LAD8 476 «002 .006 S0l
- A-OOUM sJUy 0000 ) 0007! <000 <UD
EVAPUTRANSPIRATIUN 2795 1e019 24088  2.278  5.254  w.397
(LNCHES) 34991 Z.l4} LeS19 24811 1.205 <944
ME<CULAT Iun FrOM DASE «lal?7 L1323 1468 e1338 1364 L1408
Or CUVEr (INCHES) o l960 01353 «1195 1324 1247 o l395
PENCULAT [UN FRUM BASE <1418 .1320 L1461 L1351  J1374 .lale
OF LaMDF ILL (INCHES) 21409 L1425 L1190 21288 L1258  ,lall
DRAINAGE FROM SaSE OF <000 0U0  +000 <000 «U00 <000
COVER (INCRES) « 000 <000 «000 «000  L000 .00V
DHAINAGE FrOM HASE OF « 000 +QU0 « 000 «000 «000 «d00
LANUFILL (LNCHES) « 000 <000 «000 «000 00 0000
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ANNUAL TUTALS Fux 76

Tt T T T INGnES) (CU. Fle)  PERCENT
BRECLFLTATLUN "33.27 5849973, 100.00
RUNUFF 5.377 45462, 16W16
EVAPUTRANSFIKATION 29.002 5099475, Bla17
PERCULA T LON FRUY BASE UF CUVEKR L6259 236407, 4494
FERCULATION FRUM BaSE OF LanuriLt 1.63238 287096, Ge91
uaniuAu; FROM SASE OF COVER - 1000 U « 00
DRALWAGE FROM 8ASE OF LANUF ILL <000 U 200
SUIL walkr AT STAKT OF YEAR 11781 20715012,
SOIL walER AT ENU OF YEAR 115.07 20232937,
SUW WATER AT STarT OF YEAR « 00 Uo

T SNOA WATER AT EnD UF YEAR .00 U )
ANNUAL WATER BUDGET SALANCE 00 le. « 00

GHEBUHHIUHRIRRIG BRSSPSR FHESH BB LORB RSB DSRBPRRERIRIORES LSS R

SOIL WATER CONTENTS OF SEGMENTS
Af Tric END UF YEAR 76

SEoMENT INCHES
1 031
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PReCLIPITarboe {(INCHES)
Rutaikr  {Luidy)

EVAPUTHANSHINaT LU
{INURES)

PERCUL Al LU FruUM pask
OF Luver (InCHES)

PERCULAT [un FRUM BASE
OF bLamuk [LL (INCHES)

URA LWAvE FRUM SASE ubk
COVER ({LINCARS)

DRAINAGE FrUM 8ASE UF
LANDFILL (INCHES)
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« UV
s JUU
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24631
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o 1956
1374
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IR
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el2dv

«l237

al24s
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« 004
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«il9i

e1525
01207

« 00y
« 000

«G0O0
000

2e304
«ULo

2.207
2.018

#1323
1279

« 1357
«1268

«0G00
« 000

«00
«000

70
G935

« 000
2.463

3638
1.534

1352
21400

#1363
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+V00
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«000
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Se00/7
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« 835
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» 1438
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« 000
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ANMyUAL TUTALS FUR 77

TTTTTTTTTTTTTTTTTTTTTT T T InCnES ) (Cus FTe)  PERCENT
CPRECIPITATIUN ;9.3g ) -;;;2646: ISG:EE
RUNOFF B 11615 2042299 23.52
EVAPUTRANSP [KA [ [ON 334410 58745524 67466
PEACULATI0N FROM BASE OF COVER LeA212 2B5U63. - 3e2%
PERCULATIUN FrOM BASE UF LANDFILL 1.6163 284191, .27
URAINAGE FrUM oASE OF CUVER 0000 0 00
URALNAGE FRUM BASE OF LANDFILL Q00 Ua e UV
SUIL WATER AT START OF YEAR 115407 20232937
solL_waftn AT END OF YEAR CL17.81 207145624
 SNOW WATER AT START OF YEAR ) T Oa
SHOW WATER AT ENU UF YEAR w00 Ue )
ANNUAL WATER BUDGET BALANCE 400 -20. 00
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SOIL WATER CONTENTS OF SEGMENTS
AT THE END UF YEAR 77

SEOMENT INCHES
1 el27
2 «763
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1 MONTHLY TOTALS FOR ~ 78

Jan/Jul. FeEB/Z/AUG MAR/SEP aAPR/QCT MAY/NOV JUN/ZUEC

pooeszt <
==
=
gy

by  PRECLPITATLION (INUHES) “a90 1.35 4e31° lel6  BeUO lelno .
G443 63 2.02 l.240 2419 Se62
t RU\JrF { INCHES) He1lle «992 10655 000 997 <00V
'r 822 213 «000 «QU0 «JQU 1.t8?7
|
- EVAPOTRANSP [raT L0 « /63 1,014 2059 2+258 5.225 G.771
L‘ (InCAES) 3a532 “qfU2 3269 e 906 1030 1.005
- PEHCULg ] IUN FeU< dASE «1u23 1294 01439 el347 «1383 « 1264
[J OF CuVer (liCHES) 1307 1328 #1207 L1180 L1321  .1504
or PeRCuULAT {UN PHRUM sASE « 432 « 1299 77014’00 + 1355 . 13806 1263
! OF LANUFLLL ([ CHES) «1337 e 1299 «1233 «1223 « 1215 «1518
‘ URa o FROM dASE UF « 100 «000 « 000 =000 QU0 « 00U
CUOVER {LNCHES) « 00U VRV +0Q0¢ «(300Q +«00 « 000
o~ ,
. DRAINALE FrROM daSg uF « 00 « QU0 « 009 «900 «000 « 000
. LANUFILL {INCHES) <00V «0UD <000 .000 .000 <000 .
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aNWUAL TOTALS FOR 78

ORiGINLY

B T T R T PR TR G B B ST G R TR R R RUE-L- R R R R B RURTENERTY- R R R R R LR R R R A

D D S P Ay UTS R S qg W P G D e A D g A e gy D el W W TS TR U S WD N A s S T U R P A D R G G Sm ED G SR GD R e A A A TP e W aR e

SOLL #ATER CUNTENTS UFf SEGMENTS

al THE ENu OF YEAR 78

SEUAMENT INCHES
L +063
-2 70U

{ INCHES) (CUe Fls) PERCENT
PRECIPITATIUN ;b;;; ) ;U;l4Ubo I;;:OB
RUNOFF id.782 2423266, 3u.l0
EvAPOTRANSP [RATIUN 30,530 5368270, 66,68
PesCuLATION FROM pASE OF CIOVER l.6002 281376, 3.49
PeRCULATIUN FRUM dASE UF LANDFILL 149597 2ulélse K
UNALnaGE FriM dgaSE OF COVER 000 Ve « DD
A {NAGE FHUMVUASE OF LanDFILL «000 Ue «00
SOIL wATeER AT START OF YEAR 111;81 20714562,
$UiL XATER Al EnD OF YEAR L1769 20693175,
994UAN salkr a7 STaxT OF YRAK «00 Ue
Sty ¥pTER af tMQ Q; ;;;k” - 11;; Vb;r
_AnUAaL wATER bULGET daLAnCE 00 -24e ) « 14

e e ey P S P LRI AL L AR R R L R R A AR R R Rk
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AVERAGE MONTIALY TOTALS FUR T4 TRROUGH i)

Lo ' JAN/ZJUL FEB/ZAUG MAR/SEP APR/ZOCT MAY/NOV JUN/DEC

PRECIPITATIUN {INCHES) 4459 1.88 4,09 3.03 3.85 4450
g 3.67 446 4,17  2.76 2468  3.99 .
- RUNQFF  (1.4CHES) 2e151 643 1.223 o 748 « 339 281
; l : .218 B3 , olb? ) n&\)? chl 10'55‘3
EVaArOT2aNSPIRATION «90 /7 lel}9G 2¢1356 2e 334 4,899 24870
; {InCHES) - 3.791 3.595 3.065 2elan le221 «951
PERCULATLION FRUM HASE e 1326 «lilA «1332 « 1339 « L3662 1231
b OF CUVER {InCAES) W1363 o1327 <1204 <1301 . +I3la  Jl4a6Y
[; PERCOLAT LU FRUM HSASE leil 1163 « 1360 «1356 L1371 J1291
OF LadLPILL (InCLHES) «1363 el1333 elll « 1289 el286 . L1483
£.7 . . . . . - T -
DRAINAGE FrOM 3ASE OF 000 «DU0 « 000 «0U0 000 .V00U
_ COVER (INCHES) _ <000 «0U0 «H00D ' L4000 QU0 2000
DRAINAGE FruM daSk uF « 00U «UU0 + 000 « 000 «U00 +000
- LANOF ILL (INCHES) 000 «0UU 0G0 U0 +U00 <00
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Ay A, aaal FuTaALS FUR fa THROUGH - 73
T T T T T T INGHES)  (CU. Fle)  PERCENT

e LR TTAT Lun | 4367 7ol8639. 100400
RUNQFF T - - 84958 1575124, 20451
EVARUTHANSPIRATION 31.871 5603983, 72.98
PLRCULATION FROM HASE OF COVER 145853 2787494 3463
PERCULATION FROM BASE OF LANUFILL 15770 277283, 3.61
gralsage FROM gase OF CUVER : 00 Ja 00
Dralnagk FROM bASE 0OF LANDFILL | «300 Us « 30
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PEAK UAILY VALUES FOR T4 THROUGH 78

T T T IneREs)  (Cua FTar
PRECLPLITATION 3.99 70157540
RUNOF F “ 14945 Mooeﬁ‘haﬂ‘z 1S
PERCULATIUN FROM BASE UF CUVEN 0188 329704 7
PERCOLATIUN FrRUM B8ASE OF LANUFILL 20128 224249
UXATWAGE FRUM SASE OF CUVER <000 .n




f ORIGINAL

[0

Lenl AL PRUM paSe Ur Ldsor Ll U010 . LRV
1' moA N sase OF Cuves 24l .
| Anag UM sade OF LanuF L VI )
l S sUw wATER <00 SR
.
L
“AALEUM valh, SJIL waTER {vulL/vuL) e 454U
[_ SLeiMuM vEuve SIIL 4ATER (VUL/VUL) 920 r

LR -2 R R L R 12 P R Ro k- R Rl e R R R A e g D g T T R O N R ST L R N TR N NN R SRR 8

5 LA L S 2L 11 R R R- YRR E-R- 2R R R T R T A A P T g
. .




[SUUREN S —— N 3 T G V) R ARIR K Al a S L T

. N ’ L . . e . M -
V23wl Yudlgsennl-ril 2 sacnlmdile Ve Tom A st d e 12 0 faule lasalda i iaasa

CRIGINAL
(Red)

+ "

###i##&#%##b#%*#####&4##40##4*&&%#%&kﬁﬂd*#ﬁub##é*#é%ﬂ&ﬁ&i###ﬁ*##d*dJk*
%Qé&#bdﬁ*#*ﬁ##*#****4*4*u##*ﬁ#***&*##a**#iku#%ﬂ»#%#%#*%##&44##4&4#*46%
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PPN U SRR R RS RGP RIS OR OO GER R PRSI R IR N LBt

LUOL orASS

LAYER ]

VERTICAL PERLOLA[[UN Laver
THICKNFSS ST 24400 LINCHES
EVAPORATIUN COEFFICIENT - 44500 MM/VAYREY,S
PUROSITY 498 VUL/VOL
FLELD CAPACLTY « 2230 VvUOL/VOL

. O OWILTING POINT 0920 VUL/VOL
ErreCllVvE RYORAULIC COmMpUCTLIVITY 2o IUY9IIIL [NCHES/HK

-

N TR

LAYER 2

LATERAL LDHAINAGE LAYER ey
SLUPE = S¢00 mcﬁ-ﬁﬁ@e 159
URALNAGE LENGTH ' = 100.0 PEET

TAICRNESS = 12400 INCHES
EvaPURATLUN COEFFICIEN = 34300 MMZULAYR®1),S
PURUSLETY «3510 VOL/VQL

FIELU CAPACITY
‘WILTING PUINT

__._w_jéu.cc‘r-rrus_ SAVANY A u LA AT TEYRVETAN 20 YR a0 0

«1740 VOL/VOL
«lU7Q VUL/VOL
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&_ Harrie® SUIL LAYER -
FTHICRnESS = 24.00 INCHES
. cvuroraTIun COekP ICLed = 34100 MMZUAY##(,5
I FPURUSLTY = 0 S200 vOoL/vOoL
. FieLy LaPACITY = <900 VUL/VOL

EFFECTIVE AYDRAJULIC CunbuCTLVITY

«00UL4200 INCHES/RR

; LAYEK &

WASTE LAYER

TRICKNESS 300400 INCHES
- Evapuraflun COEFFICIENT J¢300 MMZUAYS20.5
9 PUROSLTY 5200 VUL/VOL

o o

FibLU CARPACITY
SIn PG PUlINT
EFFECILVE HYURAULIC CONUUWCTIVITY

“+

«320U0 vYUL/VOL
«1900 VOUL/VOL
28300000 [MCRES/AR

oowuonu

GENERAL SIMULATION DATA
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STATEMENT OF DETERMINATION

1, 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 Liab;lity Act, 42 U.S.C. §9606(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

//W////f/

7DATE 7

Regional Administrator .
U.S. Environmental Protection Agency

Region IIX
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ENDANGERMENT ASSESSMENT OR;GPJML
11 ?u

Army Creek Landfill rhee o

By R.f.chard L. Zambito .

ENGINEER, CERCLA ENFORCEMENT SECTION INTRODUCTION

The Army Creek landfill was an abandoned sand and gravel quarry which
was uged by Newcastle County as a landfill for the disposal of wvariocus
wastes including some unknown chemical zaterials. Ground water contami
nation emacating from the landfill was discovered in 1971 and has been the
object of mmercus studies and investigations since that time.

Tha RAMP report prepared by NUS provides the most comprehensive
suamation of sits conditions and data and was used extensively for this
assessmant. The USGS performed a more extensive review of reports currently
on the site. This report is included for the readers information.

The msajor hazard posed by the Army Creek landfill i3 posed by
contamination of ground water resources by the landfill., In light of
the extensive ground water use in area this contamination represents the
most serious threat to public health. Of secondary concern is the threat
to surface water posed by discharge from recovery wells and leachate
seeps. Sampling of wells in the area by EPA, DNREC, and New Castle
County has revealed the presence of geveral toxic and carcinogenic

compounds.
PHYSICAL DESCRIPTION ' ' .

ygcntion

gravel pit which was used by New Castle County, Delaware, as a primary
disposal site for municipal and industrial wastes between 1960 and -
1968, The site is located on the northwest bank of Army Creek, which
discharges intoc the Delawars River one mile eagt of the site as shown

in Pigure 1.

The Iandfilijis bordered on the west by U.S. Routes 13 and 40 and
on the esst by State Routa 9, located at distances of one—fourth and

one~half miles from the site respectively.

" 'Army Cresk landfill is approximately two miles southwest of New
Castle, Delaware, lying at 30°39'12 north latitude and 75°36'35" west

longitude (USGS, 1967).

The site is bordered on ths northwest by railroad tracks owned
by Benn 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 mile to the east. Llangollen Estates, a residential
development, is one—fourth mile to the south, as is the Artesian HWater

Company's well field. T e

AR 3521776 ,
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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 Aray Creek.

Many types of wastes have been dumped at the site, inmcluding liquid
waste chemicals z2nd oils. Ponds and pits from the previocus sand and gravel
operation were filled with refuse, and the compaction of the refuse was
genarslly 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 1963. This uneven
saurface 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 voluns of approxima:ely 2

milljion cubic yards.

Site Use History

The Army Creek Landfill was operated as a sand and gravel pit by Safenni
Brothers until the pit was depleted. Supposedly, no clay was removed during
this time because it would have interfered with the gravel-washing operation.
Near its final stages, the pit had large pools of standing water in both
eastarn and western sections, as was seen in an aerial photograph in Saienni's

office.

When landfilling operations began, refuse was reported to have been dumpe
rather haphszardly, 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—
nittent cover matarial was obtained almost entirely from within the pit, ..
reportadly using the pit's fioor of red clay and perhaps the Potomac sand
baneath it. When the county became pressed for landfil]l 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 interaittent cover were obliterated when the final cover of
Pleistocsne sand and gravel was hauled in from the Greggo and Ferrara
quarry north of the railroad tracks in 1968.

Tha Army Cresk property was turned over to the New Castle County
Divislion of Parks and Eecreation for intended use as a public park, although

further improvement of the property has not yet been made.

aR302178 @
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Permit and Regulatory Histbrf 7 =

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
Teached capacity and was closed in 1968.

Bemedial Actions to Date .

Company well field which serves a population of about 100,000.

]

In January 1971, a domestic well owned by Mrs. Mary Renni 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.

Weston's remedial investigation has led to. the installatioun of a ground=-
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 syatem i3 discharged untreated into .
Aroy Creek. The overall focus of the multi-~year study is to restore the
dquifiers to their pre=landfill coditions. In the interim, however, remedial
measures have been directed toward the preservation of the Artesian Water

SITE CONTAMINATION/OFF-SITE CONTAMINATION

Alr

Ambient air quality measurements have not been performed at the landfill.
‘Alr quality measurements were taken from well head r~ace by the FIT Region III

"“on Novembaer 12, 1981. Tha results are shown in Table 1 and indicate high
_concentrations of organic vapors, some within explosive ranges. Nona 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 genarally show inorganics at concentrations well below 1 ppm
(except for iron, maximum concentration = 6430 ppb)e. The highest levels of
zine (54 ppb), sluminum (605 ppb), vanadium (10 ppb), magnesiua (370 ppb)
and sodium (1000 ppb) were found downstream of the landfill, while the
saximum concentrations of barium (74 ppb), irom (6430 ppb), lead (16 ppb),
manganese (282 ppb) and calcium 510 ppd) were found in the creek adjacent
to the south edge of the western portion of the landfill (see Figure 2).
Ovganics detected in the sediments are listed in Table 2 and 5.
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Groundwater

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 sampled 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. Iroan encrustation on recovery
well casings has led to costly periodic well rehabilitation efforts. A
ginilar 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

Iimited surface water aalyses have been performed for the Army Creed
Tandfill. 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 NUS REMPO site visit (March 2, 1983)
show normal vegetative cover with no signs of environmental stress. However,
the PIT site inspection report (November 1981) noted damage to flora where

leachate seeps from the landfill.

AR %0 218Z
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TABLE 1
SUMMARY OF FIELD MEASUREMENTS

ON NOVEMBER 9-11, 1981
ESE FIT REGION III

‘explosimiter

OVA o
Pt (ppm) (%)
"BE'O 0 Sight
0 -9~ o
30 > )
200 200 0
20 . 50 Off-scale
off-scale 3 Off~scale
0 o s
K o 45
Off-scale 3 :
0 : o
0 5 0
Q 0 0
0 : 0
0 3 o
0 o o
0 2 1
500 S o
40 0 a
0 S X
0 0 0
0 0 o
0 o X
0 g o
0 4 0
0 0 ’
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3
92 Meter

Sufficient
Sufficient
Sufficient
Sufficient
Sufficient
NA .
Sufficient
Sufficient
Sufficient
Sufficient
Sufficient
Sufficient
Sufficient
Sufficient
Sufficient
Sufficient
Sufficient
Sufficient
Sufficient
NA
NA
Sufficient
Sufficient
NA
Sufficient
Sufficient
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Chemical Compounds ‘ - ‘ ‘ﬂgﬁ)

Records and/or analyses of the wastes are non-existent. Analm “of
groundwaters, surface waters, and gsediments 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 sumnarized in Tables 2 and 3.

Eazatdoug_ Characteriat.’gc:_s_

A listing of the /1 :mmable and/or toxic characteristics of hazardous
substances found in wa' .: aud sediment samples is shown in Tables 4 and 5.

. A3 can be séen from the tablhys 24 hazardous organics and 9 inorganics, some
‘in concentrations above Fede:al Drinking Water Standards and Water. Quality

Criteria were found: in graundwater beneath the sites.

ENVIROMNTAL SE'ITING

Iandfoms

_The Army Creek Landfill, located in New Casl:le County, Delaware is
within che Atlantic Coastal Plain geologic province.

In gsneral, the coastal plain slopes are level to gently rolling with
flat lowlands with many marshes. Elevations range from sea level to
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 Caastle County Delaware, is drained mainly by streams that flow
eastwa:d iuto the Delaware River. The area surrounding the Army Creek
Landfill is drained by Army Creek, which flows past the site to the Delaware
River approximately two miles downstreanm.

Surface Waters .

Army Creek flows between the Army Creek (Llangollen) landfill and the
Delaware Sand and Gravel Landfill. It discharges into the Delaware
River one mile downstream and east of the site.

Geology annd So:l.ls

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

- -‘The unconsolidated 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 ages.

The Columbia Pormation consists of orange, tan, and yvellow, medium

" “to coarse sands and gravels that vary in grain size and degree of sorting,

both vertically and horizoutally within the formation. This upper geologic
layer forms 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 helow the mean sea level in the vicinity of the landfill. The dip

of the formation is toward the southeast. ﬁﬁaa 2 f Eh
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-~ The Potomac FPormation, w’n:lch is approximately 500 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 gsome gravel. This formation thickens and dips toward the southeast
at approximately 40 to 140 feet per mile., The Potomac Formationm 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 Potomac Formations coming in direct contact in some areas. A hydro=-
geclogic croas section (Section A=A in Pigure 2 is shown io Figure &
(Lee, 1982).

Sinrce 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 Potomsc 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 westera portion was used as a land~
£111 as indicated by Figure 3. Today the western portion would be

- considered and mapped as gravel pit or quarry also.

In the vicinity of the landfill the so0il survey has mapped Matapeake
silt loam, Matapeake—Sassafras~Urban Land Complex, and Woodstown loam.
The slopes on these mappings Units range from 0-10 percent.

The Matapeake soil series consists of deep, well=drained soils that --
oceur on uplands of the Coastal Plain. The permeability in th‘s soil
ranges from 0.63 to 2.0 inches per hour. .

The VWoodstown series consists of deep, moderately well-drained soils
that occupy uplands of the Coastal Plain. These soils develop on old
_deposits of saudy material that contain a moderate amount of slit and
¢lay. Petueability in this soil ranges from 2.0 to 6.3 inches per hour.

Groundwater

Thn three aquifera which occur in and/ot around the landfill site
ara the:

« Shallow, unconfined Columbia Aquifer
» Confined, Upper Potomac Aquifer
» Confined, Lower Potomac Aquifer
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INORGANIC POLLUTANT DETECTED IN WATER AND SEDIMENT SAMPLES

TABLE & .

AT THE ARMY CREEK LANDFILL

(VARICUS DATES)

Aqueous Saediment
Concentration
Pollutant Range ug/!

Arsanic <10 - 80 -
Baryilium <2 -4 0.2
Cadmium <§ - 30 -
Chromium <10 - 200 <t -3
tron 7 40 - 224.0607 106 - 6430
Lead <40 - 960 <4 - 16
Manganesa <10 - 3220 47 - 282
Nickel <20 - 120 <2-4
Zine 10 - 8830 2 -84

Maximum Contaminant
Concsentration Limit for the Protaction of

Range ugs/kg Potable Watar Suppiigs ug/!

50
0.037

13.4

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

toward Army Craek.

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. Most large industrial groundwater supplies
and slmost all groundwater withdrawls for municipal and land uses, obtain
their 'lter fron the coarsa grained deposits of this aquifer.

This confined tquifer rangss in thickneaa frou 2 to 80 feet, Pump
tests have shown the hydraulic conductivity to be 500 gpd/sq. ft, however
these rasults may be suspect (Altomari, 1983). Transmissivity ranges
from 45,000 to 70,000 gpd/ft (DeWalle 1981, Lee 1982). Regional accounts
show trausmissivity 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 River, with an approximate natural hydraulic gradient of 0.005 ft

per foot (Lee 1982).

Climate and Meteorology

Dclas:rc, as p:r: 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 summers and winters
which are usually maild. Because of the close proximity of large water
bodies and the inflow of southerly winds, this region experiences high

relative humidity year—round.

AR 3022061
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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
monthly temperatures and rainfall for Wilmington is listed Table 6.

Land Use

Land within one mile of the Army Creek Landfill is uaed for residential,
comaercial, and industrial purposes.

The Amoco Chemical Corporation Polymer Plant is located approximately
oune~half mile east of the site. The plant had operated its own well field
until 1973, producing hetween 1.3 mgd and 2.5 mgd, until the wells became
countaminated and were closed. This contamination was probably caused by
leachate from the Army Creek and Delaware S5and and Gravel Landfills (lee, 1982).
The plant has been inactive since 1980.

Commercial development is extensaive along Interstate Route 40, located
northwest of the site. Most of these establishments, especially thnse in
the Midvale area, are located within one mile of the site.

The Artesian Water Company's well field is located ome=half mile
south of the gsite and curreantly provides the potable water supply for a
.population of approximately 100,000. During the early 1970's the company
produced as mich as 5.3 mgd from its well gystem. 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 ﬂgdo .

Also located withinm one half mile south of the site ig Llangollen
Eatates, a major residential center of approximately two hundred single
family dwellings. Light fandustrial development is located within one
mile of the site, along Grantham lane and Haaburg Road, as shown in .
Figure 1. There are sbout thirty single—family dwellings located in
thase areas,

Another land use within the vicinity of the site is the Delaware
Sand and Gravel Landfill, located acroas Aray Creek to the east. This
site was used a8 a2 municipal and industrial landfill from 1968 until it

was closed in 1976.
POTENTIAL RECEPTORS

Populatian Distributions R

The largest population center within a ten-mile radius of the Army
Creek Landfill is Wilmington, Delaware, Located seven miles north of the
site, Wilmington has a population of 70,195 according to the 1980 census.
Delaware City lies seven miles to the southwest and has s population of
- 1,858, Two miles northesst 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.

533@2292
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Month

January
February
March
April
May

June
July
dugust
Septenber
October
Novenber

Decamnber

TOTAL

- £ ORIGINAL
" (Red)

TABLE 6 .

AVERAGE MONTHLY TEMPERATURES AND
RAINPALL POR WILMINGTON, DELAWARE

“Rainfall (In.)

X ]

Temperature (°F)

32.0 2.85

33.6 | 2,75

41.6 ’ 3,74

52.3 3.20

62.4 3.35

71.4 3.24

75.8 [

741 . — 3,98

67.9 3.42

57.2 " T 2.60 .
5.7 3.49

34.7 3.32
54,0°F(ave.) " 40.25" (annual)

ar302203 @
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Water Users . .(386)

Surface Waters

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

Groundwate_x_'.

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 i
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 coatinue
to acquire their potable water from private wells, as did the other

residents until aquifer contamination was detected.

The Amoco 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 Dber%

local residents are the primary land users of the areas adjoining
the Army Creek Landfill. The residential areas of Llangellen Egtates and
Midvale 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
potentisl land users in the vicinity of the landfills.

PUBLIC HEALTH CONCERN

Alr Pollution

. - -During the Noveamber, 1981 site 1nspectio; coudﬁcﬁed by PIT Region III,

air pollution readings wers 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 ocff=-scale readings in Recovery Well 14 and
Monitoring Well A6. The majority of the wells showed no organic vapors.

It is difficult toc assess the significance of the off=-scale readings for the
air quslity in the vicinity of these wells. However, at the concentrations
found in other wells in the ares (500 ppm), natural dispersion of organic
vapors is expected to be sufficlent to decrease concentrations. below de-~
tectable and harmful levels except in the i{immediate vicinity of the wells.
In view of the off-scale readings it will be necessary to evaluate each
area by additional monitoring of ambient air. The hazard tc surrcunding

populations presented by air pollution from this site, however, arfef¥S {022 31,

be minimal.
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From another viewpoint, since the landfill was operated as a sanitary
landf111 without a gas venting system, the potential exists for the release
of methane gas 23 a result of anaerobic decomposition. Again this does
not appear to be of great concern for off-site exposures,

801l Contamination

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 fees
of uncontaminated soils. However, soll contamination should be expected
in areas whare 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 10,000,1s3 a
major public health concern. The hydrogeologic connection between the
Arny Creek and Delaware Sand and Gravel landfills has been documented in
previous reports by the county's consultants and FIT Region 1II. The
aviluation below addresses the contribution to the groundwater quality
degradation by the Aruy Creek Landfill.

The presence of groundwater contamination in private wells was con-
firmad 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 contamipant migration. Both lnorganic
and organic contaminants have been detected in wells on and around the

landfill.

The mcst recent dats resulting from the FIT site ingpection in
November 1981, indicate levels of several contaminants greater than the
Federal Drinking Water Standards. These include iron, manganese, ..
chronfum, beryllium, cadmium, lead, nickel, zinec, and arsenic. The
Artesian Water Company Well #2, a source of potable water supply, contai..d
four times the maximum contamipant limit of lead.

Ni{neteen priority organic pollutants were detected in the samples
but only four were quantified. Also, DNREC sampled private drinking water
wells 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 considared carcinogenic.

Surface Water Contamiration

Arwy Creek receives surface water runoff and recovery well discharges
from the groundwater recovery systeam. However, Army Creek is not used
for municipal, industrial, or recreational purposes prior to its discharge
to the Delaware River, one aile downstream. The effect of the creek on
the Delsware Rivar is expacted to be minimal due to dilutio

fr&%ozp_os
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It can not be determined at this time if discharges from the recovery
wells affect fish, wildlife, and other casual users of Army Creek.

Fire and Fxplosion

Explosive vapor mixtures were detected in several of the well casings
during the FIT site inapection in November, 1981. Also, the nature of the
landfill (i.e., sanitary) would lend itself to the generation of methamp
gas. Thus, 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 posaibly pose some ?hrea: due to use of Army
Creek by presently unidentified casual users. The impact of Army Creek on
the Delaware River ghould be minimal due to dilutiom.

Specific Toxicological Assesament

EPA-Region III toxicologist, Dick Brunker, has reviewed the chemical data
presented in Tables 2 ard 3. A copy of Brunker's report is attached.

AR302206




United S*'* tes Department of ‘the Interior

| GEOLOGICAL SURVEY
WATER RESOURCES DIVISION /p .
208 Carroll Building .
1. 8600 La Salle Road .
{ - _Touson, Maryland 21204
| ORIGINAL
, , o - (Fed)
November 3, 1983 -"

Ms. Stephanie Del Re'

U.§. Environmental Protection Agency

z { 0ffice of Waste Programs ~
Enforcement

washington, D.C. 20460

{ l Dear Ms. Dal Rc"; Re: Army Creek Landfill
ced his review and discussion of the existing

: data concerning Army Creek (Llangollen) landfill, New Castle County,
Delavware, as part of the U.S. Geological Survey hydrogeologic support
£for the U.S. Environmental Protection Agency. The preport is
| sttgched. As requested by Roy shrock, his packet also contains .
xerox copies of most of the cited references. .

ﬁ“li Don Vroblesky has comple

| o i [l

Harbert J. Feéiberger

Enclosure

[" ce: Roy Shrock
Philadelphia, Penngylvania

o o S
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REVIEW AND DISCUSSION OF HAidilii wasa
Lo IR - g ORIGHIAL
CONCERNING ARMY CREEK (LLANGOLLE.., LANDFILL*¥- (Red)
AND DELAWARE SAND AND GRAVEL LANDFILL, :
| m CASTLE COUNTY, DELAWARE

B 77~an‘Vroﬁie§ky, ﬁydrologist'
U.8. Geological Survey, Towson, Maryland

A. INTRODUCTION

This review has been prepared by the U.S. Geological Survey
as part of the cooperative hydrogeologic support for the U.S.
Environmental Protection Agency (EPA) Enforcement investigation
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
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
and political opposition to specific options are not addressed
here.

B. BREYIQUS INVESTICGATIQNS - ‘

Several reports have been published on the ground-water
hydrology in the general area of the Army Creek Landfill. These
reports include:

1. Water level measurements (Boggess and Coskery, 1856,
Coskery, 1957, 1960, 1961la, 1961b; Coskery and Rasmussen, 1358;
Marine, 1955; Marine and Rasmussen, 1954; Martin and Denver,

1982).

2. A hydrologic atlas of the Wilmington area by the U.S..
Geolfgical Survey for the period 1850~-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, Ine., 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 resocurces of the Delmarva Peninsula
{Cushing and others, 1873).

Additional reports have been published on the specific
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hydrology of the Army Creek Landfill si.ce groungk¢ater
contamination was first detected in 1971. These reports include:
Apgar (1975, 1876); Apgar and Langmuir (1971); Baedecker and
Afgar (in press); Baedecker and Back (1979%a, 1879b); Clark
(1979); DeWalle and Chian (1981), Fiore and Satterthwaite (1973);
Geraghty and Miller, Inc. (1982); Lee (1981, 1982); Lee and
MeGovern (19822, 1982h); Leis and others (1976); Miller (1982);
Miller and Silka (1981); New Castle County (1979); Niesen (1974);
NUS Corporation (1983); Roy P. Weston, Inc. (1972, 1973a, 1973b,
1973e, 1973d, 1973e, 19T7T4a, 1974b, 1974c, 1975a, 197S5b, 1976,
*197Ta, 1977b, 1978, 1980a, 1980b, 1980c, 1981); Webb (1974), and
Satterthwaite and Apgar (1972). Some of the consulting reports
by Roy F. Weston, Inec., and by Ecology and Environment, Ine.,
have been published by specific authors. These references are
cited under the suthar's name. Specific contents of the above
reports are discussed where appropriate in the following
sections. Complete refaerences are cited at the end of this
. report.

C. SOURCE CONTEOL MEASURES IDENTIEIED IN THE BAMB:

1. Closure of hazapdous waste landfill to include measures
designed to pminimize infiltration and prevent gcontsaminant

&. Surface capping (synthetic or natural cover materials)
b. Regrading to control surface-water runoff

¢. Revegetation ' .
Requirements: ' o

1) Estimate of the contribution of vertical
infiltration to leachate generation.

2) Estimate of the amount of water that will enter the
refuse after reduction of infiltration.

Available datacs

Based on hydrologie mass balance calculations, Lee and
MeGovern (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
correct statement would be that only 0.4% of the combined ground-
water flow through the fill and through the aquifer immediately
benesth the fill is derived from vertical infiltration of
precipitation through the fill. Baedecker and Apgar (in press,
p.5) estimate that 70X of the leachate generation originates as
infiltrating percolation and only 30% from lateral inflow.

Thicknesses of saturated refuse are shown Niessen
(1374), New Castle County (1979), and DeWalle and Chian (1981},
The contribution of infiltration to generation of landfill
leschate can be calculated based on these figures. An estimate

infiltration to the fill is also given in Roy F. Weston{(1974
Papers by Clark (1979), Roy F. Weston (1974), and Niesen (1974

of the amocunt of precipitation infiltration and ground-wa:s’
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contain estimates o. the amount of water ¢t. -t will enter the

refuse after reduction of infiltration. ~ UﬁIGH’A[
Data deficiencies: tﬁed}
None.

2. Rartial excavation and disposal -a.f. wastes (those helaow

the seasonal water—tablel,

2. On-site in a newly constructed landfill
b. Off-site in a suitable facility 1

Bequirements-
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 hydrogeologic importanee in determznlng
possible locations for a new onsite landfill is the configuration
of the clay layers and the water table. The thickness of the red
clay econfining unit at the Arpmy 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 abave.

The_ _paotential for release of contaminants during

7handling 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 plume 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 £ill, the thickness of the fill, the thickness of
saturated refuse in January, 1974, and the elevatxon of the water
table. Most of these maps can 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 deficiencies:

ST 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 excavatioans
ecould 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
pertain to this alternative.
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; Requirements: )
! 1} Evaluation of the degree 6f treatment required to
! bring such presumably high concentrations to within

acceptable limits for discharge.
releasine.

| 2) Evaluation of the possibility of
contaminants during the well installation process.

f 3) Evaluation of the effects of mixing of the leachate
. with uncontaminated, oxygenated ground-water induced
to move into and through the fil]l material as a

k result of the pumping. }

This option has been discussed hriefly by Clark (1979), h
suggesting that the leachate could be discharged into a county
sewer. It has also been discussed indirectly by Roy F. Weston

{ (1974) in relation to drainlines. The report discusses options.
- of what to do with the leachate, including recirculation and
spray irrigation. Treatability studies of the leachate collected
t from down-gradient wells has been done (Fiore and Satterthwaite,
*{ : 1973). The detarmination was that the only interim treatment
feasible would be lime addition, filtration, and final pH
{; adjustment. This treatment would substantially reduce the amount
QJ of metals in solution, but would not effectively reduce COD and
ammonia contamination. The study determined that if water
quality suitable for recharge of an aquifer used for publie

L supply is desired, then additional treatment must be used, suc.

[. Available data:s ‘

as activated carbon, ion exchange, and reverse oasmosis. Thes

I methods all concentrate contaminants in the spent ecarbon or brine
b solution rather chemical or biological degradation of them,
e ereating a problem of residue disposal. Leachate collected
directly from the {ill will be more highly concentrated that the
samples for the treatability study. Extraction analyses done on
leachate taken directly from the fill (letter to Harry Otto,
DNREC, from USEPA Southeast Research Lab., 5/18/74) show large
L: amounts of organiec acids and industrial chemicals, particularly
*J 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 pessibility of releasing contaminants during the
well installation process depends on the leachability of the
[s material, which has been discussed in "C2" above., Well
i installation methods must be chosen which utilize as little water

as possible in order to minimize leachate generation.
The effects of mixing oxygenated water with oxygen-
j deficient lezchate on organic chemistry is discussed in
Baedecker and Apgar (in press) and Baedecker and Back (1879a,

1879b). 1f most of the iro sting 1

oclution o
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found in wells pumping leachate from the aqui..r. (Red}
. N b

Data deficiencies: ’ ' - T ]
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. Gas yenting
Requirements:

1) 1Indications that gasses are present in sufficient
amount to be hazardous.

3

" Available data:
OVA readings at the well heads in November, 1881
(Ecology and Environment, 1982) show high values at the Army
Creek landfill, indicating that methane and other volatile
"qrggnic gasses are present in explosive concentrations at several
wells.
Data deficiencies: o
o None c¢oncerning hydrogeology, although a risk
assessment should be determined before initiating additional
drilling, grading, or excavation at the fill.

%

§. No agction

Requirements: T ‘ : ,
' Assessment of the time neccessary to deplete the
landfill of leachable material.

Available data:

The available data is largely qualitative. The time to
restore the aquifer has been estimated at 25 years (New Castle
County, 1977), but it has been observed, for example, that some
landfills from the days of the Roman Empire are still producing
leachate (Freeze and Cherry, 1979, p. 437). Baedecker and Apgar
.. (in press, p.24) point out that the refractory nature of many
~ organic compounds and their tendenecy 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 landf{ll of Ieachable 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.
AR302212
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1.No action.

Requirements: J
1) Rate of ground-water movement

2) Rate of leachate input to ground-water system
3) Rate of attenuation aof pollutants

4) Rate of mechanical dispersion of pollutants
S)General behavior of contaminantsin 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
hesd gradient (I): velocity=KI. Ground-water flow velocidies and
travel times between the Llangollen landfill and nearby major
production wélls have been calculated (Roy F. Weston, 1973a);
however, they were based on head gradlents for 1972 and probably
need to be Peevaluated based on more recent head data and updated
transmissivity values. The head gradient can be determined from
water table and piezometric maps. Limiting the data to those
wells screened at approximately the same depth below the water
table will reduce the effects of vertical flow on the head
gradient calculation. Water table or piezometrie maps can be
found for specific years in almost all of the reports on the
site. The hydraulie conductivity is a factor related to the
squifer matrix. It can be computed from transmissity by dividing.
transmissivity by the thickness of the aquifer. Transmissivities
based on pumping and recovery tests have been calculated for the
study area (Hoy F. Weston, 13723b). The thickness of the aquifer
can be found in bering logs (in EPA files, Philadelphia) or can
be estimated if necessary.

The rate of leachate input to the ground-water is-a
funetion of the amount of water entering the fill and of the
leachability of the refuse. The amocunt of water(Q) entering the
fill from horizontal flow can be calculated from Darcy’s Law:
Q=EIA, where A= & cross-seéctional ares of the saturated waste
through which water flows. X and ] are calculated as above. The
ares (A) can be determined from maps of the thickness of
saturated refuse (found in Niessen, 1974; New Castle Co., 1979,
DeWalle and Chian, 1981). The amount of vertical infiltration
can be calculated as discussed in C~1 above. L

Although the leachability of the waste is an unknown
factor, a qualitsetive 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 {s probably adequate for purposes of
determining the impact of a ™no-action" decision.

~ .The rate of attenuation of organie compounds in
leachsate moving through the aquifer at Llangollen landfill has
been estimated by Webdb (1974) and DeWalle and Chian (1881). Th
degree of dilution due to dispersion can be computed usin

ehloride as the conservative species, Chloride analyses from
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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§)e A cross~section of the chloride plume in mid 1973 showing
movement through the punctured clay is shown in DeWalle: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,
1379b}. )

b}
Data deficiencies:
None

2.Expansion of present ground-water recovery 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 hydrogeclogiec parameters can be calculated
as in "D1"™ 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: * B S L

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 recovery well discharges in a mewly=
sonstructed gpackage Lreatmeat plant or the Wilmiogton WWIR.

. Requirements:
Treatability tests on the leachate.
Available data: ' o - :
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
inorganie constituents have changed little, the number of organic
compounds and the organic _ carbon content of the leachate have

greatly decressed.

Data deticienciés: ’
Updated treatability tests need to be done to
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adequately evaluave the leachate tceatu .nt options. It
additional treatment is deemed neccessary, such as activated
ion exchange, or reverse osmosis, then a suitable method

carbon,
of disposal of the contaminants concentrated by such treatment
must be decided on. . .

. Treatment of municipal. ilndustrial, and private well water
mn_n.a affected by contaminant releases from the Delaware Sand
angd Gravel and Arpy Creek La.nd.tulz...

Requirements:
Same as "D3™ above.

Available data:
Same as "D3" above.

Data deficiencies:
Same 2s "D3" above.

S5.Beuse of recovery well discharges for industrial purposes or
aquifer reinfection following Ireaiment.

Requirements:
Same as "D3"_ above.

Available data: ‘
Same as "D3" above. .

Data deficiencies: ' o _
Same as "D3"™ above regarding aquifer reinjection.

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

wastewater.

§. Minimizing aff-site uumd.ﬂa.ts.r. mxmnm to Dinimize off-site
degradation.

Requirements:
Determination of the optimum pumping balance between

ground-water interception wells and supply wells required to
maintain meximum supply with minimal withdrawal for dxversion of

contamination.

Available data:
This option can be addressed in the same manner as "™2"

above.

Dats deficiencies:
Same as "D2" above.

KR302215 . 7
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Suppljes affeected by contaminant relesses from the S
angd Grave)l and Arpy Creek Landfills, S ;:;&wue aad
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Requ irements: | Red .
1) The potential for contamination of t&egg supplies
2) The availability of an alternate water supply scurce

Available data:

The potential for contamination can be qualitatively
determined as described in "D1" above. The availability of an
alternate ground-water supply can be addressed using the ground-
water {low 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 pumpage by Amoco

in Qcetober, 1980. The simulation predicted a head recovery of
. 120 teet in the lower aquifer.

Data deficiencies:
If the model by Martin (in review) is used, then the
grid should be reduced and the effects of local geology should be
' incorporated. ) ) L e mE s T

8. Becharge barrier Dy gravity injection from the water fable to
the Potomac Aquifer south of fhe existing recovefy wells. P

Requirements:

1) Areal distribution of head differences bhetween the
water table aquifer and the Potomae Aquifer.

2) Chemical analyses from both aquifers in the area of
the proposed recharge barrier in order to determine the

-effects of mixing of the two types of water on
precipitation of solids and well clogging.

3) 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-

R - 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 l1imited to the northwest of the fill (upgradient). 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-3, D1, D2, etc., but apparently these wells are either filled

in or nothing is known about the depth.

Data deficiencies : .
1f R-2, R-3, Di, D2, ete. are of unknown depth or are

deep, then additional data must be obtained south of the recovery
well system, This involves installation of water-table
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"piezometers” and at leas: one or two wells .rom which water-
table samples can be obtained for analysis.
i T - _ OR’G”('AL
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9. mmumcmmém:zmmnmmu}mu
significant impact has gecurred ag & rpesult of contaminant
releases from the Jlandfills. e o

Requirements: i = -

1. Evaluation of leachate impact on surface-water bodies,
2. Evaluation of methodology of restoration 1

Avgilable data:

The limited data available indicate that stream-water
concentrations of iren and manganese {ncrease significantly due
ta discharge from recovery wells and that concentrations of iron,
cadmium, chromium, lead, copper, nickel, zine, and silver are
over the maximum value for protection of fresh-water aquatic life

(Lee.and McGovern, 1982a).

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,
then restorsation options need to bhe addressed, such as
determining whether dredging will release more contaminants than
no-action. If dredging is decided on, then a2 suitable method of
disposal of the waste s needed. .

E. CONCLUSIQNS

- In arder to evaluate any of the options requiring waste
treatment, updatad treatability tests need to be done. 1If it is
found that trestment methods such as activated carbon, icn
exchange, or reverse osmosis are neccessary, then a suitable
method of disposal of treatment residue must be determined. 1If
existing ground-water flow models are used to evaluate options,
the grid sizewill have to be reduced and the framework will have
ta be updated tc account for localized geology; however this can
be done without additional field work.

Additional fieldwork is neccessary to determine the effect
of landfill and leachate recovery operations on surface-water
bodies. Stream-sediment samples need to be collected ang
analyzed. If the results indicate that significant contamination
has cccurred, 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 dispoesal of the waste is needed.
The amount of information known about wells R-3, R-4, Di,

ete. is not clear from the literature. If these are not usabl
wells sampling the water-table aquifer, then addit_iona’
information has to be gathered in order to evaluate theoptiono
ereating a ground-water divide by gravity injection recharge
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APPENDIX -~ ANNGTATION OF SELECTED LITERATURE (Red)

Preliminary lInvestigation ef Ground-Water Contamination

Assgciated With The Llangollen Landfill. New Castle Counfy,

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

Potomae confining beds in the landfill viecinity, the bottom of

the Columbia Formation in the l1andfill vicinity, an isopach of

the upper Potomac confining bed, the piezometric levels for

Sept., 1972, the theoretical ground-water flow pattern in Sept.,

1972, and the known extent of contaminaticn in Sept., 1972. Also

presented are presumed background water quality analyses.

Two papers by M. A. Apgar (19'(5, 1976) suggesting that the
underiying clays of the Potomac Group were probably removed in
pPlaces during development of the landfill.

Scaund Waler Contamination 4ssaociated with Lhe Llangollen .
Landfill, New Castle County, Delware, Extent of Contamination and

sed Corrective Progedures, January 1973 (Weston, 1973a).

This report contains maps of the thickness of the red
confining unit at the top of the Potomae Formation in the
vieinity of Llangollen landfill, and ground-water flow directions
and water quality (9/72) in the Upper Potomace aquifer. Ground-
water flow velocities and travel times between the Llangollen
landfill and major production wells in the vicinity are
calculated based on head gradients for 1972, Chemical analyses

install wells and. piezometers to determine aquifer
characteristics and to intercept the caontamination.

Eyaluation of Ground Water Availability and Pupping Capaciiy.

Llongollen Ares, (Weston, 1373b) '
The report contains aquifer transmissivities and storage.

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

Inter=office meporandum o Haley and qihers from W. B.
Sattecthwaite, 1973 . :

Boy E. ¥eston, Inc.. 3l
The memorandum discusses the paositive 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
leschate in the aquifer and landtill; planning to pump f{rom
existing wells for either trestment and discharge or for drinking
water; no action, condemning aquifer.

Inter=gffice meémorandum to Eroject Eiles from J.A. Heaver
regarding the Llangellen landfill treatment alternatives. 30
Qgtober, 1873, . ) .

The memorandum presents economic and technical rationale fo
initisl reduction of the number of potential alternatives for
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treatiag the Llangulleﬁilandftllxih ard  to pre#ent‘its
contamination of a major partable 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 inf{ltration are discussed. '

| Eﬁ%.}minm Treatability Study Regort.(Fiore and Satterthwaite,

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, then additional treatment must be used, such activated
carbon, ion exchange, and reverse osmosis. o

Fog ORL:

. . 7 ."IVN\ ) (5"1.“
-Breliminary Feasibility Study, Leachate Control Sirategies for
Llangellen lLandfill (Niessen, 1974).

The report cantains maps showing the elevations 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., 197T4. The report
examines hydrogeolgic 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.

Latter to Dr. Barry W. Otto, Technical Services Section, Delawars
Department of Natural Besources, from ithe USEPRPA, Southeast
Besearch Laboratory, April 18, 1974.

The letter contains the results of analyses of leachate
samples by an extraction method designed to separate the leachate
into portions containing neutral; acidie, 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 arganie 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 landf{ll 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 Besqurces in the Yicinity of a Solid Wasie Landfill in the
Midvale-Llangollen Estates Arsa, New Castle County, Delaware
(Sundstrom, 1974). ‘ : ’

This report concluded that (1) the Lower Potomac aquifer was

complaetely developed or nearly completely developed by existing

S~ 13
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 wells in the areé?tt.) fhere'appeared'fo'be . ttle ar no danzer

of leachate contamination from the llangollen landfill to the
Lower Potomac aquifer in the Midvale-Llangollen Estates area:
(3)salt-water contamination from the Delaware River had not
occurred in the Lower Potomac aquifer in the Midvale-Llangollen .
Estates area; (4) the Iimit of development of water from the wells
in the Upper Potomac aquifer on a sustained basis was estimated to
be about &,500,000 gpd or less in the study area; (§5) as of
January 1, 1974, the Upper Potomac aquifer had received leachate
cantsmination in much of a 310-acre area in the study area; (6)
the Pleistocene and suberopping Potomae aquifer beneath and scuth
of the landfill had received leachate contamination and was
passing the contamination to the Upper Potomac aquifer in
places; (7) Army Creek had received leachate contamination by
discharge from the Pleistocene aquifer to the creek in places;
and (8) a small rise in chlorides in the water from the Amoco
Polymer Plant well field wells PW-2 and PW-3 located in the
northesstern part of the area was caused by slight leachate
contamination rather than salt-water from the Delaware River.

Breparatory RPager for Army Craek {(LLangallen) Landfill
Boundiable, November 17=-18,. 1977 (New Castle County, 1977).

The paper discusses various remedial action scenarios.
These are attenuation; hydrogeologic controls (precipitation
infiltration reductica, interceptiaon of ground~water inflow, and
collection of leachate within the landfill); removal of the
source (transport to another landfill or incineration); hasten
decomposition (spray-irrigation or annelidie consumption.
Leachate treatment and incineration are examined in detail. .

Arpy Creek Landfill Technical Bountable, November 1I-18, 1978,
Summpacy Proceedings (Draft) (New Castle County, 1979).

A number of possible solutions were discussed at the
rountable meeting. Attenuation, a no-~actjon alternative, was
the least costly and appeared to have some degree of technical
merit, but was rejected because of the degree of risk asscciated
with Artesian Water Company's well field. Removal of the source
was alsc considered. Moving the landfill was considered to be
just transparting the problem compounded by the costs aof
excavation, transportation, and relandfilling. Incineration was
rejected becasuse of high cost and technical complications.
Receycling of the leachate through the landfill was eliminated
because Delaware’'s humid climate would result in an ever-
inereasing amount of leachate generation. Annelidie
decomposition was rejected because it would only be applicable to
10% of the landfill mass. Hydrogeologie 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 f{low
around the landfill, :

Remedial Action Activities for Army Creek Landfill (Clark, 1979)
The report contains maps showing the potentiometric surfa

of the Upper Potomac aquifer prior to installation of contr
measures and in March, 1976 and the extent of contamination
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migration as of Augnst, 1973. and May, 19T8. ‘NyUTrULUK LIS wweesawon .
(precipitation inti. .ration reduction, inte eption of ground-
water tnflow, and collection of leachate within the £ill) and
removal of the source are discussed. Spray irrigation,
recyeling, 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 recavery by
construction of new recovery wells within or closer to the
landfill and phasing out the existing recovery system.

Rapers discussing the chemical hehaviour of the leachate.

The general behavior of the organic contaminants in the
aquifer at Llangollen landfill is discussed in papers by Baedeacker
and Apgar (in press) and Baedecker and Back (197%a, 1979b). The
reports conclude that beneath the landifll and immediately
downgradientof: the landifll: large amounts iron and manganese are
dissolved, organic matter is oxidized and reduced, oxygen is

- eonsumed, ammonia is adsorbed and nitrate {s reduced. Farther
downgradient, iron and manganese precipitate, less organic matter
. Is oxidized and reduced, and additional ammonia is removed by
- ion exchange. PFarther downgradient, the water chemistry is
predominantly controlled by mixing. The ratieo 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
modeling. The paper by Baedecker and Apgar (in press) is a
conceptual chemical model using cechloride as a conservative
tracer.

Baasibility Study for the Discharge of Contaminated Grouyndwater
from Armpy Craeek Land{ill Becovery Wells, New Castle County.-
Delaware (Ray P. Weston, 1930).

- 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
WWTP would have minimal impact on effluent gquality, 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.

Detection of Trace Qreganics in Well Water Near a Solid ¥aste
Landfill (Dewalle and Chian, 1981).

The most significant aspect of this paper is a discussion of
attenuation of organies 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 bioclogical degradation of the leachate occurs during the
first few hundred meters of permeation. Trace organics showed 2
90 % concentration reduction for every 200 meters permeated

through the aquifer.
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} Field Investigations of Uncontrolled Hazardous Waste Sites, 4
, Bydrologic Survey of Army Creek Landfill and Delaware Sand and

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

6/75, 3/78, T/77T, 1978, 2/81L, and 11/8l. The report also

contains a hydrolegic mass balgnce in Army Creek and Delaware

Sand and Gravel landfills, chemical analyses for 11/81, and a

’ ggagh showing the relationship between pumpage and influence
stance. :

|  Eleld Investigations of Uncontrolled Hezardous Waste Sites, Hell

- gg%ﬁu at Delaware Sand and Gravel Landfill (Lee and McGovern,

This report discusses the ground-water conditions at the

Delaware Sand and Gravel Landfill based on three monitering wells

and two horeholes in the area. The report contains boring logs,

chemical analyses, and water levels for specific wells, az well

, as the results of a magnetometer study which was unsuccessful in
delineating buried magnetic objects in the drum-pit area.

{.g.g..g.):m.. New Castle County, Delaware. (Geraghty and Miller,
k[ The report used a linear gradient madel 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)

l
|
{1 Evaluation of the Becovery-Well System for the Llangollen
I

L the ground-watepr dividecreated by the existing recovery-well
system appeared to allow two significant segments of the plume tc.

.. continte to drift toward the Artesion well field; (2) the

I 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.

Simulated Ground~Water Elow in the Potomac Aguifers, New Castle
Dalaware (Martin, in review).

The quasi 3-d model used simulates flow in three aquifers
and intervening confining units of the Potomae Formation in New
Castle County. The calibrated model! was used to evaluate changes
in water levels resulting from five possible scenarios of {uture
pumpsge. 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
Qctober, 1980, should produce a head recovery of 120 ft. Other
scenarios are: (1) assume that Amoco pumpsage did not decrease, (2)
| redistribute pumpage, (3) include expected inereases in pumpage,
* (4) reduction of ground-water use by substituticn of other
supplies, such as surface-water or ground-water outside the study

I ares.

| ' . | h_ ﬁ@ﬁﬁ@gza .‘

rr——a

™
£ .




: Bﬂm L 7 ‘0(

T - Cx--

Adams, J’.K., and Baggess, D. H., 1963, Water-table, surface-
drainage, and Engineering soils map of the Wilmington area,
g:iawaﬁzeYSILS. Geological Survey Hydrologie Investigetions

as - - .

Apgar, M.A., 1975, We can't afford to let this happen again,
Delaware Conservationist, 9, p. 19-22.

y 19768, Recovery of a leachate-contaminated aquifer
for water supply use: National Ground Water Quality
~ Symposium, 3rd, Las Vegas, 1978, Paper presented orally,
National Water Well Association. -

Apgar, M.A., and r.anagmuir, D., 1971, Groundwater pollution
.gotentia,lsor & landfill above the water table: Ground Water
» po 76~ 6.

Baedecker, M.J., and Back, W., 19792, Hydrogeclogical processes
2nd chemical reactions at a landfill. Ground Water 17, p.
- 429-43T7.

_ ’ '197'"9b7,' Modern-r'nei-rine'sedinie'n-ts ae a natural
analog to the chemically stressed environment of a landfill:
Journal of Hydrology 43, p. 393-414.

Baedecker, M.J., and Apgar, M.A., in press, Hydrochemical
studies at a landfill in Delaware: National Academy of
Science, 27 p.

Boggess, D.H., and Coskery, O.J., 1956, Delaware, in Water levels
‘and artesian pressures in observation wells in the United
States, 1954: U.S. Geological Survey Water-Supply Paper
1321' p. 13-210 ..

Clark, D.c., 197‘9, ﬁemedial ection activities for Army Creek
Landfill: Proceedings of the fifth Annual Research Symposjium
on Salid Waste, Orlando, Florida March 26-28, 1979.

~Coskery, 0.J., 1987, Deleware, in Water levels and artesian .

pressures in observation wells in the United States, 1953,
U.S. Geological Survey Water-Supply Paper 1404, p. 13-21.

— , 1960, Delaware, in Ground-water levels in the
United States, 1956-1957: U.S. Geological Survey Water-
Supply P:nper 15§37, p. 9-15.

1Y

, 196la, Water levels in Delaware - 1957: Delaware
Geological Survey Water-Level Report No. 6.

, 1961b, Water levels in Delaware - 1358: Delaware‘
Geological Survey Water-Level Report No, 7, 17, p.

Coskery, O.J., and Rasmussen, W.C., 1958, Water levels in

17

AR302224




: DeWalIe, FlB.’ and Chiaﬁ’ S.Ko,

- T \.‘ ) _ WG”\M
TN T (Redy:
Delaware - 13.d: Delaware Geologica. Survey Water-Level
Report No. S. ' : ' :
Cushing, E.M., Kantrowitz, I.H., and Taylor, K.B., 1973, Water -
resources cof the Delmarva Peninsula: U.S. Geological Surve
Professional Paper 822, 58 p.

1981, Detection of trace organics

in well water near a solid waste landfill: Journal of

American Water Works Association, pp. 206-211.

Fiore, M.E., and Satterthwaite, W,E., 1873, Prelim%nary
treatability study report: Written correspondence from Roy
F. Weston, Inc., to Stephen Kowalchuk Jr., Department of

" Public Works, New Castle County, Delaware, 7 p.

'Féeeze, R.A., and Cherry, J.A., 137§, Groundwater, Prentice-Hall,
Inc., Edgewcod Cliffs, New Jersey, 604 p. _

Geraghty and Miller, Inec., 1982, Evaluation of the recovery well
system for the Llangollen Landfill, Consultants report by
Geraghty and Miller, Inc., for the Artesian Water Company,

Newark, Delaware, 23 p.

Jordan, R.R., 1878, The Columbia Group (Pleistocene) of Delaware,
PsinPs Guidebook 3rd annual field trip: Thompson, A.M.
editor, Petroleum Exploration Society of New York, University

of Delaware, P 103-109. - . .

Lee, C.K., 1981, Site inspeetion report: U.S. Environment
Protection Agency, Philadelphia, Pennsylvania.

, 1382, A hydrologie sturvey: U.S.
Protection Agency, Philadelphla, Pennsylvania.

Let,. C.K., and Mchvern, 3.G.y lsua, Field investigations ot‘
uncontrelled hazardous waste sites, a hydrologic survey of

Army Creek Landfill and Delaware Sand and Gravel Landfill,
Task report by

New Castle County, Delaware, FIT project:
Ecalogy and Environment, .Ine. to the U.S. Eaviroamental

Protection Agency.

Environmental

== , 1882D, Field investigations of
uncontrolled hazardous waste sites, well drilling at
New Castle County,

Delaware Sand and Gravel Landfill,
Delaware, FIT project: Task report by Ecology and
Environment, Inec. to the U.S. Environmental Protection Agenc
Leis, Walter, and others, 1978, Control program for leachate
affecting a multiple aquifer system, Army Creek Landfill: ip
Proceedings of the National Conference on Disposal of

Residues aon Land, Septembeg, 19786.
9

M;rine, I.W.e, 1955, Delware in Water levels and artes
pressures in observation wells in the United States in 1895

18 AR302225




-
o

!

li

i~ ORIGINAL ™™
| o~ o (Rd) o

U.S. Geological L_rvey Waf@FSupply Paper 121, p. 11-13.
Marine, I.W., and Rasmussen, W.C., 1954, Delaware, in Water

levels and artesian pressures in the United States in 1951:
U.S. Geological Survey Water-Supply Paper 1181, p. 11-16.

» 1955, Prel’iu'xinary”\report on the geology and
ground-water resources of Delaware: Delaware Geological
- Survey Bulletin 4, 336 p.

Martin, M.M., in review, Simulated ground-water flow in .the
~ Potomae Aquifers, New Castle County, Delaware: U.S.
. Geoclogical Survey Open File Report. '

Martin, M.M., and Denver, J.M., 1982, Hydrologic data for the
Potomac Formation in New Castle County, Delaware: TU.S.
Geological Survey Water-Resources Investigations Open-File
Beport 81-916, 148 p.

Miller, W.J., 1982, An analysis and computer simulation of

. ground-water flow in the vicinity of Army Creek Landfill, New
- Castle County, Delaware: Unpublished Master's Thesis,
University of Delaware, Department of Civil Engineering.

Miller, W.J., and Silka, L.R., 1981, Application of Computer
modeling for the investigation of ground-water contamination:
Fourth Annual Madison Conference of Applied Research and
Pracgéieagg Municipal and Industrial Waste, Sept 28-30, 1881,
ppo - - ' ) '

F New Castle County, Areawide Waste Treatment Management Program,

1977, Preparatory paper for Army Creek (Llangollen) landfill
roundtable, November 17-18, 1977: New Castle County Delaware.

-

roundtable, November 17- 18, 1978, summary proceedings
{draft): New Castle County Delaware,

Niessen, W.R., 1974, Preliminary feasibility study, leachate
econtrol strategies for Llangoellen Landfill, New Castle
County, Delaware: Consultants report by Royu F. Weston, Inec.
for the Department of Public Works, New Castle County,

- Delaware. S

NUS Corporation, 1983, Remedial action master plan, Army Creek
Landfill, New Castle County, Delaware: Consultants report by
NUS Corp. for the U.S. Environmental Protection Agency, EPA
Work Assignment No. 01-3v34.0, NUS Project No. 0701.39., 99.9'

Rasmussen, W.C., Groot, J.J., Martin, R.O.R., and others, 19_57,
The water resources of northern Delaware:. Delaware Geological
Survey Bulletin 6, vol. 1, 223 p.

Satterthwaite, Jr., W.B., and Apgar, M.A., 1972, Preliminary
Investigation of ground-water contamination associated with

19

1979, Army Creek Landrtilrlli.r technical

H

AR302226



L. - B ORigINAL
| ~ (Red) N |
the Llangollen .andfill, New Castle ¢ unty, Dslaware:
! Consultants report by Roy F. Weston, Inec. for the Department
of Public Works, New Castle County, Delaware. :

! Sundstrom, R.W., 1974, Water resources in the vicinity of & solid .
{ waste landfill in the Midvale-Llangollen Estates area, New

Castle County, Delaware: University of Delaware, Water
1 Resources Center, 92 p.

Sundstrom, R.W., and others, 1967,The availability of ground
water from the Potomac Formation in the Chesapeake ,and

Lﬂ Delawsare Canal. area, Delaware: University of Delaware, Water
Rescurces Center, 95 p. i :

1971, The availability of

University of

ground water in New Castle County, Delaware:

l‘ Sundstrom, R.W., snd Pickett, T.E.,
[ Delaware, Water Resources Center, 156 p.

Sundstrom, E.W.,, Pickett, T.E., and Varrin, R.D., 1975, Hydrology,
geology and mineral resqurces of the coastal 2zone of Delaware:
[ ] Delaware State Planning Office, Technical Report No. 3, 245 p.

Ttescott’ PoC-g Pindel’, Go?o’ and L&l‘!cn, S.P., 1976, Finite"’
!! difference model for aquifer simulation in two dimensions with
HJ! results of numerical experiments: Techniques of Water

Resources Investigations of the U.S. Geological Survey,
Book 7 - Automated Data Processing and

f Chapter C3,
L Computations, 118 p. ) , .
— Webb, R.G., 1974., Traée Organics near the Llangollen Landfill;
f_ Internal Report USEPA, Athens, Georgia. .
. Roy F. Weston, Ine., 1970, Availability of ground-water in New
f Castle County:s Consultants report by Roy F. Westaon, Iaec. £o_;

the New Castle County Council, Delaware.

i . - e =y 19732, Groundwater contamination asscciated the
i Llangocllen landfill, New Castle County, Delaware, extent of

contamination and proposed corrective procedures: Consultants
[’ repart by Roy F. Weston, Ine. for the Department of Publie

Works, New Castle County, Delaware.

- , 1973b, Evaluation of ground~water availability
and pumping capacity of the Llangollen area: Consultants
report by Roy F. Weston, Inc. for the Department of Publiec

Works, New Castle County, Delaware, & p.

, 1974, Preliminary feasibility study, leachate
control strategies for Llangollen landfill, New Castle County,
Delaware: Consultants report by Roy F. Weston, Inc. for the
Department of Public Works, New Castle County, Delaware, 535 p.

, 1979, Assessment of the effectiveness of

! hydrogeologie control program for reducing the off-sit
impacts of leachate generation at the Army Creek Landfill:

AR302227




- & .‘_% A& =

.Consultants repor’ by Roy F. Weston, Inc. for the Department
of Publie Works, New Castlie County, D aware.

, 1980, Feasibility study for the discharge of
contaminated groundwater from Army Creek Landfill recovery
wells, Consultants report by Roy F. Weston, Inc. for the
Department of Public Works, New Castle County, Delaware.

, 1981, Feasibility study Llangollen Landfill

leachate control alternatives: Consultants repoert by Roy F.

Weston, Ine. for the Department of Public Works, New Castle

County, Delaware. 1

.Woodruft, K.D., 1989, The occurrence 6f saline ground water in

Delaware aquifers: Delaware Geological Survey Report of
Investigations No. 13, 43 p.

- - , 1970, General ground-water quality in fresh-
water aquifers of Delaware: Delaware Geological Survey Report
of Investigation No. 15, 22 p.

ORIGINAL
(Red)

21




‘ | ~ . ORIGINAL
} UNITED STATES ENVIRONMENTAL PROTECTION AGENCY  (Red)

Region il - 6th & Wainut Sts.

Philadeiphia. Pa. 19108 ‘II"

} SUBJECT: Toxicological Assessament of the Army Creek Landfill DATE: M 13 1Yo4
, FROM: Dick Brunker, Toxicologist m@
Site Investigation and Support Sectian

L. TO: Richard Zambito, Environmental Engineer
CERCLA Enforcement Section (3 Hro. )

The Aray Creek landfill analyses revealed the presence of numercus
toxic pollutants at concentrations that would cause comnsiderabie
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 thac exist at this drum site. Thage
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 polluctants; and III) the threat of physical
J damage caused by the toxic nature of these substances to those who
hh] drink watar containing these contaminants.

The data cited in the streamflow samples indicate that the Army T
{. Creek watershed is currently being polluted by leachates from the

- drunxsite. 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 biocaccumulate in
aquatic plants, insect larva, benthic fauna, fish, and most particu-
larly in shellfish causing a health hazard to the consumers of these
organises.

In aquafic ecosystens these toxic substances cause a loss of

the less tolerant (and usually more desirable) species and cause

L severs perturbations in the ecological balance of-the affected biomes,

i usually resuiting in their domination by less desirable species of
£fish and other organisms. Dangerocus. concentrations of copper were

o detectesd in the streamflow sample nupber V (Table 1). Copper is
[_ particularly toxic to algae in these systems causing the cessation
of photosynthetic reasctions in these primary producers. Reductions

— in the smouncs of this important food source are felt all along the -
(>' food chain and can have a severe impact on fish populations.

The concantrations of the six toxic metals listed on Table 1l are
well zbove those established by the EPA ss maximum values for the
protection of aquatic lifs 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
ars two orders higher than the maximum values allowed. Concencrations
of lead were found that were three orders too high. .
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__toxlic elements that sre harmful to the biota but were below detection limits.

ORIGINAL
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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 aquatice
environment. This threat bacomes 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 sampies contained concentrations of these

At least six of the pollutants are carcinogens (Table 2). Some of these
carcinogens wera found in concentrations that were about four orders
( 10,000x) higher than the concentration necessary tc cause an additional
incidence of cancer in a population of one million. These included arsenic,
cadmium, beryllium, Dieldrin, and PCBs. Benzene was detected at a coancentration
that was over two orders higher than a level that would cause a 10-%
risk of a cancer increass.

. Again it mst be stressed that the calculated individual 10~® 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 mumerous other samples contained concentrations of carcinogens
that represent an unsa:iafactory cancer risk but these concentrations were
below detection levels. -

Many of the samples contained concentrations of heavy metals that are
8o high that they are considered to be toxiec according to data published

-~~~ in the Ambient Water Quality Criteria for the specific metals (Table 3).

The physieal damages csused by these toxic elements are insidious and
take place slowly and over an extended period of time. Organs and
physical systems affected include the circulatory system, reproductive
system, kidneys, liver, lungs, peripheral nervous system, reproductive
system including the brain, the bones, inner ear, the eyea 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 detsrmined to be particularly

. susceptible to :hggc dannging affects. : -

Concentrations of nickel and lead are particulary dangeruun at the
concentrations detected. Nickel is suspected to be a factor in stillbirths
and has bean linked to heart and liver damage of affected individuals.

The effects of the chronic ingestion of lead have been widely studied and

" have revealed delitericus effects to all of the systems and organs

previcusly 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 THAT WOULD CONSTITUTE A THREAT TO FRESHWATER AQUATIC ECOSYSTEMS.

Copper (5.6); Chromium(0.3); Cadmium (0.012); lLead (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
B11 400 70 960 40 800
29
. 45
; 39 - 100 200 30 600 120 600
31 .
_ RW4 60, 10 . 20
© RWS : : _ 450
. X/MV#L
AWC/MW#2 20 20 20 . 200 |
.CO/PWZ 20 20
| se “ |
I 50
{ 1I 10 50
A v :
Iv .
g"" v 200 10 150
i |
re (all variables are in ug/l)
L 'I.‘a‘ple 1
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L... INCBEASED CANCER RISK
e Concentrations that would cause a cancer risk causing more th;x; one additional
incidencs in a2 population of one afllion (D107 risk) if 2 liters were consumed

" per day for 70 years.
- Argenic Cadmium Beryllium Dieldrin Benzene PCBs
~6 rigk=> 2.2ng/l 2.6 ng/l 3.7 ng/l 71 pg/l* 0.66 ug/l 79 pg/
| 211 #

w51 10 ’ 100

54 20 40

48 . 10

Bll 60 - 0.35
[ . 50 39 &

. TN
unlabled concentrations (pollutants) are ug/l.

) * pg/l = picograms per liter (1012 grams per liter)

%k S,F. V = strean flow collection number V.

(71 - .
i o

I o
L |
T Table 2
.
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CONCENTRATIONS THAT COULD ILLICIT TOXI_C EFFECTS IN DRINKING WATER.

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

Well
31 L 80 120
54 80 80 40
48 . 60 8630
Bll 60 70 . 960 40
39 200 30 600 120
31 20
AWCMV#2 . 200
units are in ug/l amounts h
*Figures in brackets indicate Ambient Water Quality criteria for drinking
water.
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STATE ©F DELAWARE
DEPARTMENT OF NATURAL RESOURCES
- : & ENVIRONMENTAL CONTROL
Division of Water Resources
Water Management Section
B0 KINnGS HIGHWAY

P.O. Box 1401 TELEMHONE: (302) 736 - 4761
DovER, DELAWARE 19903

_ November 5, 1985

Mr. Lawrence Benning (3WM53)
Chief, DE/WV Section
[ ] Water Permits Branch
U. S. Environmental Protection Agency
Region III ’
841 Chestnut Building
Philadelphia, Pa 19107

—
I

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

4 Dear Mr. Benning: .

Enclosed is a November 1, 1985 draft permit for the Army Creek
- Wellfield discharge to Army Creek. This draft is being forwarded to
1 yon for your comments prior to sending it to the permittee. Normally,
in accordance with the 1983 M.0.A. you are expected to provide
cogments within 30 days. Due to the urgency you have placed on the
issuance of a perait to this particular permittee you are requested to
provide comments as early as possible, hopefully within 15 days.

T p—
= .

Also enclosad is the information relative to this facility §ou -
requested in your letter to me dated September 5, 1985. Specifically
—_— . you requested us to provide:

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

{2} Any instream aquatic biological data for Army Creek

-
—

. {3) our rationale on how this @ata supports our decision for the o

i location of the peint of discharge in accordance with the )
August 27, 1982 "State of Delaware Water Quality Standards

A for Streams”™ and Addendums

rlow Information ' ’ B -

i ' - An excerpt of a U.5.G.8. report entitled "Water Resource Data -
‘ Maryland and Delawars -~ Water Year 1981" has been enclosed.
Specifically, this excerpt is data for USGS gaging station 0182200

\ M'sbzzsé
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Army Creek located at State Road (U.S. Rt. 13), bDelaware. The data
indicatés that a low flow of .0l 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 .l cfs.

Enclosed is a October 29. 1985 memo from Mr. Gregory M. Mitchell
to Dr. Harry 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.
Boller to Ramesh J. Shah and Marilyn P. LaRiccia.

In addition to the above information we are awaiting the formal

_results of a static bicassay 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 be forwarded as scon as they are received.

Finally, additional biological data is available in Appendix L of
the feasibility study for this site. A copy has nct been enclosed,
however, this document should be available in the Region III offices.
Rationale - I

As has been previously pointed out, the Q7-10 low flow of Army
Creek is naturally less than .l cfs. It is currently hi'gher solely as
a result of the recovery well discharges being pumped to the creek.

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.

-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

AR302237
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landfill closure plan. Further, the permittee will be required to
decormission 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 anh.unusual
sitnation. 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

¢leaned up.

If you have any questions on the draft permit or the information
gupplied herein, please contact me. o o ”‘ ’

Sincerely,

S0

J. Paul Jones .
Environmental Engineer
Water Pollution Branch

AR302238 @
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.- —State Formit Number WPCC 3028/77
NPDES Permit Rumber DE 0050741
Effective Date
Expiration Date

€

AUTHORIZATION TO DISCHARGE UNDER THE
NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM
AND THB LAWS OF THE

STATE OF DELAWARE =

Act, as amended by the Clean Water Act of 1977 (33 U.S.C. 1251 et seq.)
(hereinafter referred to as "the Act"), and pursuant to the provisions of
7 Del. C., Esoos

New Castle County Department of Public Works
2701 Capitol Trail i
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

The elfluent limitntions, nonitoring requirements and other permit con-
ditions are set forth in Part I, II and III hereof.

R. Wayne Ashbee, Director

Division of Water Resources

Department of Natural Resources
and Environmental Control

Date Signed

AR302239
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Part 1

State Permit Number WPCC 3028/77
NPDES Permit Number DE 0050741
Page 2 of 18 Pages

A. General pescription of Discharges and Facilities

Discharge 0Dl 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.
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- Part 1
- State Permit Number WPCC 3028/77
: NPDES Permit Number DE 0050741
Page 5 of 18 Pages

D. SCHEDULE OF COMPLIANCE

- gpecified for discharges in accordance with the following schedule:

m B
L

The permittee shall achieve compliance with the effluent limitations

Within 6 months of the effective date:

a. 1Install a primary measuring device for flow at the outfall of the pond.

" Wo 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 vritten notice of compliance or non-
compliance. In the latter case, the notice shall include the cause
of noncompliance, any remedial actions taken, and the probability
of meeting the next scheduled requirement.

Honi:oring and Reporting

igpresentative Sampling

Saiﬁiéé'an&'meaSﬁreméﬁtg'taken as required herein shall be representa-
tive of the volume and nature of the monitored discharge.

Reporting

Monitoring results obtained during'thé previous one (1) month shall be

 gummarized for each month and reported on a Discharge Monitoring Report

Form (EPA No. 3320-1}), postmarked no later than the 28th day of the
month following the completed reperting 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 & R BUILDING, P. O. BOX 1401, DOVER, DELAWARE
19903, TELEPHORE (302) 736-4761

AR302243
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3. Definitions

‘daily discharges by weight divided by the number of days during

Patt !
State Permit Number WPCC 3028!77
KPDES Parmit Number DE 0050741 .

The daily average discharge « The total discharge by weight during
a calendar month divided by the nunber of days in the month that
the production or commercial facility was operating. Where lass
than daily sampling is required by this permit, the daily average
discharge shall be determined by the summation of all the measured

the calendar month when the measurements vere made,

Tha daily alxinun dil:hnrge - The :otal di-ch;r;c by weight during
any calendar day.

Maxizum 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 purpeses of
compliance, the maximum instantaheous concentration shall be based
on the actual analysis of the grad sample.

Bypass ~ The intentional diversion of wastes fromz any portion of
treatment facility. . .
Upset — An exceptional incident in which there is unintentiocnal
and temporary noncémpliance with technology-~based permit effluent
1imitations because of factors beyond the reasonable control of
the permittee, An upset does not include noncompliance to the
eXtent caused by operational error, improperly designed treatment

facility, inadequate treatment facilities, lack of preventive
saintenance Or careless or improper operationm.

Composite sample - A combination of individual samples obtained
at intervals over a time periocd. Either the volume of each in-
dividual sample is proportional to discharge flow rates or the
sanpling 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 colliected 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 & 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.

AR3022kk
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h. 1/s (1nnersion'stnﬁilizatioﬁ) ~ A calibrated device is {mmersed in the
effluent stream until the reading is stabilized,

i. The monthly average temperature - The arithmetic mean of temperature
measurements made on an hourly basis, or the mean value plot of the
record of a continuous automated temperature recording instrument,
either during a calendar month, or during the operating month 1if flows
are of shorter duration,

-4, The daily wmaximum 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 gsources 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 2 leak-f-ae
systen, .1,e., no contact with any gas, liquid, or solid other than he
container for transport; the water shall hzve 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 othervise ecified
-~ 4in this permit.

5. Quality Assurance Practices

The p?rmiité; is requifed to show the validity‘of all data by requir ag its
laboratory to adhere to the following minimum quality assurance praciices:

a. Duplica:e(l)and Spiked(z)samples must be run for each constituent in the
pernit on 5% of the samples, or at least on one sample per month, which-
ever is greater. I1f the analysis frequency is less than one sample per
wonth, 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 samé amount present in the unspiked sample, or must be
approximately that stated as maximum or average in the discharge permit.

1%

Duplicate ':mplnl are not requized for the following parameters: Coler,
Temparaturse, Turbidicy.

Spiked samples are not required for the following parameters: Acidity, A Rz ‘
Alkalinity, Bacteriological, Benzidine, Chlerine, Color, Dissolved Oxygen, b 22{}5
Hardness, pH, 011 & Grease, Radiclogical, Residues, Temperature, Turbldity, . '
BODy snd 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 sudmitted at the end of the fourth quarter of reporting
_4n terms of precision, percent recovery, and the number of
duplicate and spiked samples run, date and laboratory log no,
of :mples run and narme of uulyst.

L -d. Precision :hall ge calculated by the formula, :tandard devia-
tion s = (3d 2/%)*%, where d is the difference between dupli-

. . cate results, and k is the number of duplicate pairs used in

the calculatiens.

?ercent recovery shall be teported ‘on the blsis of the formula * -

— = 100 (F-1)/A, where F is the mnalytical result of the spiked
tample, 1 is the result before spiking of the sample, and A is
.the amount of constituent added to the sample. .

T
"
L

f. The percent recovery, R, in e above shall be summarized yearly
in terms of mean recoverg and standard deviation from the mean.
The formula, 8 = (§(x-%X)4/ (n-1) )%, where s is the standard devi:
tion around the mean X, x is an individual recovery value, and n
45 the number of data points, shall be applied. .

i

g. The permittee or his contract laboratory is required to annually
) " analyze an external quality control reference sample for each
fi pollutant, These are available through the EPA regional quality
{ assurance coordinator. Results shall be included inm the annual
report, ¢ above. ' ;

-
¥

h. The permittee and/or his contract laboratory is required to maj -
tain an up-to-date and continuous record of the method used, o:
any deviations from the method or options employed in the refereace
method, of reagent standardization, of equipment calibration and

L of the data obtained in a, b and £ above.
T 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 CoC

a. TFor 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; .

AR302246
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The dates analyses were performed;

The person(s) who performed each analysis;
7m33e_aee%!:ical techniques or methods used;

The resulte of each analysee; end B |

B ¢ )]
b.

The quality assurance information as stated above,

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.

7If the permit:ee monitors any pollutant at the location(s) designated i

herein more frequently than required by this permit, using approved
analytical methods as specified above, the results of such monitoring
shall 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.

Becords Retention

"~ All records nnd 1nformation resulting from the nonitoring netivities

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)
This period of retention shall be extended automatically
during the:course of any unresclved litigation regarding the reg-
ulated activity or regarding control standards applicable to the
permittee, or as requested by.the Department.

| AR302247
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A. MANAGEMENT REQUIREMENTS

1. Change in Discharge

Lm All discharges authorized herein shall be consistent with the terms -
and conditions of this permit. The discharge of any pollutant iden~
tified in this pernmit at a level in excess of that authorized shall
[ constitute a violation of the permit, 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 csuse for modification or revocation
and reissuance of this permit, as described in Part II, B-5 of this
{ pernit, shall be reported to the Department. Following such notice,
the permit may be modified to specify and limit any pollutants not
previously limited,

Em ‘ 2. Noncompliance Notification

r

L.. be unable to comply with any daily maximum effluent limitations
or maximum instantaneous concentration specified in this permit,
the permittee shall provide the Department with the followiag

[ information, in writing, within five (5) days of becoming awvare
of such conditions:

8. If, for any reason, the permittee does not comply with or will . 7

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

{2) The period of moncompliance, dncluding exact dates and
' times and the anticipated time when the discharge will
J - - 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-
- Jutant effluent standard under Secticn 307(a) of the Act, the
o Department shall be notified within 24 hours of the time the
pernittee becomes aware of the noncomplying discharge., Fotifica-
tion shall include information as described in paragraph 2(a)
above, If such notification is msde orally, a written sub-
mission must follow within five (5) days of the time the per-
mittee becomes avare of the noncemplying discharge.

3. Facilities Operation

The permittee shall at all times maintain in good working order ane‘
! 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 fdeilitv remoVélx.
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sdequate funding, effective management, adequate operator staffing
and training and adequate laboratory and process coatrols including
appropriate quality sssurance procedures.

Adverse Impact

The permittee shall take &ll reasonable steps to minimize any adverse
dmpact to the waters of the State or the United States resulting from
noncompliance with this permit, including such sccelerated or addi-
tional monitoring as necessary to determine the nature and impact of
the noncomplying discharge.

Bypassing

Any bypass of treatment facilities necessary to mazintain compliance

“writh the terms and conditions of this permit is prohibited unless:

" a, The bypass is unavoidable to prevent loss of life, perscnal

injury or severe property damige; and
5. There are no alternatives; and

c. The Department is motified within 24 hours (if orally notified,
then followed by a written submission, within five (5) days of
the permittee’s becoming aware of the bypass. Where the need
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 byﬁ;ssris slloved under conditions determined by the Depait-
ment to be necessary to minimize adverse effect as provided under
7 Del. C., Chapter 60, $6011,

onditions Necessary for Demonstration of an Upset

An upset sghall constitute an affirmative defense to an action brought
for noncompliance with technology-based effluent limitations only if

~ the permittee demonstrates, through properly signed contemporaneous

operating logs, or other relevant evidence, that:

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

b. The permitted facility was at the time being operated in a
prudent and vorkman~like manner and in compliance with pro-
per operation and maintenance procedures; and

¢. The permittee submitted a notificacion of noncompliance as
required by Part 1I, A.2.b.

d. The permittee has taken all remedial measures required to

7-mmneﬁnne@3#- ARaazzng
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j 7. Removed Substances .
Solids, sludges, filter backwvash, or other pellutants removed in the
course of collection or treatment of wastewaters shall be disposed of

t in & manner such as to prevent any pollutant from such materials from
- tntering surface wvaters or ;rnundwnter:.
[ ' 8. Failure

The peréiifé;, in ordet to Iaintain complinnce Hith 1ts permit, shall
I control production and all discharges upon reduction, loss or failure
{ L of the treatment facility until the facility is restored or an alter-
’ ... .native method of treatment is provided.

| f 9. Alternative Power Source

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

-LJ mit,

[ B. RESPONSIBILITY - - .-

‘1. Right of Entry _ |

l The permi::ee shall allow the Secretnry of the Departm:nt of Natura
Resources and Enviromnmental Control, the Regional Administrator, an.
their authorized representatives, jointly and severally, upon the
LJ " presentation of credentials and such other documents as may be re-
quired by law:

b 2. To enter upon the permittee;s premises vhere a point source is
[* located or where any records are required to be kept under the

terms and conditions of this permit; and

(ﬁ B. At reasonsble times to have access to and copy any records re-
quired to be kept under 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
f management, or discharge facilities required under this permit;
and to sample any discharge of pollutants. -

l 2. Transfer of Ovnership and Control

In the event of any change in ownership or eontrol of facilities from
I which the authorized discharge emanates, the permit may be transferred
to another parson if the permittee:

a. Notifies the Departzent, in urltin;. of the proposed transfer; and

AR302250
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1. T LR o Paselorifiemsr
"l - Bb. A vritten agreement between the transferrer and the transferree,
dndicating the specific date of proposed transfer of permit cov-

 erage and acknowledging responsiblities of curreat and new per-
) mittees for compliance with and 11ability for the terms and con-
‘L ditions of this permit, is subnitted to the Department; and

. . e¢. The Department within thirey (30) days of receipt of the noti-
[ fication of the proposed transfer does not notify the current
- _ permittee and the nev permittee of intent to modify, revoke and
. reissue, or terminate the permit and reguire that a new application
'{:1 be submitted. -
| - O
' 3. Reapplication for a Permit T
L 1 At least 180 days before the expiration date of this permit, the permitte
- .. .shall gubmit a new application for a permit or notify the Department of 1
4ntent to cease discharging by the expiration date. In the event that a2

et ’ timely and sufficient reapplication has been submitted and the Departmen
| 7 4s unable, through no fault of the permittee, to issue a new permit befo
=~ the expiration date of this permit, the terms and conditions of this pen
. are automatically continued and remain fully effective and enforceable.
b

&, Availability of Reports

{ l Except for data determined to be confidential under Section 308 of the A

! all reports prepared in accordance with the terms of this permit shall b

- available for public inspection at the offices of the Department of Natu

e : . __ Resources and Eavironmental Control. As required by the Act, effluent d

shall not be considered confidential, FKnowingly making any false statex

-~ - - - on any such report may result in the imposition of criminal penalties as
provided for under 7 Del. C., §6013.

LJ . - S Permit Modification, revocation and Reissuance and Ternination
[ : - .. 8. After notice and opportunity for a hearing, this rpemrirr. nay bé
| . modified, terminated, or revoked and reissued in vhole or in
part during its temm for cause including, but mot limited to,
e S ... the £°1l€“§‘fg= . '
(1) Violation of any terms oOF conditions of this pemit. T o
(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
T -~ - human health or welfare. :
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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
terainated, after notice and opportunity for a hearing, for cause
including, but not limited to, the following:

(1)

)

(3

*)

Part 11 .
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Material and substantial alterations or additions to the dig-
.charger's operation which were not covered in the effective
pernit provided that such alterations do not constitute total
replacenent of the process or production equipment causing
the discharge which converts it 4nto a new source;

The existence of a factor or factors vhich, 1f 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 was issued;

Revision, withdraval or modification of State water quality
standards or Environmental Protection Agency promulgated ef-
fluent limitations guidelines, but only when:

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

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

(1) Revised, withdrawn or modified that portion of the ef-
fluent limitations guidelines on which the permit term
or condition wvas based' or

(1i) Approved a State action with regard to & vater quality
. standard on vhich the permit term or condition was based
and

{c¢) A request for modification or revocation and reissuance
4s filed within ninety (50) days after Federal Register
notice of:

(1) Revision, withdrawal or medification of that portion of
the effluent limictations guidelines. or

(14) The U.S. Environmental Protection Agency approval of
State action regnrding a utter quality standard;

Judicial remand of Enviromental Protection Agency promul.
effluent limitations guidelines, if the remand concerns t
-portion of the guidelines on vhich the permit term or eonditio:
was based and the request is filed within ninety (90) days of
the judicial remand;

s - AR302252
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AT

(5) Any modification or revocation and reissuance of permits mpecif-
ically authorized by the Act;

P

(6) To comply with any applicable standard or limitation promulgatec
_ or approved under sections 301(b) (2) (C) and (D), 304 (b) (2)
L and 307(a) (2} of the Clean Water Act, 1f the effluent standard
T ' ’ - "er limitation so issued or approved:

(a) Contains different conditions or is otherwise more stringer
A R than any effluent limitations in the permit; or

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

" The permit as modified or Teissued 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 POIW which has received
a grant, under section 202(a) (3) of the Act, to reflect the
wed - amount of time lost during construction of the innovative and
alternative facilities by a date which is no later than the
-~ statutory deadline.

oty
H

6. Oil and Hazardous Substance Liability

Kothing in this permit shall be construed to preclude the institution
of any legal action or relieve the permittee from any responsibilities,
l1iabilities, or penalties to vhich the permittee is or may be subject
“under 7 Del, C,, Chapter 60.

. F

7. State laws
Néthing in this pefmitrisﬂdl be construed to 'prﬁeiérlude the institution
of any legal action or relieve the permittee from any responsibilities,
1iabilities, or penalties established pursuant to any applicable State
law or regulation.

1

8. 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
i conditions specified in thiz permit or in absence of a specific permit
[ condition shall report such an incident to the Department as required
; under 7 Del. C., §6028.

_ AR302253



b" . [ﬁ Pl‘ a - .
L ».313 ) T pare 11

State Permit ﬂu:nbcr wWPCC 3028/77.

alY (1 1008 NPDES Permit Number DE 0050741

9.

- 10,

11.
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irope::y 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 Pederal. State or local laws
or Tegulatlons, "“**~’ -

Construction Authorizations -

This permit does not suthorize or approve the construction of any
onshore or cffshore ‘physical structures or facilities or the under-
taking of any work in any navigable waters.

Severability

The provisions of this permit are severable. If any provision of

this permit 4s 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-

stances shall not be affected, I

tr302254 @
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NOV, 01 1965 - | -

Epecial Conditions

1.

" 2.

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

For the purpose of determining compliance with the flow‘iimitntion.
pump records shall be used. For the purpose of determining
compliance with loading limitations the flow, leaving the treatment

73§. §£; necesgary state and federal permits for the installation of the

primary flow measuring device must be obtained. Additicnally, the
primary flow measuring device shall be degigned, installed and majintais
sccording to accepted engineering principles and practices.

There shall be no leaks at the recovery wells or in the piping

between the recovery welle and the treatment facilicty.

Bioassay tests shall be conducted quarterly on discharge 001 usin
*Daphnia® in accordance with the testing procedures outlined in
*Methods for Measuring the Acute Toxicity of Effluents to Agquati:
Organisms” EPA-600/4-78-012, revised July 1978 and the followine
minimum requirements:

i. Prepare effluent water by collecting representative composi =
. samples of the discharge. During the sampling day, if the
instantaneous flow rate does not vary by more than + }5 pe ent
of the average flow rate, then a time-intervaled composite sill
be an acceptakle representative sample. Otherwige, flow

weighted composite samples will have to be collected.

ii. Perform assries of three 24-hoﬁr static toxicity tests. A.low
8 24-hour lag period betwveen sach 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 low toxicity. In these tests the control samples
must have a survival rate of B8O\ or greater for the tests
results to be valid. 1If the control sample has a survival rate
of less than 80%, then the tests must be conducted again.

Test results must be reported to the Department within 15 days
of completion of these tests. This report must include the

individual and average survival rates for the three tests.
v

' 4ii. 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 flow through 1LCgg-96 hours test according to
EPA‘s approved methods (Ref: Methods for Measuring the
Acute Toxicity of Effluents to Aquatic Organisms EPA-600/4-
78-012 revized July 1978).

AR302255
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‘b. Characterize wastewater by appropriate EPA approved )
l . analytical procedures.

€. Report to the Department the LCgp-96 hours of the effluent
. - N and the wastewater characterization results within 15 days
,L of test completion.

iv. 1f LC5°-96 hours is less than 50% whole waste, submit a plan,
- ’ "7 "within 30 days of test completion, for reducing the effluent
toxicity.

" v. The permittee shall notify the Department in writing at least
[ ’ - 30 days before the planned day for conducting the bicassays.

o o ) ) "The perpittee shall alse split the composite samples used to
perform the static bicassay tests with Department personnel.

A . vi. All documentation pertaihing to these toxicity tests must be
maintained at the facility and must be made available for
{ﬁﬂ inspection, upon reguest, by the Department.

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

6. This permit is for discharges céﬂtaﬁinated groundwater from recovery
rer wells identified on-page 2. It is issued on the assumption that

- all contaminated groundwater recovery wells will be eliminated as

part of the Army Creek Landfill closure plan.

{ | . 7. Within 6 months the permittee shall d;vclop:ihd submit for approval

i - --& plan to decommission the treatment facility. The plan is to be

implenmented within 3 months of the discharges from contaminated ground-

F witer recovery wells being eliminated. The plan shall address at

LQ‘ least the following:

- " a. The necessary methodology to return Army Pond back to its

[_ natural conditien.

b. The necessary state and/or federal permits requircd'to
- implemant the methodology outlined as a result of a. above.

c. A schedule for cobtaining the required permits as well as
for implementing the methodology.

é. The necessary criteria and testing to determine prier to
the implementation of the methodology the advisability of

{ implementing the proposal.

- . - AR302256 .
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" BELAWARE RIVER BASIN 8

61481200 ANMY CREEX AT STATE ROAD, DE

LOCATION,~=1at 359°32°5e", 1aa§ ?S‘ST'll“i New Castle County, Hydrelegic Unit 02040205, on left bank at downstreas:

and of culvert an U. 5. Hig

way 13, 0

28 (0.3 ka) south of State Road, and 2.3 mi (3.7 ka) upstrean from mouth
L X3

DRAINAGE AREA.--2.42 mi? (6.27 kn?),
FERIOD OF RECORD.--Octeber 1878 ts Saprenber 1981 (discontinued).
Concrete contrel since Sept. 24, 1979,

GAGE.~=Nater-stage Tacarder.
graphic nap. B

RENKARKS, =+Records poor. Sevarsl shisrvations of uwater teaperature were sads during the year.
EXTREMES FOX PIRIOD OF RECORD, --Mgxisus discharge known, 184 #:3/s (3.2 n?/3) Jan. 21, 1979, gage Xeight, 4.09 £1

Altitude of gage is 10 ft (3.0 n), from topo-

(1.2¢47 u}; mianimus daily discharge, 0.01 £t3/s (<0.001 m?/3) many days durimg August, Septesber, Octoher 1530,

and August, Saptember 19831,

EXTREMES RFOR CURREKT YEAR.--Paak discharges above base of 65 £t¥/s (1.8 m?¥/3) and maximum (*):

Discharge Gage helight " Discharge Gage height
Date Time (£13/3) (m¥/s) {fc) n) Date Tise (£23/3) (a}/3) [fr) fl)
Hay 15 141§ 129 3.45 3.81 1.161 July 21 Unknown Unknown Unknown
Juxe 20 1418 79 2.2¢ 3.25 o.M} Aug., 8 Unknown *Unknown Unknown
Kinizum daily discharge, .01 ft2/s (<0.00% m?/3) many days during Octobsy, August, aand September.
DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1980 TO SEPTEMBER 1981
. MEAN YALUES
OAY ocTY ROV [T JanN FER LLL PR navy JUN JUL AUG SEP
1 o2 8% 1 012 .87 1) 2.0 30 s .10 .82 .41
b 4 o83 « (Y $ *13 3.4 ol i L] 82 1o MY 82 o0}
3 % LY »86 «89 =18 oAb 11 27 «54 «19 «15 l8 «82
4 3 «52 b «87 als oo 21 «30 16 1.5 olé « 2
] M1 28 «hh ofid M} 1.2 1s8 a2l «15 «50 s 3 02
[ ) »43 « 87 86 84 -7 78 o 16 «88 =18 PLE] B2
7 ..z -‘T 0'7 I.. !" !‘1 O:' ." Q.‘ -.5 0'3 c'?.
] 82 -8 -7 8T 1.8 «27 =21 «he 'Y L) «03 as «21
L ] ™ }4 LY «18 N 1) «33 o2l o3y -8 «I6 83 3.0 +1
11 202 37 -2{ N 1) 17 17 «2) " »27 M k] 2.0 0
1 ol M1 ol e %] =34 28 17 i’ «9) 15 +81
12 »82 3 IS 11 N 1Y 1.5 21 1,7 2.7 M1} ) «10 <89
13 albl 216 « od PY 1] S L] »51 «57 b -8 -85 e18
14 «82 s Y «89 N} o211 ok 5.8 «30 33 «85 - 86 +17
i1 82 «38 .1* «05 18 PS ¢ 1.} 22 ] ] o2 28 12
1¢ «42 «8 24 7 1] 28 30 1.8 « 93 «02 4.7 L P2 Y
17 +«82 ofd olé 7 «21 1% 38 t) 3.} 2 «88 26
18 +48 2.4 08 87 «22 «30 22 27 10 «02 02 .9
1] Ty} 25 -8 olt 22 «8v 22 s 13 o7 «30 82 led
e o6 «17 o8 % 1+2 e %) T Je8 12 ol .19
n N sls ot .28 o8 N1 ole. 19 ST -t .10
22 02 °13 o3 32 34 89 17 «l7 «38 « 20 o¥l =88
23 « 82 eld «22 31 1.4 «l8 «3} 12 o0 202 02 =94
A o2 3.9 »51 *28 1.} «h® T2 10 ole 82 N} «83
F+1 1% 1% 23 28 oZA 1.7_ o2 09 1.8 82 o8l «82
}‘ ¥ ] otl «+8 -22 28 «88 el8 o.. .l! -2 +81 93
7 Y4} «lé ot o 23 16 09 17 87 1) a2 -2 -85
e «22 =76 )2 19 1 [ o 93 b2 «h? 1 9 2
29 -1t +28 26 «lb ean +098 *99 219 - -85 o8 M} o2
b1l W18 13 21 «18 L o7l «20 «i2 1 1 o4 «81 o8
n 't 1) —— 13 - Raad «25 Lt -85 Lot 0 o8l o
TETAL 20,37 12.9% 408 3.97  2M.7Y 6.9 .27 $5.30 13.48 38,10 45.8%  1%.4)
Ll L] & .4 =13 13 8% 22 «72 le78 ohé -7 1.48 +45
uAX 13 3.9 3] 32 9,1 1.2 Seb [ 2 3l 13 % 9.9
L3 L] +81 N 1Y o) «43 87 07 17 «87 o) 92 81 o0}
CFin »27 «18 -3 o#5 «35 IS AJ «29 T4 al® b8 bl 27
Ih, =31 «20 «bb N T «37 o1l «33 85 2} T «7} «30
CAL YW 1%88 TOTAL 348.9% HEAN 82 uAK 18 LI N ) § CFSH 3¢ In 4,482
WTR YR 1981 TOTAL 257.97  MEak ,71 ° MaX 3% MIN .B) CFSM 29 1IN 3.9
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MEMOERANDU M

! TO: Harry W. Otto v -

FROM:  “Gregory M. Mitchell &@m.n.
.. , DATE: October 29, 1985

SUBJECT: Bio-Survey at Army Creek

. } . On June 11, 1985, a gqualitative biological survey was

! conducted at Army Creek. Survey objectives were to determine

what KkKinds of macroinvertebrates existed above and below Arnmy

Pond. Sample ‘locations were Rt. 13 Brd. - east side (Storet No.

: 114021) and Army Pond effluent (No Storet No.). Also, a set of

Lg y . water gquality samples (routine parameters) and water samples for

acute toxic biocassays were collected. This report only discusses
[1 the bio~survey results. ‘

@” The sample station at Rt. 13 was a stream, but flow velocity

$ was extremely slow. 7The stream channe] with noticeable flow was

' less than 2 ft. wide. Even in the channel, flow velogity 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 peool. The substrate was hard with scattered cobbles,
pebbles, gravel and sand. -

,‘l

i 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 fi. deep. The
substrate was hard pack clay and sand with scattered cobbles and
boulders. Bioclogical sampling was done in the riffle and pool.

g~

Sample timing was ideal because of low flow (spring drought}

in Army Creek and Army Pond. - During the spring season, there had

T " "peen. very little rain water dilution to minimize pollution
impacts. :

i

-~ Materials and Methods

At both stations, qualitative sampling was conducted by
three people for 30 minutes. The sampling protocol is outlined
below:

’
o

_ 1. Kick samples - the D-shaped net (0.5 mm 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 58332259
h be done at the Army Creek effluent station : '
! because stream flow was adequate.
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Results

2. Swveep samplos = the Dr-shaped net wvas swept
across the bottom, around the stream banks and .
through agquatic vegetation. Sweeps through
vegetation were very productive.

3. Random hand-picked cobbles = 15 cobbles vere
exarined closely for clinging invertebrates.

4. Sieve sediments - sediments in pools and next
tc stream bank were sieved with the 0.5 mm
mesh sieve. Several oligochaetes, pea clans
and chirononmids were collected.

S. Dip net samples - a 3/8 inch mesh hand dip net
was swept through pools and aquatic vegetation
for finfish and very large macroinvertebrates.
A few fish, dragonfly nymphs and large snails
were collected.

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).

Advantages of qualitative sampling are less sample time and
laboratery time. Also, a variety of habitats are surveyed
instead o©of Just the riffle-habitat when using the quantitative
Surber sampler. The meore habitats sampled will increass species
wealth. Species wealth is the strongest and simplest bzologxcnl
parameter for assessing water quality impacts.

Chemical and physical data are presented in Table 1. The
identification and relative abundancies of macroinvertebrates are

Jdisted in Table 2.

Chzronomzds were lumped under one taxon (Chironomidae) on
the Benthic Data Sheet (Table 2). 1f 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 1
Cheaical and Physical Data
Kater DIO'; '
Station Jemp. s m/1 pH Elow Vel. _Bottom Type
Rt. 13 Brd. 20 5.9 6.68 None Hard: cobble, pebble,
gravel, sand
Army Pond Eff. 22 | 8.2 6.640 Moderate Hard: 'cuhble, sand,

clay pack

AR302260
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Riscussion - Rt. 13 Brd. Station

At this sample site invertebrats densities were very high.
The most abundant organiszs were Chironomidae larvae, snails
(Phvsa), pea clams (Musculjum), Tubificidae worms and leeches.
Feeding habits of these dominant organisms are scavengers and
filter feesders. These feeding habits and the high standing crop
indicated organic enrichment. '

Several other different Xkinds of invertebrates were
collected, These included mayflies, damselflies, dragonflies,
bestles, crayfish and other snail species. A total of 13 taxa

' were identified which was fair species wealth.

Environmental tolerances of the crganisms sampled range from

-facultative to tolerant. The one exception may be the mayflies
-(Controptilum? but a literature search was fruitless.

A small effort was made to see what finfish were residing.
After dip netting in a pocol 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 species, plus
scavengers and filter feeders. Species richness wae fair
(positive response). Overall stream health appsared to be fair,
but moderate organic enrichment was strongly suggested,.
Fortunatwly, toxicity did not appear to be a problem.

Riscussion - Army Pond Effluent

At this sample lﬁCllion invertebrate densities were high.
Although the standing crop would still be considered high, it was
not as encrmous as the other sample site. Most abundant species

were Chironomidae larvae, caddisflies (Hvydropsvyche), and snails
(Bhysa). 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 tc wash food stuffs into the nets.
1 strongly believe they were not nutritiocnally or water quality
limited, but limited by nearly no flow at the other station.
Also, net spinning caddisflies were indicative of high levels of

suspended organic particulates.

ﬁnny other different types of invertebrates were collected.

- These included blackflies (Simulium?, mayflies . (Caenis),

damselflies, dragonflies, shrimp, Planorbidae snails (Helisoma’,
Tubificidae worms. leeches and flatwvorms. The total number of
taxa was 12 vhich indicated fair species richness.

AR30226 |




Environmental toelerances of the organisms ranged from
facultative to tolerant. Only the caddisflies were sensilive
types. The rayflies (Caenig) are considered faculative by most
authors.

One hugh carp and several small fish were ssen, but not
identified. One bluegill was collected and released.

The high invertebrate densities, abundance of hardy species
and feeding habits (filter feeders and scavengers) indicated
environmental impacts. Positive s$1g9ns were the sensitive
Hydropsychidae larvae and fair species richness. Moderate
organic enrichrent and high levels of suspended particulates were
strongly suggested. There was no indication of toxicity.

Conclusions

Species compositien and species richness at both sample
sites were 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 esnrichment.

ar302262 @




Table 2

Armny Cresk 1985

‘Benthic Data

-
Diptera
.. Chironomidase
Simuliidae
Simulium s,

" -Trichoptera

Hydropsyche sp.

Ephemeroptera

- - --Geptroptilum sp
Caenis sSp.

Odonata

~ Zygoptera -
Argia so.

Anisoptera

-Coleoptera

Dytiscidae
Agabus _sp.

Decapoda
Palasmonidae

Ealaemonetes sp,

Astacidae

Gastropoda

Helisoma so.

R, Eh::

Lymnaea Sp,.

‘Pelecypoda .

Sphaeriidae
N Musculium sp.
Annelida
Oligochaeta
Tubificidae
~ Hirudinea
Turbellaria

1L »

>0 v

o>

Stations

wmaOnT

Total No. of Taxa

GMM:dlh

13

12
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Route § lridxu (Sum 107031). The Atwy Creek u-;h -zu was tha uurou bridge

= .
[

r-q
[
LI
-

7, bom l.hngon-n u.nd!ﬂl {no ltsut mbor). Lt. It. Jcau um. th.l u-ph siu

’ m n-xt te the wua:n undfiu (x. u. 7.75, no storst wbu).

Chmiul ualyaa fer th- ubicnt wvater unlu ma rcy’ o :nd chlorabmann.

( R -
{ . 7 Wsh ts.-m mlyul vers rcz'-. chlmbmml and the huvy nuh sruuc, udunn.
SRR an e T - 7, ‘
: chrondun, espper, ‘mertury, lsad “‘ "-“° Hm*’» ;
- RPN a'ifmwh{tﬁwtﬁ‘m‘:‘ﬂ SR y‘g‘p

ua.:nr saxplas nn etlhcf.d h

q:.."t"«"'s T A T‘ -

L..] - and mu tor m:ht:.té er;u.u ehn!.cm m ulplis wers ;nb u:plu At hd

- Lien m-:l Aruy Cruh ts.nﬂsh were eo.u-eud r.uh cundud ﬁsh eou.c::bn squipsent
L . euch u i1 uu nd baul siaves. An abundance of fish wers captured. All saxples
o | presacval for tissus ual.yu- were conposed of several individuals. The lsrge chanael
{ " catfish was the only sicgle fish sauple. At the St. Jopes River, a ;111 net waas sst
‘f | three tizss and collections were sparae. Two channel catfish and two gmall vhite

perch wers packaged tar saxples.

o ooz
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Sta ﬂgg! T e I"hh con-cgd _for Analyses

e el

- _lld L!.an Crnk. l:. .lJ m. sumn bm Nllhudl, Ihi:. p‘teh' t'rwi bﬂuhn-uh.

-,‘,:

. Bad Licn Creak, Re. : Ird;'_lmbu sm Nlnauh urp. whits - brown bullhud.l

perch, gizszard shad, channal  channel utfhh. ]
.. . catiish, eels, munlud ' eaTp, whits . -

—em T T T I T . ‘ ] mgh
ATy Crssk, EKX. Brd. Station " brows bullheads, redfia brm iullhnd-

. .zt ——t ow... PickaTels, puapkinsssd swn~ -

, : ~ g4sh, blus gill suafish,
TTTTT T 7 blue spot sunfish, black
T 'cnpph. golden shinars,

- 8t. Jones Eiver, mext to Vildcat . chanoel carfish, whits chanael uifhh,
. Laodfill 4 parch, black cnpph . . white perch

Extra fish that techa.ial Su'vtcu ucuon u.d Bot ued tct mlytic wers :.h'n to

Diamond Shamrock apon their toqwt {Joe \'u:n). At l.od I..toa Cresk, mu 13 3ridge
’ lutm. they wezea ﬂ.un uhi.tn pcrch At :hc Routa 9 stidge Station, they wsra givn
_ brown bullheads, carp, ;hnrﬁ .m asd vh.iu ‘parch.

._Several DNRIC persomnsl participated in tba ‘2ad Licn and Aray Cresk's survaey.

© Roy Miller, Cathy Nartin aad Joe Eamper (Fish tul Vildlife Div.) were responsible for

‘uuu:ug £ish at all thres saaple stations. Spochl thanks te them for thelr coopex-

7 iut.i.on and u:p-xt.:ln 4p fish collections for making this survey a succsss. Mark

Blosser {Water ac.mrm Section) and Grag Mitchell (‘rcchnietl Services Mi.on) col-
lected ambiant water tn.plu (organics and 30C's) at all statfons. Bob Carrow, Lllen
Lyuch, and Greg u:lr.r.hcll (tachniul Sarvices Ssction) were responsible for quality
eontzol in the u.in': Idencifications, waights and leagths of all !h}: -;m.:.ta coi—
lected ware recordad. - All fish sauples wars pachaged in ‘acatona rinsed aliminiua foll
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uqnut. shaats and hzl.l mody sdasts.’ m Boller (Watar lan‘.ly ‘Ssution) obsarved

-t

. that plagus fleld ea‘uc:u.ea
* Bowever ix tha future u stral;ly mo—nd that dl nt-rutd partiu pcrt!.ci.- l

-t " fisk collections and naurntteu for possidle fish collections by Vater Supsly
ue::!.oa. Nark nouu and hrt Boller alee did u.u rmuuunu at At:y Cruk

-

Saxple eounl:seu for th- dn;h station at St. Jcau nnr was & much lhpw ‘

effort. WUatsr saxplex’ (crpaies and $0C's) and fish uuuttou were mtud eut by

. Cathy Mertis, Joe Kamper anﬂ Cret :aux.n. Special th.uuu to eou-rnmn aids (Yish
and ¥ildlife Division) Zer :mm -ud from t!u ln'm'- uum boat rup.

Tha enrau mjnt m u-pl-ud with ‘ -ininl.l amount of ths custemary probleas

' l;-u iz mestings from iluphs to exacutien. ST s -

Analytical results ars peadisg, -~ . PR
_ @uasidp o - . )
. €3 Thomss P. mhhr - ==

Robert J. Toubay -
Roy Miller
. Catky Martis

AR302265@@)

nl :—dhnly ,heai .'..l !,eo ehun. M IIDO euphtd nl ;ru!ru‘ sll mlytial




“ h—-—'—‘.-I-. ) . 51
§ .

)

f. %E s :
- - . -
LI A e . P TR
- P Do
' . - 3 f

.
v
L e
S
.

il

i

.mﬁ A_] —

we
e N .ﬂ .
.~ :
A e,
- . st 4.
- - + &L
; .
.
.
- e - -
B »

DATE smm.sn — '}gg lg?
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coam.m'mu DATE é '37 £3

PROGRAM CORE

. AhAl.YS

.. .

‘J]édife./ S Zémfm Arrnovauv

>

" 106G NO.

-_CM .

. LENGTH (—h-rehm)

\-]EIGHT (grans)

199 1

934

s \q 13
v a0 130
N

} 30

.
-

eS

_32
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MEBORBANRLUN

TO: Harry W. Otio '_",M,J; _ . :
THRU: ) rRobert ?. Garvow ﬂ"&
FROM: Greyory M. Mitchiell oy,
Ellen £. Lyneh FELC -
LATE S Harch‘XB, 1%8% |

SUBJECT:  Semplina Wualify ¢ontrul at Army Creek

i avare %and and aravel ~ Superfund)

— s S an —— — e —— - o > S —— A S =

Surface walor arnd  streae  sedament  samples were
collected at Army Creeh on March leo, 1Y8%. All samples
were callecled pexeopt four Station 8§ «wptermittent
etream easl ot anerbl daisposal aveql., Albgrr walking
aost 0] thas seument., 1L was  apparent  there was  no
stream flow. Only a {ew biny pocls approximately one
inch deep were gbserved.

Water and sediment samplaing ab Army Creeh began et
the lowar statioun & (tadal gale east of RL. 9 and
sampies were consistently Collected going upstream.

= - Upnan arrival el ecach =tation, wabter samples were
hand aipped first. No collection devices were used
such 25 buchel:, =coops, etc. Since wll csample sates
were shallow, sediments were also hand dippea. One
o wilh a ihoraughly vinsed leblex glove (ciean gtove
at each steition) held the sediment sample jar. The jar
wees pushed S-4  incnhes anto the sedinent and  swepi
“across  Lhe bottom  wntrl filled. Staicky, muady sedi-
menLE: wers ransed ofi the outside o1 the Jar wisth
steream waler.

fAin aLbtempt at ec¢ach station was nade to get mudly
011 ooty sEdiments &tnd NOL send. Wravel  end pebbies.
Sediment. Chapracrteriot Ly al. some stationn were doml v~
ated by fi1vw  cand, H2il or cvilave AL those sratioa:
wNu, 1e &y 2 ¥y Lhaty was. the besl zanple we couia
coliect.

fuplicate samples were rollected at Station
wwest. side o L. 15 buohbne Dagry went, All sampyles
and blank zamples wvere hept chilled in an ice cheﬂﬁﬁagaz'}!
during the day. Ledel custudy sheets wvere aleg sunp=" % v o= T .
mitted tLou ihe laboratory.

Stream observataons «at  a birolovical and phveical
point of view indicated stresses. Luxurivus arowbisg ot




a—— ey

R e

- -

long f1lamentous algas, heavy ipon precaipitale (orange
subslrate) and gassing, butblaing sediments ‘when pene-

teeted) wuere observed at most locatiuns, except
Station 6.

Station & C(intermittent stream east of inert
disposs)  area) will be inupected the iiret week of

Aprrl 1785, 1f Jlow 1s adequate, water samples wall (w2
cullected. A sedimenl sample will be vollected regaro-
less of flow.

GMM:EEL :dih




Ukuah«c}f\:s

Surke Wati, s

.t
. Y

A .~‘

e,

o e

*{sssuojsuswtp) ud pue (wo/sO0Wum) #DuUE3IINPUOS DFJISeds 3deaxe wdd uy sIfua  (T)

‘e ldnp ayy
ussAlIag seatwa I8aYbTY eyy Jmaw pajusseld sI(nEes MYl cerdwes wyyl Uo o!.uou.u-u sen spsi[eus swafidng.

| ) *

AR302273

) Puod IFd (eARaD "L

6 *IN0Y JO Iseld ‘mIvn [WPTL *NIR1D Away 9

_ ebpTaq proafied 1apun ‘yeas) Away g
- _ : WeN1})a puod *xeead Kwry p
" _ ouUNIIUT puod ‘yees) Awiy
. 3rey 3O wweiiad) ‘CY BIN0y O 3eed ‘w1 Awiy 2
T ®Inoy JO Jsey "waaixd Away °t

.. .
_ .

‘s » 60 seet 0x"0» i ] P> 269 OQT'O» o0t » oot*> str°0 [3
4 ‘et $°re ot o» rote *°I» 13y Q010> goy‘» asc"o Qao°y ?
I T ] } $°rt oL e a1 I 19°9  Qtrt’0 901*» 0ss 0 ors‘e $
i T 7 st L 4 <r #'l»  rO°CL OTL°O Qo1°» G090 ass’ ey ’
*”nt ”’L ‘et os°z ‘e LA N ) Sl S 14 & 001°> 9080 o1t £
‘e tIt L 14 B 1 5 1 i 14 > 16°%  00T'O» 001" » $51°0 s58§°0 T
*t i 1 L 2 14 ot°o ‘e I 96°%  001°0» ooy’ ost‘o 0cs’o o1

wniieg SUTE  BESURSUSW  UOAI  WOFINe]

Sut {duwg

aH ) UZH.H&Eﬂm, HALYM doVvdunNs sd/Id TIAVHD QN¥ QZﬁM JUYMY'IZA
| G861 TINAY JO o ,
SLINSTY TYDILATYNY DINYDHONI

| S e T T HE M- SR I T S B
L s o =2 =L
AT RN L, . -

cab




yen 4

-t o STATE OF DELAWARE o
~= DEPARTMENT OF NATURAL RESOURCES AND ENVIROWMENTAL CONTROL
. ' | SPECIAL ANALYTICAL REQUEST
DATE SAMPLED: Marrh 23- 1985 snepLED BY: {ynch £ Miche(l  RESULTS TO:
COMPLETION DATE: 5/8 /§C  ANALYST: _ 3 Kim.acso!  APPROVED:
ANALYTICAL REQuEST:  See  attached Shest. for Perameters
. =f 7 .

"7 106 wo. SAMPLE DESCRIPTION C"’ ;1 ,‘ !2

, =13 ¥ L Prmy Oyeel — wesT Side 0f ot 13
Y ] 2 & - — vpstream of weir east of PE23
cig75 | 3w %~ b the pond entrance
i 1 go v ot the pond efflvent
£71 5 " b < jader RR 8rd.

DATA REPORT: CU( Yy Sfir T2l Tion

AW a/r/.n'

AR Z022T4
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STATE oF nzuwm . ‘ L , .

: &
! < DEPARTMENT OF WATURAL RESOURCES AND EXVIRONMENTAL CONTROL
.. | SPECIAL m,\wrzm REQUEST

- L ]
. -

l " DATE SAMPLED: Mp Mmun 5: lynch "Matchell RESULTS ro-P_ﬂa“ﬁ?
COMPLETION DATE: _5/2 /88 mMw¥sT: _S. Bibimenn aerroved: -

L ANALYTICAL REQUEST: _&umw Parameters !
= Dilaciens =zgd_:f;éz.n£ Bupods
[, 106 K0, SAMPLE DESCRIPTION \_‘”“"ﬁ,
T _818 | 6  Army Crek - Tidal 9ate_eas? of RS9
L_.: _; £79 7 Gravel PRE_Pond - .

ESC | 8 intermifent -ctream f-)g; rddrs %)

[“ le gg ! . H,‘__/.TU"L

.
-

*  DATA REPORT:

TR0

i s
e £ _'..LJV U'V
’ a AR302275




_SOURCE Nm_kmmg NPDES DE -

iy * " TECHNICAL SERVICES SECTION /

_DIVISION OF ENVIRONMENTAL CONTROL .
DEPARTMENT OF NATURAL RESOURCES AND ENVIRONMENTAL CON‘I'ROL ‘ ;-_;f
Dl REQUES‘I FOR LABORA‘I‘DRY ANAI.YSIS '

DATE SAMPLED Mﬁg‘_ mmw\ua I,;,, ] BOAT [/ SPLIT ‘

REQUESTER __ N\ ¢y = _ RESULTS T0__ W8 Sﬁhg &!bgﬂ%

SAMPLE TYPE: STREAM -  WELL DOMESTIC WASTE ____ INDUSTRIAL AIR

BIOLOGICAL °  SLUDGE °° ~ BORING “STP omta féﬂ/m T

sontess Ddawnse_ Sad sl Guooel Segect *

SAMPLING MODE GRAB [ / COMPOSITE MFG. S/N

FROM: YR H0 DAY ER
BASIN 10: YR MO DAY HR
TIDE L) Sie Moy kg&\fﬂlo ADDED TO_____ -
COMENTS/INSTRICTIONNAZE = Sty & 299 Assenlea Covfioomadd Tooier .
. i -l . i : .
- - , = " dee
- poo\s wa-bk orecwg < color ‘o ttowa
TEMP., OC. [CI; JSECCHI DEP
LOG. NO.|  SAMPLE IDENTIFICATION TIME | WIR | AIR |Res.| IN. | FLOW FT.
£53 =\ exta 28] 9 | ® ' ?ql’
5632 |xxo Cas® oF R4 \'_': ol % | 7
ESH 3 Bond _ewd. 1St us (o
éE .S‘&"I":‘ - - foad efY lnod 10
B0 AL dac AR s 90T 4
S5 ey j‘rég\ (-EJ:E 10072 £ & !
| S50 T .~ Guvel pit Liand 1o 7]
o A0 _SAMPLES

DATE & 'rms ACCEPTED 3!3(«: / 85 ’ 530 § ACCEP‘I-ED nﬂﬁ@x

* - - - - | 4 f
- o Arphovan By ( b_ﬂ;ﬁ;é&v_/
' co ENT ' 7 I (I.ab ratoqy S_/ugervisor)

COST CENTER { (
AP RC PE FF APPROVd BY v 7 ——
wp %} DSW W botatory Hanager) .
-~ \
ws DR DATE éZ/K ‘

IWOCEMENT Na) b XL {0 o2

AR302276
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"JT._NITROGEN, mg/l

- [SITRATE N., mg/1

[V, sUsp. SLDS.,mg/l

§. MGISTURE

MBAS, mz /1 1l
GREASE, mp/l 1

ARSENIC, uzfg
SELEN] UM, ug

N

T T ANALIDID muyvews

fARORATORY LOG NO.
% SATURATION

DIS. OXYGEXN, mg/l
BOD, mg/1

COD, me/l

[COLOR, UNITS

TURKINITY, FTIU

SPEC. COND., umhos/cm

i
1

-

H B

XRIEX

ALK.,mg/1 CaC03

lacol

(PTLY

ACIDITY, mg/1 CaCOy

BARDNESS, mp/1
CHLORIDE, mg/1

ORGANIC N. mg/1

AMMONTA N.,mp/1

==;====n=d==ub=;==£§l=:=ﬁ=t

ISITRITE N..mg/1

SULFATE, mg/l SO,
TOTAL PHOSPHORUS,mg/1

SET. SOLIDS, ml/1

::E::hd

4

T, SUSP, SLDS.,mg/l

V., SUSP. SLDS,,mg/1

OTAL SOLIDS, mg/l

N. V. T. SLDS.,mg/l

T. DIS. S1DS.,mp/l

FHENOL, ug/1

TOC, mp/l

IRON, u
|COPPER, ug/1

7505

¥ i

MANGANESE, u

FCIMIFS 3987

7320 {la%. 3k

0. 211135 S

4070 0 ‘7217%
i

/4.931<L/0

-~ [CHRONTCM; ug/ge

SILVER, ugM.

<10 liio <D

</0 jl<zr0 1

CALCIUM, ug/l

[ZINC, u
LEAD, ug

NICKEL, ug/1

79.25

240 x

12725 L'l

725 sa0l 1

Ljo )0

L J <30

[CADMITM, ug;
MERCURY , ugz

<0

€30 lis 4D

0, 50 |FC I3

- <o.sgh
/3.5

YN

7.6
<. S0t 0. 21 8.5 [+

.31 9. 22,

<0.50!
y W YAICIT M

1. COLLFORM, #/100 ml

F. COLIFORM, #/100 m}

F. STREP. #7100 m) _

1 il

AR302277
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ANALYS1S REQUEST

O, mp/i

ARORATURY LOG NO. ] T H
‘. SATURATTON -
DIS. ONYGEN, mp/l I 1
BOD, mp/1 1|

]

COLOR, UNITS

o= =2 3 S R R S

TURBIDITY, FTU

SPEC. COXD., umhos/em

pH

Cav

ALK., mg/1 C1C03

ACIDITY, mg/1 CaCOy

ARDNESS, mp/l

CHLORIDE, mp/l

-
5
H_

T. NITROGEN, me/l

ORCANIC N.,.mg/l

INITRITF Y., mg/l

AMMONIA N.,mp/1

SITRATE N. mp/l

SULFATE, mg/l SOy

TOTAL PHOSPHORUS,mg/1

SET. SQOLIDS, ml/l

T. SUSP. SLDS.,mg/l

N.V. SUSP. SLDS.,mg/l

V, SUSP. SLDS.,mgz/l

TOTAL SCOLIDS, mg/l

N. V. T. SLDS.,mg/1

vOL. TOT. SIDS., mp/l

T. DIS. SLDS., mp/l

= MOISTURE

IMBAS, ms /1

GREASE, mg/1

PHENOL, ug/1

TOC, mp/l

1RO%, up

COPPER, g/l

MANGANESE, ug/*

-JCHROMITM, u

SILVER, ug/-

CALCTS ", ux?l

.3
.4 0
:.zri:':'.z., u‘,;:x ]
ACMIVM, uee 10
MERUVRY, uol¥e .89

1Y “{N £/100 ml

1, =100 ml

RET’, #7100 m1_|]
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-— DEPARTMENT OF NATURAL RESOURGES AND ENVIRONMENTAL CONTROL
L REQUEST FOR LABURATORY ANALYS1S
N s‘_,,,-k. _ —
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~ BIOLOGICAL SLUDGE BORING STP OTHER
SOURCE NAME_Quewas ¥ NPDES DE -
ADDRESS g\ f;‘m & _and (scavel Pm.gﬂ
SAMPLING MODE GRAB /< / COMPOSITE MFL, - S/N
] FROM: YR MO DAY HR
BASIN : TO: YR MO DAY HR
TIDE ‘ THIO ADDED TO

TRCHNICAL SERVY Cl-.!; SECTION
" DIVISION OF ENVIRONMENTAL CONTROL
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ANALYS1S REQUEST

- I.AB\)RATUR\' LOG RO. 2

2 SATURATION

Il

DIS. OXYGEN, mpe/]

h

BUND, m?l

cobp, mp/l

CULOR

g UNITS "
TLURBIDITY, FTU

[AFMONIA N, mp/1

SPEC. COND,., umhos/.m

H PR

ALK., me/1 CaCoy

ACIDITY, mg/1 CaCOy

IARDNESS, mp/l

CHLORIDE, mp/i

1

T. NITROGEN, ma/]

[ORGANIC N.,mg/l

NITRITF N., mp/l

NI1TRATE N., mp/1

SULFATE, mg/l SO,

TOTAL PHOSPHORUS, my/1

SET. SOLIDS, ml/1

T. SUSP. SLDS.,mp/

i

N.V, SUSP. SLDS.,m./1

V. SUSP. SLDS.,mg/

TOTAL SOLIDS, mp/1

N. V. T. S1.DS.,mp/

VoL, TOT. SLDS., myufl

T. DIS. SLDS.,mg/]

% MO1STURF.
MEAS, me /1 i
GREASE, mp/l il
PHENOL, ug/l

TOC, mg/1

TRON, up /- J225Y
COPPER, ue/l

- - [MANGANESE, ug/ ﬂj?.az_.

CHROMITM, up/9= .52
S1LVER, ug/d <y0
TALCIUM, ud/l -
ZING, U 3.00
fLEAD, un: /.69
[NICKEL, up/1
JCADMIUM, upFL <70
MERCURY, ug <0.50
ARSENIC, ug £4.0
SELEN]IUM, ug {0 .50
Paciim, #9/3 U734
T. COMLIFORM, £/100 ml

F. COLIFORM, #/100 m} |
F. STREP. #7100 m1_|] il
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STATE OF DELAWARE

DEPARTMENT OF NATURAL RESDURCES
& ENVIRONMENTAL CONTROL

DiIVISION OF ENVIRONMENTAL CONTROL
- WATER RESOURCES SECTION

B9 KINGE HIGHWAY
PO BoOx 1401
Doven. Ditawant 19903

MEMORANDUM

0: Ramesh J. Shah
Marilyn P. laRiccia

FROM: Mark P. Boller 1 ¥%/3
§UBJ: Red Liocn Creek Fish SAmpling

DATE: June 2, 1983

TELIrrONE: (302 736 - 4761

On May 31, 1983, I went to Red Lion Creek to
Figh and Wildlife and Tech. Services collect
planned so I could watch sampling procedures
sample.

cbserve the Division of
fish samples. My trip was
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 Camper of Figsh and Wildlife and Joe Morone ‘of Diamond Shamrock

ware all present.

Fish were collected with 50' X 6' gill nets with 4" to 14" mesh. The

gill net was set across the creek at the Red

Lion Rt. 9 bridge and left

for approximately 1% hours. A haul seine 25' X 4' X 4" was pulled along

the bank of the Red Lion. In all, 6 species

Cyprinus carpio Carp

Icta Jurus nebulosis Brown Bullhead

Ictalurus punctatus Channel Catfish

Lepomis gibbosus

Morcone Americana thite Perch

Dorosoma cepedianum

Gizzard Shad '

Pumpkinseed Sunfish

of fish were caught.

15 £ish - from 1 to 8 1bs.

8 fish - from 1 to 2 lbs.

1l fish - approx. 8 lbs.

4 fish~- all less than 1 1b.
10 fish = all less than 1 1b.
4 fish » up to 3 1lbs.

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,catfish, gizzard shad, and white perch. This way bottom
feeders and predator fish were analyzed along with the gizzard shad
After being measured and .

which iz a plankton and invertibrate feeder.

weighed, the fish were wrapped in acetone rinsed alumimm foil and put

on ice.

AR302282




MEND TO RAMESH J. SHAH
: MARILYN P. LARICCIA
. - Junn 2. 1933 ' - B

Paga 2 .

-
-

At Rt., 1) Red Lion Creek, a ¢ill net was set across the creek for 30 min.
and a haul seine was pulled along the bank, I might 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. Theae fish were divided with Diamond Shamrock

1 for a split sample.

P The Army Creek sample station at Rt, 9 was changed to Army Creek near
L. the railrcad bridge by Mark Blosser. He decided that if the fish were
C going to have any contamination from the landfill, that they would have
. it there since this staticn is directly adjacent to the landfill and
[‘. the recovery system feeds the creek a large amount of water. Also the
L. tidal influence was minimal, He thought that the fish at the Rt. 9
station were more 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 Bluegi).i 8 fish - .5 to 3 inches
Enneacanthus gloriosus Blue sported sunfish 4 fish « .5 to 2 inches
Lepomis gibbosis Pumpkinseed sunfish 35 fish - .5 to 3 inches
Pomoxis annularis White crappie 4 fish - .5 to 1.5 inches
Esox americanus Redfin pickeral 7 fish = .7 to 9 inches
Ictalurus nebulosis Brown bullhead 4 fish - 4 to 6 inches
Notemigonus cryscleucas Golden shiner 1l fish - 4 jinches
Anquilla rostrata American eel 4 fish = 3 to € inches
Morone americana white perch $ 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
making escape possible for larger fish.

Invertibrates collected consisted of numerous grass shrimp and mayfly
larvae. These also appear to be heaithy. 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 some fish filled with eggs and milt ready
to spawn at any time.

The figh to be analyzed at Army Creek are Pumpkinseed sunfish, Redfin pickeral,
and Brown bullhead. These fish also were weighed and measured and wrapped
in acetone rinsed aluminum foil,

T A R

The analysez gshould be completed within two {2) weeks and results sent
shortly thereafter.

AR302283
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STATE OF DELAWARE
DEPARTMENT OF NATURAL RESOURCES
& ENVIRONMENTAL CONTROL.
" 'Division of ¥Water Resources

Water Managemaent Section
89 KNGS HIGHWAY' - i
PO. Box 1401 TVELERMONE: (302) 736 - 476)
" DOVER, DELAWARE 18903

. November 14, 1985

Ms. ¥Elaine Harbold

U.5. Environmental Protection Agency
Region 111

841 Chestnut Building

Philadelphia, PA 191407

Re: Army Creek Wellfield
Rehoboth Summertime Performance
e Tl ez 0w om0 Lo acs Georgetown Cease and Desist Order

Dear Ms. Barbold:

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 S5, 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, I 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.

B

Paul Jones
Environmental Engineer
Water Pollution Branch

Enclosure

JpJ/dlp
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.‘ ’ {’sm§ UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

55’ ~ ENVIRONMENTAL RESEARCH LABORATORY —~ DULUTH
ot 8201 CONGDON BOULEVARD
J DULUTH, MINNESOTA 55804
) 7 November 1985
Rick Green
Environmental Engineering _
L Water Pollution Branch DNREC
- 89 Kings Highway
PO Box 1401
[“' Dover DE 19903

Dear Rick: o
[ Here is the data on Army Creek, I did not provide any methods
information with this except for the following. The test used
) Ceriodaphnia dubja. It used 15 mls of test solution and one
[‘J animal per 15 ml. NWe use 10 animals per concentration. Test
5 was renewed twice after it was initiated. Young were counted
at each renewal, Animals were fed a mixture of yeast/trout
R chow/Cerophy1® at 13 mg/1 final concentration. Test began with
| ;{ <6 hr old young. They are fed daily. The test temperature is
25°C. Young production was in the normal ranges of our expected

production. .
L 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.
L
’ Sipcerely,
i Vo
| s b~
Teresa J. Norberg-King

Biologist :

Ty

1r302286 @)
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Moo, ... o o B 6 Nov 1985 ;
{ - . Joe Amato
] Cerfodaphnia Chronic Tests Run 6/12/85
A __.. ARMY CREEK DELAWARE
l 3 Sample ¥ Number of Young 95% Confidence  7-day Percent
' female Interval Survival
L Control 214 (19.7 - 22.5) o
) 13 *1a.2 (10.0 - 18.4) 80
| < S ~ {4.8 - 18.0) *40
. 10% *13.5 (8.5 - 18.3) - &0
(¢J : 30% 16.7 (12,7 - 20.7) 90
L} 0% *17.7 (16.6 - 18.8) 100
A ;
i . Ambient Site - )
. Red Lion ) 21.6 (18.0 - 25.2) 100
‘R.R. Bridge 16.5 (0 - 64.9) *20
I Pond Influent 6.8 (13.3 - 20.2) - 90
Route 13 14.3 (8.0 - 20.6) - 60
|
i
L Routine Water Chemistries
‘ i gﬁ Range Initial Dissolved Oxygen Range Final Dissolved Oxygen Range
L 6.7-70 = 80-8.8my/l 1.5+ 7.8mg
[ ) i
{
!
{
Sf‘()uiJ'ltét\:}k{ Aiffend tﬂ')h T eovh c!
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SOLUTE TRANSFORT FROM FOINT SOURCES
IN THREE~DIMENSIONAL UNIFORM FLOW

MODEL: PLUMESD

¥ K & ok %k k
* ok ok %k k %

e S 6 2 3 I 36 JE W T He e M T TN NI He S e AW N

USER: EFS

T

LOCATION: ARMY CRK

— gl ey e s i s it i

DATE: = 2/2&/86

_INFUT DATA:

DARCY VELDOCITYewavsaanscseransnnnasanal 1,00
EFFECTIVE FUOROSITY. v eveiuucncsensannanat <13
LONGITUDINAL DISPERSIVITY..ieeacnnveanaat I0,. 009
LATERAL DISPERBIVITY.evesecvannnsanenntl 10.00

VERTICAL DISPERSIVITY..cieananennnneant 3.00
DECAY CONSTANT (lambda)e..c.issecacaacass Q
NUMBER OF POINT SOURCES: casawasaacsaesl =

SBURCE DATA:

SOURCE NO. 1

X~COORDINATE OF THE SOURCE.scvesncnssss 1000.Q0
Y—COORDINATE OF THE SOURCE.cceceenacee? 30C0.00
Y-COORDINATE OF THE SOURCE.cacasnsenas? 70,00
THE SOURCE STRENGTHuwscnssesvnasusssust Q.00
ELAPSED TIME OF THE SOURCE ACTIVITY...: 345.00

SOURCE NO. 2

X~COORDINATE OF THE SOURCE...ceseeceees 500.Q0
Y~COORDINATE OF THE SOURCE..ececesaeee: 2500,00
Y-COORDINATE OF THE SOURCE..e.euveceeet  70.00
THE SOURCE STRENGTH. secevvavennnnacanal 0.00
ELAPSED TIME OF THE SOURCE ACTIVITY...: 345.00

ft/d

ft
ft
£t
i/d

ft
ft
ft
lbsd




~._‘_?\ .
#

SOURCE NO. 4

SOURCE NO. 3

X—COORDINATE OF THE SOURCE. .« e v evsnen. .t
Y-COORDINATE OF THE SOURCE . v cevvenoans
Y~COORDINATE OF THE SOURCE.« e csvesnneas

" THE SOURCE STRENGTH. e sseecessasncsseen

ELAFSED TIME OF THE SDURCE ACTIVITY...

X—~COORDINATE OF THE SOURCE. . esvecnaeas
Y-COORDINATE OF THE SOURCE. . avcsssaan:
Y-COORDINATE OF THE BOURCE.....v...w en
THE SOURCE STRENGTH. s cieesnsstavncscns

ELAFSED TIME OF THE BOURCE ACTIVITY...:

SOURCE NO. S

X~COORDINATE OF THE SOURCE. e cesnsacas

Y-COORDINATE OF THE SOURCE........ csesd
Y-CDORDINATE OF THE SOURCE. .scs.eeaeeas
. THE SOURCE STRENGTHa: s s essnsnneresaasasses

ELAFSED TIME DF THE SOURCE QCTIVITY...:

GRID DATA:

X~-CODRDINATE OF THE GRID ORIGIN.......:
Y-COORDINATE OF THE GRID ORIGIN.......:
Z-COORDINATE OF THE GRID ORIBIN.......:
DISTANCE INCREMENT DELX«ecec-cenrcavnane H
DISTANCE INCREMENT DELY...caasn.a. censtl

DISTANCE INCREMENT DELZ.ceannrsaansesnat

NUHEER'OF‘NDDES IM X-DIRECTION..... cest

S500.00
2000. 00
. 70.00

T 0.00
F65.00

1000, GO
1504. 00
70. 00
0. 00

S63.00

SO0, 00

1000, 00
T0.00
GO0
”éq.UO

.00
C.00
.00
SOC, 00
S0, 00
10,00
io

ft
ft
ft
1b/d

ft
ft
ft
1b/d

ft

ft

ft
lb/d

ft
ft
ft
ft
ft
ft
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