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NOTICE

The information in this document has been funded wholly by the United Statés
Environmental Protection Agency (EPA) under Contract Number 68-01-6699 and is
considered proprietary to the EPA.

This information is not to be released to third parties wi
consent of the EPA and the NUS Corporation.
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- Borehole Geophysics

Description of methodologies an¥

0309678 .

- APPENDIX SUMMARY (VOLUME IMI) -

VLF and EM-34

This section describes the methodologies and procedures involved in the

electromagnetic surveys conducted as part of the Remeg vestigation.

Magnetometer

Description of methodologies and procedur2 hs pduct  the

magnetometer survey by NUS/FIT. Resulfs of Ahp study are discussed in

Section 4.1. The vertical gradient ang ecyed tgtal field readings are

presented in this appendix.

along with an interpretatio

Seismic

Surface Water/Sediment Sampling

Descriptions of surface water/sediment sampling metﬁods are followed by
data from NUS/FIT and other contractors.
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Soil Sémpling ‘
Soil sampling methodology is presented for test pit and grab samples. R»esults

for NUS/FIT and other contractors are included. .

Groundwater Sampling
Groundwater sampling rn'e'fchodologies for monitorjdg and redigential wells are
described. Data are presented for sampling
E & E, EPA, and the State of New Hampshire

Analytical Protocols
Rgotovac  10A10  Gas

Analyzer (OVA-128),
ract Laboratory Program

Analytiéal procedureé ~are detailed for
Chromatograph (GC) and the F,
used in NUS/FIT screening. AN explanation of

(CLP) and Data Validation (qualit¥k con gview) follows.
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VLF AND EM-34

SECTIONS IN APPENDIX I

® ' METHODOLOGIES AND pR

0305681
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VLF (VERY LOW FREQUENCY) RESISTIVITY SURVEY

» S S
Because there was some question with regard to the in‘terpret'ation of groundwater

contaminant plume locations defined by previous studies, NUS/FIT developed an

approach to more completely charactenze contaminant plumg’ dny lbutlon. '

‘detectable, anywhére on Meglobe. ‘l'hese VLF transm1551ons are used prlmarlly for

- submarine navigation, although recently mineral exploratlon firms have been

utilizing this constant signal network for reconnaissance geophy51ca1 surveys.



.

0309683

The VLF resxstxwty survey was conducted in-house by NUS/FIT geophysxcs and
geology staff unhzmg Geonics Limited Model EM-16R equipment (EM- 16 unit with
a resistivity attachment). The EM-16R(d1ffers from ;he EM-16 unit in that the
former measures the VLF electrical field and the latter measures the VLF
magnetic field. The EM-16R utilizes the EM-16 unit by adapting an optional

console to the side of the instrument. To permit direct -electrical field

measurements, two ground contacting electrodes separated f
are attached to the EM-16R console.

0 meters of cable

‘The actual field operation .starts by using the EM-1 1N 8Q locate the

. angle reading

particular cha

typical of a conduchye overbyfden overlying a more resistive bedrock. If the lower

1ayef in a two layer cass j# more conductive, the phase angle will be greater than
45°. This could be encountered with semi- conductwe sands being underlain by

4h1ghly conducnve marine clay.
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Eight roughly parallel lines (1, 1A, 1B, 2, 2A, 3, 4, 5) were surveyed utilizing the
Em-16R with readings spaced at approximately ten meter spa‘cihgs along each line.
These lines, w,hile. generally oriented east to west, did take advantage of cultural
features such as trails and roads for ease of access (Plate 2). In designing the

survey lines, efforts were made to keep the unsaturated overburden thickness

nearly constant along each line. This minimized any change/in apparent resistivity

due to a fluctuating depth to water table, which wodld fake interpretation
difficult. A few resistivity readings were taken near 'phyllite oNtcrop, presumed ‘
to be upgradient of all source areas. Survey linesSyerg dugi Q cross cut

groundwater flow directions, .to_enable the site to aracferized and

unit was approximately & 't Background apparent

resistvity values fluctugted ‘e \eiM depending upon geological and

ohm-meters. nd resistivity was high (several thousand

ohm-meters), it Nole yhat either the thlckness of unsaturated

were plotted using a seWwilogarithmic scale due to factors, such as the phase
angle, profile shape, trends, and background values varied drastically, making data
interpretation quite subjective. As a rule, however, the values below 500

ohm-meters were further exammed to. determine whether they represented an

;-‘.-.A—....IA..- P T 1



~ FIELD DATA
VLF RESISTIVITY (EM-16R) AND EM-34
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NA-08-MI

PROJECT NO.

NUS CORP. e
E M 16R ) DATE __10-9-84 — SITEw
- - OPERATOR _LyF - axa GRID ___
REg EQVITY STATION. NAA/*NSS
_LINE _|STATION fresismviry | MULTIPLIER [AnGiE | REMARKS
o SSE of landfill o
TEST : 1 4 x 1000 = 4000 AL N (near Phylite outcrop)
TEST 2 5 x 1000 = 5000 / 32/ i
TEST | 3 3 X 1000 = 3000 / '36\
WLF- LINE 1 1 20 = /\\‘/ R |/ B:uldear'; o
2 8.5 X 100 = / . 32
3 X X 100 < / 28
4 6.5 = \ \22
5 8 M 18 By Well A * 38
P 8.3 i ﬂ* in line w/well A5
7 | 2 A\ x 100 = 210 12 - .
.8 | /3[ 00 10
9 / m@- ' = 10,000 8
10 =;'~L . 1000 = 11,000 7
11/_‘ 14 \éooo = 14,000 8 ‘Measurement straddle
({2! 11 X 1000 = 11,000 8 dirt access road
N '\/8 / x 1000 = 8000 10
14 \\As X 1000 = 5500 10
15 g x 1000 = 8000 10
16 | 8 x 1000 = 8000 10




“5309687 . l
'NUS CORP. | PROVECT NO. uaosw . PAGE _: |
| DATE _ 9-10 oct. 84  SITE Aubui
M 16R ‘ OPERATOR _jr - axa GRID
RE EVITY STATION waess . g
PHASE
LINE |STATION pessmviry| MULTIPLIER ANGLE | REMARKS g
VLF #1 21 — Pavement problemd’ easurefent a
o n 10 | o« 1000 = 1oLooo/t 32 - 1
1 23 4 x 1000 = 4000 37 o
} 24 e = 1300 \‘ X ) | - 4
25 13 x 100 = 1300 1//\ 36 M J
26 7.5 | x100 €750 % / 32 |
s 4 X100 =m : <\ 34 East of well GZ-1 1
28 | 21 | /x10= \/19‘ 4
_ 29 | 4 \10(@0 15 |
30 | L x&= 19 12 1
1 7 ey i
32 / %7&;5 12 . .
33_ ' 18 N 10 = 180 ‘ 20 New Day J
*33 10 = 220 15 | o
4 /3/ % 100 = 300 17:.2“ . 1
34 x 100 = 300 25 4
" AV . 4
a5 X/p ' X100 = 500 20 - -
36 27 | x100=2700 25 l
*36 17 | x100 = 1700 22
- - | o ‘l



| | 0309688
NUS CORP: PROJECT NO. jatew  PAGE___
EM-16R DATE _iniose . SITE awun

.OPERATORJlF-AKA - GRID_ ..
| _Sj.lg\'l VITY STATION _aarmss
‘ Approx. 10 metdr spacing o HAS ‘
"~ LINE [STATION |resistivity | MULTIPLIER I:NGLEE REMARKS
VLF #1 a1 10.5 x100=1oso. | /w8 '
42 13 x 100 = 1300 /é
43 17 x 100 = 1700 / Aés\
a4 18 x100‘=1800/%‘/. 3
45 W_esf 17 0 = 1ho

AN

> 28

N

=

L\

AV
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EM-16R

NUS CORP.

'PROJEC.T NO. : NA-08-11]

DATE

10-22-84

OPERATOR LoF-a KA-RJR

RES'EVITY STATION sNSS* , l

) o Approximately 10 metlers- station spacin .

[ara: » ~[PHASE =

LINE |STATION fresismiviry| MULTIPLIER |ANGLE | REMARKS |
*1 3 % 4000 = 3_006 | . éﬂ%’sﬁ%‘?gmm grid

" VLF-1A

.*2 :

skipped due to greek

L
.3 14 x[100 = 1400 A—ZN 4
iy 16 /100 = 1600 /\\/ 3 %i :
*5 13 /100 = 1300/ /,\ 0 M _ J
*g 18 x{100 = 186 </ 28 | o
1 1_6x1_oo=1éo\ N2 ' 1
g 14 o 140 = 1300~ \L/34 4
*9 . 8.5 <\1qo = é{h . 34 '
*10 S0 =\00 "/ 28 1
*11 / JA&O 0 ) 32 '
7 o -1
e 00.= 700 37
*13 - \ 5 x ]9 = 500 36 | J
‘,..1’4 7 \Z- % =750 392 crossAed Pond Station 15
*15/ » G\x 100 = 600 37 of Pond - I
*16 /{x 00 = 500 38 - 4
17 8 x [100 = 800 34 |
*18 12 X100 = 1200 34 | - 1
*19 10 x 100 = 1000 28 '
, - - |




NUS CORP.

EM-16R

PROJECT NO.

DATE

NA-08-MI

10/24/84

OPERATOR 5. ross, s e GRID

PAGE__
S|TE Auburr

RE EVI TY STAT ION NAA/NSS* -
LINE |STATION jresismviry| MULTIPLIER ';%sl'.% REMARKS
VLF-1B 1 8 x| 1000 = 8000 | Als Beginning point Eaétﬂ
| 2 4.5 x| 1000 = 4500 ;Z |
3 _3 x| 1000= 3000 '}8\
4 4 x 1000 4000 \/\ N
5 3.5 x| 1000 = 359/ / Water (swampy area) .
6 3.5 x| 1000 -éoo 22 |
, 2 x| 1000 = 3% 24 At bend in Road
8 | ' | | Wet
a betWeeh scales
10
11 nd of swampv area
12 _
3 3 )fglooo = 3000 29
14 / 3 ‘}Zoo = 3000 _ 22
. o _ 1000 = 3000 26" | Re-shot
*15 N/ 4 x_ 1000 = 4000 ‘25
N / : B West end
18 N\ 5 4 1000 = 5000 24 END OF LINE
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" NUS CORP.
EM-16R

AES) igvm(

'PROJECT NO.

NA-08-M]

» 1
Pace__ |

DATE 10-16-84
OPERATOR _Ljr - aka

SITE Aubul

STATION NAA/*NSS*

— GRID___
1

PHASE -
LINE  [STATION resisnviry | MULTIPLIER [ANGLE | REMARKS !
" West ' ‘ Tree Line
VLF #2 9 End 7. x 100 = 700 el Stake
8 9 x 100 = 900 4Z‘ | l
7 7 | x 100 = 700 3& l
. N
6 9.5 | x 100 = 950 \ }\ TZ -
5 7.5 | x100= 759/ //-\ 0 M l
' { </ ! . Next to Well A-33
4 - 7 X 100 22 ‘(Front Probe)
3 7| x100= 7& 22 | flag-Rx I
2 10 M\/ 28 , | |
' East J
1 End 8.5

staked near edge of wo

~

P

,\100'{359?7 30

IV

VA
/

£

\
o
e

AN

(i
N

)
/

y

-h-t#-H-ﬁ-P
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'NUS CORP. -

PROJECT NO.

N A-08-MI

- 0309692

PAGE

—
EM-16R DATE _ii-isss . SITE awur
OPERATOR_ rJr-aka GRID
RE EVITY STATION __nas _ —
LINE | STATION hssnsnvmr MULTIPLIER ;I:A':IAGSLEE REMARKS
| VLF #2A o | o x 100 = 900 6 Cmoist, silty
| 10 14 x 100 = 1400 '3/ a::; '
11 13 x 100 = 1300 . 2& Roadway
12 94 x 100 = 2400 /% M >Excavated Area
13 3.5 | x1000= 350/ //‘\ 0 |
14 4 xloo&wo 28 Dry fine sand
15 | 22 x 100 = 2200 i 35 sit
16 West | 21 \100=2 N/ 2
—\_

N

—a

«
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NUS CORP.
EM-16R

" PROJECT NO.

NA-08-ML

'10-15 -84

DATE
OPERATOR 1.F - aka

page_ll

SlTEﬂ’:‘:

GRID

RE EV'TY - STATION NAA/*NSS _I'
LINE |STATION fessnviry| MULTIPLIER ANGLE | REMARKS 1
VLF #3 37 West 3.5 x 1000 = 3500 /2 100" SE to Town Du
36 19 x 100 = 1900 e
S P P 1
35 20 x 100 : 2000 , \/A 26 .alol':g .
24 19 [ x100=1900 /N 24 dirt
33 9 X 100 = 90/ //‘\ 26. 1
32 4.5 | x100 =éo </ /‘34 _l_
31 21 x10 = 210\ g\43 : o
30 R ' . j
.29 | 9» : :
28 8~ Truck Turnﬁround—l.
n | S 1
L 98 / &/ = 34 Stated (@ R¥)
| 25 \i 1'0 =50 - 32 across ponded areT
24 ' to\%ive ‘can't read *
us % (M ] | x10=(70) o (30) |
___26% \\/@é) x 10 = 95 | 32 j
- 250 \Am | x10 =90 ] g
24+ (23) | x10=230 38 1
_23% 23| x10= 230 | 30 |




% ”3QBQQ594
NUSCORP. ~  PROECTNG.ssuu e
' ©10-15-84 o Aubur
EM-16R DATE SITE 2o
. OPERATOR _ 1jr - aka GRID
\
'RESIS V|TY STATION _nas mss=
‘ . PHASE o
"LINE resisnvity | MULTIPLIER | ANGLE REMARKS
VLF #3 17% __(15) | x100 = 1500 ate
4 16 o (9) - | x100 =900 / * crossed stream chang
. . ' in overburden - silty
15* . (8.5) + 2| x 100 =850 / - 20 sand - marshy flood
. T plain m
14* o ~ - (6) X 100 =600 \‘ 3\
13* __6) | x100=8 /
12¢# . | Nore ling heG bru /
11% o x 100 = 7N \ 27
~/ 23 + 2
23' +2
25 + 2
34
45 Brown leachéte
_IN\g 10 = 100 36 |  zoNE
& 10 = 100 35 | *oily sheen
, . o on surface water
x10 =110 .32 I
X 10 =140 28
x 10 = 190 26 | 10/15/84 end of day
100 vhrds and 150 - 20° mag. to end of lige from Well #A - 33
‘Sta #24 tooc :nducti\}e
| : . I .




ipp4d due to severe slope

& undergrow‘t '

| 0’3?'0' 9695 i
NUSCORP. ~ PROVECTNO. Luany
16R | "DATE __10-16-84
E M OPERATOR _1or - axa |
RE EVITY STAT]QN NAA
‘ —— 51 .
LINE _STATION esismvry| MULTIPLIER [anaiie
Start 10-17-84 (Peter McGlew Preseht.) _Wopded™rea :
VLF #4 o E 9 _4;@00 =900 ,/ . south side 1
:2 4 | x100= 406 A / A 37 Sf;nd 4
3 1y | 160-1100/\\'/ \37\ ) —
4 15 X100 = 1A // 1
'5 18 x100 <1800 / " 10 metersEofA -4
5 20| 100.= 200N !R 30 10 ft. W of Well—l
K 15 x 100 = T5 ' / 31 _'_
3 9.5 \ 1005950 | o
9 d . | _:37: , 1
10 .37 4
11 47 25'S of GZ-9
| N 100 = 450 Caleq _l_
;410 = 160 36 .
’ ‘ ‘=‘3oo 43 in between scales1
x 100 = sdo 43 'Er:asl: 11;11 S?JSQ”" l

N~

. X100 = 500

12

GZ-10

- 1

any

x 100 = 600

16

-
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NUSCORP.

EM-16R

PROJECT NO. N A-08-MI

. PAGE

DATE 10-17-84

\

SITE Aﬁbilrn

| RE I V|TY | OPERATOB LJF.‘AIV(A, PJM' AGRID\‘
| ‘S.USYE S STATION _nas
" LINE__|STATION |resimviry | MULTIPLIER [ | REMARKS
‘ ! East End S o Between the 4 =
VLF #5 1 : ~ 5.5 | x100 =550 /28 Whispering Pines weli
2 7.5 | x 100 = 750 | /izz .
3 1.5 00 = 750 / 22 _
4 7. x 100 = 750 /\\ 22
5 g | x100= 600/ //\ 24 \/by GZ-11 o
6 5 xw’ol:% </ / 27 |
7 5 1 x100= smN. ‘\ 27 by NUS-1_
‘8 3.5 | ¥100 = 350~ \\/ 26
9 12 1 x 20 = 130D | ., 30 surface
10 g 10 ;170 ; 3 by NUS-3
11 / _;l@\-\ﬁo) 34 |
12 / . = :)’o . 30
13 | 8 00 = 800 32
14W ‘ \\ 00 = 900 34
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EM-34-3 Data
Site: ‘Auburn’ Road/VLF Pro;ect ' Lines VLF #3 .
TDD: F1-8409-06 . s ‘A. Angers, P. McGlew (EPA)
Dates: 10-17-84 RX: , L. Fitzgerald
meters

Project: NA-08-MI ' Seperatim: . 10

Station Horizontal

19 _ 2
20 '

2

21 3

22 3

23 5

24

25. 16

26. L5

27 14

28 12

29 12

30 10

31 7.7
5.8

‘Note:  Horizontal and Vertical refer to the dipole orientation.

This page contains all the data from the limited EM-34-3 survey,






3-1
3-2

3-3

J-4
-5

J-6
J-7
J-8

J-1

‘(AREA C)

(AREA E)

MAGNETOMETER

SECTIONS IN APPENDIX J .

| METHODOLOGIES AND PROCED

TABLES IN APPENIIK}

RECONNAISSANCE MAGNETOMETER TA (CORRECTED)

(AREA A)
(AREA B)

(AREA D)

DETAILED MAG T_OMQ{ pY.

A (GORRECTED)

URES IN APPENDIX J

RECONNAISSANCE MAGNETOMETER SURVEYS
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MAGNETOMETER

A detailed magnetometer geophysical survey was conducted over each of the four
main source areas on site. The survey locations were based on data collected b'y

NUS/FIT during the excavation of test pits, reconnaissance magnetic surveys,

interpretations of aerial photographs and visual observations gf PxQund disturbance.
The main objective of the survey was to define areas likely/to Cot tain buried drums
and to provide data on which to base estimates of the humber Of possible buried

drums. This information had not been generated b gvieys studbes, but was

landfill and septage lagoon area), a grid was i sing a ‘transit to locate

the perimeter lines. . The remaining inner lines

of a series of parallel lines spaced &t twenty foot inte The magnefometer

grid over the town landill was approximytely i size and the grid over the

RZSe instruments are sensitive to magnetically

el, iron and magnetite which can enhance the

are indicative of the combined enhancement of the magnetically anomalous -
features in the proximity of the instrument, diurnal variations due to solar wind,
and micropulsations. Vertlcal gradient readings are indicative of the dens1ty of

magnetic flux and are con51dered to be free from the effect of diurnal variations

and micropulsations.

- 3-1



~variations of .the field data (PPM-500).

0309701

Prior to conductmg the field magnetometer survey the statlonary base station
magnetometer (PPM 400) was set up-in a pre- estabhshed non-anomalous area (near
0 vertical gradient or background total field readings). The PPM-400 was

programmed to continuously record (twice every minute) the diurnal magnetic

~ variations and micropulsations occurring on the day of the survey. Information

obtained from the PPM-400 was used to electronically gorrect for the undesired

To ensure the collection of reproducible results, the field sugfey was conducted

areas, shallow and' deep

-anomalous.- _

‘which cannot b / _' - echnique. Buried metallic waste containers
(55 gallon drdms) & g earth's magnetic field at locations where it is
buried. | '

The magnitude and con ation of the alteration will be dictated by the condition
and quantity of 'dispdsed ‘magnetically susceptible materials and its spatial

distribution. The magnetic geophysical method does not by itself enable the

- distinction between metallic 55 gallon drums and other metalhferous debris, and

‘this fact is an important limitation of the method. Magnetic contour plots of the

survey areas are presented in Section 4.1 of this report along with an 1nterpretat10n
of the results,

J-2
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TABLE -1

RECONNAISSANCE MAGNETOMETER DATA
 (AREAA)*
Station Number Vertical Gradient A :
Line Position Reading (Gammas) * Remarks
01 00 628
ol o0l T 622
02 00 : 4.9
02 ol : 0.1
02 02 : L4
02 03 1.2
02 . 04 4.1
02 05 o4l
02 © 06 39
03 06 -
03 ' 05
03 o4
03 03
03 02
03 ool
03 . 00

o
04
o
04
o4
04
04

05
05
05
05
05

00

‘Metal Objects on Ground

Metal Objects on Ground

* See Figure J-1 for location.

J-3



RECONNAISSANCE MAGNETOMETER SURVEY
" - (CORRECTED DATA)
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RECONNATBANCE MAGNETOMETER SURVEY B JANUARY 1986
AUBURN ROAD LANDFILL
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" 343956, 4

TABLEJ-2

RECONNAISSANCE MAGNETOMETER DATA
(AREA B)*®

©
©
Lo~ Y]
o

=73

®s o% o0 2e 00 eo

W&o s

-

JO®E NS

‘5' .
34358, 4
1.7
34384.3
4.3
54971.? .12

fvofo

-
E %
O® ©® ¢ ¢ oo

LT Kol 7Y TIVY A YO

VR YV

1¢6.5

(7 I TV

-31.8

[ad TN ¥ 23

@ s & @ @ o o o

3
-4,86
S4378.3

3.5
343723, 1
S.7
S4382.8
4.3

"U“JWW’-‘(‘UIQ&&'(D(J'.O

S &ELUIW

* See Figure J-] for location.

A\

.14

10309705

5@ 148
5@ 140
60 120
580 199
6@ 3o
60 s
50 40
e N
30 109
30 120
30 140
3@ 150
30 130

100 200
10@ 200
1ee 130
198 150
100 140

0@ 120

180 100

| 30

{00

$39
23
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TABLE J- 2
(cont.)
(AREA B)
S -1 30 #37 T39.% ®4344.3 .12
~39.3 %43%4.3 .14 120 3@ 38 6 g
. 3.8 + - .-30.1 54357-3 '13
=31.2 S49862.1 .19 1280 198 33 -
4.7 .. 730.2 $43602.2 .12
730.3 54379.3 .13 120 1ze 33 749 4.0
?'3 ’ "' . 7 . ' 3
~30.3 %4367.3 .12 . 128 149 23 739.4 543709 g !
, 4,2 739.8 3./
730.3 $4365.2 .14 120 :38 a8 : /3
- 4.1 T30, s
v38.% 54953.; .12 120 138 28 39 3
4, : ;
730.9 54953.3 14 120 9@ 38 & S
730.3 $4983.3 .12 120 R
4,2 .9'3
730.6 54343.3 .14 120 "3
»30.% 5495§:§ .12 120 8.9
- .1 K ! ‘
730.4 54342.3 .16 120 5‘?
3.4 -
730.3 %433%.3 .13 120 8z-3
. -21.2 VAT
o 140 3'3
T20.3 T4372.4 .14 140 T
30,0 S4231.1 .12 34233.1 18
5.3 -
72,1 54335.% .14 SSes23.” .12
19,8 I
720,101 %4391.3 .14 "Bfg'é 13
~30.6 43788 .13 94933.1 .13
73,3 543?::? 12 5“9?3?3"‘3
. 5'6 V ' ‘_q"-"
73@.0 549?3.3 5“’fé:; 15
730.3 "’”Q:@ 3 $4372.5 .12
T30, 4 T4362, «aan’ 2
' asg.g 54939.8 .14
738.4 S4363, ..
5 esg'; $4332.5 .14
730.3 54367, 3.3
3 S4%62.8 53025.3 .14
T30.3 %4366.6 .1
s S4%68.8 350496 .14
730.1 %4333.9 . . ‘
2382 53088.3 .14
.4

168

168
is8

150

160
168
160

160

16@
168
160
160
160

160

130
139

18@
130
130
138
1308

200
200

200
2080
200
200

P

p—
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779.3
r3a. 4
73a.1
730.1 54373.5 .14

TABLE 3- 2
(cont.)

(AREA 8)

2.1

'730.4 TS4387.2
-0. ’3

T38.5.%54339,7

-208.!

730.4 54383.1

=8.23

3.3

3.9 5%831.23

29.3
.9 535013.2
1..

L

4N

WEWE LW W

w W Ww
']

(¥}

4
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_ hydrogeologic investigations conducted at the site.

location NUS-3; caliper, single poiny

“which perform two log fun'tio_ns) was then attached to the connecting cable which-

0309760

BOREHOLE GEOPHYSICS

This appendix explains-the objectives, procedures and data ‘interpretation of the
borehole geophysical investigation conducted by NUS/FIT,and-thé United States

Geological Survey (USCS). The main objective of these®imyestigations was to

define fracture zones within the bedrock formation and tg até, if possible,

the primary water bearing zones.  This information wa $govided in previous

Two separate. investigations were conducted, one #85) and the
other by the USGS (May, 1985). The geophysic thods used during both
investigations required open (uncased) bedrdck bo NUS/FIT geophysical

personnel logged three open bedrock wells (NU Nand W-3) using a Mount
Sopris Model 2500 portablg borehole logg

temperature. At well locations W-2 aqd Wqﬁ\ly three/geophysical logs were ruh;
e A

which included NUS-3, W-3 g

seven logging functions at £

wells NUS-3 and W-3 & fgedNay/the USGS and NUS/FIT to aid in an

evaluation of the reliahili s _data generated by the borehole:logging

completes the circuit between the probe and the recording device.. While the probe

- was lowered down the borehole, the appropriate scale or the log function was

det‘érmined.‘ 'The actual log was run and recorded while the probe was being
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brought uphole (Note: .the temperature log was always run first and logged while
being lowered into the borehole). A strip chart was used to record the log data.
Different colored pens were used for recording each lo-g function. The scale used
f.or each log function was recorded on the correéponding chart. A brief description
of each log function and 1ts applicability to groundwater 1nvest1gat10ns is presented

below.

The caliper log is a straightforward‘and reliable tool /Awhiclf provides direct

information about bedrock fractures. Single hinged caljfer ariys (point contacts)

borehole. Due to the need for an actlve 'ravn sourcg, neutron logging can only
(

be performed by hcensed professwnls d

sistraightfo

groundwater investigatidqs. The prgbe Sengbs the temperature change within the

#as” only performed by USGS

ard tool that is also very useful in

Acoustic televié proved to be quite useful in groundwater
investigations.
borehole wall) but provide¥ direct information about the condition of the bedrock
formation. The acoustic televiewer uses sonar to create a "picture" of the
borehole wall.” When used in conjunction with other geophysical logs, fractures and

fracture zones can be easily 1dent1f1ed



Electrical logging technlques, including single

0309762

The natural gamma log records the amount of natural gamma radiation emitted by
the borehole formatlon. The primary use “of this log is for the identification of
llthology or stratigraphic changes and thls funcnon is generally not as appllcable to
groundwater investigations as are the other geophysxcal logs. Clays (possibly found
in voids or fractures within the bedrock formation) and feldspar-bearing rocks emit
radiation orlglnatlng from radioisotopes such as potasslum'-L;O that are detected by |

the natural gamma probe. Therefore, the natural gamma logncan be useful when

used in conjunction with other logs, and can be used grmine whether a

fracture is open or closed (filled with clay).

_ pontaneous
potential and resistivity, have been found to be i ify ‘mgSsible water

smgle point resistance log has a small radi in¥stigation which is limited to

‘the borehole environment. The probe is sensitiv to changes in borehole diameter.

and conduct1v1ty of the borehole fluid. € spontan&qus po ntlal probe measures

i vctures an‘be determined by the
Qter Movefnent through the borehole. The

¢ borehole fluid. Water bearing

hanges/in the fluid conductivity. The

to NUS SOG No. 35, Revislon 0. Fleld data from both lnvestlgatlons (NUS/FIT and
USGS) was recorded in an NUS/FIT logbook. The location of monitoring wells

logged during. both geophysxcal investigations are identified on Plate 2. Results are
discussed in Section 5.2 of this report ‘



SUMMARY OF LOG FUNCTIONS RUN AT EACH WELL LOCATION |

‘Log
Function

- BOREHOLE GEOPHYSICS :

©° Well Number |
NUS-3 _ W-2  W-3 " W-4

Caliper

© Single Point
Resistance

. Spontaneous
Potential

Temperature -
Resistivity

Neutron

Natural Gamma

Acoustic
_Televiewing

0309763



 BOREHOLE GEOPHYSICS WELL LOGS
AND DATA INTERPRETATION
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~ the left at 175 and 185 feet.

0309765

Well NUS-3

Logged by USGS (Flgures K1, K2 & K3)
Well Depth 215 feet

Boring Log Availablé (Appendix A)

N

-The caliper log identified three fracture zones and two isolat‘ed'vfractures in this
well. The most significant fracture zone identified was a fifty foot section
between 135 and 185 feet' The neutron log within the fifty foot section showed

two large deflectlons to the left at 175 and 185 feet and a smaller deflect1on at

145 feet. Thxs is an indication of an increase in hydrog' confent and a possible

water bearing zone. The natural gamma log also showgd two ladge deflections to

Two smaller fracture zones were also identified/ The Aippermost fracture zone was
' ' A acture zone identified
by the caliper log was located between 196 and 208 feet/ At both fracture zones, -

gamma logs. The two

Several other pos'SL e fractys and fracture zones were also 1dent1f1ed on the -

acoustic televiewing log} o fracture zones were identified from 52 to 55 feet

- and several isolated fractures were located at 38, 44, 82, and 191 feet These
fractures may have been filled or too small to be detected by the caliper log.

The primary water-bearing zone appeared to be between 135 and 185 feet. This is
based upon data from the caliper and neutron logs. The natural vgamrha and
acoustic televiewing logs also supported this conclusion, ’
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Spontaneous Potential
Caliper

Single Point Resistance
Natural Gamma
Temperature
Resistivity

Neutron

ohms

millivolts

counts per second
degrees celcius

. Total Depth

N

BOREHOLE GEOPHYSICS WELL LOGS

AUBURN ROAD LANDFILL
~ LONDONDERRY, NH

JANUARY 1986
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Well NUS-3
Logged by NUS/FIT (Figure Kl&)
Well Depth 215 feet .
Logged Depth 210 feet
Boring Log Available (Appendix A)

temperature withQin the

fractures appear to Be

and from 197 to 206 feet.

0309769

Aso rlin on this well. This log indicates a uniform

¢ll of/ approximately 8.7°C. The major water béaring

within the fracture zones between 131 and 151 fee_t




0309770

. Spontaneous Potential
- Caliper /o
Single Point Resistance
Natural Gamma
Temperature
Resistivity
Neutron
ohms
millivolts
counts per second
degrees celcius
. Total Depth

JANUARY 1986 I

BOREHOLE GEOPHYSICS WELL LOGS

AUBURN ROAD LANDFILL
_LONDONDERRY, NH
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Well W-2 .

Logged by NUS/FIT (Figure K5)
Well Depth 205 feet

Logged Depth 200 feet ’
Boring Log Available (Appendix A)

The caliper log identified a fracture zone from 54 to 63/feetAn this well. The

largest fracture in this zone was located at 63 feet, The Single Pajnt resistance log

depth.

A minor fracture zone was also identified bé ween .[28 and 141 feet below ground

spe. At 128 feét, there
was a slight deflection to the left /& 'si Roint/resistance log and a

surface. The caliper log showed minor deflectionN

The major water bearing zopé appeayed tod ; i i . Below 141

feet, there did not appearfo b y skt
included in the USGS bqg ehol@stiation,

This well was not

Rerefore no comparison of results can
be made. '
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4

= ‘ : 00" Loy
b . N S
N N\

.—II"_ B *7\

S Spontaneous Potentia] -
C - Caliper

—~. PR-  Single Point Resistance
G - Naturat Gamma -
T

- Temperature )
\ R - Resistivity

T N- Neutron
= - " ohms ]

mv- millivolts
©  Cps- counts per second
°c~  degrees celcius
© TD- Total Depth

WELL #w-2 LOGGED BY NUS/FIT (JUNE 1985)

BOREHOLE GEOPHYSICS WELL LOGS

AUBURN ROAD LANDFILL
LONDONDERRY, NH

JANUARY 1986
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Well W 3

Logged by USGS (Figures K6, K7 & K8)
Well Depth 205 feet _

Boring Log Available (Appendix A)

slight change 1n:resistivity was noted
between 30 and 50 feet on the resistity 10g{ angra hange in temperature from

8.2°C to 9.3°C was recorded by A

16 and 52 feet. ‘This, 2 dsig¥ivity and temperature logs, is an

and acoustic tgfeviewIigNogs. \Sev¥ral large fractures were located within this »
zone. The ng % is dgpth showed a similar response as was associated

Ye tifigh between 16 and 52 feet. The hatural gamma log
also showed a respo

between ZO and 90 feet and/then 'remain'ed constant at 9.3°C.

e betwgbn 78 and 95 feet. The temperture decreased 0.1°C
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R Based on the acoustic televiéwing log.and caliper log, the remaining depth of this

well appeared to be highly fractured, with the most significant fractures found ‘
between 150 and 190 feet. A drop in resistivity was noted from 150 ‘tc'> 177 teet and
again from v177 feet to "200 feet. This corresponded well with _lchanges in the
‘hydrogen content as noted on the neutron log, and a slight. increase in temperature -

which was noted between 177 and 200 feet. The natural gamma log also showed a

éhange_ between 157 and 190 feet. This data again ing _possible water

The single p'oinf

¢ appear to

be three major pathways for water to enter. of pasy t} Qugh the borehole. The

{s zone shwed the largest response

on the neutron log and also recorded a 1.1°C incrag tsrnperature. . The most

' zone along with large deflections on Me sQd’ natural gamma logs. The

other fracture ‘zone identified—t afid 103 feet also showed large
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- fracture zone appeared to be a 5 foot section from 22 to
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 Well W-3

Logged by NUS/FIT (Figure K9) - -
Well Depth 205 feet ' ' : '
Logged Depth 205 feet

Boring Log Available (Appendix A)

-The caliper iog identified three major fracture zones in thj . The uppermost
This zone was

Re SP 'and single

34 feet and 43 feet, the caliper log identificd : . The SP and

single point resistance logs also showed large deflexg; imthis segment which are

Another fracture zone idehtiﬁed by thy i grwaé located between 58 and 63
feet. The single point resistance » is depth deflected sharply to the left

bearing zone betwe ; . DThere did not appear to'be any signficant

fractures below, \infd¥mation from the caliper log of this well.

7

The findings oKNthe U borghole investigation.correspond quite well with the

data collected fromthe NUS/FIT investigation. The two fracture zones méntioned;

above from 22 to 27 feenNgd from 33 to 45 feet, were identified on the acoustic

‘ telev1ew1ng and caliper logs from the USGS as a 25 foot vertical fracture The

other fracture zone identified by NUS/FIT between 58 and 63 feet was also
identified on the USGS geophys1ca1 borehole logs. The other fractures Ldennfled on

the USGS geophysxcal logs were most likely detected due to the high sensmvny of

the USGS borehole geophysical logging equ1pment
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Well W-4

Logged by USGS (F1gures KIO Kll, & K12)
Well Depth 205 feet ’ :
Boring Log Available (Appendix A)

The geophysical logs for this well indicated that the bedrock intersected by this
well was highly fractured between 25 and 190 feet. The uppermost fracture zone
identified on the caliper_and acoustic televiewing logs was located between 28 and

87 feet. Several large fractures were identified invt.his zone/at , 46, 48, 50, and

.52 feet. Minor deflections were recorded on the singlev point fesistance log and

neutron log 1nd1cat1ng a p0551ble water bearing zone,

on the natural gamma log between 25. and 33 feet

neutron, natural gamma and s'» gle pomt resmtance logs

The data generated from the borehole geophysical logs run at this well locatmn
indicated the presence . of two major water-bearing fracture zones. The most
significant zone identified was between 150 and 195 feet. The neutron log of this
zone showed the largest change in hydrogen content within the borehole. The other
water bearing zone was located between 28 and 87 feet. This zone showed minor

deflections on the neutron . log, but recorded a 51gn1f1cant (0.3°C) increase in

~ tem perature.
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SEISMIC REFRACTION

To prov1de additional mformanon on site stratigraphy, NUS/FIT, through the aid of
- a subcontractor, K & M Associates, performed a seismic refraction survey on and
around the site. This work was performed’in April, 1985 and included nearly. 7,000
linear feet of seismic survey on four lines (0, 0A, 1, 1A, IB,

The purpose of conducting a seismic survey was . chigracterize bedrock

topography (bedrock Asurface), bedrock competency (pfe: \open or water

anticipated that shallow

established at 60

The location and elévation of/the geophone stations were surveyed and reproduced

on a base map (scale: | indgf 200 feet). The location of the geophone stations were

surveyed to a one foot accuracy and the vertical accuracy (elevation) was surveyed
to within 0.1 foot

A detaxled outline of the procedures and results are presented in the following

report prepared by S.A. Alsup & Assoc1ates Inc. Data from the seismic survey is
presented in Section 5.2 of this report. '
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NUS Cérporation
- 19 Crosby Drive '
Bedford, Massachusetts 01730

ATTN: Mr. Larry Fitzgerald

mic Refraction Study
n Road Landfill

Dear Mr. Fitzgerald:

In accordance wi o telep'\ conversations,
the data submitted wdth the oTte report of findings
for the site referenked ve inclyled a reversal of
the stationing for Lihe 4, yeinterpretation of
the data from one of t! shotpalnts Corrections have
been made, and th ¢ data for this particular

seismic line
We havg oA such conditions for the
other data/repoxtgd. _Pleage contact the unders1gned if
“further in¥qrmation/Ar Hefail is required.

Youps Very i:;}y 1/

StepHen A Alsup,
President

cy: K&gM Associates,'Javid Malek

7 PARSONS S‘TR\EET‘ BOX 1457 GLOUCESTER, ' MASSACHUSETTS  01930.



FILE NUMBER 85379

: _ "DATE OF CALCULATIONS 06/27/85
PROJECT: AUBURN ROAD LANDFILL ' ) .
LOCATION: LONDONDERRY NH

DATE OFf FPIELD SURVEY: 04/08/85

REVISION 06/27/85

REFRACTION LINE NUMBER: 0O
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‘15400 96
1 14600
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File 85379
April 22, 1985

SEISMIC REFRACTION INVESTIGATIONS
AUBURN ROAD LANDFILL 'SITE
LONDONDERRY, NEW HAMPSH

1.00 INTRODUCAION

s of seidwyC refraction:
investigations performed by s

Associates, Inc., as
subcontractor to':K&M Associ

he NUS Corporation.

'Field_efforts”for,the investigakjion wére made on April 8, 9,

a s

10, aﬂdsrl%{7/1985, with anplysis of data and

report preparation od in Gloucester,

Qit;e is sfiown in Figure 1.

face information beneath

Massachusetts, Locus o

The purpose o
to bedrock ang othe

alignments sp ' Y¥n-site NUS representative as
- the field ingestig¥tigq efe underway. quard that snd,
some 6,840 lineas feet\of seismic refraction profiling“were
completedy nt lbcation and elevation of the
alignmer &M Associates.

ality for the- investigation is good to
ticipated accuracies of 10% in terms of
depths and veld¢fties in the'information presented in the

profiles, Minor amounts of frost in the ground were
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encountered (3 or 4 ‘inches),‘ but this thickness was .not
sufficient to cause difficulty in an.

sis of data or

Multiple Channel
to a l2-element

An  EG&G/GEOMETRICS Moded
Signal -Enhancément. SeismogrQph

used for the

s L-15 wvertical

240-foot refraction spread
investigation, employing Mark
geophones as mbtion—vol1age tran at 20-foot intervals
along the spread «caYRle. lacation of  this

spread cable was used

ESlZlOF providg electrostatically written
seismograms o data channels simultaneously,

i¥ing lines written across the

Small exp -sive'charges (1/8 1b typical) -of 40% extra
gel dynamite initiated by Instadet electric'blasting caps

were used as an energy. source,  with the charge placed at
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about 1.5 foot depth in the ground. Shot points were made at
the ends and at 80-foot intervals alond the spread cable (60

feet for the shorter spread), providing  gompletely reversed

refraction spreads with intermediate pa

reversals., All
alignments. with length ’greater* tha

basic A240 foot

of one spread as the: beginning s int e/ next spread
for continuity and data redunda

. The data were analyzed
crossover- distance method,

to the standard
ival times of the

where

fastest traveling  sei

on each data
channel, with such time-

pPlogted on a xime-distance graph as
1 vOtpoint. Straight line

a function of distance
segments are .then

slopes of the line segments (i.e.,
for calculation of depth to
v.the subsurface. A graphical example
hown in Figure 2,

seismic weves of the types used in this
rong functions of the bulk density of
materials that the waves pass-through, and this relationship

- procedure are
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is used to interpret the kinds of geological materials that
" may be present in the subsurface beneath the alignments
examined. For this particular investiga

n, the following
velocity/material relationships are expgcte

VELOCITY ' ANTICIPATER GEOLSGIC TYPE
800 - 2800 d uncompa low density

marsh vegetation,
5Q moist silt, sand,
cobbleé.,May also
Andom boulders on or

iln such de@osits. Highly’perm-
_ Y;:7 and readily excavated,
4400 - 5200 Cerials of the types abové,
saturated with ground-
ater. The groundwater table
is usually found at or near
the upper surface of zones
showing this veiocity»;ange in
‘seismic refraction profiles,
Usually clay or silty clay of
low to very low permeability -
may- be interlayeted with tills
or alluvial depoéits at this
site. '



http:interlayer.ed

directly benea

0309796

File 85379

| x S o April 22, 1985
_;s_ahy?, ' AEER '
7200 - 8600 _ Well-graded (poorly sorted)

mixture of silts, sands, and

gravels

angular gobb)}es and boulders

10,000+

ground surface,

t providing the seismogram

from which thg data were obtained. Smoothed

line delineat
were then > Ay o’etween the shot points to develop a

separatig 1 ™Y zdhnes for.interpre;ation acéording to
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3.00 RESULTS OF INVESTIGATION

.The results .of this investigation hown_in Figures

I and II (in pocket) as profiles ross-sections of -

‘conditions beneath the alignments i and in.Appendix

A, where velocities, depths, and 3 Qrs for each
shot point are tabulated. Indivj dDQings along the
alignmeht are indicated in the as a small "v" at the

ground surface elevation.

LINE O

The seismic resultg
1g borings, is shown in

the lower left of Figure ic data>indicate a thin

l.‘iﬁk S
zone of unsaturatéd - aterials near surface, with
as much as 41 ffet of\ thi similar material above the
bedrock surfack. \n§water table is indictated to

range betwee

seismic data. $f glacial till is ‘indicated at

STA 2+40.

#d low density materials near surface, and
“ on ‘the order of 40 to 45 feet above
bedrock. A sharp rise of the bedrock surface is indicated
between STA 0+00 and 0+80, with the bedrock eleyation of
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less than EL 220 beneath STA 0+00 being the lowest measured
during any part of this investigation. This particular
measurement should be viewed with some. cAutn because it is-

.» NO continuity
(lable), and it
marks a 31gn1f1cant change 1n
compared to the other Line 0A and

: _ } ited result may be
accurate within the capabilit} g refraction method to
resolve such features, ' '

LINE 1

The results for sejd

four separate segmep to\ accopfmodate the presence'of two

be present, 1is 1l as the alignment would be
wiewed from l9bking south (Lines 1, 1a, 1c,
._and. 1B, in orde fnditions beneath Line 1 show a low
density sugfici e thynning from about 17 feet (0+00) to
about elevations, ~Marsh conditions
prevai to 7+20, and all shots were in water
for th - Line 1. Bedrock is shown to: be at
shallow deémtl STA 0+00 to 1+60, with a.thick zone of
materials‘shoﬁ' d velocities typical of glac1al till over

bedrock between STAS 1+60 and 4+80, Faultlng is suspected in
this part of the site, and such velocities might represent
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fractured rock or gouge, or both. From STA 4+80 to 7+20,
water saturated low density materials are .indicated, and a
penwath STA 6+40.

thin ‘zohe' of

(
low in the bedrock surface is indicated
- Conditions beneath Line lA' s

from STA 0+00 to 9+60, and offsets
;rends-lndlcate either narrow fa abpipt changes

6+10. The changes occur betwes . poynts, and can only be
indicated as present in of data analysis
employed. ' ,

‘ Line 1C shows a the trend above,
excepting beneath the

(2+40), where a trend

the edge of_ river
ly deeper bedrock and

trend toward degp R”™ ™ Xi£h a rising trend beﬁeath the
‘ As with the Line l-séction, a
fault is suspews be pfesent beneath Line 1B, and .the
: typi¢al of New England glacial

till may/rep sent zone fracturing or gouge effects.

was also conducted in separéte segments,
plade to accomddate a zone of kaow shallow
bedrock .Conditions beneath the alignment (Flgure I1I)
1nd1cate a gradually rising bedrock surface from STA 0+00 to

with the brew
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6+00 with an overlying =zone of saturation in granular
materials and a groundwater table at about Elev 268 except
where the bedrock surface is very shallox

gep

Continuation along Line 2A shows erally undulating

of groundwater
- saturation in g;anular'materials 3 Qck highs and
clay/till:deposits._ Materials i ‘
surface between STAS 6+00 and ™d to include

bedrock 'surface elevation, with

either clay or till with significg unts of clay or clay
layers on the basis of t%he ting velocities, The
granular materials above bedroc aq STAS 32+00 to 33+60

are expected to be partigig to include perched_

the Line 2A refraction data, wi. a narrow zone beneath STA
STAS 26+60 to 29+00. The
zone doesn't suggest highly
ever, and the data may simply

bedrock veloci
fractured or
indicate rapi¥y bedrock surface elevation over

short distaa he refraction spread.

Seismic Line 3 are shown inithe upper
right\of FINg | typically showing a saturated zone of
granular Raterlals /over the bedrock surface. The groundwater
table is at\groyhd surface beneath STA 2+40, with a thin
zone of unsaturated materials beneath ground surface along
the higher elevations of the alignment,
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LOCATION: LONDONDERRY NH

‘PROJECT: AUBURN ROAD LANDFILL

FILE NUMBER 85379 

DATE OF FIELD SURVEY: 04/08-11/85

REFRACTION LINE NUMBER: O
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FILE NUMBER 85379
: . DATE OF CALCULATIONS 04/15/85
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'PROJECT: AUBURN ROAD LANDFILL

FILE NUMBER 85379
"DATE OF CALCULATIONS 04/15/85

LOCATION: LONDONDERRY NH
DATE OF FIELD SURVEY: 04/08-11/85

REFRACTION LINE NUMBER: 1

SHOT VEL XOVER THICK DEPTH
2000
15600

5
5 .
S
6 .
6 .
-6 .
6 .
6 . .
6 _ . .
SHOT VEL XOVER THICK DEPT
71200 11 . .
7 7600 95 29, .
7 17600 0 . 34.
7 0 -0 .0, .
7 - 0 0 . .
7 0 0 . .

0309804



. f . . . . . . .
« .

SHOT  VEL
8 800
8 4600
8 17200
8 0
8 0
8 0
SHOT  VEL
9 800
-9 4600
9 17200
9 0
9 -0
9 0
' SHOT  VEL
10 1800
10 5400
10 17200
10 0
10 - 0
10 0

THICK - DEPTH

2.1 0.0
18.6 2.1
0.0 20.7
0.0 0.0
0.0 0.0
0.0 0.0
THICK DEPTH
1.7 0.0
31.2 1.7
0.0 32.8
0.0 0.0
0.0 ' 0.0
0.0 0.0
THICK DEPA®
3.5 6
17.3

0.0

0.0

0.0

0

0309805



10309806

2 HOOJOOOOHOA.OOOOHOGOOOOHOQJOOOOHOIOOOOHOZOOOO
Y O T =~ A E4 ¢ ¢ ¢ o o oF4 o o o o s oF4 s e o o o o

~ FILE NUMBER
DATE OF CALCULATIONS

VEL
800
1 16200

1 16200
0
0

0 -

* VEL

1900
2 16200
0
0
0
0

1A

SHOT

1

1

1

1
SHOT

2

HOT

&= .
952a475m 3 ; g CWWO OSSN
wn wn

)

DATE OF FIELD SURVEY:
" REFRACTION LINE NUMBER:

PROJECT:
LOCATION:

N . . . .



0308807

HOSOOOOHOQJO'OO 08bOOOHO-/OOOOHO..OOOOOHOSOOOO

VEL
0
0

0

VEL
0
0
0
0' .

VEL
0
0
0

N

VEL

[N oo (o N Ko Ne) [=NeR
oo (o N} oo [N oo
N O n o w < e s QY [Ce Vo)
o~ ~ ~ Ve [Te] —

: —~ —t ~ — ) |
& & ) [ [ e [ '
QOWODVDODODDOAANANNNAANANAMNANDDOOOOOOOODAAA"AA1ONNN
- - fo of o . et A A AT A A AT
0] )] 7)) )} 5} .



0309808
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PROJECT: AUBURN ROAD LANDFILL

LOCATION: LONDONDERRY

-DATE OF FIELD SURVEY:

REFRACTION LINE NUMBER:

FILE NUMBER 85379

NH
04/08-11/85

2A - .

SHOT VEL
1 2200
1 15600
1 0
1 0
1 0
1 0.
SHOT VEL
2 1100 K< 0
2 4600 .1 3
2 15600 .0 .4
2 0 .8 0
2 0 .0 .0
2 o . - 0
SHOT VEL C H
-3 .7 0.0 -
3 8 4.7
3 0 19.6
3 0 ~ 0.0
3 0 0.0
3 .0 - 0.0
SHOZ ICK DEPTH
.6 0.0
0.0 5.6
0.0 0.0
0.0 0.0
g.0 0.0
0.0 g.0
THICK DEPTH
4.8 0.0
19,0 4.8
0.0 23,8
0.0 0.0
0.0 0.0
0.0 0.0
THICK DEPTH
5.0 0.0
8.6 5.0
0.0 13,6
0 0.0 . 0.0
0 0.0 0.0
0 0.0 0.9

DATE OF CALCULATIONS 04/15/85
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SHOT VEL =~ XOVER THICK
7 1100 30 7.4
8600 - 98 27.5
16500 0
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SHOT VEL
10 1800
10 -6400
10 16900
10 0
10 0
10 0

SHOT VEL

11
11
11 .
11 0.
0.
0.
HICK
3.5
31.8
0.0
0.0
0.0
0.0
THICK
13.9
35.0
0.0
0.0
o 0.0
_ 0 0 0.0
SHOT - VEL  XOVER THICK
14 4800 23 4.3
14 6400 110 36.8
14 16800 0 0.0
14 0 0 0.0
14 0 0 0.0
14 0 0 0.0
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SHOT - VEL  XOVER THICK DEPTH

15 1200 25 10.7 0.0
15 7600 105  *32.2 10.7
15 16800 . 0 0.0 42,9
15 0 0 ~ .0
15 0 0 .0 0.0
15 o 0 .9 0.0
SHOT . VEL S DEPTH
16 800 11 .9 0.0-
16 7400 129 2P 4.9
16 14800 ‘ 0.9 2
16 0 0.0 d.0
16 0 0.0 0.0
16 0 0.0 0.0
SHOT VE HICK DEPTH
17 1100 4.3 . 0.0
17 7600 4.3
17 38.1
17 0.0
17 0.0
17 . 0.0
'SHOT THICK DEPTH
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20 . .
200 . 0 . 0 . .
20 0 0 . .
20 -0 0 . .
SHOT VEL XOVER THICK DEPT
21 800" 18 .
21 6800 60 21,
- 21 15400 0 . 2
21 0 0 .
21 0 0 .
0 .

21 0



HQOT
29
29
29
29
29
29

SHOT VEL
22 900 -
22 6400
22 15400 .
22 -0

22 ‘0
22 0

SHOT VEL
23 900
23 6400
23 15500
23 . 0
23 0
23 0

SHOT VEL
24 1200
24 5200
24 15600
24 0
24 0
24 0

SHOT - VEL

- 25 1400

25 5200
25 15600
25 0
25 0
25 0

SHOT

. VEL
800
- 5100
14800
.0
0
0 .

XOVER
12
0
0 B
0

0

XOVER
10
35
0

0
0
0

THICK DEPTH

6.9 0.
17.7 6.
0.0 24,
0.0 0.
0.0 0.
0.0 0.
THICK DEP
6.1 0.
24.8 6.
0.0 30.
0.0 0.
0.0 0.
0.0 0.
THICK ADEPT
4.7, 0.0
6.3 4.7
0/0 1.3
4.0 8, 0
0.0 0.8
80 0.0
NICK RTH
8 0.
~ 3.8
29.2
0.0
0.0
| 0.0
3 DEPTH
6 0.0
B 16,0
g, 0.0
0. 0.0
0 0.0
0. 0.0
TH DEPTH
30.2 0.0
0.0 30.2
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
THICK DEPTH
5.7 0.0
0.0 5.7
0.0 0.0 -
0.0. - 0.0
0.0 0.0
0.0 0.0
THICK ‘DEPTH
4.3 0.0
12,2 4.3
0.0 16.5
0.0 0.0
0.0 0.0
0.0 0.0
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SHOT
- 30
30
30
30
30
30
SHOT
31
31
31
31
31

- 31

SHOT
32
32
32
32
32
32

SHOT
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SHOT
37
37
37
37
37
37

VEL  XOVER
1200 14
5400 30

14800 - 0O
0 0
0 0
0 0

VEL  XOVER
1000 10
5000 68

14800 0
0 0

0 0
. 0 0

VEL

4600

14200
0
0
0

O .

VEL

800
4800

VEL XOVER
1100 17
5400 40
14800 0

0 0

0 0
0 0

THICK DEPTH
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