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< |ô..rn

v-ocfc 4-3 b«.
ia.rrc 3«,
Shove.

Ii
1 1

i-—
Sol 0 ' "

^005^2

—— ̂

REMARKS

Cotnpv.
4-t̂ -«L4

^

^



ORIGINAL
(Red)

TEST BORING Ns M'~S BY 3-- DATg A-\'-34 CHK'D £? DATE-'-
F )JECT NAME VVsv-̂ e-Vt. V-»>»JC!V\-V.________ PROJECT N« O~"bO. '.'.» LOCATION O'.rrvr . PP-.__________________________
&cOLOGIST/ENGINEER -J .̂-)trr' / •-. 'T>=.—7._____ DRILLING CONTRACTOR ~7-*M N- - ̂g."-!."^-________DRILLER P~RV''?. -O'J J/-''

Kog^g. D»J ZV7T-^Ki nnn l INC. METHOD >\o »^ V-'V't.Vs.'\Jg.p. DRILLING DATE "'A. •*" 4/lOrnnoniMaTre
ICE ELEVATION ^ V/. V_______________ STICK UP ELEVATION VV3-7' r..——^___________ SCALE l"t

LITHOLOGY

SURFACE

O-'O 5of+ 4-o We.3i.jirn SVA"

Er̂ ,uc»~ Sil-Vy Ct^Y

T-r-i ;;'i, moi_-V.
'5~ZO Ws.dl--J.rA SVii^ 4"Q^lVf

IV'0*Vlc i Ys.llo'jJ Sr?'j-jr

Clayey S"-T <Tr"-^«-
LOeo-^-Kcr- ca Hfi'rr*ô v'̂ .
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GEOLOGIST /ENGINEER ''• 1">VN~' ' '•-• P̂ '"'Z. _____ DRILLING CONTRACTOR ?P.M>-U> r.P.i'..-'.M-- ? o _____ DRILLER -MM

"-V ___________ DRILLING "gTunn l-.oap.pt / CJ\S.1>0& DRILLING DATE -±-_________ COORDINATES
E ELEVATION ^^j6.C,__________________ STICK UP ELEVATION V S3. a» J x-<-t»c__________ SCALE l"« 10' VERTICAL

LITHOLOGY

SURFACE

B̂

•

PR
OF
IL
E

DE
PT
H,
 F
EE
T

SOIL SAMPLE

NU
MB

ER

1 P
EN
ET
RA
TI
ON
]

(
 I
NC
HE
S 
)
 
1

I 
RE

CO
VE

RY
|
 (

 I
NC
HE
S 
)

h"
UJ
UJ
U,

O.
UJ
O

BLOWS/6"

ST
AT
IC
 W
AT
ER

LE
VE
L,
 F
EE
T

BO
RI
NG
-C
AS
IN
G

DI
AM

ET
ER

,
IN
CH
ES

flfi

ROCKSAMPLE

z
->
X

31

RE
CO
VE
R 
Y
%
|

1C

oo
X

5

WELL CO
(NOT TO

ProTective

__ — —

(."* HoU
f,|.Q J

+o
5l.=yx

BenVow^c,
PeUeVsl_

CO Sana
P<*£K->(L

NSTRUCTION DETAILS
HORIZONTAL SCALE)

1-
X

3

O

O

0

e

o

o

0

o

o

o

o

-=.,

,

*,
*

-

'-

•*<?

'/

/

/

/,

O

0

0

o

o
1 —

0

o

o

o

o

o

'.
1

*

•̂ - -
1
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ORIGINAL
(Red)

BORING 1

G.S.E. M32.441
O1 _

Landfill:* Generally soft brown sandy clay
wi en graval and wood, odorous, moist.

T O 1

-u i*

3C1

II
CQ"

_-2_

.;.-.: Illinoian Till : Yellow brown clayey gravel, dense, wet.

ll'll' $.?j-:: K = 2.49 x 10-5 CM/SEC
ti-LJ '-.̂:-

NOTE: 1 - ';<) determined by slug test.
2 - Water levels as of 6/6/74.
3 - Completed 3/2C/74 by F. T. Kitlinski & Associates.



i-SaJil-

, (

F.,Nassau:-:-Hemsley, inc. ,,, , B_1
Chambersburc^^Pa. i -r'"'°

- ' - ~~ "-'->-•• — — — — " "•' — ~~ *•* — -~'"~ '~ t
_ _ _

Project N o . r l . - . . - ——— T£ST HC-Si^G LOG

jc,t> iv-ime a.-K! Lorjtion Ke_le_ya_La.ndf ill , .. N. V7hitehaj.l._Tov/nsh.ip_ .. Jwehigh
Bf-rmg Location . Per _ Nassaux-Hems ley Plan __ _ __ __ _ _ ___ ___ . _ _ _ _ _ _ _

Date Begin _______ 3-_2_5.~74 __ - «Casir.q S:/e. O '"> ._ __ „ __ _._ .4 __ "p:-;. i o'/r 0 D ___ _____ 2 _ .
Date Corroiereo _____ l__26-74 _ H:i,r.~er We .-ri- __ _ _ _ _ _ _ _ _ _ __ ?.PQ_..__? Han,^ p( •/. t __ , _____ , _ .-_140 __
D-'iith of Sc;' ______ ___ 5.2_._0_' __ Hi,-Tir'--r Ore;'.. _._.__ _ .. _ __ 1_L__ Har-.i-i:t'f L->.-o>. _____ _"_ ___ 3P._'
Ofi.t.n ot R<).-. ______ ___ Q • 0.1 __ Core r-..t ?i/-: ._ . __.._. __ ~~_- n.o Nc _ __________ 1C9
Tori, aoriny Couth ___ .5.2.. Q^ ._ Dn,,e^ _ __H. .Growdejp,., . Sr.̂.... •'̂-,! DM:..- D.

Proore.s ̂  Ground 'AatiT Di-«t'

I Para j Cep'h R-cic^o^ J__Perth '"'•nry| ;-!<_,••____, - , ,,,,-,_., 44 3 . 2 S
!"3 -26-74"̂  T2TO"'~~T 3T57 p-—----- -
; 3-27-74 j 52.0'__J____6___5_:___i_._24 Hr.

&_..cqol.

Material i Snmp a ' j ^ " -..,.,. " . !" ! " '" ' .—_-i-__ _-j.; 10
INo.l _'o»!"

.-~' — — i -- _. = r —
, .'•' -. /

O.Oi FILL-garbage, , 0.0! • ; ; '; : NO rock !-••-.- •
to wood, "silty clay, J^_i_2 . 0 ;ip . 18,25.. 11 _ .._.. __ ....encountered - a""' • ^5

4.5- metal, etc. . j 5.0; ; . - r i • 49-
_j __________________ 2_:.7-P.l5.17.1927. .!._.._. ___ ___ .. . . __ _._:'>"" _~"33"

10.0- ' • • ' : - " ~ " 5 9
3_!12..p 10 17 2_2_2I ' '_ ___ _ _/ _ __ 22

| : ~15.0' ' " ' ~' - - - - • - - - - . ,.: ̂ j^
. 4 17.01417 19 27 "•".. .-*

24.5 3r. silty clav -20.0 > ,
ta moist-stiff to .522.022332745

52.0 hard ' ~ " ~ * ---
6._17._0. 10,1.1, 17 2 !.____ „ ,. ___ __^ ___ __T"V'" "50

,30.0 * * ii " ~" '"'-"•. 10°
l_J2.0Jrl 17 22 J22__ .:._.___.. . -. " -,- ̂

8 '37.0 10 11 12 12 •'* ' .J-3J
.

: i 40.0' . End of boring _... 137
! L9_4?__S._OJ12 .17 JL7. ]_£____.: ___ ._.,at 52.0' ,".:•• ' 111
; ! 45.0 : , ,._:'•. i.25

....... ___ _____ .._..___ :iQ. 4.7 .0.14 14 21 2lJ _ _ ' _ _ _ _ _ _ _ j '-'-"'• ,115
50.0 ' ; ' . --^••-. 13o

•1152.020202020 ' - ' :- ' - 1:>..._.. - .... _ . _ . . . , _ . , : •
NCTE: Upon completion, boring developed into a double ground-water1 _" "
piezometer. Upper-level piezomecer developed by placing 37.5' of . . -. '
1/2 1r £ia".~ giTvanfzed "steeT 'pip'e in acl'e' and' 1 . 5 " of pipe above"
ground. Lower- lr>vel piezometer developed by placing 51.5' of 1-1/4'
dia,. plastic pi?'.'., including -at- scrreensd wellrrcin-t," in hole and' 1.5' '
of oioe above ar und. Zone between oî e fi_lib3,[|i0:M,S_Cfwir;h bentonite ." , •"("iS'.' "_-nd sacre'c?1- . ' " **̂ f i?irif*f*r '



BORING 2

G.S.E. H57.761
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Mine Tailings: Brown fine sandy shale from 0' - 2' chanc
zo carK brown silty and clayey sand, moist, loose.

3.

Illinoian Till: Yellow brown clayey gravel, rr.oist, dense

Martens burg Shale: Weathered to brown clayey silt, wet.

£ K = i.sex 10-9CM/SEC
;•-•:

Baekmantown Limestone: Gray limestone.

:| K = 4.92:< 10- 5CM/SEC

NOTE: 1 - CO determined by slug test. flB300560
2 - Water levels as of 6/6/74.
3 - Completed 3/23/74 by F. T. Kitlinski & Associates.
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I • y -•»•»••" '| • -.i P.c.i -o.,t,.,. . i n.l i 4
-scnsr.on i —— • -•: ——————— hp ' -».-. —— -Tj-.-IN o. . , l- - —— T .,

' ,Mc •-_..-; ' •?.' , '•• • -r;.'; ! !.; 4_, _

~3: Br. sandy topsoil | 0.0, i . I :i j i j -..-.-' . .4
tc1 moist-loose i 1 I 2.0 1 : 2 2 i 2 .: ! i • " •' -'-'*
•= "iTcT"!"""' ——T~T~--~r—1 ;::'lll2.'

___._,_ ;2 _; ?___o_^3_;_4_4_: 4 _ __ _...__..._.______p-j-- -J
. '.5' Br. cilty sand 10.0. ' . Triccne refusal r.'-.:..... ...a." j
1 to' moist-loose to • 3 J12 .0 4 .4.4 _.5._._;______.at 42.5' !_-l:1.._. 1. _15__L
16.0 med. . .15.0 ' ' • "^ i ~ i ' • i ':':'; -_lo ' !

,.._,___. __._._____.___ _._i_4_17.0 U..12 14 17__ _;. __! _..;__„_ _ _. ____ _ •'.''.'''.-'-, ^ !
: .5 3r. silty clay ; 20.0 ; . , : , started coring' '•'•:'.'•• 1Q ;

to, moist-stiff to 5 22.016 16 21 20 , '__:at 42.5- ~\':.~r -J:
^ °. 5 hard TC n! , "" * ~~l ™" ~ '.__._• L.

' 130.0, : ' : :! | i .No loss of
L7_,.J.2.Q.JL.5_15.1520.. _J_____,drill water
i !35-° u i
8 '37.0 14 17 17 19 i 42.5: i

35
96

145'
_, . . .. . , . 130

:..) C-r. silty lime- • ••̂)'~ • •, i End of boring .;•:.!" 140
tc stone-broken JLZTl-Jll, , . l̂-l̂ i...?.,̂at 59.0' ";..:"'_ 130

59.0 med. hard ! i , ' . '. . . f~~•'.'-.t.'

.i

Upon completion, 'boring derveloped into a doiiole ground- ; \\
r piezometer. Upper-level.piescaeter developed by placing r'~-
0' of 1/2" dia. galvanized steel pipe in hole and 2.0' of pipe r~-"

LOOVS ground. Lower-level piezometer developed.by placing 59. 0' jpf . /-.
1-1/4" di.i." plastic pipe, 'including'a "screened wellpoint, in Hole "! r.
. .c 2.0' jf pipe above ground. Zone between pipe tips sealed with "-•.
'. .r.tcnite clay and sacrsts. —- — t -- ..--...---..--"...-



vxitUNAl
(Red)

BORING 3

G.S.E. +423.24'
0'

30'

hH

SL
U-S2

Mine .Tat-1 ings: Brown silty clay, wet, soft.

20' | i | i .
Illinoian Tin : Yellow brown sandy clay with gravel,
wet, sti

Martinsburc Shale: Brown silty shale, damp,changes to
_-,_ silty clay at 35' .

W6E

50'

.11... Jac.kscr.burg Cerent Rock: Dark gray argillaceous limestone
;!.'v;-.;!i very nara witn nearly verticle joints cemented with calcite.

K = 3.13 x 10-4 CM/SEC

NOTE: 1 - (K) determined .by slug test.
2 - water levels as of 6/6/74.
3 - Completed 3/29/74 by F. T. Kitlinski & Associates.



— ^ ,-„,.„.,, .. ...,.s r( ———r~
-<--*C- " "' "" '"' " ! =„,.„.. ̂  B-3

i

Chambersburc, Pa. |

TEST BC\'!NG LOG

j...n \.i.-e dno Location _ae_le.y_a_. Landf ill. _ N . Whitehall Township, lj.eh.icrh C_ountv, Pa.
So; :no Locjtion __' Per Kassaux-Hems lev _Plan ___ __ _ _ _________ ______ '"__]___________" "

Catu Begin ______ 3-29-74 <€_S.:K) S-̂ :. O ̂  ~ ... _._._ __.._4 ___ <,:•••• . S.,̂  0 u ___ ___2 _
C'jte i:o'*-:H.tbd _____3_.-.2.9r74;__ Hpnv •-.;>,• -.Ye.̂ t ._. __._____ 300 __-• H.r-nme-r V. t _..__. _ " 14Q'~
D-.-ptri ot-*)0il_________4J2_».Q.1._ H.amrver D-OP_ __. ______.. 1_8__.. "M -wi-: O.-oi _____ ___ 3.0 ~
De^th of Rock_______1Q.__Q!__ Ci.rebit $:/•> __ KXM-2 1/8.,,. 'L.jA'j _. ___ _ __.____1P_T___.
Totji Soring Oe;;tn _____5-d-J-l1__ Or;!;cr ___.H^ .Growden. . £r ... _ -\s*t. !>. -r D._GlOtfeltV _

Proure<is •% Graunu ,Var-r Du:.i

~n ."i » f" /t -3 n i i ~h ~*if»Jj 3-29-74 ___50.0' !_.__43 ,p_'_._. ̂ _._ _0_Hr.. .. < -i-r.,,,-..

A,.:rr.f..,___Cp9l^"______

BODING LOG_______ IbPOON

Mo'nr.a: I Samoi.
• - , - r IP-...

— r T»— — iri—:-.,—• "lo. i
oih :y .," <^i-_- -.j, — . -" -i . :;i '

0.0' Br. sandy topsoil • ' ^•0 : i ; • • :
tc: moist-loose Ll ' 2.01 ̂ 2 2 :_3_____ _

0.5 ; 5.0 ' :
,_,______________ ___2___7.p_5j.5.7 _ 9 __ , _
0.5 Br. silty clay ;10.0,
to moisr-med. L3_!12.0 4 4_5_ 7 _j__at 40.0'

4.5 ' ; is'.O " : " "" """""

4.5. Br. silty sand w/ 20.0' • , Started coring
to rock fracs. moist- __5 22 .0 ___3 _11_ 13_ 13 : _ at 40.0'

40.01 loose to dense , 12 5.0- '• " "" '• " ".
__„ J________________._,6.2_7JL0..12._11_16 .13.. ______ ___ _ _ _ _ _ _______

! •• :30.0 ; j Lost drill warie
i L7_ J2..0..10 20.17.20._ _ _ _ _ _ ;_ _ at 42 .5'
i j '35.0 i

___ 8 37.019202023, 40.0
40.0 Gr. sandy shale . ; ! I End of boring

to broken (_;___,__ . .__ _.! 50_. p__5 . 5 ar. 50.0'
50.D soft . . ' ' I " " " :

.TOTS; Upon completion, boring developed, into a
grcund-v/a_er piezcmerer _ uainc 52.0'_ of 1-1/4" plastic
and screened wellpoint, 50.0' of pipe in hole and
2.0' above around. Area above xvellpoint sealed wieh sacrete.

R3



(Red)

BORING B-4

G.S.E. +434.25'
C1

11
;';.
j:
l

10' ii

*? 0 '

i

§'
i :

_L
30_ -

•*•
t
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_ t ^

i —
__.

T
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T"

!
1

jj

M

h!
i
. i
i

i,
-*— ii i
» <g

ij
ijc,

2
y.'

"•_!•'•*.

ife

Mine Tailinas: Yellow-brov/n sandy silt trace clay.

Illinoian Till: Yellow-brown sandy clay little silt
witn grave: cnanges to clayey silt at -10', to silty
clay -15' to -25r.

Sse.k^antswn Linestcne: Mediurn-bedaed, cray limestcn
hignly weatnaraci -25' to -27'. Contains clay seams.

• K = 9.31 x 10-a CM/ SEC

NOTE: 1 - (K) determined by slug test.
2 - Water levels as of 6/6/74.
3.- Completed 3/18/74 by F. T. Kitlinski A Associates.

AR30056U-



._r.
T. ;<ITI !>.$;•: i -.« AS^-.CIAT-; !

...Nat...-.-..-- ...=.„... ..v.,, ...... i 3or,,:-:,... B-4
Ehambersburc, Pa. ;' n..ir.<r_«7

74-03-1971 ! csT GC"'!sG LOG
.,-er 1 o- 1

~~~~ —— —

i_5__̂ .tt~ ̂4± l.i J'7/̂
Per vrasssirc-rTemslay ___isn.. ._.._________. _„___

Lr__lST74_ ^^.-r--"P',v.-•:_. Too" _ __ ______
30.:. ' •<-""«:'•." .:•_'._._ . " .. 18 • -i.»tn.n-.l:-rni _"_.".." 30~
_. y . '-<_ _ _ _ _ _ _ _ N:Ci-2_l_/8__ P-:'v. __.._.' ___ _10_9_
49. 0 ' On-or___H._ Growd_en. _Sr_. _ A.S:. Cfs-.r P.. Glotfalcy

jc.?<̂  li G.'Cu.ia vio'cr _,'_r:

Dc'e : D-pt-, x-oc-e.' I'earh •'•"
15-74 T̂Tô - t---Jo.T

_49__0 ' __^__3_5 ._5J___ '___ 0_" H_fT""
49.0'"" ! 35". 3' T " 9 davs" CO_O.l

j r.A£if,.-.
-r r- • —

'No.!

O.Oi Br. sandy topscil | | 0.0 . •' :; j i . 1 •'.:„..., . ~
ta mois-c-iccse " 1 j 2 .0; 1 : 1 2_ 2__j ___ ' _J I : ''' r i2
• 5: ." ' 5 "5 --.——. . - . .., 15

- 3 • ' -

.5- 3r. silty clay : jlO.O • '' i . 'Attempted spoon _̂;-'- "' 33"
to moist-stiff to ; 3 12 .0 15 15 17 17 • i : ! sample at 30 . 0 ' - ' =•••< " " 5 0 ''
.0; hard ; is.o" "~ . T " . ' / " . ' • no penetration -_i-"...."..68~

___ .,^ ____ __ _ r__ _ _ ___ _.
; ,'20.0 . . Started coring • -. ' =-
_J__2_.L-__?.!li A3.39 r4!.. _ _- _ ...__; at 30 . o ' • .. ;.,-. • -̂ |
^ 25.0 : r ,; i • - •-T",- -?2

.5 1,61.!. _ __Jili2 __ _ .' ____ ..___.__: _.\;'"r 75_.
3n.O: Gr. liotestcne w/ j i ; , 'i- ! I Lost drill water: ';:;_- 69

to-; clav seams ' \ __ j :1 35 . 01 . 5- at 30 . 0 ' .'•''• 53
4a.0: hard : ~ " ' T' r — ; —— — -—— ; . ,.rv 92

I i • ' i ' "~ . '••>' ' 92
_ ._,__ _____________ ._._J ______ ;_.... .__.,...j.2._43_.02.J __ .. __. __ ___ .__••.... :' 95

i ! ' >End of boring . .:' 90
i__.L3_ I4.?.• °.?_- 3' a - 49.0' ".';!. •' 67

-
-', =n__5S_«PJ-_tt.ipr.7_ borj.ng_dGVGlcped_intq a.;._..._..

grcund-wacer piezcoiecerJ Upper- ,'
I'̂ pl piezometer developed by placing • ! -':•.'-' 176
2 .=,' of 1/2" dia. calvani".!ecT'~st"sel' pipeT"~~'~"——' [_.:_:7' '.. 275
in hcl-^ and Z.D' of pipe above ground/ Lower • ; , ' " ' ' ._ _ _ ** ~ _ i : - - .1 — ——— — " "—'' ~" ' . < - . . . _ , . . __ . . —__.___. ..
1 /el piezometer developed by placing '4S.01 wSQQ
c_ 1-1 '4" dia. plascic pipe, _ir.c_,uding_a._._„_..___..
~creer-3d wellrcir.t, in icle and 2.0' cf ; ; :



ORIGINAL
(Red)

BORING B-5
G.S.E. +"173.20

!____

90 1

in' 1
•_/ *v

!i_r i

50'

____!

70'

CQ.

; l

j

i

i

i
ii

1
!'/i'
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1:i..i
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7̂

,1
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1
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-j '.*•'.

</

Mine Tai linos: Brown and yellow brown clayey silt with
very tnin layers of fine sand, loose, wet.

f25;i sand, SOfi silt, 25;̂  clay (U.S.S.S. Class).
)_rv unit weiaht 84,0 per, natural water content 33.9",
ILL" 33?;, PL 231:., PI 5*o.

("52?̂  sand, 31% silt, 17°; clay (U.S.B.S. Class).
<Dry unit weight 86.5 pcf , natural water content 36.4:.,
/ ' ' TK:/ Dl T^*" C T Ac/(___ oo,j, ru _i_..o, ri 4o.
P'atural water content 34.7", dry unit weight 87.3 pcf
LC.E.C. , 14.59 me/100 ams.
Illinoian Till: Yellow brown clayey silt little sand
ana quartzite gravel, hard moist. Changes tc brown
silt with thin' lenses of black and brown fine sand at
approximately 50' .

Natural water content 23.4", dry unit weight 10^.1 pcf
C.E.C. , 5.22 me/100 gms.

Martinsbura Shale: Brown silty clay to clayey silt
shale; fractured with nearly vertical joints stained
yellow-brown, hard, moist.

. -,*i*
M"'

?

- Beekmantown Limestone: Light gray, medium bedded, well
fractured witn nearly vertical joints which have been

.' recemented with calcite. Nodules of black chert noted.
" Clay-filled fracture (?) noted at ap̂ o*«nat23l§ gg .

K = 2.96 x 10-5 CM/SEC

,';G7E: 1 - (K) determined by slug test.
2 - Water levels as of 6/5/74.



: 7 ". »•' l. '..yv. _ ..,.. •._.,::̂  •,'«=•. .nc '.
Chan-bersbu-a, Pa. m.r̂ .r. —— ;^M

ISC LOG

..._.__ __ .3-5 ___ ..:;
"

: •.•.-.-r-P.n.i Lc_jt.cn _Hel@va_ Landfill, _•!._ ;-,-hitehaU_sov/nship.....Lehigh _£oiinty. ..Pa,
- .TI Lo.-jt.cn Per Nassau:.- Hens ley .Plan. ___ . .. _ .._.._._._ _. ..__ _ _ _ _____ _

3-21-74 __
72 .OJ ___ . Hr- ',:,-.< i;, MI, ....__.... .... __ .13 _ •• • . . - _. •_, _ 3_Q__.
1____.Q'. _ c_-» 4-: •.',. .SAM- 2 ..
82.0'

. j ,\.i.'or i;.,

Cora I Cosrn ?s_.ne. ! ??-.;.. •___!»__' _ ^ .•' _ __ [ /•._, ,K. , . . ____j47JL 98" " " " " " ' " '
_ "7.27224 _______ S_U_?_.._ _[_ __ 6?.5'___ J.aysj^ .,..., ,,,r. .v ,
_ ______ i ______ ___ 1. __ __ . ___ L_. ... _. _ . __ I ,- ,.::',» .Sunny

i S "'"'• •'* I . -i: jP». . '.,•,.... . ' 'J • ' ! 2
L«-.e- sf.O" •———---———,"TT—•"• -̂ 37'.̂  •• ' ' ' 7 " — ' ~_———-

.- -2 !
to: toosoil •'! 2.0 1 2 2 3— " ——— ""• '" — . ... - 6

:•

35 " '•"• $9

BrcT..Ti sandy 0.0 ,' • i! • ' •"••-- - ^ '

.5. ncist-lcose i • • . , _ -.:''_. : . 7
—• '.

7 I)
0.5 Brown silcy clay '5.0 • . , \ Took Sheibv tube. •' 8
tc w/ fine-grained 2_ 7.0 1 I 1 _l __ ___ _ samoles: " • ;.' _ 20._ :
.̂5. sand * . . . . - "l0.01-12.01 & ._•='. .. 17 {
_^mois_t-sc'ft___ _____ __ __ _' ,20.0'-22_.0'_ _ •:. '_ 19. j
.5 Brown silty sand '10.0 , / -: •''-'-' 15
tc wec-v. loose to JLUJ-J .0_r..l...-_-...-..; ;_..____ _..,' "y""" 30 '

35.5 v. dense ; ,15.0 - • ' . ;'~̂ ' 22 ' -'

I 20.0 ' ' . ' . ; ; >'-"'7. .15. '
2U22.,g,-__r. -; -.__. _ _ _ _ _ . ;;_:•;;. 17 ;

i J U

1010 12 16 ;' , ,- ''""'• 5? • ' -. . . ...... .. —.--———..——— •——, . 22 !
30.0 7? _^____
.32.02123 27 33 _ .__ % t -::-.":'"20 : ^
35.0 •, : ."l"!--'«; 30
'37.0 35 35 46 55 > . •'-: 3o. _._......,. . ..... .--.- ... ... - -.__-.._, .._ 23

. . • . '• 23
: - - - - - - - -•• - • - -i * :• „ 25 ~ ^
; • . : .-••••; 33 ;

Casino blows ,' . .'41
ccncinuea; • . . . . , ,;j



ORIGINAL
,-f ____ - __ (Red)

_.' FT. <r. i.;\o.- : _. ;,;'.;!, A :=;;Ir_c. ' _ _
l r .-.».,-_; S3. ___ B— 0 _ _____

H-rr::.r,ru >•-,!•. :v_r:a • • - - , -Chamber SSUrc, Pa. ;

T5ST so'?!?::: LOG
••.o _ o 2

.me onri L.-v.t,:-.- Hel_eva_ Landf i 11, _N ._ Whitehall__TC'wnship__ _Lehiqh County, ?a_._
j i_.-!c_t-.:n____Per Na_s s au:.-Henis ley plan _______.__ _ _ _ _ _ _ ___ _ ________'_ ~'

;.-:.M _. ...._. 3-19-74 _ '.....r-n-.i ,. v 4 --,,.,-,. . ) • • 2 -.

3'irm.'. L.L::tn

_l-J?i.-7.4 . . -'.:.-rv7-̂  .-...•:=:.,L___.._____,_.Ĵ Q_j :' .'•'•-'.•.'_.___ ___140

_ _io.-_o.' _ ^•»•••?.;.-- _ „ ._.N:ci-2_ i7a~ H ;'-.. _ __ '_" "Tog"
S2 . G ' c;. ;,.r___H. ..c-rcwden, _Sr ... A. _,.. lpr D...._Giotfelzv

... __472_93•21-74 ; 32.0' • 69.0' i 0" Hr. _: ;•,,..... ____ __

' .'...,;-^r. S.ur.ny &_cccl

u,( — _,*T-Z— *t — —^ ( * r

'•': ':- <t,
35. 5| 3r. silty clay w/ : '35.0 ;
ta rock frags, moist- ._6_.3.7.-_Q_3.5_.35.46__55 __. :. _ . _ _

7 . •_; stiff to hard . ;40 . 0
__ ; ________ . ____ _.._l_7.-42.qjj3J_3__39>43 . __ __ __

I i :45.0 ' Spoon refusal
, L8_47.,Q_12 12 12.17.,.. _.._..__ ....at 72.. 0'

; 50.0
._ ___________ .._.._.. __ i..52_..0_15 19._22.26_ _ .

^^•^ ' ' Started Ccrina
!_LQ.,5J_ip.l5,2.0.2.5 30_ :._.._.._., at 72.0'
!~ '60.o • ; ' :
11 62.0 17 249 36 •

J65.0 ' ; \ 'Lost drill water
12_67__. 0___22 31 38 42 _; __ [at 12. Q'
T .70.0̂  ""' ': "" ' " ' 7 •
I 2025 35 45 79 72.0 '

7 .0 Gr. limestone w/ i ; : : ' ; : -̂ :nd of bcrina
ta clay scams : __ [ _____ \ '_ 1_ 8_2_. 06. 0-'at 32. 0' "32.0 weacherod i "T ~~ --• - - - . - . - - . . - _ .

L'ccn completion, boring developed inco a'double ground-water pie- :". ' • '
z mezer. Upper-level piedcTr.eter Jovel Oped "by "placing <.7.0' of 1/2 " . - • •
•i_a. galvanized steel pica in hole and 2.0' of pipe above ground. ..." -
L-̂ -.̂ er- Lev-e-i -pieseverer—ae-velope^i -by piaoino S_>-j 0 ' —of- 1—1/4 "- -die . - ;..
_. ascij pipe, including a screened wellpcir.c, in hole and 2.0' of
t pc^ c'.icvc ground.- Zone b.Gt'-'epn pipe.tips _sea_led. vi_T ""
clay and sacrete i ' : . ' i
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ORIGINAL
(Red)

BORING (WELL) 6

+477. IT

IHinoia.n Till(?): Dark red-brown clayey sand with gravel.

Seekmantown Limestone: Gray limestone.

Jacksonburg Cement Limestona(?) : Black-dark gray limestone.

Eicht inch hole was d r i l l e d to -IS1 and a 6" diameter non-
slotted casing was installed. A 5-5/3" hole was then
dril led to 175' .

'

_____

NOTE: 1 - '/,'ater levels as of 5/5/74.
2 - Well log description by Moody S Associates.
3 - Completed 4/24/74 by Moody <_, Associates.



20'

-jr. ,

cO'

BORING (VIELL) 7

G.3.E. +467.67'

Mine Tailinas: Red brown to brown to buff brown silt.

wI
• =2: td u

111inoian Till (?): Variably colored clayey pebbly
clay, damp.

Gray limestone boulder at 40' - 43' -- strong odor of
leachate at this depth.

Beekmantown Limestone: Gray limestone sixty-three feet
of 6"sfi casing, slotted along the bottom -31.5', was
installed in a 8"0 drilled hole. A 5-5/S"0 hole was
then drilled to 100' depth.

,'IOTE: 1 - Water levels as of 6/5/74.
2 - Well log description by M

Geology by 'iassaux-Hemslc
3 - Completed 4/25/74 by flood

2 - Well log description by Moody S Associates.
Geology by 'iassaux-Hemslcy, Inc.

ORIGINAL
(Red)



HELEVA SANITARY LANDFILL
DRILLER'S LOGS FOR WELLS B-8/ B-9 AND B-10

MOVER DRILLING; LEHIGHTON, PENNSYLVANIA

B-8 O'-IIS' Brown Clay
118'-124' Gravel, Rounded
124'-200' Black Limestone

6" diameter solid steel casing installed to 143'; IV
diameter PVC pipe installed to 64.5'. Well completed
9/13/76; air-rotary.

B-9 0'-136' Brown Clay
136'-143' Limestone

6" diameter steel casing to 143' which was slotted
from 133'-143'. well completed 9/12/76; air-rotary.

3-10 0'- 90' Clay, Boulders
SO'-1C2' Lirr.estone, Water encountered at 99'

6" diameter slotted steel casing installed. Rate of
flow from pump test 10 gpm. Well completed 10/22/76;
air-rotarv.



ORIGINAL
(Red)

HELEVA SANITARY LANDFILL
BOR-ING LOGS 10, 14, AND 4B

All borings installed by Duane Moyer by air-rotary well drilling
«*

rig on date indicated. Data below supplied by driller excluding
well elevations.

B-10 TOC = +474.65

0' - 90' Clay, Boulders ' — -- -
90' - 103' Limestone

Water encountered at 99'; estimated well capacity is 10 gpm.
103' of 6" diameter steel casing installed; bottom 10' is slotted,
Well started and completed October 22, 1976.

B-ll TOC = 427.43

0' - 141' Clay
141' - 165' Gray Limestone
145' of 6" diameter steel casing installed; bottom 10' is slotted,
Well started and completed November 26, 1977.

B-12 TOC = +437.27

0' - 38' Clay '
38' - 78' Black Limestone
78' - 138' Gray Limestone with mud seams.

45' of 6" diameter steel casing installed.
Estimated well capacity 50 gpm.
Well started and completed November 26, 1977.

B-13 TOC = +444

0' - 28' Clay
28' - 51' Gray Limestone

Encountered water at 28'; estimated well capacity is 40 gpm.
51' of 6" diameter casing installed; bottom 10' is slotted.



HELEVA SANITARY LANDFILL
BORING LOGS 10, 14, AND 4B

(CONTINUED)

B-14 TOC = +430

0' - 72' Clay
72' - 148' Black Limestone

Water encountered at 113' and 135'; water level 38'.
Estimated capacity 120 gpm but well plugged off during
development.
146' of 6" diameter steel casing installed; bottom 10' is slotted.
Well started and completed January 3, 1978.

B-4B TOC = +436.64

0' - 34' Clay
34' - 158' Broken gray limestone with mud seams.

100' of 2" diameter stainless steel casing installed.
Estimated well capacity 50 gpm.
Well started and completed November 26, 1977.

- 2 -

73
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APPENDIX F

REVIEW OF TECHNOLOGIES FOR
AN ALTERNATIVE WATER SUPPLY

AR3-OOS7i



ORIGINAL
(Rfcd)

APPENDIX F

EXTEND EXISTING PUBLIC WATER LINES

Introduction

A number of the residents living on Hill Street, near the Heleva Landfill, rely on
private wells for their water supply. Analytical results have shown contamination
in two of those wells. The potential for contamination of the other wells exists.
An alternative water supply may be used as a remedial action to address this
problem. There are four technologies that can be used to provide an alternative
water supply. The purpose of this section is to evaluate these four technologies.

Existing Conditions

Water lines in the vicinity of the landfill are 12-inch-diameter, ductile iron, push-
on joints. They were installed by the Northampton Municipal Water Authority.
Water is supplied to these homes by gravity from a 200,000-gallon water tank
connected to the local reservoir system. All future water supply lines installed by
the Water Authority will be of the same diameter and construction.

Proposed Response

Implementation of this alternative involves extending the existing public water
supply lines to 15 homes along Hill Street and a portion of Main Street, in Ironton.
Rights for providing water supply services in the vicinity of the Heleva Landfill are
held by the Northampton Municipal Water Authority. Figure F-1 depicts the
location of the existing public water lines along Main Street in the Village of
Ironton and Main Street in the Village of Ormrod.

Figure F-1 depicts the proposed route that would be used to extend the public
water lines and implement this alternative. It also indicates the approximate
locations of the existing 12-inch waterline. The proposed route entails laying

F-1
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approximately 5300 lineal feet of new waterline, in addition to supplying fire
protection and service connections to about 15 homes along Hill Street and a
portion of Main Street in Ironton.

The most critical problem associated with this alternative is the increased demand
on the quantity of flow by the additional 15 homes. Since the construction of this
new line would provide for a completely closed loop in the site vicinity, and the
pressure at the intersection of Main Street and Hill Street (in Ormrod) is near
100 pounds per square inch (PSI), no booster pumps would be required, and the
current water pressure would adequately supply the additional homes with water.

Costs

The costs for various water supply alternatives are presented in the cost summary
table at the end of this appendix.

Initial Capital Costs

A breakdown of the costs shows that $54.00 per foot was used to estimate the cost
of placing a 12-inch water supply line. The costs of connecting the waterline to
the residences/facilities fall into two catagories. For residences located adjacent
to Hill Street indicates, the connection to the main line will average $985.00 per
connection. For homes located along a private road just off the eastern portion of
Hill Street, a smaller waterline will be used for service connections to these
residences. It is estimated that a total capital cost of $26,185.00 would be
incurred for water service and fire connections along this private road.

The capital cost for installation of this alternative water supply, including
residential service and fire protection, is estimated to be $287,320. The total cost
for this alternative includes a 20 percent contingency cost and a 15 percent
engineering cost, and is estimated at $387,900.

*Ref: Telephone memo 12/20/84 with Dick Paul, Northampton Municipal Water
Authority
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Operation and Maintenance Costs

The operation and maintenance (0 & M) requirements for the alternative were
assumed to extend for a period of 30 years. It was assumed that all 0 & M costs
for this alternative would be incurred by Northampton Municipal Water Authority
and handled through normal user fees. Therefore, the 0 & M costs for this
alternative would be zero.

Since the annual cost of 0 & M for this alternative was determined to be zero, the
present worth 0 & M cost is also zero.

ALTERNATE WATER SUPPLY VIA UPGRADIENT WELL AND DISTRIBUTION
SYSTEM

Proposed Response

This alternate water supply technology involves installation of two deep wells, far
enough upgradient of the landfill that a fresh groundwater supply can be used to
service the 15 residences and facilities along Hill Street, as shown in Figure F-2.
If the wells are correctly placed, contaminants from the Heleva Landfill will not
affect the residences.

Implementation of this alternative involves drilling two wells 2000 feet upgradient
of the Heleva Landfill to a depth of 250 feet, and distributing the water pumped
from the wells to the 15 residences and facilities through a 6-inch water main.
The wells will contain 100 feet of 8-inch-diameter pipe in a 10-inch-diameter hole,
followed by 150 feet of a 6-inch-diameter open hole. A 1-1/2 H.P., 220-volt,
3-phase submersible pump capable of pumping 20 gpm with 250 feet of head is
installed in each well. A 30-foot-diameter by 24-foot-high, flat-bottom storage
tank is proposed for storing a one-week supply of potable water for the 15 users.
This tank will be supported on a ring wall foundation about 4 feet below the ground
surface to protect against frost. The distribution system from the tank will be
gravity-fed though a 6-inch-diameter, ductile iron water main. The storage tank
would have an estimated capacity of 125,000 gallons over the 7-day storage period.
This was based on a usage rate of 100 gallons per capita per day and an average of
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4 occupants per residence. A factor of 3.0 was applied to increase the required
storage capacity to allow for peak usage and for fire protection.

Based on information obtained from production wells in the vicinity that have
yields greater than 400 gpm, no exploratory boreholes were estimated for the
proposed wells.

Costs

The costs for this alternative are presented in the cost summary table at the end of
this appendix.

Initial Capital Costs

Initial capital costs include construction of two 20 gpm production wells, a
126,000 gallon, flat-bottom storage tank with foundation, and the distribution
system to the 15 residences and facilities along Hill Street and Main Street in
Ironton. Acquisition of property for the wells and storage tank and right-of-ways
through private property were also included. The initial capital cost, which
included a 20 percent contingency cost and a 15 percent engineering cost, has been
estimated at $379,690.

Operation and Maintenance Costs

Operation and maintenance costs for this alternative include annual monitoring
(Hazardous Substance List parameters) of the water supply to insure the quality of
water, service charges for use of the system, and general upkeep charges for
maintenance of the system. Costs for general upkeep were estimated to be
3 percent of the initial capital costs, while yearly service charges are estimated at
$200 per residence or facility. Typical monitoring cost for HSL parameters is
$1,000 per sampling analysis. As outlined in the cost summary table, annual 0 & M
costs were estimated to be $17,100 for this alternative. Following construction, it
is anticipated that the entire system will be operated either by the Township or the
local water authority.
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ALTERNATE WATER SUPPLY FROM BOTTLED WATER.

Proposed Response

Implementation of this alternative involves providing bottled water to the
15 residences and facilities. This would provide them with an uncontaminated
water supply.

Costs

Annual costs for this alternative were developed based on estimates from the
Glenrock Water Company, located in the vicinity of the Heleva Landfill. The
anticipated annual cost for bottled water per residence or facility is $143.00.
These costs are considered as operation and maintenance (0 & M) costs, and are
assumed to extend over a 30-year period, for comparison purposes. Under this
assumption, initial capital costs for implementation of this alternative are zero.
The summary table presents the costs for this alternative.

TREATMENT OF EXISTING WATER SUPPLIES

Proposed Response

Since contaminants from the Heleva Landfill are flowing through the existing
groundwater network into private wells utilized as potable water, treatment units
can be installed on the individual wells to remove contaminants in the local wells.

The residential and monitoring wells have been sampled and analyzed for both
organic and inorganic contaminants. Results indicate that elevated levels of
organics are present in some wells used by residents for water supply. The organic
contaminants of concern in the residential wells are listed in Table F-1. Levels of
inorganics are generally below the drinking water standards for each substance.
High zinc, iron, and manganese levels, found in the groundwater and in Todd Lake,
are not related to any chemicals found in the landfill but, rather, are naturally high
in local aquifers.
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TABLE F-1

MAJOR CONTAMINANTS OF CONCERN DETECTED IN RESIDENTIAL
WELL WATER

HELEVA LANDFILL, PENNSYLVANIA
(Based on Well Samplings of February, April, September, and October 1984)

Maximum Concentration
________Contaminant_____ Detected (yifl/D

Trichloroethylene (TCE) 200 yg/l
1,2-trans-dichloroethylene 31 ug/l
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In determining the appropriate treatment method to reduce the contamination of
residential wells, the types and concentrations of contaminants must be examined.
The method devised must reduce the levels of contaminants at each residential
well to acceptable levels.

As previously shown, the majority of chemicals present are volatile organics.
Although air stripping of volatiles is the favored treatment method over carbon
adsorption, it cannot be implemented on an individual well basis, since units that
are small enough are not readily available. In addition, the removal of volatile
organics from the water by this process requires emission of these volatile organics
to the atmosphere. This would necessitate monitoring, and possibly treatment, of
the gases, which would significantly increase the cost of this system. Based on the
monitoring requirements of air-stripping and the infeasibility of constructing small
units for the private wells, carbon adsorption was chosen as the treatment method
for organics in the individual wells.

Individual carbon filters for residential use are readily available commercially.
The units come in a variety of configurations, but basically require installing the
unit on the main waterline leading into the residence or facility. The organics in
the water entering the unit would adsorb onto the carbon, resulting in a reduced
level of organics in the drinking water leaving the filter. The carbon in the unit
would have to be replaced on a regular basis to assure the quality of the drinking
water. To determine costs and provide for effectiveness in the system, it was
assumed that the carbon would have to be replaced every six months.

The presence of zinc, iron, and manganese in elevated levels in some residential
wells, while not a health risk at these levels, is also of concern. Both of these
elements are regulated in the Secondary Drinkit>g Water Standards
(40 CFR Part 143.3, revised July 1, 1982), which primarily govern the aesthetic
qualities of drinking water. An excess of either of these elements gives a brownish
color to porcelain fixtures and laundered goods, and may impair the taste of the
water. It was determined that a treatment method should be devised to remediate
this problem.
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A unit similar to the type described for the removal of organics may be used for
the zinc, iron, and manganese removal system, but with a synthetic resin instead of
carbon as the media. The synthetic resin would remove the zinc, iron, and
manganese, and the media would have to be replaced regularly. For costing
purposes, it was assumed that the resin would be replaced annually. The filtering
units are assumed to last 30 years for costing purposes, with regular replacement
of the filtering media.

Sampling would be performed quarterly at each home, with both the influent and
effluent water to the treatment units being sampled. Samples would be analyzed
for volatile organics, iron, and manganese for each of the first three quarters of
the year. During the fourth quarter, samples, including organics and inorganics,
would undergo a full Hazardous Substance List (HSL) scan. The quarterly sampling
performed at each home should determine the efficiency of the filters in removing
contaminants from the water, as well as indicate the frequency at which the media
in the units should be changed. It was assumed that the samples would be collected
by the State as part of the operation and maintenance of the system.

If a breakthrough in the carbon filter or clogging in the iron/manganese filter is not
detected and the units continue to be used, water of a poor quality is likely to be
consumed. The units, even when functioning properly, may not remove all
contaminants to acceptable levels and may not work on certain contaminants, that
may appear in the water at a future time. Proper operation and maintenance of
these units would be costly because of the large amount of sampling to be
performed.

Costs

The summary table presents the summary of costs for this alternative.
Construction, operation, and maintenance costs were determined on the basis of
providing treatment of the existing water supplies for the 15 residences and
facilities along Hill Street.
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Initial Capital Costs

Initial capital cost estimates include the cost for the purchase and installation of
5-gallon-per-minute (gpm) residential wells, carbon filter units, and the zinc, iron,
and manganese removal units for residential wells. Both systems include an
automatic backflush system. The total initial capital cost for servicing the 15
residences and facilities is estimated at $62,775.

Operation and Maintenance Costs

The operation and maintenance (0 & M) costs include semi-annual replacement of
the carbon, annual replacement of the zinc, iron, and manganese filter media,
sampling labor, and laboratory analyses. Annual 0 & M costs were estimated at
$314,285, and are assumed to extend over a 30-year period.
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APPENDIX G

DETAILED COST COMPONENTS

Effective Measures

Direct capital costs may include the following cost components:

• Construction Costs - Components include equipment, labor (including
fringe benefits and workman's compensation), and materials required to
install a remedial action.

• Equipment Costs - In addition to the construction equipment cost
component, remedial action and service equipment should be included.

• Land and Site-Development - Costs include land-related expenses
associated with the purchase of land and development of existing
property.

• Buildings and Services - Costs include process and non-process buildings
and utility hook-ups.

Indirect Capital Costs may include the following components:

• Engineering Expenses - Components will include administration, design,
construction supervision, drafting, and testing of remedial action
alternatives.

• Legal Fees and License and Permit Costs - Components will include
administrative and technical costs necessary to retain licenses and
permits for facility installation and operation.

• Relocation Expenses - Relocation expenses should include costs for
temporary or permanent accommodations for affected nearby residents.
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• Start-up and Shake-down Costs - Costs incurred during remedial action
startup for long-term activities should be included.

• Contingency Allowances - Contingency allowances should correlate with
the reliability of estimated costs and experience with the remedial action
technology.

The operation and Maintenance cost may include the following components:

• Operating Labor Costs - Include all wages, salaries, training, overhead,
and fringe benefits associated with the labor needed for post-construction
operations.

• Maintenance Materials and Labor Costs - Include the costs for labor,
parts, and other materials required to perform routine maintenance of
facilities and equipment for the remedial alternative.

• Auxiliary Materials and Energy - Include such items as chemicals and
electricity needed for treatment plant operations, water and sewer
service, and fuel costs.

• Purchased Services - Include such items as sampling costs, laboratory
fees, and professional services for which the need can be predicted.

• Disposal Costs - Costs should include transportation and disposal of any
waste materials, such as treatment plant residues, generated during
remedial operations.

• Administrative Costs - Cover all other O&M costs, including labor-related
costs not included under that category.

• Insurance, Taxes, and Licensing Costs - Include such items as liability and
sudden and accidental insurance, real estate taxes on purchased land or

0-2
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right-of-way, licensing fees for certain technologies, and permit renewal
and reporting costs.

• Maintenance Reserve and Contingency Funds - Represent annual
payments into escrow funds to cover anticipated replacement or
rebuilding of equipment and any large, unanticipated O&M costs,
respectively.

Construction costs and operation and maintenance costs were estimated, and a
present-worth analysis was used to convert the annual costs to an equivalent single
value.
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ALTERNATIVE #1 COSTS
NO-ACTION - MONITORING
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ALTERNATIVE #2 COSTS
ALTERNATE WATER SUPPLY

MONITORING
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* >tV w (io'S
viu i in

TOTALS



PRICING
PAftPMCJ

ARCH. OR CONTRACTOR ESTIMATE NO.

ORIGINALLOCATION TYPE OF WORK

PRICED BY EXTENDED BY
ft

DAfE iftsrifStlMATED BY CHECKECTBY

mDESCRIPTION QUAN. EXTENSl

<__. 2 azia

•69

S.

M2 3(5 As

J2_ ___-t--. 05=**

<ft &
r t" IT1-2&&

« (^d 1*1 A a ci I Ort.Sb )l yl &&.IV"

tff
Pt
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.. A4.) (Lajô »T
s§ **y* '• f-rf $

'-•i:,-''-3J.'JJ?f:..::''*-.'f ' • ; -J- -f'..

J
-

. _ . - ^ - _I •••--• •:• f -i••- - ^

TOTALS f



.-•RISING SHEET -
----- - ---._--. - . ——— PAGENO_______.Of=i

AME ARCH. OR CONTRACTOR

LOCATION TYPE OF WORK
JZooLF

iTIMATED BY PRICED BY EXTENDED BY

DESCRIPTION QUAN.

CHECKED SY

M L.
: VtPtSLi

\lkUJS: i T7V P TO *fc 3t 5
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T72.A Ui Pofc-TATloo Co VT _» fee.
"Day 7̂ t_ To J.-

S E.CILA, fa. M£/7&,
4'<c '. «.$'

3& 4>co

Soo
47* OF Tfe-AU*. COST

Soo

;:oo

Wer PILL, <iv •<r6c. /£ 303 cX

/?'<•' '/z W/..4:

5Z 9bb /̂ / 9fcio

_ ,) //S.gck:> '̂ yî tf/A/t«r />»^c
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APPENDIX I

GEOPHYSICAL FIELD OPERATIONS AND
DATA REDUCTION TECHNIQUES

I



Field Operations (ft»dJ
* ' «

Seismic Refraction Survey

Refraction data were obtained along approximately 3,050 feet of line.

A preliminary survey conducted along Line 0 (Figure 3-1), using a geophone spacing
of 20 feet, showed that bedrock was well over 100 feet deep in some places
(DN 0760.15-01). Based on this, information, it was decided that a geophone
spacing of 40 feet would allow more accurate survey data at greater depths. The
data were collected using a Geometries ES-1210F twelve-channel signal
enhancement seismograph. A Betsy Seisgun was used to generate the seismic
signals; two to four shots were generally sufficient to produce discernible first
arrivals on the seismograph's CRT display and hard copy outputs.

Electromagnetic (EM) Conductivity Survey

EM profiling was performed along 5,700 feet of survey lines. The surveys were
concentrated in the fields southeast of t.he site, with two lines north of the site, to
be used for background information. A Geonics EM34-3 terrain conductivity meter
was used to collect the data.

Horizontal and vertical dipole modes were used with a 10-meter intercoil spacing
along all lines, providing vertically-averaged conductivity values for depths of
investigation of 0 to 25 and 0 to 50 feet, respectively. Two lines also used a
twenty-meter intercoil spacing, which yielded additional data for the approximate
depth interval of 0 to 100 feet.

Vertical Electrical Sounding (VES) Survey

Seven VES surveys were performed on and near the site. A Bison 235OB resistivity
meter was utilized to obtain sounding data using the Schlumberger electrode array.
Readings were taken with electrode spacings of 2 to 300 feet, spaced
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logarithmically, to provide resistivity coverage to a depth of approximately
100 feet.

Data Reduction

Seismic Refraction Data

The refraction method consists of measuring the travel time required for a
compressional wave generated at the surface by a mechanical impact to return to
the surface after refracting from subsurface interfaces. The raw data consist of
travel times and source-receiver distances, which are used to determine the
subsurface layer velocities and their orientation.

The processing of seismic refraction data involves four steps. First, arrival times
must be picked from field records. Second, a plot of arrival time versus source-
receiver distance must be made to determine the number of layers present and
their velocities. The third step utilizes a computer program to perform seismic ray
path tracing and to determine layer thicknesses and dips.

Once the thicknesses and dips of the subsurface formations have been determined,
a seismic cross-section can be generated. For an in-depth look at seismic
refraction data acquisition, processing, and interpretation, refer to Applied
Geophysics by Telford, Geldart, Sheriff, and Keys or to Volume 1 of the Handbook
of Engineering Geophysics by Mooney.

EM/VES Data

The EM data were reduced by converting scale and percent deflection into
conductivity and resistivity data. These data were then manually plotted in
semilogarithmic format.

VES data were converted into apparent resistivities. Current electrode spacings
and their corresponding, apparent resistivity values were then plotted in log format
for interpretation.
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