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INTRODUCTION AND PURPOSE

A pgeophysical investigation was performed for Balsam Environmental
Consultants, Inc. at the Mottolo Superfund site in Raymond, New
Hampshire during the period of October 31 through November 10, 1988.
The geophysical survey methods used in this investigation were seismic
refraction profiling, electromagnetic terrain conductivity (EM) and
magnetics. The objectives of this investigation were to acquire
information to assist in contaminant plume identification and in

refining the proposed location of soil borings and monitoring wells.

LOCATION AND SURVEY CONTROL

The general area of investigation is shown on Figure 1, a segment of
the Mt. Pawtuckaway and Sando&n, New Hampshire United States Geologic
Topographic Quadrangle maps. The specific lines of coverage are shown
on Figures 2 and 3. The topographic base map used for Figures 2 and3
was provided to Weston Geophysical by Balsam Environmental
Consultants. Line locations were plotted on this map based on field
observations, measured distances and compass bearings from cultural
and topographical features. Line locations have an estimated accuracy
of approximately + 10 feet. Vertical control for the seismic
refraction profiles (Figures 4 and 5) was determined from the
topographic map (Figure 2) and field observations noted by the
geophysical survey crew. Ground surface is believed to have an

accuracy of approximately + 2 feet.

METHODS OF INVESTIGATION

Seismic Refraction

Seismic refraction data were acquired using the Weston developed
WesComp™ field computer digital data acquisition and processing
system. Approximately 6,390 linear feet of seismic data were acquired

using 24-trace, 400 foot spread lengths with 10- and 20- foot geophone

o ] o
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! spacings, or 250 foot spread lengths with 10 foot geophone spacings.

- Seismic energy was generated with small explosive charges buried two
‘ to four feet or with a Betsy seisgun in areas of close proximity to

- private homes. An expanded discussion of the seismic refraction
_ survey method and a 1listing of travel time arrivals is included in

- Appendix A.

- The objective of the seismic refraction survey was to acquire
information on the subsurface stratigraphy and assist in identifying
possible weathered or fractured bedrock zones.

-

3.2 Electromagnetic Terrain Conductivity (EM)

|
The EM measurements were conducted with Geonics EM-31 and EM-34-3

- terrain conductivity meters. ’The EM-31 data were collected with a
continuous strip chart recorder. This is a walk-over technique that
measures the average earth conductivity in a 1localized area to an

- approximate depth of 15 to 20 feet. Approximately 5,590 linear feet
of EM-31 data were acquired (see Figure 3 for line locations).

-

The EM-34-3 data were acquired at 25 foot intervals in both the

- horizontal and vertical dipole modes with a 10 meter coil spacing.
The effective depth of penetration is approximately 25 and 50 feet for
the horizontal and vertical dipole modes, respectively. An expanded

- discussion of the electromagnetic terrain conductivity method of
investigation and tabulated EM-31 and EM-34 readings are included as

- Appendix B.

- The EM data were acquired to assist in the identification of
conductive, contaminant plume migration in the overburden and
bedrock. Contaminant plumes are often associated with areas of higher

“ than background conductivity.

-
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Magnetics

The magnetic measurements were acquired using a Geometrics portable
proton precession magnetometer. Several measurements were acquired at
each station and compared for repeatability. In general, all values
were repeatable to one gamma with the exception of a small area on
Line A between stations 6+10 and 6+50. At this location the magnetic
values fluctuated as much as +100 gammas. Additional readings were
acquired at these stations so that an average value could be
determined. Base stations measurements were acquired on Line D,
Station 3400 approximately every hour to determine the amount of
diurnal variation. The diurnal variation appears to be approximately
13 gammas over a two hour period. This variation is generally minor
in comparison to the magnitude of a magnetic anomaly associated with a
bedrock fault or fracture. Thérefore, the readings were not corrected

for diurnal variation.

A total of approximately 1,600 feet of magnetic data were acquired
along lines A,B,C,D and H. Anomalous magnetic readings in the
vicinity of 1low seismic-velocity bedrock would help to confirm the
presence of a geologic feature associated with fractured or highly
weathered bedrock. A more detailed discussion of the magnetic survey

method and tabulated magnetic readings are included in Appendix C.

DISCUSSION OF RESULTS

Seismic Refraction

The results of the seismic refraction investigation are presented in
profile form in Figures 4 and 5. These profiles show the overburden
thickness, depths to the water table (top of 5,000 ft/sec layer) and
bedrock, and the seismic velocity values of the various layers that

were detected.

e 3 o
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Using seismic data alone, materials can be placed into broad
classifications based on the velocity of the seismic waves transmitted
through them. While each velocity value does not have a wunique
material correlation, most bedrock as well as overburden types fall

within the restricted velocity ranges given below.

Overburden

The velocity range of 1,000 to 2,000 ft/sec is indicative of loose,

unconsolidated, and unsaturated overburden materials (often fluvial

deposits).

Seismic velocity values of 4,800 to 5,300 ft/sec are commonly

indicative of water-saturated, fluvial deposits.

Bedrock

Highly weathered or fractured bedrock will have seismic velocity
values spanning virtually the entire range of overburden values.
However at the low end of this range, the bedrock will exhibit the

mechanical characteristics of overburden.

Seismic velocities in the range of 10,000 to 13,000 ft/sec are
indicative of moderately weathered bedrock, while seismic velocities
in the range of 13,000 to 16,000 ft/sec are indicative of slightly
weathered bedrock. Seismic velocities in excess of 16,000 ft/sec are
indicative of massive, sound, unweathered bedrock with little to no

fracturing.

An analysis of the results (Figures 4 and 5) of the seismic refraction
investigation indicates that bedrock is shallow (2 to 30 feet deep) at
the southern end of the area investigated (Lines A, B and C) and
deepens (15 to 45 feet deep) to the north (Lines I and H). Bedrock
velocities generally are 3Iin the range of 13,000 to 16,000 ft/sec

indicating slightly weathered/fractured bedrock conditions. However,

o 4 e
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areas of low velocity (10,000 ft/sec or less) bedrock indicative of
highly weathered fractured permeable bedrock were detected in the
vicinity of Line A Stations 5480 to 5+90, Line B Stations 3+30 to
3+80, Line D Stations 5490 to 6+10 and Line F Stations 0+00 to 1+50.
The low velocity zone detected on Lines A, B, and D is associated with
distinctive bedrock topography changes and possibly indicative of a

significant fracture zone.
Saturated overburden materials (5,000+ ft/sec) were detected on all
the seismic lines. This layer is thickest to the north along Lines H

and I and appears to also be thickening to the west of Line I.

Electromagnetic Terrain Conductivity (EM)

The results of the EM investigations are presented on Figure 6 and
Figure 7. Figure 6 is a conductivity contour map of the EM-31 data
acquired in the wvicinity and down-gradient of the Mottolo site.
Figure 7 presents profiles of EM-34 conductivity data acquired along

seismic lines.

Conductivity values measured by the EM-31 investigation are generally
in the range of 0.7 to 3 mmhos/meter with several reverse polarity
readings (RP). The reverse polarity readings are caused by nearby
buried or surficial metal objects. Most of the RP readings detected
at the Mottolo site appear to correlate with metalic objects observed

in the field (scrap metal, well casing, buildings, etc.).

Slightly higher than average EM values (greater than 1.5 mmhos/meter)
were detected in the vicinities of Line A (Stations 4+00 to 6+60),
Line 4 (Stations 0+85 to 2+60), Line 8 (Stations 0+00 to 1430 and 2460
to 3435), Line 10 (Stations 0+30 to 1+80), Line 11 (Stations 5405 to
5425) and Line D (Stations 5+40 to 6+40). These slightly higher
conductivity values are typical of 1lateral variations we have
determined for conductivity values associated with a sand and/or

gravel overburden material. It should also be noted that the slightly

Weslon Geophysical



higher conductivity values detected on Line A between Stations 5+20
and 6+60 and Line 4 between Stations 1460 and 2460 are 0.5 mmhos
higher than Stations 0+00 to 4+00 on Line A and therefore of possible

interest for contaminant detection.

Therefore, three possible explanations for these slightly higher
conductivity values are: higher moisture contents of the soil, higher
clay contents of the soil, or the presence of small quantities or

small concentrations of a conductive contaminant.

The other positions with slightly higher conductivity wvalues (Line A
(Stations 4+00 to 5+20), Line 4 (Stations O0+85 to 1+60), Line 8
(Stations 0400 to 1+30 and 2460 to 3+435), Line 10 (Stations 0+30 to
1480), Line 11 (Stations 5405 to 5+25), and Line D (Stations 5440 to
6+40) are attributed to surficial metal or shallow water saturated

materials.

Conductivity values measured by the EM-34 investigation are generally
in the range of 1 to 4 mmhos/meter. Higher values of 6 mmhos/meter
were obtained on the ends of Lines F and H and are probably associated

with nearby powerlines and utilities.

4.3 Magnetics

The results of the magnetic investigation are presented as Figure 8.
Total field magnetic values detected during this investigation ranged
from approximately 55,350 to 57,140 gammas. Background for the
Mottolo site appears to be in the range of 55,400 to 55,550 gammas.
The background range was determined by averaging values from a
relatively widespread area with no anomalous values. Magnetic
anomalies were detected in the vicinity of Line D Stations 4400 to
4+40, Line B Station 4+20 to 4+55 and on Line A Stations 4470 to 5400
and 6400 to 6+465. The anomalies on Lines A and D are near ferrous
metal objects (wells, culverts, pipes etc.) and therefore are probably

caused by these cultural features. However, the magnetic anomaly on

2389J e 6 o
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Line B may have a geologic source; background magnetic values are
distinctly different either side of this anomaly and this anomaly is
near a seismic low velocity zone. Geologic features that could be the

source of this anomaly are faults, dikes or bedrock lithology changes.

SUMMARY

The results of the geophysical investigation conducted at the Mottolo
Superfund site in Raymond, New Hampshire indicate that the depth to
bedrock in the area investigated ranges from approximately 2 feet to
45 feet. Generally, the bedrock is relatively high velocity (13,000
to 16,000 ft/sec) indicating a slightly fractured/weathered
condition. However, several areas of low velocity (10,000 ft/sec or
less) bedrock were detected in the vicinity of Line A Stations 5+80 to
5490, Line B Stations 3+30 to 3+80, Line D Stations 5+90 to 6+10 and
Line F Stations 040 to 1+50. The low velocity zones detected on Lines
A, B, and D are associated with distinct bedrock topographic changes
and are most likely indicative of zones of fractured, permeable

bedrock.

EM results indicate that conductivity values generally fall in the
range of 0.7 to 4 mmhos/meter, which is considered typical for a sand
and gravel overburden area. However, slightly higher conductivity
values (0.5 mmhos/meter greater than average) were detected in the
vicinity of Line A, Stations 5420 to 6+60 and Line 4, Stations 1+60
and 2+60. These slightly higher conductivity values could be
attributed to either soil moisture content, material changes or a
small quantity or concentration of conductive contamination. No other

conductivity trends indicative of a contamination plume were detected.

The results of the magnetic investigation indicate numerous anomalies
due to ferrous metal objects (well casing, culverts etc.). One
magnetic anomaly on Line B in the vicinity of Stations 4420 to 4+55
appears to have a geological source and is in close proximity to a low

velocity bedrock area.
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GENERAL CONSIDERATIONS

The seismic refraction survey method is a means of determining the depths to a
refracting horizen and the thickness of major seismic discontinuities
overlying the high-velocity refracting horizon. The seismic velocities
measured by this technique can be used to calculate the mechanical properties
of subsurface materials [moduli values], as well as for material

identification and stratigraphic correlation.

Interpretations are made from travel time curves showing the measurement of
the time required for a compressional seismic wave to travel from the source
["shot”] point to each of a group of vibration sensitive devices [selsmometers
or geophones]. The geophones are located at known intervals along the ground
surface, as shown in Diagram A. Various seismic sources may be used,

including a drop weight, an air gun, and small explosive charges.

FIELD PROCEDURE FOR DATA ACQUISITION

Weston Geophysical Corporation wuses a seismic recording technique of
continuous profiling and overlapping spreads for engineering and ground water
investigations, The seismic refraction equipment consists of a Weston
Geophysical trace amplifier, Model USA780, with either a WesComp™ [a field

computer system developed by Weston Geophysical], or a recording oscillograph.

Continuoﬁs profiling is accomplished by having the end shot-point of one
spread coincident with the end or intermediate position shot-point of the
succeeding spread. The spread 1length used in a refraction survey is
determined by the required depth of penetration to the refracting horizon. It
is generally possible to obtain adequate penetration when the depth to the
refracting horizon is approximately one-third to one-quarter of the spread

length.

In general, "shots” are located at each end and at the center of the seismic
spread, Diagram B. The configuration of the geophone array and the shot point

positions are dependent upon the objectives of the seismic array.

2525M * 1.
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As mentioned above, seismic energy can be generated by one or more of several

sources.

The seismometer or geophone is in direct contact with the earth and converts
the earth motion resulting from the shot energy into electric signals; a
moving coil electromagnetic geophone is generally used. This type of detector
consists of a magnet permanently attached to a spiked base which can be
rigidly fixed to the earth'’s surface. Suspended within the magnet is a
coil-wrapped mass. Relative motion between the magnet and coil produces an
electric current, with a voltage proportional to the particle velocity of the

ground motion.

The electric current is carried by cable to the recording device which
provides simultaneous monitoring of each of the individual geophones. The
operator can amplify and filter the-seismic signals to minimize background
interference. For each shot the seismic signals detected by a series of
geophones are recorded on either photographic paper or magnetic tape,
depending on job requirements. Included on each shot record is a "time break"”

representing the instant at which the shot was detonated.

INTERPRETATION THEORY

The elastic wave measured in the seismic refraction method, the "P" or
compressional wave, is the first arrival of energy from the source at the
detector. This elastic wave travels from the energy source in a path causing
adjacent solid particles to oscillate in the direction of wave propagation.
Diagram A shows a hypothetical subsurface consisting of a lower velocity
material above a higher velocity material. At smaller distances between
source and detector the first arriving waves will be direct waves that travel
near the ground surface through the lower velocity material. At greater
distance, the first arrival at the detector will be a refracted wave that has
taken an indirect path through the two layers. The refracted wave will arrive
before the direct wave at a greater distance along the spread because the time

gained in travel through the higher-speed material compensates for the longer

2525M * 2 .
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path. Depth computations are based on the ratio of the layer velocities and
the horizontal distance from the energy source to the point at which the

refracted wave overtakes the direct wave.

Generally the interpretation is by one or more of several methods [W.M.
Telford, et al., 1976) ray-tracing, wave front methods, delay times, critical
distances. etc. In addition, either a forward or Iinverse interpretation can
be performed wusing VWeston's computer. Since successful refraction
interpretation is based on experience, all interpretation of refraction data

is performed or thoroughly reviewed by a senior staff geophysicist.

Reference

Telford, W.M.; Geldart, L.P.; Sheriff, R.E. and Keys, D.A., 1976, Applied
Geophysics: Cambridge University Press.
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LINE # A

SPREAD LOCATION

oto = Y40

SPREAD LENGTH

400

S v Foenid bman on prdkllisecends

NUMBER OF TRACES 2y

# | snorar SHOTAT sorar | Csworar | "shorar
0 +0 4+0O D4+0 ) +0 I+0
1 - 33.0 23 19 29 .8
2 n.< 3y ¥ 4.5 — EYTE-N
3 13.5 31.0 20.5 Jo.S 217.5
4 — 29.0 19 14.5 2y 5
5 1o 30.0 9.5 15.5 27.0
6 7.5 29.5 1§.s g 36.0
7 1 ¥ 26.8 1é §.5 23.8
8 | 19 5.8 IS 4.5 23.72
9 21 24.3 1y b 21.3
10 22 23.8 I 11 19. 3
N B! 23.6 n.s 4. 320-3
12 2 4 17. b 9 13.5 i9.0
13 o 19. § A 20 le . |
14 2.5 2.3 } O 2.5 Je. L
15 20 7.8 4§ .5 .5 4.3
16 2k Jb. 3 .S 21.5 in. v
17 2 16 15 oY 12: &
18 3 ) 16 ) 17 23 9.%
19 34 THA 30 30 12. 3
20 37 15.3 2.5 33 b3
21 3% 9.6 19 28.5 13, 4
22 3 ) 6.1 17,5 275 Nt
23 29.5 2\ ) b — 1c. !
24 33.5 < ¢ 19.5 ¥ 1.9

Weslon Geophysical




LINE # A SPREAD LENGTH Yoo'
SPREAD LOCATION NUMBER OF TRACES 24

Hio =~ &40

-—-.

-2 2 B B 3 _a _23

i

- ]

SU—MM—-_ _b"—('u.*»( 7&”\14 vn /)—r»;M/Aicrnoé"-

# | Ssworar SHOTAT gorar | Csmorar | M serar
Hio 340 tL+0 5 +0 7+0O
1 6.b 43,9 9.6 iy . { 27.9
2 j0. L Y.y 2.6 0.6 29.9
3 9.8 29.b 184 19.8 at. Y
4 124 24. | 19.6 b 38
5 i3.3 35.8 18- b 14. ) 26. 6
6 16,3 3.6 16:3 . b 25, L
7 6.3 356 1s.8 2.1 34.3
8 1,3 313 1. ] 14,3 39.9
9 17,2 29.8 2. b 4.3 al.3
10 13,/ 39. 10. 4. % 196
1 19.3 283 2.3 .3 198
12 1b. | 3. ) 3.6 13/ 13.3
13 6.6 230 2.0 L0 1.9
14 17.8 32.2 4.3 1y 9 0.9
15 30.3 14.5 6.5 17.0 o .8
16 2.5 21.3 3.3 19.3 q.%
17 23.0 19.5 6.3 19. 1.5
18 2¢t.0 2.3 14.-D 33 O 8.5
19 _2¢.s 0.5 120 5.5 q.¥
20 30.5 15 . 13.3 Sy ¥ 9.3
21 233.9 16.8 1.9 2.3 W
22 6.5 4.8 20.3 30.3 13. 5~
23 3¢. 5 12.8 22.0 33.5 /6.0
24 39 7.8 3.2 33.9 7. 2=
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LINE # &3 SPREAD LENGTH Y00

SPREADLOCATION 040 > Y40 NUMBER OF TRACES ___ 74

- 8 _D

¢ | shorar SHOTAT corar | Cswotar | M enotar
O +0O 4H+o 240 1+ O 3+ O

1 10 2| 31 125 315

2 9 2q 19 RS 29,5

3 Vi 2 q RS I S

4 .5 29 14 s 25

5 |5 30.5 14 1 24

6 4.5 26.5” WS 4 20, .5

7 13.5 2% 1A g 22

8 20 27 1y ) 20,5

9 20.5 24.5 - 12,5 20

10 33 24.5 1 135~ 1%

1" 2> Sy T )y 13

12 3S.5 24 9.5 lo.s 18, s

13 32 19 5 o 12 13

14 27 21.5" 11 o 1y. s

5 3.5 22 )2 13 |5

16 29 195 P 19 Jo.s

17 33.5 17 12 19 0.

18 24.5 I 1Y 20.5 g

19 34 1> 1.5 Yy §.s

20 33 6.5 30.5 1A 1S

2 36 14 20 6.5 13.5

22 36 13 21 3t.S IS

23 35 10 0.5 26 (S5

24 34 7.5 20 25 1y
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SPREADLOCATION 44 > 240 NUMBER OF TRACES __ a4/

& _2

(w3

LOW END HIGH END CENTER LOW QUARTER HIGH QUARTER

# SHOT AT SHOTAT SHOT AT SHOT AT SHOT AT

Y +0O § +O 6L 1O S 40O 7+O
1 1S 37 19.5 1S 26.5
2 1 — — s —
3 e 37 G 135 25 .5
4 1Y 3L 1.5 1% 4.5
5 Lo 33.5 A a.s 33
6 \S 22 13.5 4 30
7 ] 29 1 4.5 7.5
8 17.5 8.5 Ic,S — LY
9 15 27 9 9 lb.S
10 175 2y .S 1 13.5”
1 R — s.S lc —
12 4.5 23.5 =3 s 1>
13 20.5 32 = 12.5 1c
14 215 J0.S 5.5 13 q.s
15 29 20 7 13.5 s
16 27 20 g IS 9
17 23 16.5" 8.5 IS "
18 >7 18 12 19 6.5
19 —_ —_— - — 9
20 32,5 17 .S 25 —’
2 35 b 20 EM| y
22 335 1.5 18.5 277 13
23 35,5 1> 21 27 15
24 37.5 o 23 30.5 /&
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LINE # C SPREAD LENGTH yoo'
SPREADLOCATION 040 = 44O NUMBER OF TRACES __ 2 o
S siermic Trarvd - Timits  wn allioecend,
LOW END HIGH END CENTER LOW QUARTER HIGH QUARTER
# SHOT AT SHOT AT SHOT AT SHOT AT SHOT AT
O+0 Y +0 2+05 I+ O 24+0

1 9.5 _— 5.5 1y 3.
2 0.2 — 25 .S 2
3 1> 37 2y 1S5 yo.S
4 P33 23,5 2 | > 37
5 4.5 3 13 9 2<
6 22.0 33 20 9 277
7 188 24.5 1b.S g.s 24
8 3).5 2| 17 1 24.5
9 3.5 23 125 13,5 3).5"
10 24.% 1.5 Iy s — _
11 26.9 28.5 12.5" 17.S” 2
12 36.3 25 4 17 9.5
13 28.3 206 ¥ 20 19.5°
14 29. 6 Y-S Lo 2| —
15 20.3 24 X 22 11
16 4.1 2\ e — i
17 32.6 2 1S 24 10.S
18 33| \9_ 171 2s.5 7
19 37,1 19 21 29 9
20 35.9 i3S \4.5 21.s 8.5
21 33 3 q 14 27 9.5
22 35,1 7 20 - 19.S
23 29| 6.S n.s 0.6 4.5
24 — b 3.5 32.5 .S
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LINE # C SPREAD LENGTH yee
SPREAD LOCATION NUMBER OF TRACES __ > o
Stiaric  Bracd Homieo  on rmlloccends
LOW END HIGH END CENTER LOW QUARTER HIGH QUARTER
# SHOT AT SHOT AT SHOT AT SHOT AT SHOT AT
4 +05 g+0O b+o S +0 71O

! 2 3S L 32.5 30
2 4 2y 24 0.5 ~
3 8. 34 24 30 298
4 — 33 32.5 13,5 27.5
> 11 — 2.5 17 265"
6 V1 29 K 9 23
7 — 28.5 13 49 >
8 2\ 2% 17,5 1y, 215
9 — 31 [ b 17 0.5
10 — b.5" 1% S 9.5 19. s
n - 4.5 o) 18,5 | 8
12 — 2b 9.5 21.5~ pYo
13 — 24 4 22 17
14 27 22.5 a5 22 IS.S
15 37 21 13.5 3.5 1y
16 27 19 o oY .S
17 28 1.5 1b.S~ Y .5 10.5"
18 285 17 17 _ 7
19 24.5 .S 1 .S A
20 30.S 12.5 15,5 375 7
21 33 13 21 30 EXS
22 3b TR 25 23 s <
23 37.5 n 2L.5 — 17
24 2 .5 b 273 17
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LINE #

SPREAD LOCATION

D

oto  Z Y+C

SPREAD LENGTH

/

400

SWM —b'LM'f—'/ - -&/Y'\.na L /rr\Auﬂ-Ct.(n—(‘(/J

NUMBER OF TRACES 24

LOW END HIGH END CENTER LOW QUARTER HIGH QUARTER
# SHOT AT SHOT AT SHOT AT SHOTAT SHOT AT
O +D Y4+0O 240 |+ O 21O
1 14 24. 6 . 6 — 12
2 13 9 284 17,1 i3.9 224
3 1. Y 304 181 IS 321
4 198 31-8 0.l 7.4 24. %
5 19.3 PR }7.6 -y —
6 18.3 28.1 is. 3 9.1 2¢-3
7 18.3 24.8 1) q.73 19.9
8 20.3 24.6 1.6 id- ] lb.&
9 3l. | 31-b g.3 12-¢ 12. ¢
10 — 9.6 5.3 13 | n-g
1 3.3 19, | (.2 4.6 1.k
12 — 30. ¢ 7.6 16| 1Y
13 - 13.3 7.3 9.0 3Y
14 37.3 133 t.Y _ 2.6
15 28.% 17.0 — 9.3 7 3
16 34.5 k3 8.8 19.% 3.<
17 35.5 9.5 3-8 19§ S.9
18 — 12.7 q.3 19-% y.8
19 — 130 19.0 21 ¥ 6.2
20 32.5 PR 13.5 333 8.5
21 35,0 13.2 .Y 4.5 g. 3
22 — 0.0 4.0 PO S 3.C
23 - 1.0 - 33 ¥ 12.0
24 - 3.3 16. 8 27 10.5
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LINE # D SPREAD LENGTH Y00

NUMBER OF TRACES zy

SPREADLOCATION 440 5 $4 >

-2 B — R

S ciomie Frnek -Lornes in arllosecrnds

# | SnoTAT 'SHOTAT Giotar | SHOTAT | | SHOTAT

H+0 3 +O b+O 5 +0 7+O
! 3.6 — 9. | 12.] ~33)
2 9.9 40| 194 NG 31y
3 1| 293 11 Y 9.9 39. b
4 0.6 29 | |15 .1 7.8 25 ¢
5 136 — 4.2 g.3 29. |
6 101G "‘ 1.3 5.3 26.3
7 9,) — 1.3 y.9 24.73
8 I | 35 b 10.¢ t-b 32.3
9 12 2718 3| .9 20.4
10 1S 3 — b.b 6.6 13
1 t.3 29.3 A g. 6 4.3
12 s .8 253 3 8 8.6 1.3
13 7.8 23 > 39 0.3 le.3
14 223 27.3 9.6 1S, O 20 ¥
15 23.5 28.0 lo .S~ 5.5 20.0
16 25.3 2y.5 .0 9.5 185"
7 25.3 23.0 Is.5 .5 6.3
18 2.5 24.3 17.0 1.5 9.3
19 33.0 555 30.% 4.5 0.5~
20 13.5 23 0 2).% 5¢.3 )7.%
2 36.0 14. 3 33 S >9.0 21 8
22 2.3 15-¥ V.0 27.9 33.3
23 37.0 4.0 25X 30.% 53 %
24 — 10 rukd - 5.5
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LINE #

SPREAD LOCATION

D

£+0 T 3 +D

SPREAD LENGTH

/

Y00

NUMBER OF TRACESL_
o meL.;Mzrt/u-

LOW END HIGH END CENTER LOW QUARTER HIGH QUARTER
# SHOT AT SHOTAT SHOT AT SHOT AT SHOT AT

3 40 12+ 0 1o +O 9+ 1 +O
1 8.5 4y — 215 —
2 1.5 Yy 30,5 2] 3.5
3 13 S 435 0.5 20 3y
4 ss 4) 285 — 2%
5 20 Y) 7.5 19 s —
6 20 34 25.5 IC EX
7 25 23 24 [ 29
8 33.5 3 21 Xs 57
9 >3 25 20.S 17. 5 27
10 35 372 )b 19 35
n 2 b 32,5 13.5” 20 S 2>
12 35 33 9 26 2
13 38.5 32 1C 23.S 249
14 30 — S 25 —
15 20.5” 30.5 |55 25.S 23
16 3 29 22 6.5 20
17 32 23.5” 235 2y 1S.5
18 3y.s 28.5 ¢ 30 qs
19 34 2 Frs 8.5 9.5
20 35,5 22.5 23.5 — s
21 37.% > 30 33 >0
22 29 13,5 EL 2y >
23 39 | 3) 34.5 532
24 ) o) 35.5 St 3.5
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LINE # = SPREAD LENGTH 350’
SPREAD LOCATION 040 > 23O NUMBER OF TRACES 24
S cormes Traned - Lmiy _om rilbioecmda
# | sworar "SHOTAT sorar | Csworar | Mshotar
Q10 2 +S0O 142% 0+6s | +8S

1 10 2 9\ s 27
2 — 26 ' 4 — ER
3 I 355 — Iy 1S, S
4 14 — 9.5 > —
5 12.5" B | ] T
6 17,5 EX) — o 39S
7 IS — 4.5 1.5 "“
8 IS5 — 1y s 32.5
9 19 — 13.5 1y 30
10 17 33 — ly —
11 — — 10 — —
12 23.5 — — 33
13 23.5 _ Y 3.5
14 — , O 2 30
15 24.S X9 -— 32.5 29
16 P 28.5 l b Y. 3L
17 29 — — 2¢.5 31
18 32.5 21.5 - 30 12
19 32 — 27 30 15s~
20 33 371 57 30 19,5
21 33 — 27 30.5 dY.5
22 33.5 24 3¢ 32 33.57
23 35 VS 29 215 ERR
24 36 9 30 - 37
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LINE # _ )og SPREAD LENGTH 250’
SPREADLOCATION 2450 <5 540 NUMBER OF TRACES 5o/
S Lonied Tomis vn  ralliotcnds
# | Snotar 'SHOTAT giotar | snorar | SHOTAT
3+ 50O S +0 3+75 3 +IS Y +3S”

1 o, 29 g 25.¢ 29.% 3L.Y
2 19,2 - 33.0 29.% -
3 2S. 5 37.¢ 30.7% > 6.5 3 O
4 271.% 26.5 2¢.3 23 .3 234.5
S 28.3 3s.< 27.% ‘.8 39,0
6 324.0 T >4.8 5. 33 0
7 34.0 — 30.8 S5 37.0
8 34.3 27,0 >%.% 195 35.5
9 24,0 — 6.0 238 33.3
10 33.3 33.5" 22.3 29-3 20,5
1 34. ¢, 30.3 1$.0 30.3 27.8
12 33,2 39.0 6.3 29.9 3L.0
13 35.L 29.) s.3 — 2s.%
14 3. b 27.¥ LA —— 5y 3
15 34.% 1.3 — ’“ 2u.3
16 33.L 26 23.3 34.3 >1.9
17 36. 6 26 24y.3 33 3 1v. L
18 23.0 2.3 25 3. ) S 6
b 35 % 23.) 25l — L. b
20 37. 1 0.3 4.3 " 1.3
2 364 1.4 22. | 33 | 13
22 37. | 1. 4 2Y.% 3y .9 19.Y
23 23.9 o b 25.Y 35 Yy 20 Y
24 27.9 ! 2.9 35| 21.4

Weslon Geophysical




.
.

LINE #

SPREAD LOCATION

E

S0 S 7+S5C

SPREAD LENGTH

/
aso

NUMBER OF TRACES Y

LOW END HIGH END CENTER LOW QUARTER HIGH QUARTER
# SHOT AT SHOT AT SHOT AT SHOT AT SHOT AT
S +O 7+ 50O bt+35~ Stes b+¥s

! 4.y — 20.9 1,.9 28 %
2 yu.9 — 9.1 1S 266

3 1338 20 3 171 (3. 25 Y
4 14. b 20 .8 I 19.b 2y Y

> 1o, ) 247 T 1.6 243
6 .2 293 1S A 23 b
7 \b. g - 12.3 7. L 2.5
8 7. b "’ 13 I0-3 2.8
9 1§ .3 27.3 13.3 n.> 211

10 6.9 26.0 10-> 1yl 1g.¥

" 31.3 96 2.3 12 8 146

12 21 b 256 ¢ 1s:3 19
13 21.9 5.8 b.-2 160 143
14 33 § 2S.b .3 17.3 18.0
15 33.¥ 54.3 19.0 17.S” 17.2
16 2.2 19.0 0.0 1.9 13.0
17 272.9 20-3 s Ho.S 1.2

18 37.0 1.8 IS.g 31.0 6.5
19 29.5 23.5 18.% 23 ¥ 5.3
20 33 O 230 -9 27.0 4.0
21 34.0 4.5 >3.% — 19.5~
22 3.0 3.0 — 36.3 19.0
23 2, 6. O G .+ 242 23.S 3.0
24 29y g 5. 3 4.5
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LINE # F SPREAD LENGTH JSo
SPREAD LOCATION 010 > 2isO NUMBER OF TRACES _ 5 ¢
S e Tttt - Tormias on  Arallotcondo
LOW END HIGH END CENTER LOW QUARTER HIGH QUARTER
# SHOT AT SHOT AT SHOT AT SHOT AT SHOT AT
O+O 2350 1¥2 S o+e6s J+9S

1 0.5 24.0 39.5 6.5 2.y
2 19 .0 3.9 59 % 6.0 Y 7
3 22.0 323 3.3 Sy 350
4 34.3 2i. Y >y .5 24.3 37 7
5 >5.3 3.5 2S.0 6.3 2L.%
6 26.5 3.5 24.3 7.3 27.0
7 26§ - 29.0 8.0 34.0
8 26.9 21.5 39.5 s 23S
9 39.0 '9'7.8 .3 22.3 2y.3
10 20.5 3>5.5" 7.3 33,5 S0 s
1 26.3 4.7 1y, b 292.5" >0. 32
12 26.% 3.2 S % 23. 0 19.0
13 26-1 20.6 =) 22 .| Ib.
14 35.9 1. 2.1 23.! 1C. b
15 25, 20.6 13 b >y.3 Iv.3
16 3.1 23, | 19. 1 235 1Sl
17 253 19-3 1S 2y.7 4.y
18 26.3 20| 19. L 253 s ¥
19 26.7 201 123 27-8 t.C
20 21.3 1q-¥ 13. b 29.3 5.3
21 >9.) —_ 1.9 29.4 Jo.6
22 29.0 V9.1 30 b 30. | \g. 4
23 30. Y wu-q 14 .1 20. Y .Y
24 30Y 9.9 LA 28.% 1Q. 1
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LINE # F SPREAD LENGTH 2<o’
SPREAD LOCATION 2480 > <430 NUMBER OF TRACES __ 0 Y/
Sewrnie Batl -Tomio in  arnbboicends
LOW END HIGH END CENTER LOW QUARTER HIGH QUARTER
# SHOT AT SHOT AT SHOT AT SHOT AT SHOT AT
2+50 S +30 Y405 214S Y+es
! ).\ 344 06| 24.4 30 9
2 1y .4 3.4 36 | 23.9 20 |
3 1q -3 23 § 2b. Y 22.¢ 39.8
4 3134 32.6 Y b 5.1 >9 b
5 >b.1 2.6 23 .8 14.8 296
6 25 3.0 23.1 1.8 37 %
7 23.) 20 8 39.3 n.b 27 3
8 249 24.1 26.3 14.b 27.b
9 6.\ '30.1 22/ 20> 7.3
10 3b-8 39.L 19-b 232.6 2.3
" 3S 4 251 1S b >%-8 —
12 28.2 2¢.9 4. 228 25 )
13 — 27.6 G.8 6.6 2y.C
14 29.0 249 13.C 34.3 24.3
15 34.9 35.9 V1.9 25.2 23 O
16 20.9 2t.0 208 38 S 9.3
17 31.3 4.5 315 27.0 19.3
18 30.¥ 33.3 23.5 2.0 7.0
19 2).S 32.5 23.S 268 g.¥
20 23.3 22.5 5.5 29.S )5 ¥
21 23.0 20-8 4.5 593 19.3
22 34.¥ 19.0 25.3 >8-8 3.3
23 - 1b.> 26.5 23.5 23 %
24 EXa 9.0 s 38.2 22.5
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LINE # F SPREAD LENGTH 250’
SPREAD LOCATION S 430 D> +80 NUMBER OF TRACES __ 2 ¢/
Senmie Toarid ~Fimes on  allnecrndo
# | Ssnorar "SHOTAT sorar | sorar | Monarar
S +30 7+ %0 6L+SS s +90 745"

! ]3-S 33.2 1.5 13.0 26 X
2 158 33.0 30 S -2 Y ©
3 lo-3 333 50 8 s >L.3
4 19.3% 34.0 >0 S 19.0 37.5"
> 20.3 3y.S 21.0 1.0 —
6 29.3 33.5 50.32 4.0 34.€
7 208 3i.3 19.5 7.3 25 &
8 23 3 345 213 17.0 —
9 24.-3 33.¢ 4.3 13.5 2v. >
10 243 33.0 11-8 19-3 4.3
n 2.0 3c.% 14 b 19.3 1.0
12 248 22.¢ 4.0 50.3 2.9
13 25.3 2¢.8 A 20. & 20 P
14 277.) 29.1 12-3 23 20.%
Bl 273 27.1 ™ 29.1 20. 6
16 219 37.] 1.5 52.C 6.3
17 tYRA 2y.§ 17. 6 2. b 1$. 3
18 30.3 25 | 17- | >7.% 6. {
19 31.3 o6 224 26.3 23
20 29 .| 3.0 20.% — 19. 6
21 3.9 35.% 20 >7.4 21.4
22 33| 55. ) 2).b 59.7 2. ¥
B3| 334 20 % 2.4 289 24 ¢
24 35.9 15 3L. b 3e. b 24.4
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LINE #

SPREAD LOCATION

G

O4+c D 2450

SPREAD LENGTH

]
2SO

NUMBER OF TRACES 2Y

LOW END HIGH END CENTER LOW QUARTER HIGH QUARTER
# SHOT AT SHOT AT SHOT AT SHOT AT SHOT AT
O+0 245 0O 1+2 S o+t s /1+$5~

1 9.C 21.¥% 23 .0 13.% 30.0
2 2.5 31.0 3$.% ¢ .C 39.>
3 13 5 33.3 26.5 20.% B
4 6.0 30 .3 57.3 It.0 30 O
5 13 .5 34,3 38.0 127 31.5
6 0.8 3Y.32 — Y.0 29.5
7 31.% 39.3 26.5" $.0 2.3
8 532.8 32.3 25.3 13 .5 30.5"
9 34 3 335 2s.5 213 29.5"
10 35.0 33.% 193 51.9 29.5”
1 25.6 34.3 2.5 2.0 >7.%
12 L. L 293 Y. { 2b. b 264
13 26 . 6.2 y.8 3s.% _o3.L
14 2Ly 21.9 V3.0 2b.3 29.-L
15 FYARt 24.3 17,3 27.3 g

16 21.¥ 25 20.3 36.6 o b

17 2%.¥ 3s.L 22.% Py q.(
18 29.% 35 | ag | 3.6 4.3
19 3c. b 4.4 26.3 33.Y .2
20 3.3 549 27.4 33, | jo. 3
21 33.) 23.0 29.4 34.4 A
22 39¢. 6 18- L 2.6 3.4 1S Y
23 35 ¢ 1.y 3¢ 4 Yb. | k. b
24 36,1 .l 35.9 4q. 4 16, L
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LINE # (v SPREAD LENGTH sce’
SPREAD LOCATION N o > S 40O NUMBER OF TRACES __ 5¢
S vomic Toatl Lo in  eillioacends
# | smoTAT "SHOTAT sorar | Camorar | Msuarar
2+s0O ) 2+ 7S 3415 Y3 S

1 gy 53 | 26 ] 20 % 29.4
2 1.4 sy 24 9 204 ENHA
3 T Uy .9 394 Ll 23 ¢
A 17.4 uy. 4 21 1S Y 313
5 9.3 ya.g 31 13.0 30 . L
6 20.) yy.§ 20.% 4. b 39.1
7 25 | VER 198 y. > 31, ¢
8 308 33.8 1. 13 .3 27
9 20.2 29.1 . b 1.3 L8
V] 334 32.3 12.% ib.) 3.3
1 14.3 195 0. 1.7 143
12 2V b 20-b L) 17. b 1y L
13 22.0 33.9 sy 119 12.%
14 31.b 20 3 0.k 19. 1.y
15 3632 20.3 4.0 2.0 1y . ¥
16 Su.§ 21.3 1573 23.0 133
17 24.9 9.3 4.3 20.> 12.¥
18 7.3 13.3 4.8 30.0 S5~
19 23.5 14-% \9.< 29.3 4.5
20 30.0 1.3 16.3 33.0 3.5
21 27.0 11-5 .3 3:..C 9.0
22 30.5” s, § 19.0 3.0 19.5~
23 24.% 1S 30 0 25 .3 158
24 20 > )1.S 30.0 30 17.0

Weslon Geophysicat




.2 A A 2 A _13

B

/

LINE # H SPREAD LENGTH 3 s¢
SPREAD LOCATION DiSOo > 40 NUMBER OF TRACES _ 5/
Seomie  Provid ~Treo o rabbocond,

# | Snotar "SHOTAT siotar | SHoTAT | | shoTAT

215 C S+ O EXReAy 2+ 5 i35
L g .9 29 .| 9.1 1. 23 |
2 14| 34 9 26 .1 19/ 3L
3 b | 32.9 23%.8 1 7.1 Bl
4 19! 314 349. b (s.Y 39.4
> 2. b 308 233 129 >8.3
6 50. | 3.3 22.L 43 27.3
7 20.8 29.b Y 4.6 240
8 31 2q9.8 0% 133 261
9 34. | 21.L 1% .8 1o b 350
10 54.9 21.1 1S 12,3 2y, ¥
1" 2.2 - 57.% 1.3 1¥.% 23.8
12 2u. b 27.1 3.3 201 33.]
13 24.0 254 WA 200 20 b
14 26.0 24.9 n.G 21.0 1%L
15 293 24.0 1.8 22.3 17.0
16 >7.3 23.0 7.5 22.3 1y.0
17 2>8.3 1.5 1. 23.3% 1.3
18 30 O 29.0 2.5 25 .0 3 ¥
19 33.5 31.0 23 % 25.3 .3
20 2372.% 9.0 24.¥ 271.73 4.3
2) 33, 8.0 >5 .0 26> 1b (>
22 33 .0 VS0 26.6 37.9 V7.3
23 34.0 1.0 26.% 29.0 €.

24 3519 2. P 7.5 27.Y 20.5

Weston Geophysical




T

a1 & _A& _& _

-

’

LINE # H SPREAD LENGTH 250
SPREAD LOCATION S 4SO > 4 NUMBER OF TRACES __ D ¢
S tommie  Tad v in  ornblosconds
LOW END HIGH END CENTER LOW QUARTER HIGH QUARTER
# SHOT AT SHOT AT SHOT AT SHOT AT SHOT AT
<450 §4+0 (+75 T+1S 74325
! 1.9 35 30! 31 30 9
2 170 a5y 3o 20 9 32.4
3 19.6 2.4 39 b 19 b 3,9
4 9.6 S EN 27 ¢ 14 -4 29.9
5 27.% >3 | 26.% 1.5 303
6 23.3 40.% 3¢.9 .3 29.4
7 24.¢ 2. 32.b 7. b 27, )
8 1.5 29.6 20> 3, | L.
9 8.9 39.6 19 ) 'S .¥ 4.9
10 30- | 2p. | 1S 1.3 330
1 31 | 292 q.| 20.9 24,
12 133.3 27173 7.9 32.% 23.3
13 30.0 2b.b 9.0 24. b 213
14 249.% rI WA 14 3 263 A
15 1.7 253 1.5~ 20L.0 (9.
16 327 53.3 19.C 27.% 1. ¥
17 33.5 23 9 2.5 2399 13 5
18 2,59 21.9 23.0 23.3 §.0
19 3S.3 20.3 3u.C 28 7.3
201 395 20.0 24.¥ 215 13,5
21 2.8 18.8 AL.0 29.9 1S.0
22 35.¢ 4.9 260 54 .Y 17.5
23 37.0 14 o 26.C 29.0 1y.9
24 | 33 > 19 .~ L. 25 0 19>

Weslon Geophysical



A A & B A A _BR .

LINE # T SPREAD LENGTH 2507
SPREAD LOCATION O+0 =~ 34s0 NUMBER OF TRACES __ 3 ¢
S cinmie  traid Toman _in e ibisiconds
LOW END HIGH END CENTER LOW QUARTER HIGH QUARTER
# SHOT AT SHOT AT SHOT AT SHOT AT SHOT AT
O+ 0 2+ sC J+3s O+ 685 ) +7S

1 Jo .0 43.0 29.¥ 24.S 29,5
2 1§ .2 4o O 2y.5 9.9 375
3 22 .3 38.% 335 11.5 36,3
4 25.0 250 33.0 117.0 363
> 269 37.0 >0.0 13 3 3.3
6 20.5 34.73 3¢c.0 s _—
7 3¢.3 343 2.9 3.5 33,5
8 3.3 34.0 5.0 13,5 33.5
9 3 g 34 3 23.% \7.9 33.3
0| 1y 313 20.3 l9.5 >9.5
11 37.¢ 393 19.3 19.2 27.0
12 4D,D 9. b -6 23.4 27.0
13 Y 29.7 12. ] 25| 25 L
14 40 . 8 373 0.1 313 24.b
15 38.3 2713 33.2 29.3 oY
16 y(.3 27.1 230 28.3 21.y
17 Y6Y¥ 21.3 2719 31.% 13.8
18 y4.8 =T 3¢, 39.6 sl
19 Ye. b 38| 30.4 33.9 y.¥
20 Ye. e 24.\ 20 3 233 | 137
21 yl1.9 VgL j_‘l-(u 30.4 6.5
22 yg . 4 17 Y 284 3i.% EARS
23 ys L 9.4 30. | 39.L 22.9
24 4.4 2L 20.b 23 ) 24. |

Weston Geophysicaol




APPENDIX B8

ELECTROMAGNETIC TERRAIN CONDUCTIVITY
METHOD OF INVESTIGATION

Weslon Geophysical



& 2 8 _a _a .2

A .2 A R A A _A

GENERAL CONSIDERATIONS

The electromagnetic terrain conductivity [EM] survey is a method of obtaining
subsurface information through "remote"” inductive electric measurements made at
the surface of the earth. Although limited in application, the EM method has
significant advantage in speed and definition for certain problems. The
parameter measured with this technique is the apparent conductivity of the
subsurface. The conductivity meter consists of receiver coil and a separate
transmitter coil which induces an electrical source field [a circular eddy
current loop] in the earth {Figure 1]. Each current loop generates a magnetic
field proportional to the value of the current flowing within the loop. Part of
the magnetic field from each current loop 1s intercepted by the receiver coil
and converted to an output voltage which is 1linearly related to terrain

conductivity. EM instrument readings are in millimhos per meter.

Geologic materials can be characterized by their electrical characteristics;
lateral variations in conductivity values generally indicate a change in
subsurface conditions. The relative conductivity of earth materials is
particularly sensitive to water content and dissolved salts or ions.
Accordingly, dry sands and gravels, and massive rock formations have 1low
conductivity values; conversely, most clays and materials with a high ion

content have high conductivity values.

FIELD PROCEDURE FOR DATA ACQUISITION

Weston Geophysical generally uses two common terrain conductivity meters: the
Geonics EM-31 and the EM-34-3. The EM-31 has a fixed intercoil spacing of 3.7
meters and an effective depth of penetration of approximately 6 meters. The
EM-34-3 has two coils which can be separated by 10, 20, or 40 meters and can
be oriented in either the horizontal or vertical dipole modes. Intercoil

separations increase the effective depth of investigation as shown below.

Intercoil Spacing Depth of Investigation [meters]
[meters] Horizontal Dipoles Vertical Dipoles
10 7.5 15
20 15 30
40 30 60
2531M (1/89) e 1 o
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The coil orientation [horizontal or vertical] allows the EM-34-3 to respond to

materials of different depths.

Conductivity measurements obtained with the EM-31 and/or the EM-34-3 can be
obtained at any spacing along a survey line. EM-31 readings have the added
flexibility of being recorded on a continuous chart vrecorder providing

continuous data along a survey line.

DATA INTERPRETATION

EM data interpretation is generally subjective, that is measured EM values are
contoured or profiled to identify high or 1low conductivity locations.
Conductivity values obtained by an EM survey are relative values and depth
estimates to conductive surface or bodies are best accomplished with an

on-site calibration.

The EM-31 and EM-34-3 measure terrain conductivity in millimhos/meter. These
values can be converted to resistivity [ohm/meters] for comparison with

resistivity results by dividing the conductivity values into 1000.

2531M (1/89) e 2
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INDUCED CURRENT FLOW IN GROUND

T = Transmitter Coil
R = Receiver Coil

Horizontal coplanar configuration (vertical dipole mode)

Figure 1
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INTRODUCTION

The magnetic method 1is a versatile, relatively inexpensive, geophysical
exploration technique. BAeromagnetic surveys and deep water marine studies are
commonly used as a reconnaissance tool for tracing large-scale geologic
structure. Land and coastal water marine data are more useful in tracing
smaller, more localized geologic structures, such as mineral and ore
deposits. Land and marine surveys yield more detail and higher resolution,
since the measurements are taken closer to the anomaly source. Land and
shallow water magnetic data is commonly used to locate larger buried, man-made
objects such as pipelines, barrels or other buried metal objects, and smaller

objects such as involved in archaeological prospecting.

EARTH MAGNETISM

Magnetics is a “"potential field" method. For a given magnetic field, the
magnetic force in a given direction is equal to the derivative of the magnetic
potential in that direction. The source of the earth's magnetic potential is
its own magnetic field and the induction effect this field has on magnetic
objects or bodies above and below the surface. The earth's field is a vector
quantity having a unique magnitude and ¢: - at every point on the earth's
surface. This magnetic field 1is defined in three dimensions by angular
quantities known as declination and inclination. Declination is defined as
the angle between geographic north and magnetic north, and inclination is the
angle between the direction of the earth's field and the horizontal [Figure
1]. The earth's magnetic field is measured in "gammas" [where 1 gamma =
10_5 Oersted]; the total field ranges from about 25,000 gammas near the

equator to 70,000 gammas near the poles.

The earth's magnetic field is not completely stable. It undergoes long-term
{secular] variations over centuries; small, daily [diurnal] variations [less
than 1% of the total field magnitude]; and transient fluctuations called

magnetic storms resulting from solar flare phenomena.
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The earth's ambient magnetic field is modified locally by both naturally-
occurring and man-made magnetic materials. Iron or steel objects act as
“local"” dipoles, which are generally oriented differently than the earth’'s

external magnetic field.

The iron or steel objects represents a local perturbation in the maln earth
field. The net field in the vicinity of this perturbation is simply the
vector sum of the induced and earth fields. Thus, the induced field is a
function of the "susceptibility" of the material, or its ability to act like a

magnet.

Remanent magnetization 1is produced in materials which have been heated above
the Curie point allowing magnetic minerals in the material to become aligned
with the earth's field before cooling. The remanent field direction is not
always parallel to the earth's present field, and can often be completely
reversed. The remanent field combines vectorially with the ambient and
induced field components. The contribution of the remanent components must be

considered in magnetic interpretations.

INSTRUMENTATION

At present. the most widely used magnetometer 1is the “proton precession”
type. This device utilizes the precession of spinning protons of the hydrogen
atoms in a sample of fluid [kerosene, alccrncl. or water] to measure total

magnetic field intensity.

Protons spinning in an atomic nucleus behave like magnetic dipoles, which are
aligned [polarized] in a uniform magnetic field. The protons initially
aligned themselves parallel to the earth's field. A second, much stronger
magnetic field is produced approximately perpendicular to the earth's field by
introducing currents through a coil of wire. The protons become temporarily
aligned with this stronger secondary field. Wwhen this secondary field is
removed, the protons tend to realign ([precess] themselves parallel to the
earth's field direction. The precessing protons will generate a small

electric signal in the same coll used to polarize them with a frequency [about

2532M e 2 o
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2,000 Hz] proportional to the total magnetic field intensity but independent
of the coil orientation. By measuring the signal frequency., the absolute
value of the total earth field intensity can be obtained to a 1 gamma
accuracy. The total magnetic field value measured by the proton precession
magnetometer is the net vector sum of the ambient earth's field and any local

induced and/or remanent perturbations.

A total field proton precession magnetometer can be made portable and does not
require orientation or leveling. There are a few limitations- associated with
the precession system. The precession signal can be severely degraded in the
presence of large field gradients [greater than 200 gammas per foot] near
60-cycle A/C power lines. Also, the interpretation of total field data is
sometimes more complicated than vertlical field data which, however, is more

time consuming to take.

FIELD TECHNIQUES

The field operator must avoid or note any sources of high magnetic gradients
and alternating currents, such as power lines, buildings, and any large iron
or steel objects. Readings are taken at a predetermined interval which
depends on the nature of the survey, the accuracy required, and the gradients
encountered. Base station readings., if required, are usually made several

times a day to check for diurnal variations and magnetic storms.

INTERPRETATION

Lateral variations in susceptibility and/or remanent magnetization in crustal
rocks give rise to localized anomalies in the measured total magnetic field
intensity. Geologic structural features [faults, contacts, intrusions, etc.]
and metal objects will cause magnetic anomalies, which can be interpreted to

define the location of the causative source.
After diurnal effects and regional gradients have been removed, magnetic

anomalies can be studied in detail with derivative operations and frequency

filtering employed to define depth and shape.
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Because it is a potential field method, there are a number of possible source
confiqurations for any given magnetic anomaly. There is also an inherent
complexity in magnetic dipole behavior. If the various magnetic field
parameters [inclination, declination., and susceptibility] are well defined,
and some reasonable assumptions can be made regarding the nature of the

source, an accurate source model can generally be derived.

Magnetic anomalies can be analyzed both qualitatively and quantitatively. The
physical dimensions of an anomaly [slope, wave-length, amplitude, etc.] often
reveal enough to draw some general qualitative conclusions regarding the

location and depth of the causative source.

Precise interpretation must be done quantitatively and requires prior
knowledge of earth and remanent magnetic field parameters. Modeling can be
performed by various approximation methods, whereby one reduces the source to
a system of poles or dipoles, or assumes it to be one of several simple,
geometric forms ([vertical prism, horizontal slab, step, etc.]. The magnetic
properties for this simplified model <can be rather easily defined
mathematically. Simple formulas can be derived which relate readily
measurable anomaly parameters, such as slope, width, and amplitude ratios, to
the general dimensions of the anomaly source, 1including depth to top.
thickness, dip, and width normal to strike. Since these methods involve very
limiting geometric assumptions, the results can be treated as good

approximations only for very simplified sources.
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0. EXECUTIVE SUMMARY

Hager-Richter Geoscience, Inc. conducted a seismic refrac-
tion survey at the Mottolo Superfund Site, Raymond, Rockingham
County, New Hampshire in September, 1989. The survey was con-
ducted for Balsam Environmental Consultants, Inc. of Salem, New
Hampshire as part of a larger RI/FS undertaken under the supervi-
sion of the USEPA.

The survey area is a wooded lot located on property adjacent
to, and immediately south of, the Mottolo Site property line.
The purpose of the seismic refraction survey was to provide in-
formation about the depth to bedrock and, if possible, the con-
figuration of the bedrock surface.

The seismic refraction survey consisted of 4 lines of
profile totaling 770 linear feet. A preliminary interpretation
of the seismic data was made to provide information to help
determine locations for two borings in the area. A two layer
model best fit the seismic data; the model consisted of (1) a low
velocity (1000-1500 fps) layer, interpreted to be unsaturated
sediments, and (2) a high velocity layer (11,000-16,000 fps) in-
terpreted to be bedrock.

The two borings, located along line SL1 on the basis of the
preliminary seismic interpretation, encountered the groundwater
table at one foot and 8 feet, respectively, above the bedrock
surface which was at a depth of approximately 11 feet in both
borings.

Taking into account the later boring information, the seis-
mic data were reinterpreted assuming that a saturated layer ex-
ists between the upper low velocity layer and bedrock. Based on
the reinterpretation, we conclude that three layers are likely
present in the western half of the survey area. In the eastern
half of the survey area, however, the water table is at or very
near the bedrock surface and cannot be detected in the seismic
data. The bedrock is generally 5 to 10 feet shallower in areas
of higher surface elevation. Thus, the small ovoid hill to the
south of the seismic survey lines may be bedrock controlled.
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1. INTRODUCTION

Hager-Richter Geoscience, Inc. conducted a seismic refrac-
tion survey at the Mottolo Superfund Site, Raymond, Rockingham
County, New Hampshire in September, 1989 for Balsam Environmental
Consultants, Inc. of Salem, New Hampshire. The geophysical sur-
vey was part of a larger RI/FS project undertaken by Balsam under
the supervision of the U.S. Environmental Protection Agency. The
general location of the Site is shown in Figure 1.

The Mottolo Site is located in a semi-rural, wooded area.
The area of the seismic refraction survey is a wooded lot im-
mediately south of the Mottolo Site property line. The ground
surface is generally level except for a small ovoid hill about 25
feet high in the south central part of the survey area.

The objective of the seismic refraction survey was to deter-
mine depth to bedrock and, if possible, configuration of the
bedrock surface to assist Balsam in siting additional monitoring
wells.

Hager-Richter personnel were on Site on September 12, 1989.
Jeffrey Reid and George Fields conducted the seismic refraction
survey. The field operations were coordinated with Mr. Timothy
Stone of Balsam. Ms. Mindy Jacobs of Balsam specified the loca-
tions of all seismic refraction lines and observed the field
work. The data were analyzed at our offices in Salem, New
Hampshire. Original data and field notes reside in the Hager-
Richter files and will be retained for a minimum of five years.
Preliminary results were provided to Balsam on September 15 for
use in siting additional wells.

2. EQUIPMENT AND PROCEDURES

For the seismic refraction survey, we used an EG&G Model
ES1225 Multiple Channel Signal Enhancement Seismograph, a 110-
foot spread cable, and twelve vertical geophones. The spacing
between geophones was 10 feet.

The ES1225 is a microprocessor controlled instrument that
allows seismic signals from several successive shots to be ac-
cumulated, or "stacked," and added selectively to the 12 channels
in order to increase the signal-to-noise ratio. The field data
were recorded both on permanent paper seismograms and on digital
cassette by a portable digital recorder.
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Energy for the seismic refraction survey was provided by
hitting a steel baseplate with a 10-pound sledgehammer. The
seismograph recorded data for 100 milliseconds after each shot.

Six shots (or "drops") were made for each geophone spread.
Shots were made at both ends of the cable, 60 feet offset from
each end of the cable, and at locations 30 feet and 80 feet along
the spread cable. This procedure provides reversed refraction
profiles for all segments. For the profiles longer than the
110-foot spread cable, the end shot point of each segment was
reoccupied as the first shot point of the next segment. This
procedure provides data redundancy and acts as a quality control
measure.

The seismic data were analyzed using the Generalized
Reciprocal Method (GRM) of seismic refraction interpretation
(Palmer, 1980). The GRM has. several advantages over other seis-
mic refraction interpretation methods such as the crossover-
distance method. The GRM allows for some variation in the sur-
face topography as well as lateral variation in the seismic
velocity of the upper layers. The method uses a principle of
migration whereby the refractor need only be planar over a short
distance, thus allowing the calculation of depth to an undulating
interface. 1In addition, the GRM method is relatively insensitive
to dip angles as high as 20°, unlike most other methods which can
be sensitive to dips as low as 5°. The GRM also allows for the
calculation of depth below each geophone instead of below only
the shot points as in the Time-Intercept and Crossover Distance
methods.

The calculated results were used to construct an interpreted
velocity profile of the subsurface for each seismic line. The
velocities of seismic waves are strong functions of the types of
geologic material through which they pass. Table 1 lists the
correlation of velocities to geologic materials expected at this
Site. One can thus infer the subsurface stratigraphy from the
velocities exhibited.

With the seismic refraction method, one cannot detect layers
of lower velocity material underlying higher velocity material, a
common situation in stratified sediments. If present, the
"hidden" lower velocity layers cause an error in the thickness
calculated for the upper layer. The uncertainty in depth es-
timates due to this and other causes may be +/- 10% or 1 foot,
whichever is larger.
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3. RESULTS AND DISCUSSION

3.1 General

The locations of the seismic refraction lines are shown in
Plate 1. Data were obtained along 4 lines of profile for a total
distance of 770 linear feet. The locations of all lines were
specified in the field by the Balsam site representative. Seis-
mic lines SL1 and SL2 are oriented approximately east-west and
parallel to the Site property line. Seismic line SL1 is 330
feet long and located on the property line; SL2 is 220 feet long
and is located about 100 feet south of the line. Seismic lines
SL3 and SL4 are each 110 feet long, are oriented generally
north-south, and intersect the other two lines. Surface eleva-
tions along each seismic line were estimated from the topographic
map of the Site provided by Balsam and the precision is probably
+/- 1 foot. Conditions at the Site were relatively quiet; and
the quality of the seismic signals was judged to be good to very
good. The seismic refraction first break arrival times are in-
cluded as an appendix to this report.

The seismic data were interpreted in two stages. First,
using only the seismic data, we produced preliminary profiles for
Balsam shortly after the field work was completed. Second, after
two borings were drilled along seismic line SL1, we reinterpret-
ed the seismic data using the data obtained from those borings.

3.2 Initial Interpretation

Plates 2 and 3 show the preliminary interpreted profiles for
each seismic line. The locations of intersecting seismic lines
and the velocity range (in feet per second) exhibited by each
layer are also indicated in the profiles. The seismic data were
best fit by a simple two-layer model. The upper layer, with
velocity ranging from 1000 fps to 1450 fps, was interpreted to be
unsaturated sediments 6 to 11 feet thick. The lower layer, with
velocity varying from 12500 fps to 15500 fps, was interpreted to
be bedrock. We did not recognize a distinct layer with an inter-
mediate velocity typical of saturated sediments in the seismic
refraction data. The seismic refraction profiles were sent as a
preliminary interpretation to Balsam in mid-September.
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3.3 Re-interpretation of the Seismic Data

Based on the seismic results, two borings were drilled
near line SL1. Boring MW-21D, located at 2+80 along line SL1,
encountered the water table at approximately 10 feet below the
ground surface and bedrock at about one foot below the water
table. The seismic results for that location predicted 11 feet
of low velocity material overlying bedrock (Plate 2). A water
table one foot above the bedrock is not detectable on the basis
of the seismic refraction data. A second boring MW-20S, located
at 0+80 along line SL1, encountered the water table at 3 to 4
feet depth and bedrock at 11 to 12 feet below the ground surface.
This result differed significantly from the preliminary seismic
interpretation which estimated the bedrock depth to be six feet,
with six feet of low velocity unsaturated material above bedrock.

At the request of Mr. Timothy Stone, we re-interpreted the
seismic data in an attempt to answer the following questions:

1 Why was there no evidence of a water table in the seis-
mic data?

2 Why was bedrock encountered five to six feet deeper
than predicted in boring MW-20S?

A previous seismic refraction survey in the general area had
been interpreted by Weston Geophysical on the basis of three dif-
ferent near-surface geologic models for the Mottolo site: 1)
areas with only unsaturated sediments above the bedrock, 2) areas
with only saturated sediments overlying bedrock and, 3) areas
with unsaturated sediments overlying at least 10 feet of
saturated sediments on top of bedrock. The seismic data acquired
in this survey were well fit by the simple model of unsaturated
sediments overlying bedrock. In addition, velocities indicative
of saturated sand (4600-5000 fps) were not observed in the seis-
mic data. Therefore, the original interpretation was based on a
two layer model. Using models of seismic refraction arrival
times based on the borehole logs leads to the following conclu-

sions:

1 In order to identify with high confidence a water table
refraction in seismic data in cases where the depth to
the water table is 2-8 feet and the depth to bedrock is
10-12 feet, a geophone spacing of three feet or less
must be used.
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2 The predicted depth to bedrock at such shallow depths
(less than 20 feet) is highly sensitive to the water
table depth (e.g., a one-half foot error in the water
table depth could result in a three foot error in
bedrock depth).

Seismic line SL1 was re-interpreted using a three layer
model which consisted of a low velocity surface layer, a
saturated sand layer (i.e., water table), and bedrock. Depth to
the water table was known at the boring locations and was es-
timated along the line by assuming that the first break arrival
times of geophones 20 feet from the shots are from rays traveling
along the water table. Knowing the velocity of the top layer and
assuming a velocity of 4600 fps (Redpath, 1973) for the saturated
sand layer, one can estimate the depth to the water table. The
water table was assumed to be relatively horizontal. The result
is shown in Plate 4. The insertion of a shallow water table in
the model at the west end of the line increases the velocity of
the overlying sediments and thus increases the bedrock depths
from 2 to 10 feet. Thus, in the re-interpreted line the seismic
bedrock depth matches that in boring MW-20S. At the east end of
line SL1, the water table in boring MW-21D was found to be
within one foot of bedrock. Because a one foot thick saturated
layer above bedrock is not detectable in the seismic data, we
show the water table as a dashed line just above the bedrock sur-
face at this end of the line.

Reinterpretations of seismic lines SL2 and SL4, using a
three layer model and the assumptions discussed above, are shown
in Plate 5. The reinterpreted line SL4 shows an increase in
bedrock depth from approximately 10 feet at the north end of the
line to approximately 15 feet at the south end. Line SL2 shows a
shallowing of the bedrock from approximately 13 feet depth at the
west end to the line to about 10 foot depth at the east end of
the line. The water table is approximately four feet deep at the
western end of the line and is probably very near or at the
bedrock surface at the eastern end of the line.

Seismic line SL3 is located along a topographic high and in-
tersects the eastern ends of lines SL2 and SL4. Based on the in-
formation from boring MW-21D and our reinterpretation of lines
SL2 and SL4, we infer that the water table along SL3 is within 1
foot of the bedrock surface or at the bedrock surface. Thus,
since the three layer model for this line is essentially identi-
cal to the two layer model we do not plot it as a separate
figure.



HAGER-RICHTER
GEOSCIENCE, INC.

Seismic Refraction Survey
Mottolo Superfund Site
Raymond, NH File 89G32

4. CONCLUSIONS

Based on the seismic refraction survey conducted on Septem-

ber 12, 1989 and information from borings MW-21D and MW-20S at
the Mottolo Superfund Site in Raymond, New Hampshire, we con-
clude:

1.

There are generally three layers present at the Site: (1) a
low velocity (1000-1500 fps) layer interpreted to be un-
saturated sediments, (2) A layer of saturated sands with an
assumed velocity of approximately 4600 fps, and (3) a high
velocity (11,000-16,000 fps) layer interpreted to be
bedrock.

All three layers are likely present in the western half of
the survey area. In the eastern half of the survey area,
however, the water table is at or very near the bedrock sur-
face and the saturated sand layer cannot be detected from
seismic refraction data obtained with a geophone spacing of
10 feet.

The bedrock is generally 5 to 10 feet shallower in areas of
higher surface elevation. The small ovoid hill to the south
of the seismic survey lines may be bedrock controlled.

Due to the shallow bedrock depths in the survey area, water
table depth variations such as found. in the borings would
not have been detectable by the seismic refraction survey
with a geophone spacing of 10 feet. - In order to identify
with high confidence a water table refraction and detect
changes in the water table, a refraction survey with
geophone spacings of three feet or less would be required.
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TABLE 1.

RELATIONSHIP BETWEEN VELOCITY

OF SEISMIC WAVES AND GEOLOGIC MATERIALS
EXPECTED AT THE MOTTOLO SUPERFUND SITE

VELOCITY
(Ft/Sec)

1000-1700

4600-7000

>11,000

TYPE OF MATERIAL

Soft & uncompacted low-density materials
including fill, unsaturated silt, sandg,
gravel and cobbles. May also include
random boulders. Permeable.

Materials of the types above, but
saturated with ground water. The ground
water table is generally found at or
near the upper surface of zones having
this velocity range.

Bedrock.
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EACH COLUMN LISTS ARRIVAL TIMES IN MILLISECONDS

TO _GEOPHONES FROM THE SHOT WHICH ILOCATION IS

SHOWN IN THAT COLUMN

Raymond, NH File 89G32

DISTANCE

LINE SL1
-60

0 21.10 27.10

10 20.30 26.60
20 20.25 27.85
30 18.70 24.55
40 16.50 23.20
50 16.35 22.65
60 17.40 24 .35
70 13.85 20.15
80 13.05 20.20
90 11.85 19.75
100 8.50 19.05
110 SHOT 17.50
170 SHOT

LINE SLl(cont.)
50 SHOT
110 15.90 SHOT
120 17.90 8.60
130 17.50 12.80
140 19.75 14.85
150 21.50 16.15
160 21.55 17.20
170 23.20 18.40
180 24.85 19.55
190 22.85 18.85
200 22.85 18.30
210 24.35 20.10
220 25.30 21.15
280

LINE SL1(cont.)
160 SHOT
220 19.50 SHOT
230 21.40 10.15
240 20.15 13.60
250 21.15 15.35
260 22.60 16.50
270 22.05 16.60
280 24.50 18.80

20.70
15.20
19.35
17.65
15.80
15.60
16.30
11.20
SHOT

9.65

12.90
14.45

16.35
16.35
9.20

SHOT

9.30

17.15
18.85
20.50
20.45
19.90
20.80
22.50

16.80
14.00
8.50
SHOT
8.85
17.05
17.50

14.30

13.15
9.90

SHOT

9.05

12.95
16.40
14.55
17.50
17.25
18.50
18.50

18.85
18.85
17.30
18.10
17.15
16.00
14.10
9.05

SHOT

8.45

14.10
14.70

18.80
18.10
16.35
17.50
17.20
16.80
15.05

SHOT

9.60

13.10
14.05
15.00
16.05
20.30
18.05
18.85
19.90
19.00
19.90

21.75
21.75
20.95
20.95

- 20.80

19.75
19.50
19.05
16.60
14.00
8.25

SHOT

22.60
20.90
19.20
20.50
20.15
18.45
19.85

SHOT

17.
17.
18.
19.
19.
20.
22.
21.
22.
23.
24.
24.

25.
26.
25.
24,
23.
23.
23.
22.
21.
20.
20.
19.

05
30
20
00
25
25
40
15
50
25
10
85

40
00
15
45
90
50
25
95
05
50
35
30

SHOT

25.
25.
.80

22

23.
24.
21.
23.

20
15

85
25
85
30
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DISTANCE
290 23.30 19.50
300 23.90 20.10
310 22.15 18.10
320 24 .25 19.20
330 25.30 20.10
390

LINE SL2
-60 SHOT
0 21.30 SHOT
10 21.75 8.70
20 24.35 12.95
30 24.35 16.45
40 23.50 14.80
50 22.25 15.55
60 21.90 16.25
70 23.75 16.85
80 24.60 20.25
90 27.30 22.40
100 27.85 25.30
110 28.45 25.50
170

LINE SL2(cont.)
S0 SHOT
110 21.05 SHOT
120 21.15 8.95
130 19.50 12.45
140 22.00 18.50
150 20.85 18.50
160 21.05 18.15
170 21.30 18.50
180 20.25 18.15
190 22.45 20.25
200 22.25 20.00
210 22.45 20.35
220 22.45 21.30

280

ARRIVAIL, TIMES (ms)

18.35
18.95
16.50
17.30
18.80

17.65
12.50
7.55

SHOT

8.50

13.05
13.75
15.80
18.20
18.35
20.90
22.50

20.45
11.90
8.85

SHOT

10.00
17.55
19.40
18.60
20.95
19.90
20.00
20.85

8.60
SHOT
8.80
14.00
16.00

21.50
20.60
21.05
18.20
17.90
15.60
11.80
7.30

SHOT

7.30

13.75
17.55

23.55
18.70
20.85
20.35
19.65
18.10
15.50
8.70

SHOT

8.25

14.10
15.15

17.55
17.65
12.85
10.85
SHOT

22.85
22.00
21.50
20.80
19.00
17.45
17.25
15.85
15.15
11.30
8.95

SHOT

20.15
18.25
20.35
19.05
18.25
17.40
15.65
13.05
13.75
10.60
8.70

SHOT
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22.80
19.85
16.95
17.75
16.00
SHOT

27.00
26.20
25.50
23.60
22.80
21.30
21.05
20.85
21.75
21.95
23.65
23.50
SHOT

26.45
20.45
22.50
21.85
23.20
22.35
20.85
18.60
19.75
17.75
16.25
15.40
SHOT
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DISTANCE

LINE SL3
-60
0
10
20
30
40
50
60
70
80
90
100
110
170

LINE SL4
-60
0
10
20
30
40
50
60
70
80
90
100
110
170

SHOT

13.05
14.35
15.30
17.40
18.20
18.35
18.95
20.10
19.65
21.55
24.00
24.15

23.05
22.15
22.80
19.90
20.00
19.40
19.05
19.30
17.30
17.90
19.65
19.65
SHOT

SHOT
6.95
10.95
10.45
14.85
14.85
15.75
'16.80
17.05
18.80
21.65
21.90

20.60
19.55
19.20
16.35
16.35
15.50
15.20
14.95
11.90
11.50
6.70

SHOT

ARRIVAL TIMES (ms)
9.55 25.15 21.65
8.95 24.70 19.05
7.05 18.35 20.95
SHOT 17.40 19.75
10.00 18.60 21.50
11.05 15.40 20.85
11.75 13.50 20.00
12.35 6.95 18.25
12.80 SHOT 14.15
14.85 8.95 13.50
17.15 14.15 8.25
17.15 15.65 SHOT
18.35 16.85  SHOT
17.40 14.60 8.70
17.90 9.40 13.90
15.40 SHOT 14.95
14.890 9.55 14.10
13.75 14.60 15.65
12.15 17.40 16.80
6.95 18.60 18.25
SHOT 18.25 18.25
10.60 21.05 20.00
12.15 21.55 19.50
13.40 20.45 20.70
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26.00
25.75
23.65
23.30
25.40
24.15
23.85
24.50
26.15
23.15
22.70
20.50
SHOT

SHOT

17.90
19.05
20.35
19.30
21.20
20.95
21.90
22.70
23.30
22.95
22.60
25.15

NOTE: Distance is distance along the line in feet.
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