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ABSTRACT

Between September 19, 1991 and October 8, 1991 personnel from Martin Marietta
Energy Systems, Inc. (Energy Systems), Automated Sciences Group, Inc., and Marrich, Inc.
performed a seismic refraction survey at the Advanced Neutron Source (ANS) preferred site.
The purpose of this survey was to provide estimates of top-of-rock topography, based on
seismic velocities, and to delineate variations in rock and soil velocities.

Forty-four seismic refraction spreads were shot to determine top-of-rock depths at
42 locations. Nine of the seismic spreads were shot with long offsets to provide 216 top-of-
rock depths for 4 seismic refraction profiles. The refraction spread locations were based on
the grid for the ANS Phase I drilling program.

Interpretation of the seismic refraction data supports the assumption that the top-of-rock
surface generally follows the local topography. The shallow top-of-rock interface interpreted
from the seismic refraction data is also supported by limited drill information at the site.
Some zones of anomalous data are present that could be the result of locally variable
weathering, a localized variation in shale content, or depth to top-of-rock greater than the

site norm.
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1. INTRODUCTION

1.1 LOCATION AND DESCRIPTION

The ANS preferred site located on the U.S. Department of Energy Oak Ridge
Reservation (DOE-ORR) at Oak Ridge, Tennessee, is shown in Fig. 1.1. The specific site
surveyed during this investigation is south of Ramsey Road and generally east of the Health
Physics Research Reactor (HPRR) access road (Fig. 1.2). Surface elevations on the site
range from 827 to 938 ft above sea level. The varied topographic relief is expressed as gentle
to very steep slopes. The site is predominately light to moderately wooded with very few

open arcas.

1.2 SITE GEOLOGY ,

The ANS site is located in the Tennessee section of the Valley andkRidge province, in
which the valleys and ridges generally trend southwest (SW) to northeast (NE) in a direction
that mimics the strike of underlying rock units.! The ANS site is underlain by southeast (SE)
dipping limestone and shale units of the Middle Cambrian Age Conasauga Group, specifically
the Maryville Limestone, the Rogersville shale, the Rutledge Limestone, and the Pumpkin

Valley Shale formations.?
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Fig. 1.1. Site locatibn map.
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2. SEISMIC REFRACTION SURVEY DESCRIPTION

2.1 OBJECTIVES

The purpose of this survey is to provide top-of-rock topographic data, based on seismic
velocities, and to determine anomalous velocity zones in the near surface (soil or rock). This
is to be accomplished by producing a top-of-rock surface contour map based on at least
40 locations and 4 profiles based on 2000 ft of continous data at 10-ft spacing. The survey
location grid is to correspond to the ANS Phase I drilling program.® The top-of-rock surface
is to be defined by a seismic velocity and not tied to a specific geologic contact (Appendix G,
p. G-3).

To investigate the applicability of seismic reflection as an exploration tool at the site, a
seismic reflection "walkaway noise test" was conducted in the NW corner, near Phase |

borehole #10 (Plate 1).

2.2 SEISMIC REFRACTION LINE LOCATIONS

Plate 1 shows the locations of the 44 seismic refraction spreads. A spread is defined as
an arrangement of geophone groups (for this survey a group consisted of one geophone) in
relation to the source point.! Twenty-four seismic refraction spreads were located at Phase
I boreholes #10 through #33 (only #22 has been drilled). To investigate the effect of spread
orientation on depth determinations, a S-N and a W-E spread were located at both ANS
boreholes #15 and #30. Additionally, nine spreads were located on 200-ft centers in the
central area of the site. To maximize data collection beneath the main ANS structure
(Appendix G, p. G-19), nine spreads were located around ANS boreholes #20, #21, and #22.
These nine spreads were shot as profiles (Plate 1). The shot points, geophone 1 and
geophone 24 for all 44 spreads, were located and marked with labeled flags by the field crew.
These flagged points were later located by surveying (Appendix F). The locations estimated
by the seismic field crew agreed to within 2 ft of the final surveyed locations. Flags for
spreads 1, 7, 8, and 14 were moved by animals, thus final surveyed locations varied from the
estimated field location by as much as 5 ft. Elevations for geophones 2 through 23, required
for profile interpretations (Appendix E), were visually estimated during data acquisition and
checked against final survey information (Appendix F). The error encountered by the delayed
surveying and estimating the locations and elevations for the intermediate profile geophones

is acceptable for this level of investigation.



23 EQUIPMENT AND PROCEDURES
23.1 Data Acquisition

Data were acquired digitally using an EG&G ES-2401 seismograph. The output from
14 Hz geophones was recorded with a 250 Hz, high-cut filter to reduce unwanted transient
high-frequency noise. To ensure precise, first-break information, data were sampled at
0.10 ms. Because the ES-2401 system has floating-point capability, no amplifier gains needed
to be specified during acquisition.

A seismic spread for the station method consisted of 24 single-station geophones at 10 ft
spacing. Two shot points were located 10 ft off each end, and a third was located at the
center point of the spread. Refracted seismic energy was generated by impacting an
aluminum plate with a sledge hammer. The off-end shot points generally required 8 stacks
per shot point (stacks are multiple hits of the hammer to further enhance the record). The
center-point shot generally required 4 stacks.

A seismic spread for the profile method consisted of 24 single-station geophones with
10 ft spacing and 5 shot points. Three of the shots used the same source and location layout
as the station spreads. These near off-end and center-point shots provided data for velocity
control and depth estimations. Two shot points were located 150 ft off each end of the
spread. At these two points, refracted seismic energy was generated by firing an 8-gauge,
300-grain, black-powder blank shell in a Betsy Downhole Percussion Firing Rod (BDPFR)
(Appendix G, p. G-11). Shot holes 2 to 3 ft deep were drilled by hand or power auger for
the BDPFR shots. BDPFR stacks generally ranged from 1 to 3 per shot point. Additional

information regarding equipment and procedures is discussed in Appendix A and Appendix G.

232 Data Reduction

Data reduction procedures followed the flowchart shown in Fig. 2.1. Raw field data were
recorded both digitally (on a 3.5 in., 1.44-MB floppy disk using industry standard SEG-2
format) and in analog form as field displays. Following each shot, analog field records were
printed, documented, and immediately reviewed for quality control (e.g., signal amplitude and

noise) (Appendix B).



Data recorded digitally in the field and stored on 3.5 in.
floppy disks using SEG-2 format

Data transferred to hard disk

Data reformatted for processing using RFETRANS

First breaks picked using RFPICK

First break times manually recorded on data sheets
along with station locations and geophone elevations

™

SISRED

(Intercept Time Method)
Data manually plotted, layer
velocities and intercept
times calculated

Depth to seismic interfaces
calculated using formulas
developed by Mooney

(Conventional Reciprocal
Method)
Geophone location information
and arrival times entered and
rock velocity calculated

Assumed overburden velocity
used to compute depth to
seismic interface
(Depth constrained by known
depth information - drill depths
or as calculated by ITM)

Velocity and depth information presented as

Quality Control

tables, maps, and/or profiles

Fig. 2.1. Data processing flowchart.
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RFPICK? was used to read the digital field files and to pick the first break arrival times,
which were output as ".PIK" files. Surveyed profile elevations (Appendix F) were used to
correct field-estimated elevations for each geophone location. The revised elevation data
were manually entered into the computer, combined with the first-break pick data, and stored
in RF data files for archival purposes only.

Upon completion of all field work, data were reviewed for proper documentation, and
first breaks were verified. First-break and geophone information (e.g., location and elevation)
data were manually recorded on the field data sheets.

With the corrected travel time data, a time-distance (TD) plot of arrival times versus
source-to-geophone distance can be constructed (Appendix C). These TD plots are the
foundation of seismic refraction interpretation.

The above data sets are then used as input into either the Intercept Time Method (ITM)
(in the case of station method processing) or into SISRED?® (in the case of profile method
processing). The SISRED program is similar to the familiar Generalized Reciprocal Method
(GRM)Y’ and is a variation of the Conventional Reciprocal Time or Delay Time Method
(CRM)? for reducing seismic refraction data. It differs in that with SISRED, the user assigns
overburden velocities to calculate depths to the seismic interface. This implies that the user
has some knowledge of the actual depths to the seismic interface before processing. The
seismic interface depths calculated using ITM and depths obtained from ANS Phase I
borehole #22° were used to constrain overburden velocities for SISRED. The SISRED
results are presented in Appendix E. For a general discussion of other seismic refraction
schemes see Appendix A.

Seismic refraction data from 42 locations at the site were reduced using the ITM data
reduction scheme (Appendix D). A wide variety of formulas, monographs, and computer
programs are available for solving the ITM (or the crossover distance method). A detailed
description of the manual technique used for this investigation has been published by Bison

Instruments.!®
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3. SEISMIC REFRACTION RESULTS

3.1 COMPRESSIONAL WAVE SEISMIC REFRACTION SURVEY

ITM (station method) results define three seismic layers at the site: an upper layer from
0 to 5 ft with P-wave velocities from 1200 to 1450 ft/s (V1), an intermediate layer with P-wave
velocities from 2000 to 6300 ft/s (V2) and a bedrock layer (V3). The velocity variation
present in the intermediate layer is attributed to lateral changes in material and saturation.
The third, and deepest, seismic interface ranges from 9 to 42 ft and is interpreted to represent
top-of-rock contact. P-wave velocities greater than 9000 ft/s (V3) were obtained in the
material below this seismic interface. Also, some zones of anomalous data are present,
—specifically, spreads 3, 22, 25, and 38. These spreads exhibit variations in overall consistency
of arrival times, signature, velocity, and depth. This could be the result of locally variable
weathering resulting in depths to top-of-rock greater than the site norm or localized variations
in lithology and/or structure. To resolve the source(s) of these anomalies is beyond the scope
of this survey.

SISRED (profile method) processing only calculates the bedrock velocities, which ranged
from 9,786 to 12,206 ft/s. SISRED overburden velocities were assigned to produce top-of-
rock depths that agreed with those calculated by the ITM method. It is important to mention
that the SISRED overburden velocities were consistent from profile to profile, which implies
consistency in interpretation. Some of the station data (spreads 13, 14, 15, 31, and 32) were
of such quality that they could be analyzed to yield top-of-rock values at some or all
geophones. By performing "profile analysis” of these station data, about 500 additional feet
of profile coverage was acquired.

Profiles generated by the SISRED process are shown in Figs. 3.1 - 3.4 and summarized
in Tables 3.1 - 3.4 and Appendix E. Interpretation results using the TTM method are
presented in Table 3.5 and Appendix D. Table 3.6 is included to aide the reader in

associating analog records in Appendix B with spread locations shown in Plate 1.

3.2 CONTOUR MAPS

A topographic contour map using only the surface elevations of the center points of each
refraction spread (taken from Table 3.5), is shown in Fig. 3.5. A top-of-rock surface contour
map using only the average elevations of the V2-V3 interface (taken from Table 3.5), is

shown in Fig. 3.6. Both contour maps were produced by TOPO" from gridded data
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calculated by GRID." Two methods evaluated for gridding the refraction data were inverse
distance and kriging.'* The inverse distance method with a 100 ft grid size produced the best
results, that is, the best fit of Fig. 3.5 to the topographic base map shown in Fig. 1.2. The
comparison of Fig. 3.5 to Fig. 1.2 demonstrates the loss of resolution caused from under
sampling.

A 5-ft contour interval was used in Fig. 3.5 and Fig. 3.6 to emphasize the +5 ft accuracy
of this survey (Sec. 3.4). The V2-V3 elevation data used in Fig. 3.6 was also mapped with a
2-ft contour interval (Fig. 3.7) to facilitate the extrapolation of top-of-rock values between
the measured V2-V3 elevation data points.

A strong correlation between the surface topographic contour map (Fig. 3.5) and the top-
of-rock contour map (Fig. 3.6) indicates that top-of-rock generally follows surface topography.
This correlation implies that an estimation method known as cokriging'? could be applied to
the seismic refraction data to produce an enhanced, top-of-rock-surface projected contour
map. This method would involve combining the under-sampled V2-V3 elevation data with
densely sampled topographic data. The cokriging method would then calculate a V2-V3
elevation for each topographic data point that did not have a corresponding measured V2-V3

elevation data point.

33 COMPARISON OF DRILL DATA WITH SEISMIC REFRACTION RESULTS

The final step in evaluating the results of this seismic refraction survey is to compare the
V2.V3 elevation data with top-of-rock elevation data from cored borings. During November
of 1989, ERC/EDGe published a preliminary geotechnical investigation of the ANS preferred
site.’ Included in the ERC/EDGe report are two plates that present graphical core
information from five borings (1, 3, 5, 7,and 9). The base of the weathered zone for each of
the five borings was assumed to be the top-of-rock elevation.

Results from the cored borings and the seismic refraction survey are summarized in
Table 3.7. The V2-V3 elevations used to compare with borings 1, 5, 7, and 9 were calculated
by GRID (using the inverse distance interpolation method) to produce the contour maps
shown in Fig. 3.6 and Fig. 3.7. The gridded V2-V3 data is shown posted with the five cored
borings in Fig. 3.8. Boring 3 was compared with the V2-V3 elevation taken from geophone
one of spread 34 included in profile one (Fig. 3.1 and Table 3.1).
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3.4 QUALITY ASSURANCE

This survey was performed as an economic evaluation and, as such, was considered to be
NQA-1 Category III. For this reason no attempt should be made to compute engineering
parameters from these data.

Quality control of the field acquisition consisted of varying spread orientation (E-W, N-S,
etc.), recording repeat records, stacking shots, and recording in both forward and reverse
directions.  Extensive field records were maintained and checked daily, and all data
underwent a preliminary data reduction prior to termination of data acquisition. The field
crew took care to minimize cultural and weather related noise by delaying between shots and
stacking of shots. This resulted in high-quality records with sharp first breaks. Consistency
of interpretations spread-to-spread and profile-to-profile also aided in quality control.

Errors due to location and elevation control, equipment error (trigger timing), data
reduction (first break pick within +1 ms), and interpretation (velocity calculations and\or
assumptions), when combined, are estimated to give the depth calculation an accuracy to

within +5 ft.
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Table 3.1 Profile 1 Data

SPREADS 37, 39, 13 33 and 34

Depth Elevation

Surface to V2-V3 of V2-V3

Geophone Northing Easting Elevation Interface Interface
(ft) {ft) (£ (ft) ()
SPD 371 17755 36030 845 11 834
2 17755 36040 844 11 833
3 17755 36050 843 11 832
4 17755 36060 843 11 832
5 17755 36070 842 10 832
6 17755 36080 841 11 830
7 17755 36090 841 11 830
8 17755 36100 841 11 830
9 17755 36110 842 13 829
10 17755 36120 842 14 828
1 17755 36130 842 12 830
12 17755 36140 842 13 829
13 17755 36150 843 12 831
14 17755 36160 843 12 831
15 17755 36170 844 12 832
16 17755 36180 844 12 832
17 17755 36190 845 12 833
18 17755 36200 845 12 833
19 17755 36210 846 13 833
— 20 17755 36220 846 13 833
21 17755 36230 847 14 833
22 17755 36240 848 14 834
23 17755 36250 849 13 836
24 17755 36260 851 12 839
SPD 391 17755 36312 856 17 839
2 17755 36322 856 18 838
3 17755 36332 857 17 840
4 17755 36342 857 19 838
5 17755 36352 858 20 838
6 17755 36362 859 19 840
7 17755 36372 859 18 841
8 17755 36382 860 17 843
9 17755 36392 860 16 844
10 17755 36402 861 16 845
11 17755 36412 861 16 845
12 17755 36422 861 16 845
13 17755 36432 861 16 845
14 17755 36442 862 16 846
15 17755 36452 862 15 847
16 17755 36462 862 14 848
17 17755 36472 863 14 849
18 17755 36482 863 15 848
19 17755 36492 864 14 850
20 17755 36502 865 13 852
21 17755 36512 866 14 852
22 17755 36522 867 14 853
2 17755 36532 868 13 855
24 17755 36542 868 14 854

SPD 13 1 17754 36355 858 17 841
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Table 3.1 {continued)

Depth Elevation

Surface to V2-V3 of V2-V3

Geophone Northing Easting Elevation Interface Interface
_(f) (ft) (ft) (ft) (f)
2 17754 36365 859 17 842
3 17754 36375 859 18 841
4 17754 36385 860 16 844
5 17754 36395 860 17 843
6 17754 36405 861 16 845
7 17754 36415 861 16 845
8 17754 36425 861 16 845
9 17754 36435 861 17 844
10 17754 36445 862 16 846
1 17754 36455 862 16 846
12 17754 36465 862 15 847
13 17754 36475 863 16 847
14 17754 36485 863 15 848
15 17754 36495 864 14 850
16 17754 36505 865 4 851
17 17754 36515 866 15 851
18 17754 36525 867 14 853
19 17754 36535 868 15 853
20 17754 36545 868 15 853
21 17754 36555 869 14 855
2 17754 36565 870 13 857
23 17754 36575 871 13 858
24 17754 36585 871 12 859
SPFD 331 17755 36480 863 14 849
2 17755 36490 864 14 850
3 17755 36500 865 14 851
4 17755 36510 866 15 851
5 17755 36520 866 15 851
6 17755 36530 867 16 851
7 17755 36540 868 17 851
8 17755 36550 869 18 851
9 17755 36560 869 19 850
10 17755 36570 870 19 851
11 17755 36580 871 19 852
12 17755 36590 8N 19 852
14 17755 36610 873 19 854
15 17755 36620 874 21 853
16 17755 36630 876 22 854
17 17755 36640 877 21 856
18 17755 36650 879 21 858
19 17755 36660 879 22 857
20 17755 36670 880 22 858
21 17755 36680 881 23 858
22 17755 36690 881 23 858
p) 17755 36700 882 21 861
24 17755 36710 883 21 862
SPD 34 1 17755 36678 881 23 858
2 17755 36688 881 24 857

3 17755 36698 882 22 860
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Table 3.1 (continued)

Depth Elevatijon

Surface to V2-V3 of V2-V3

Geophone Northing Easting Elevation Interface Interface
(ft) (ft) (ft) (ft) (ft)
4 17755 36708 883 22 861
5 17755 36718 884 22 862
6 17755 36728 884 23 861
7 17755 36738 885 24 861
8 17755 36748 - 886 24 862
9 17755 36758 - 887 26 861
10 17755 36768 888 27 861
11 17755 36778 889 25 864
12 17755 36788 890 28 862
13 17755 36798 892 29 863
14 17755 36808 893 31 862
15 17755 36818 894 30 864
16 17755 36828 895 30 865
17 17755 36838 896 30 866
18 17755 36848 897 30 867
19 17755 36858 898 31 867
20 17755 36868 899 31 868
21 17755 36878 900 28 872
22 17755 36888 900 28 872
23 17755 36898 901 27 874

24 17755 36908 902 29 873
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Table 3.2 Profile 2 Data

SPREADS 15, 32 14, 38, and 31

Depth Elevation

-Surface to V2-V3 of V2-V3

Geophone Northing Easting Elevation Interface Interface
(ft) (ft) (ft) ¢i] (f)
SPD 151 17242 36080 852 14 838
17252 36080 854 14 840
3 17262 36080 856 15 841
4 17272 36080 855 16 839
5 17282 36080 854 17 837
6 17292 36080 854 16 838
7 17302 36080 854 16 838
8 17312 36080 854 17 837
9 17322 36080 854 18 836
10 17332 36080 855 18 837
11 17342 36080 855 18 837
12 17352 36080 855 18 837
13 17362 36080 855 16 839
14 17372 36080 855 16 839
15 17382 36080 854 16 838
16 17392 36080 854 14 840
17 17402 36080 853 13 840
18 17412 36080 852 13 839
19 17422 36080 851 13 838
20 17432 36080 848 12 836
21 17442 36080 846 12 834
22 17452 36080 844 11 833
23 17462 36080 843 13 830
24 17472 36080 842 13 829
SPD 321 17443 36080 846 9 837
2 17453 36080 844 10 834
3 17463 36080 843 10 833
4 17473 36080 842 10 832
5 17483 36080 841 10 831
6 17493 36080 840 10 830
7 17503 36080 841 9 832
8 17513 36080 842 10 832
9 17523 36080 843 9 834
10 17533 36080 844 11 833
11 17543 36080 843 10 833
12 17553 36080 842 10 832
13 17563 36080 840 11 829
14 17573 36080 840 12 828
15 17583 36080 840 12 828
16 17593 36080 840 11 829
17 17603 36080 840 11 829
18 17613 36080 840 11 829
19 17623 36080 840 11 829
20 17633 36080 840 10 830
21 17643 36080 840 11 829
22 17653 36080 840 10 830
23 17663 36080 840 11 829
24 17673 36080 841 11 829

SPD 14 1 17647 36080 840 13 827
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Table 3.2 (continued)

Depth Elevation

Surface to V2-V3 of V2-V3

Geophone Northing Easting Elevation Interface Interface
(ft) (613)] (ft) (ft) (fty
2 17657 36080 840 12 828
3 17667 36080 840 13 827
4 17677 36080 841 13 828
5 17687 36080 840 13 827
6 17697 36080 840 13 827
7 17707 36080 840 13 827
8 17717 36080 840 13 827
9 17727 36080 840 15 825
10 17737 36080 841 12 829
11 17747 36080 840 14 826
12 17757 36080 841 13 828
13 17767 36080 842 13 829
14 17777 36080 843 13 830
15 17787 36080 844 13 831
16 17797 36080 845 13 832
17 17807 36080 846 14 832
18 17817 36080 848 14 834
19 17827 36080 850 14 836
20 17837 36080 852 15 837
21 17847 36080 854 15 839
22 17857 36080 856 15 841
23 17867 36080 856 14 842
24 17877 36080 858 14 844
SPD 38 1 17757 36080 841 11 830
2 17767 36080 842 12 830
3 17777 36080 843 11 832
4 17787 36080 844 12 832
5 17797 36080 845 14 831
6 17807 36080 847 14 833
7 17817 36080 849 14 835
8 17827 36080 851 15 836
9 17837 36080 853 15 838
10 17847 36080 855 14 841
11 17857 36080 856 14 842
12 17867 36080 857 14 843
13 17877 36080 858 14 844
14 17887 36080 859 15 844
15 17897 36080 861 15 846
16 17907 36080 863 15 848
17 17917 36080 865 17 848
18 17927 36080 867 17 850
19 17937 36080 868 16 852
20 17947 36080 869 17 852
21 17957 36080 870 17 853
22 17967 36080 871 18 853
23 17977 36080 870 18 852
24 17987 36080 871 17 854
SPD 311 17842 36080 854 13 841
2 17852 36080 856 13 843

3 17862 36080 856 13 843
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Table 3.2 (continued)

Depth Elevation

Surface to V2-V3 of V2-V3

Geophone Northing Easting Elevation Interface Interface
() (ft) (/) () (ft)
4 17872 36080 858 13 845
5 17882 36080 859 13 846
6 17892 36080 860 14 846
7 17902 36080 862 15 847
8 17912 36080 864 17 847
9 17922 36080 866 17 849
10 17932 36080 867 17 850
11 17942 36080 868 18 852
12 17952 36080 870 19 851
13 17962 36080 871 19 852
14 17972 36080 871 19 852
15 17982 36080 870 18 852
16 17992 36080 870 17 853
17 18002 36080 869 16 853
18 18012 36080 868 16 852
19 18022 36080 866 16 850
20 18032 36080 866 15 851
21 18042 36080 863 14 849
22 18052 36080 859 14 845
23 18062 36080 858 14 844

24 18072 36080 854 13 841



ELEVATION (FEET)

758

ANS PREFERRED SITE PROFILE #3
PROFILE: SPD 35, 36
STATIONS: #26=2+00N TO #21=2+30N (S-N)
MARRICH, INC
OCTOBER 1991

Intersection with Profile 1
al Borehole #21

99§SDF§gSEC 11419 FT/SEC

SPD 36

seesa SURFACE ( GEOPHONE LOCATIONS)
— — SEISMIC INTERFACE

700 900 1100
STATION DISTANCE (FEED

Fig. 3.3. SISRED Profile 3.
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Table 3.3 Profile 3 Data

SPREADS 37, 39, 13, 33, and 34

Depth Elevation

Surface to V2-V3 of V2-V3

Geophone Northing Easting Elevation Interface Interface
() () (ft) (1) (ft)
SPD 351 17555 36480 861 13 848
2 17565 36480 859 12 847
3 17575 36480 857 14 843
4 17585 36480 856 14 842
5 17595 36480 857 13 844
6 17605 36480 858 13 845
7 17618 36480 859 13 846
8 17625 36480 860 12 848
9 17635 36480 861 12 849
10 17645 36480 862 12 850
11 17655 36480 863 13 850
12 17665 36480 864 13 851
13 17675 36480 864 13 851
14 17685 36480 864 14 850
15 17695 36480 865 14 851
16 17705 36480 864 13 851
17 17715 36480 864 12 852
18 17725 36480 864 13 851
19 17735 36480 864 14 850
"""""" 20 17745 36480 863 12 851
21 17755 36480 863 12 851
22 17765 36480 863 13 850
23 17775 36480 863 13 850
24 17785 36480 864 15 849
SPD361 17753 36480 863 12 851
2 17763 36480 863 13 850
3 17773 36480 863 12 851
4 17783 36480 864 13 851
5 17793 36480 864 14 850
6 17803 36480 864 14 850
7 17813 36480 865 13 852
8 17823 36480 865 12 853
9 17833 36480 866 13 853
10 17843 36480 865 14 851
11 17853 36480 864 14 850
12 17863 36480 863 13 850
13 17873 36480 860 13 847
14 17883 36480 859 13 846
15 17893 36480 858 14 844
16 17903 36480 857 13 844
17 17913 36480 856 12 844
18 17923 36480 857 13 844
19 17933 36480 857 12 845
20 17943 36480 858 11 847
21 17953 36480 858 11 847
22 17963 36480 859 12 847
23 17973 36480 860 12 848

24 17983 36480 860 12 848
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Fig. 3.4. SISRED Profile 4.
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= Table 3.4 Profile 4 Data

SPREADS 43 and 44

Depth Elevation

Surface to V2-V3 of V2-V3

Geophone Northing Easting Elevation Interface Interface
(ft) (ft) (ft) (ft) ()
SPD 431 17955 36070 870 18 852
2 17955 36080 - 870 18 852
3 17955 36090 870 17 853
4 17955 36100 870 18 852
5 17955 36110 - 870 17 853
6 17955 36120 870 17 853
7 17955 36130 869 17 852
8 17955 36140 - 869 16 853
9 17955 36150 869 17 852
10 17955 36160 868 17 851
11 17955 36170 868 17 851
12 17955 36180 867 16 851
13 17955 36190 - B6b6 17 849
14 17955 36200 865 16 849
15 17955 36210 864 15 849
16 17955 36220 863 14 849
17 17955 36230 862 13 849
18 17955 36240 862 14 848
- 19 17955 36250 860 13 847
20 17955 36260 860 12 848
21 17955 36270 859 12 847
22 17955 36280 858 11 847
23 17955 36290 857 11 846
24 17955 36300 856 12 844
SPD 4 1 17955 36451 855 10 845
2 17955 36461 856 10 846
3 17955 36471 856 10 846
4 17955 36481 - 857 10 847
5 17955 36491 . 858 10 848
6 17955 36501 859 11 848
7 17955 36511 860 12 848
8 17955 36521 . 861 13 848
9 17955 36531 862 13 849
10 17955 36541 863 13 850
11 17955 36551 863 14 849
12 17955 36561 864 13 851
13 17955 36571 866 14 852
14 17955 36581 866 14 852
15 17955 36591 - 866 14 852
16 17955 36601 866 14 852
17 17955 36611 867 13 854
18 17955 36621 868 14 854
19 17955 36631 868 14 854
20 17955 36641 869 15 854
21 17955 36651 869 16 853
22 17955 36661 869 16 853
23 17955 36671 870 16 854

24 17955 36681 870 16 854
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Table 3.5 Seismic Refraction Survey Summary

Surface Average Average
--—-- Spread Center Point - Average Elevation Depth Elevation
Spread Station Velocity Of Center To V2-V3 Of V2.V3
Number Coordinates Northing  Easting vi V2 V3 Point Interface  Interface
(ft) (ft) (f1) (ft) (fisec)  (ft/sec) (ft/sec) (fty () (f1)
1 8+00N 8+00E 17755 36879 1450 4246 11571 90 23 878
2 16+00N 0+00 18557 36079 1300 3924 14480 875 19 856
3 16+00N 4+00E 18557 36480 1300 3528 10286 878 13 865
4 16+00N 8+00E 18554 36881 1200 4197 11026 855 12 843
5 16+00N 12+25E 18556 37304 1250 3317 11196 856 11 845
6 16+00N 16+00E 18557 37679 1400 3617 11566 853 14 839
7 12+00N 0+00 18155 36080 1200 2448 11183 848 14 834
8 12+00N 0+00 18155 36080 1200 2500 11452 848 10 838
9 11+97N 4+07E 18152 36486 1400 3867 10374 862 12 850
10 12+00N 8+00E 18155 36880 1200 3892 11502 881 25 856
11 12400N 12+00E 18156 37279 1200 4156 14728 882 25 857
12 7+75N 12+00E 17732 37281 1200 3897 13138 938 21 917
13 8+00N 3+90E 17754 36469 1300 2941 11343 863 15 848
14 8+00N 0+00 17755 36080 1200 2740 10410 B41 13 828
15 4+00N 0400 17356 36080 1200 2237 11257 855 14 841
16 0+00 0+00 16955 36080 1200 2338 15393 842 18 824
17 0+00 0+00 16955 36080 1200 4197 13026 842 20 822
18 0+00 4+00E 16955 36479 1200 2576 13145 855 13 842
19 0+0IN B+00E 16956 36880 1200 2216 10974 850 11 839
20 4+00N 2400E 17354 36279 1300 3897 10862 870 22 848
21 4+00N 4+00E 17355 36479 1300 4076 10696 878 26 852
22 44+00N 6+00E 17355 36680 1300 5512 14407 884 42 842
23 4+00N 8+00E 17355 36880 1300 3278 12121 875 24 851
24 4+00N 10+00E 17354 37081 1200 2802 13295 874 20 854
25 4+00N 12+00E 17357 37262 1300 3228 11495 857 18 839
26 0+00N 12+00E 16955 37280 1200 3128 108%0 914 30 884
27 6+00N 12+00E 17556 37280 1200 4200 12786 892 35 857
28 8+00N 10+00E 17754 37080 1200 4297 11797 923 29 894
29 12+00N 6+00E 18156 36680 1200 2748 11701 873 15 858
30 12+00N 2+00E 18155 36280 1200 3371 11114 863 15 848
31 10+00N 0+00 17955 36080 1200 2253 11265 870 12 858
32 6+00N 0+00 17555 36080 1250 2582 9666 842 9 833
33 8+00N 5+15E 17755 36592 1200 4390 11654 872 17 855
k] 8+00N 7+15E 17753 36792 1200 4490 12378 891 27 864
35 7+15N 4+00E 17669 36481 1200 2763 9614 864 12 852
36 9+15N 4+00E 17867 36479 1200 2695 10485 862 12 850
37 8+00N 0+65E 17756 36144 1200 3000 11140 842 12 830
9+15N 0+00 17870 36078 1200 2597 9588 858 12 846
39 8+00N 3+48E 17756 36428 1200 3349 11468 861 16 845
40 8+00N 15+00E 17754 37578 1200 2279 10683 894 17 877
41 12+40N 16+07E 18192 37685 1200 3897 12736 827 15 812
42 4+00N 16+00E 17356 37679 1200 3310 10548 874 23 851
43 10+00N 1+05E 17955 36184 1200 3218 9149 867 18 849

44 10+00N _4+66E 17954 36545 1200 3387 10742 864 13 851
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Table 3.6 Seismic Refraction Digital Field Data Directory

File ate Time Spread Shot Location
2.DAT -18-91 4:06p SPD 1 Shot Point 1
4.DAT  09-18-91 5:00p SPD 1 Shot Point 2
5.DAT  09-18-91 S:11p SPD 1 Shot Point 3
6.DAT 09-18-91 521p SPD 1 Shot Point 4
7.DAT 09-18-91 5:28p SPD 1 Shot Point S
8.DAT 09-19-91 3:47p SPD 2 Shot Point 1
9.DAT  09-19-91 3:56p SPD 2 Shot Point 2
10.DAT 09-19-91 4:04p SPD 2 Shot Point 3
11.DAT (9-19-91 5:11p SPD 3 Shot Point 1
12.DAT 09-19-91 5:20p SPD 3 Shot Point 2
14.DAT 09-19-91 5:36p SPD 3 Shot Point 3
15.DAT 09-20-91 10:52a SPD 4 Shot Point 1
16. DAT 09-20-91 11:18a SPD 4 Shot Point 2
17.DAT 09-20-91 1:47p SPD 4 Shot Point 3
18 DAT 09-20-91 3:03p SPD 5 Shot Point 1
19.DAT 09-20-91 3:15p SPD 5 Shot Point 2
20.DAT 09-20-91 3:23p SPD 5 Shot Point 3
21.DAT 09-20-91 4:08p SPD 6 Shot Point 1
22.DAT 09-20-91 4:21p SPD 6 Shot Point 2
23.DAT 09-20-91 4:53p SPD 6 Shot Point 3
25.DAT 09-23-91 3:33p SPD 7 Shot Point 1
26.DAT 09-23-91 3:41p SPD 7 Shot Point 2
28DAT 09-23-91 4:02p SPD 7 Shot Point 3
29.DAT 09-23-91 5:01p SPD 8 Shot Point 1
30.DAT 09-2391 5:15p SPD 8 Shot Point 2
31.DAT (9-23-91 5:22p SPD 8 Shot Point 3
33.DAT 09-26-91 9:06a SPD 9 Shot Point 1
34DAT 09-26-91 9:19a SPD 9 Shot Point 2
35.DAT 09-26-91 9:32a SPD 9 Shot Point 3
37.DAT 09-26-91 11:02a SPD 10 Shot Point 1
38.DAT 09-26-91 11:11a SPD 10 Shot Point 2
39.DAT (9-26-91 11:48a SPD 10 Shot Point 3
40.DAT (09-26-91 2:40p SPD 11 Shot Point 1
41.DAT 09-26-91 3:00p SPD 11 Shot Point 2
42.DAT 09-26-91 3:41p SPD 11 Shot Point 3
43.DAT 09-26-91 5:11p SPD 12 Shot Point 1
44 DAT 09-26-91 5:24p SPD 12 Shot Point 2
45.DAT 09-26-91 5:36p SPD 12 Shot Point 3
46.DAT 09-2791 8:52a SPD 13 Shot Point 1
47.DAT 09-2791 8:57a SPD 13 Shot Point 2
48.DAT 09-27-91 9:04a SPD 13 Shot Point 3
49.DAT 09-27-91 9:57a SPD 14 Shot Point 1
50.DAT 09-2791 10:02a SPD 14 Shot Point 2
51.DAT 09-2791 10:08a SPD 14 Shot Point 3
S2.DAT 09-27-91 10:49a SPD 15 Shot Point 1
S3.DAT 09-27-91 10:54a SPD 15 Shot Point 2
54 DAT 09-27-91 11:09a SPD 15 Shot Point 3
55.DAT 09-27-91 1:45p SPD 16 Shot Point 1
56.DAT 09-27-91 1:52p SPD 16 Shot Point 2
STDAT (09-27-91 2:00p SPD 16 Shot Point 3

59.DAT 09-27-91 2:51p SPD 17 Shot Point 1



File
60.DAT
61.DAT
62.DAT
63.DAT
64.DAT
65.DAT
66.DAT
67.DAT
68.DAT
69.DAT
70.DAT
71.DAT
72.DAT
73.DAT
74.DAT
75.DAT
76.DAT
77.DAT
78.DAT
79.DAT
80.DAT
81.DAT
82.DAT
83.DAT
84.DAT
85.DAT
86.DAT
88.DAT
89.DAT
90.DAT
91.DAT
92.DAT
93.DAT
94 DAT
95.DAT
96.DAT
97.DAT
98.DAT
99.DAT
100.DAT
101.DAT
102.DAT
103.DAT
104.DAT
105.DAT
106.DAT
107.DAT
108.DAT
110.DAT
112.DAT
114.DAT

Time
2:57p

b 47p
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Table 3.6 (continued)

Spread
SPD 17

SPD 17
SPD 18
SPD 18
SPD 18
SPD 19
SPD 19
SPD 19
SPD 20
SPD 20
SPD 20
SPD 21
SPD 21
SPD 21
SPD 22
SPD 22
SPD 22
SPD 23
SPD 23
SPD 23
SPD 24
SPD 24
SPD 24
SPD 25
SPD 25
SPD 25
SPD 26
SPD 26
SPD 26
SPD 27
SPD 27
SPD 27
SPD 28
SPD 28
SPD 28
SPD 29
SPD 29
SPD 29
SPD 30
SPD 30
SPD 30
SPD 31
SPD 31
SPD 31
SPD 32
SPD 32
SPD 32
SPD 33
SPD 33
SPD 33
SPD 33

Shot Location
Shot Point 2
Shot Point 3
Shot Point 1
Shot Point 2
Shot Point 3
Shot Point 1
Shot Point 2
Shot Point 3
Shot Point 1
Shot Point 2
Shot Point 3
Shot Point 1
Shot Point 2
Shot Point 3
Shot Point 1
Shot Point 2
Shot Point 3
Shot Point 1
Shot Point 2
Shot Point 3
Shot Point 1
Shot Point 2
Shot Point 3
Shot Point 1
Shot Paoint 2
Shot Point 3
Shot Point 1
Shot Point 2
Shot Point 3
Shot Point 1
Shot Point 2
Shot Point 3
Shot Point 1
Shot Point 2
Shot Point 3
Shot Point 1
Shot Point 2
Shot Point 3
Shot Point 1
Shot Point 2
Shot Point 3
Shot Point 1
Shot Point 2
Shot Point 3
Shot Point 1
Shot Point 2
Shot Point 3
Shot Point 2
Shot Point 1
Shot Point 3
Shot Point 4
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Table 3.6 (continued)

File Date Time Spread Shot Location
116.DAT 10-01-91 6:17p SPD 33 Shot Point 5
118.DAT 10-02-91 11:11a SPD 34 Shot Point 1
119.DAT 10-02-91 11:33a SPD 34 Shot Point 2
120.DAT 10-02-91 11:45a SPD 34 Shot Point 3
121.DAT 10-02-91 11:56a SPD 34 Shot Point 4
122.DAT 10-02-91 12:12p SPD 34 Shot Point 5
123.DAT 10-02-91 3:56p SPD 35 Shot Point 1
124 DAT 10-02-91 4:07p SPD 35 Shot Point 2
125.DAT 10-02-91 4:18p SPD 35 Shot Point 3
126.DAT 10-02-91 4:35p SPD 35 Shot Point 4
127.DAT 10-02-91 4:52p SPD 35 Shot Point S
132.DAT 10-03-91 10:55a SPD 36 Shot Point 1
133.DAT 10-03-91 11:05a SPD 36 Shot Point 2
134 DAT 10-03-91 11:14a SPD 36 Shot Point 3
135.DAT 10-03-91 11:22a SPD 36 Shot Point 4
136.DAT 10-03-91 12:36p SPD 36 Shot Point 5
137.DAT 10-04-91 10:06a SPD 37 Shot Point 1
138.DAT 10-04-91 10:21a SPD 37 Shot Point 2
139.DAT 10-04-91 10:29a SPD 37 Shot Point 3
140.DAT 10-04-91 10:40a SPD 37 Shot Point 4
141.DAT 10-04-91 11:06a SPD 37 Shot Point 5
142.DAT 10-04-91 11:51a SPD 38 Shot Point 1
143.DAT 10-04-91 1:42p SPD 38 Shot Point 2
. 144 DAT 10-04-91 1:48p SPD 38 Shot Point 3
145.DAT 10-04-91 1:5%p SPD 38 Shot Point 4
146.DAT 10-04-91 2:28p SPD 38 Shot Point 5
148.DAT 10-04-91 3:36p SPD 39 Shot Point 1
149.DAT 10-04-91 - 3:52p SPD 39 Shot Point 2
150.DAT 10-04-91 4:06p SPD 39 Shot Point 3
151.DAT 10-04-91 4:13p SPD 39 Shot Point 4
152.DAT 10-04-91 4:24p SPD 39 Shot Point 5
154 DAT 10-07-91 11:13a SPD 40 Shot Point 1
155.DAT 10-07-91 11:20a SPD 40 Shot Point 2
156.DAT 10-07-91 11:40a SPD 40 Shot Point 3
157.DAT 10-07-91 2:22p SPD 41 Shot Point 1
158.DAT 10-07-91 2:27p SPD 41 Shot Point 2
159.DAT 10-07-91 2:45p SPD 41 Shot Point 3
160.DAT 10-07-91 4:24p SPD 42 Shot Point 1
161.DAT 10-07-91 4:32p SPD 42 Shot Point 2
162.DAT 10-07-91 4:43p SPD 42 Shot Point 3
163.DAT 10-08-91 11:32a SPD 43 Shot Point 1
164 DAT 10-08-91 11:40a SPD 43 Shot Point 2
165.DAT 10-08-91 11:51a SPD 43 Shot Point 3
166.DAT 10-08-91 12:04p SPD 43 Shot Point 4
167.DAT 10-08-91 12:13p SPD 43 Shot Point 5
169.DAT 10-08-91 4:05p SPD 44 Shot Point 1
170.DAT 10-08-91 - 4:19p SPD 44 Shot Point 2
171.DAT 10-08-91 4:25p SPD 44 Shot Point 3
172.DAT 10-08-91 4:34p SPD 44 Shot Point 4

173.DAT 10-08-91  4:40p SPD 44 Shot Point 5
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Table 3.7 Comparison of Drilling with Seismic Refraction Results

Top of Rock
Elevation Depth to Rock
(f) (f)
Siesmic Surface
ERC/EDGe Refraction Northing Easting Elevation | Core | Seismic| Core | Seismic
Boring Spread (ft) (ft) (ft) Log | V2-V3 | log | V2-V3 | Difference

1 * 17955 36880 886 861 862 25 24 +1
3 b 17755 36680 881 859 858 22 23 -1
5 1 17755 36880 901 872 878 29 23 +6
7 28 17755 37080 923 898 894 25 29 -4
9 * 17755 36880 886 858 861 28 25 +3

* Values interpolated by GRID using the inverse distance method.

** Profile 1 - geophone 1 of spread 34.

NOTE: All values rounded to nearest [oot.
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B33 B62 652 855 B659 B57 654 851 B48 650 852 B5@ B47 847 843 B4@ B37

B47 848 650 B52 B53 BS54 B55 B54 855 854 855 654 B53 650 845 837 631

842 845 B48 850 B51 B63 856 866 867 B57 B58 B57 B57 B54 B46 B30 8{7

84 B44 B48 849 B50 BS3 B50 857 B56 B58 855 B59 657 6857 849 629 6l4

846 B47 B4B B49 B51 653 B55 857 658 660 863 B62 B61 B61 856 B45 634

838 B49 B48 B45 B50 BS1 855 658 8162 865 B69 B70 B71 869 B66 861 845

846 B43 B46 848 658 B52 856 B62 868 872 879 881 B86 881 B74 872 848
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4. SEISMIC REFLECTION WALKAWAY NOISE TEST

To evaluate the feasibility of using the seismic reflection method to image near-surface
structural features at the ANS site, data were collected along eight sequential spread
deployments at incremental distances from a stationary shot point. These data were gathered
along a strike-parallel line along Meltdn Valley Drive, west of the HPRR access road
(Fig. 2.1). Twenty-four 40 Hz geophones were spaced 0.5 m apart, and there were always two
overlapping geophones between deployments. The closest geophone was 1.0 m from the shot,
and the most distant was 90.0 m from the shot. By combining the data from the eight
deployments into a single plot, one can examine the detailed wavefield at half-meter
increments out to 90 m. This data collection procedure and the ensuing plot constitute a
“walkaway noise test." It allows the geophysicist to determine which types of waves are
present in the data, and their velocities and to isolate the portion of the record where
reflected waves are observed, if they are present. Generally, available software is used to
apply a series of frequency filters to the data, and these are used to select data acquisition
parameters (e.g., receiver separation and analog filter setting on the seismograph). One
usually plans reflection data collection so that the distance from the source to the most
distant geophone is approximately equal to the target depth. Because of time limitations, we
were unable to extend our test beyond 90 m. Further test data will be required if a target
deeper than 90 m is selected.

Source comparisons may be accomplished by examining walkaway noise tests from
different source types. We compared a walkaway plot from records shot with 8-gauge blanks
with one from data shot with 12-gauge blanks. The 12-gauge data were collected only at the
first five deployments, 0-68 m.

Following acquisition of the data, one of the authors (Doll) attended a workshop on
shallow seismic reflection that was organized by the manufacturer of the seismograph we used.
The manufacturer will send a software routine that will translate the data to a format that is
compatible with our seismic reflection processing software. At that time, we will be able to
form a walkaway noise plot from our records and compare filters. At present, we can make
some significant comments on the data in its present form. Most importantly, the data clearly
contain some strong, continuous reflectors. The strongest of these occurs at a two-way travel
time (down and up) of about 70 ms. Using the velocity model provided by the seismic

refraction data, this would correspond to a depth of about 120 m. Although this reflector was
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clearest on the data from 8-gauge shots, it is quite strong on the 12-gauge shots as well,
suggesting that the smaller source might be adequate for target depths that do not exceed
120 m. Before collecting actual seismic reflection data on-site, we would like to test
additional sources, particularly surface sources such as a Betsy seisgun or a silenced 50-caliber
rifle that would substantially increase the rate of data acquisition. Overall, the preliminary
examination of the walkaway noise test provides convincing evidence that the seismic
reflection method can be effective for imaging subsurface structural and stratigraphic features
at this site. In particular, we anticipate using seismic reflection to determine the existence
and possibly the character of a tear fault that has been hypothesized at the western boundary

of the ANS preferred site.
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5. CONCLUSIONS

Results from both methods used in this survey, ITM (station method) and SISRED
(profile method), indicate that the top-of-rock is shallow (9-42 ft) across the site. Generally,
the seismic refraction interpretations are consistent from spread to spread and support the
assumption that the top-of-rock surface correlates well with surface topography. Seismic
refraction methods average a large volume of subsurface materials to obtain an average
velocity for each seismic layer. The results are inferential in nature and, as such, require
confirmation from limited drilling. A comparison of the available cored boring information
from the site shows a close correlation with the results from this survey. However, additional
boring information from west of the HPRR road would be beneficial to confirming the

refraction profiles.
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DESCRIPTION OF THE SEISMIC REFRACTION TECHNIQUE






A-3
GENERAL SEISMIC REFRACTION TECHNIQUES

SCOPE

Figure A-1 is a flowchart showing the steps involved in performing a seismic refraction
survey. The seismic refraction method can be used to interpret subsurface conditions and
materials based on the travel time of a seismic compressional (P-) or shear (S-) wave between
an induced surface energy source and one or more geophones. Travel time, along with
distance between the source and the geophone(s), can be interpreted to yield the depth to
a refracting layer(s). The calculated seismic velocities of the layers can be used to
characterize the properties of the correspohding subsurface material.

The critical ingredients of successful refraction profiling include the following:

accurate horizontal and vertical control for geophone locations,

timing of relative arrivals to precisions of + 1 millisecond,
accurate and detailed field notes,

proper calculation of seismic velocities, and

modeling subsurface structure based on seismic velocities.

METHODOLOGY

Measurement of subsurface conditions by the seismic refraction method requires a seismic
energy source, trigger cable (or radio link), geophones, geophone cable, and a seismograph
(Fig. A-2). The seismic source may be a simple sledge hammer, a mechanical source with
which to strike the ground, or some other type of impulse source. Explosives are used for
deeper applications that require greater energy. Geophones translate the ground vibrations
(seismic compressional waves or shear waves) into electrical signals, which are processed by
the seismograph. The travel time of the seismic wave (from source to geophone) is measured
on the seismic wave form displayed on an oscillograph, a computer terminal, or a printout
from the seismograph.

The seismic energy source generates elastic waves that travel through the surrounding soil
and/or rock, away from the source. When these waves reach the critical angle at the interface
between two materials of different seismic velocities, they are refracted according to Snell’s
Law. As the refracted wave moves along the interface between two materials, it transmits

elastic energy back to the surface in the form of S- and P- waves (Fig. A-2).
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Several types of elastic waves are produced by a seismic energy source. Because the
compressional (P) waves have the highest seismic velocity, they are the first waves to arrive
at a given geophone (Fig. A-2). The S and P wave velocities are related to the density of the
material from which they are refracted, as well as to the elastic constants (Young’s, bulk, and
shear moduli) of the material. P-wave velocities are also influenced by the degree of
saturation of the material.

Travel time [the time it takes for the seismic wave to travel from the seismic energy
source to the geophone(s)] is measured at each geophone (Fig. A-2). The unit of time is
usually milliseconds. Geophone locations are routinely surveyed for elevation control to within
+0.5 ft. They are located relative to shot point locations to precisions of +1.0 ft. The relative
arrival times of the energy transmitted to each of the geophones are used to define the
velocity section and subsequently the subsurface geologic structure.

The resulting travel times for the various source-to-geophone distances are plotted to
make a time-distance (TD) plot (Fig. A-2).

The travel time of the seismic wave between the seismic energy source and a geophone(s)
is a function of the distance between them, the depth to the refractor(s), and the seismic
velocities of the materials. Velocities calculated using data recorded from single-ended source
locations are referred to as "apparent” velocities. If the data is recorded from sources located
at both ends of the seismic line, the velocities are then referred to as "true” velocities.

The depth to a refractor can be calculated by knowing the source-to-geophone geometry
(spacing and elevation), the seismic velocities (which are the reciprocals of the slopes of the
plotted lines in the TD plot), and the intercept time or crossover points on the TD plot.
About three or four layers are usually the most that can be resolved by seismic refraction
measurements. For a more in-depth discussion, refer to Mooney.

The refraction method is used to define the depth to and/or profile of the top of a
refractor (that is, the soil/bedrock interface). In some cases, the objective of a refraction
survey is to attempt to define the depth and thickness of the intermediate layers between the
surface and the deepest refractor.

In a simple refraction survey, the impact source is usually placed off each end of the
geophone array to provide a measurement in each direction (referred to as forward and
reverse measurements), which can be used to account for a dipping interface. The reversed
data is necessary to resolve the true seismic velocity and the dip of the layers unless other

geologic or geophysical data are available.



EQUIPMENT

The equipment used for surface seismic refraction measurements includes a seismograph,
with the necessary geophones; geophone cable; a seismic energy source; and a trigger cable.
Seismographs range from relatively simple, inexpensive single-channel units to very
sophisticated, multichannel units. The type of seismograph most commonly used is a
mulitichannel unit consisting of 12, 24, or 48 channels. With a multichannel seismograph, the
travel times from a single source impact are recorded simultaneously at all geophones. Signal
enhancement capability,k which is available for most seismographs, is very desirable when
working in noisy areas or with small energy sources. Enhancement is accomplished by adding
the refracted seismic signals for a number of impacts. A timing signal must be sent to the
seismograph by a trigger cable or radio link to trigger the seismograph when the seismic
energy source impacts the ground. Although a number of methods can be used to generate
a timing signal, care should be taken to maintain accurate and repeatable timing. Recording
instruments should have an accuracy of +1 ms.

A geophone transforms seismic wave energy into an electric voltage that can be recorded
by the seismograph. For refraction work, natural frequency response of the geophones is
usually between 8 and 14 Hz. P-wave surveys use vertical geophones, whereas S-wave surveys
require geophones sensitive to horizontal ground motion. The horizontal geophones are
planted with their sensitive axis oriented parallel td the source-motion direction. The
geophones are connected to a geophone cable, usually at uniform intervals, which is
connected to the seismograph. Geophone spacing is a trade-off decision between data detail
versus cost and should be carefully considered when planning the survey.

The selection of seismic energy sourcés depends on the depth of investigation (offset and
line length) and geologic‘ conditions. For shallow refractor depths, a sledge hammer and plate
can be used for P-wave studies. A plank, usually secured in place by driving a vehicle on top,
is used for S-wave surveys. The plank is oriented perpendicular to the line and struck with
the sledge hammer on both ends (recorded independently) to produce a "polarized” seismic

wave with particle motion parallel to the axis of the geophones.

DATA REDUCTION
Seismic data reduction should be performed as soon as possible after the data is acquired.
It is preferable to process the data immediately and to provide feedback to the field crew

before the next day’s acquisition begins.
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Data analysis usually begins by reformatting field digital data to floppy disks in a format
compatible to using computer-aided picking routines. The field sheets are reviewed for errors
and completeness. The arrivals may also be picked manually from the analog field plots. The
main problem with manual picking of arrival times is that an added step of inputting the picks
into the computer for the next step can result in data entry mistakes.

The first step in reducing seismic refraction data is to pick the source-to-receiver arrival
times from the seismograms. These travel times, along with source-to-receiver distances, are
used to construct a TD plot for each shotpoint. The velocities calculated from these TD plots
(or travel time curves) are apparent velocities and not necessarily true velocities. Individual
data points may show small variations from a true "straight-line" velocity on the time/distance
curve. Such variations can be related to topographic relief, lateral velocity changes, and/or
subsurface structure. In some instances, accurate arrival times may be difficult to pick
because of inadequate shot or geophone coupling or excessive cultural noise; such data may
have to be discarded. Accurate arrival picks, and horizontal station locations are required to
produce reliable TD plots, which are the foundation of the seismic refraction interpretation.
The TD plots can be generated manually or by computer. However, manually plotted data
is subject to transcription errors, and some computer software may not have the flexibility

needed for reducing seismic data. Care should be taken in using either method.

INTERPRETATION

The level of effort involved in interpretation will depend on the amount of detail desired,
which in turn will determine the method of interpretation. A number of manual and computer
programs can be used for interpretation, including the Intercept Time Method (ITM), the
Conventional Reciprocal Method (CRM), and the Generalized Reciprocal Method (GRM).
The ITM, the CRM, and the GRM represent a logical sequence of increasing sophistication,
performance, and complexity. The ITM assumes a constant seismic velocity within the
overlying media and within the refractor. This method also assumes that the refractors are
planar surfaces. The CRM provides detailed refraction data because depths are obtained
under every geophone, and this method is thereby able to account for irregular refracting
surfaces. The level of detail of the refracting surface’s topography is proportional to the
spacing between the geophones. The GRM should be applied when the most detailed
knowledge of subsurface conditions is required. In addition to the ability to define rapid
lateral variations in the depth to a refractor and the seismic velocity within the refractor, the
GRM can sometimes resolve complex overburden conditions including undetected layers,

variable velocity media, and anisotropic layers.



Appendix B
FIELD ANALOG RECORDS

The Line Number in each record header
corresponds to the spread (SPD) numbers

of the seismic spreads shown in Plate 1.
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CONSTANT

§  LINE_NUMBER 4
SHOT LOC 400,00  OFFSET

ESz4091
24/SEP/ 1331
SHOT MAP 1-12.13-2

i

5.08 CROUP INTRWL 18.00 SHOT INpRY )
SAHPLE INTRVL 0.10 NS MECERD LEn WLNS  DELAY s IS!:CKS. '1.
LOW Ut our NGTCH out RICH CuT 250 hZ FIKED CAIN
12 345678 31011129

43 66 ©6 66 63 66 6f 66 60 54 48 18 )

...........

314 45 16 7 18 19 20 20 2T vy 2a
S 45 63 66 66 72 15 75 75 75 75 et

N

1%

-9
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EGsG GEOMETRICS ESZ401
SAVED AS 17.DAT 13:41 W/SER/1931
CONSTANT 9  LINE_NUNBER 4 SEOT NAP 424,
SHOT LOC  525.80 OFFSET 10,00 GROUP INTRUL 18.80 SROT INTRUL .
SAMPLE INTRUL 0.10 NS  RECORD LBH 204 NS BELAY O NS ?&gsnﬁ

LOW CUT 00T NOICH 001 AICK cOT 290 K2
12 3 456 7 8 9181112 13 14 15 16 17 18 15 20 21 22 23 24
S8 75 75 €3 68 66 72 72 72 €8 66 75 9 69 GG 66 66 &6 SF 69 60 €3 54 27




JYEGIG GEOMETRICS ES2401
SAVED AS 18,001 W5 wsEr/nl
CONSTANT 0 LINE_MIMBER § R L

SHOT LOC 308,89  OFFSET 10.99 CROUP INTRUL 10.08 SHOT IHTRUL  0.0¢
SANPLE INTAVL .10 NS  RECORD LEN 204 mS  BELAY B MS  SIACKS 8
Lod Cut 0Bt HOTCH adY HICK COT 250 W2 FIKED CAIN

f 2 3 45 & 7 6 91811 12 13 1415 16 17 18 19 28 2V 22 23 C4
43 6372 7B 72 1275 1875 78 70 18 18 15 81 16 81 8Y 8Y 79 79 &) 84 64

.................. A e it
i o 1 R G st i e

T T B e -"'fﬁ‘ ;. } N S
=S N
e ) @ S
- e I (o it 4

..........

X

BRI T et 'r'?-—»
e, (s

L e e S """V S
g s, S g

JNEGeG GEOMETRICS

SAVED AS 19.0AT EL
' IR 2wsER/ IS
CONSTANT §  LINE_NOMBER § SHOT MAP 1-12,13-24

SHOT LUC 426,00  OFFSET 5,00 CROUP INTRVL 19.08 SHOT INTRUL 0.8
SAMPLE INTRVL .10 NS RECORO LEM 204 NS  ODELAF O NS  STACKS g
Lov Ut eut KOTCR 00T HICH CUT 258 W2 FIRED CAIN

t 2 3 4 5 6 7 8 918 11 12 13 12 15 16 t7 19 19 26 21 20 23 24
78 78 72 75 63 63 63 60 5% 45 36 18 18 45 60 54 §6 69 77 75 75 78 B) 84

iy
|

tr-gq
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EGeG GEOMETRICS ESZ401
SAVED AS 20.0AT 15:18  2/sep/198L
CONSTANT §  LINE NUMBER 5 SROT AP 1-24.
SHOT LOC  550.80  OFFSET 10.88 CROUP INTRUL 10.00 SBOT INTRUL
SUNPLE INTRUL 8.10 XS RECORD LEN 204 XS DELAY O NS STACK "

S
L0W CUT 00T NOTCR OUT RIGH CUT 250 i
1 2 3466 7 8911 12 13 14 15 16 17 18 19 28 21 22 23 24
67 97 84 87 04 84 8 81 g1 78 78 78 78 7S 72 63 75 68 7S 9 €3 63 54
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J\EGG GEOMETRICS

£S2401
SAVED AS 2t.0AT 160 20/5E0/1981
CORSTANT INE_HUMBER € $ .

L) 07 AP
SROT LOC ~ 275.00  OFFSET 10.00 CROUP INTRVL 10.00 SHOT INTRGL 8.0
SNMPLE INTRVL 0.10 WS  RECORD LEN 208 NS  OELAY O WS  SIACKS 4
LOW COT oUT NOTCR oUT HICKH Cor 280 M2 FIXED CAIN

1 2 3 4 6 6 7 8B 919 41 12 13 1415 16 47 18 19 20 21 22 23 24
336457 6363 72 7263 72 7S 7S 78 78 75 78 84 4t 87 84 B4 07 87 I3 90

JLEGG GEOMETRICS

SAVED AS 24.0A1 1615 20/5ep/1991
CONSTANT §  LINE_HiMBER ¢ BT AP Jd-u

a L
SHOT LOC 275,08  OFFSET (080 ChoUP INTRWL 1098 SO INvTRUL 0.0
SAHPLE INTRUL .10 NS RECORD Lew 204 NS DELAY B MS  Stacks ¢
Low o aop NoTCH SUT RICH COT 258 W2 FIRED CAIN

V-2 3 4 6§ 6 7 8 319 tt 12 13 1315 16 17 19 19 28 21 2T 23 T4
72 78 12 76 78 81 81 61 64 B 0 81 87 87 87 B2 30

21 30 33 48 €0 66 69

ESZ401

st-g



JLEGIG GEOMETRICS gs2a81  J\EGIG GEOMETRICS

ES24@1
SAVED AS 22.0M 16:48  2/SEN/I9NL SAVED AS 21.541 16:50 20/SER/INML
COHSTANT §  LINE_NOWDER § SHOT AP 1-12.13-2 CONSTANT §  LINE_HUMRER € SHOT MAP 1-.
SHOT LOC 40000  GFFSET 5,00 CROUP INTRWL 1600 SHOT INTROL .00 SHOT LOC  525.00  GFFSET 10,00 CROUP INTRVL 10.0% SHOT (L LN )
SINPLE INTAUL 0.00 NS RECORD LEN 204 WS OELAY NS SIACKS 2 SANPLE INTRUL 0.1 WS RECORD LEN 204 NS DELAT NS STACKS !
Low cet ot NoTCH 001 Rich co1 250 M2 FINED CAIR Low €T oot Hagen oul HICK COT 250 W2 FINED CAIR
v 2 03 45 65 7 B 91811 12 13 14 15 16 17 18 19 20 21 22 23 o

.2 3 45 6 7 8 910411213

70 91 81 75 15 ©9 66 60 63 87 43 24 24 36 ST 69 72 7B 13 81 T3 76 84 87 87 87 75 81 94 84 84 81 79 78 84 87 84

A4 15 16 17 19 19 20 21 22 23 o4
78 79 78 18 75 €) £0 63 €0 45 T4

< et .

91-9
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' JLEGIG GEOMETRICS | ES2401
SAVED A5 25.DAT 185 2/5E18

| towst 0 LINENBER 7 Ot i
SHOT LOC 526,00 OFFSET D00 CRoue IMTMWL 1000 SWOT INEVL | 800

SARPLE TNTRVL O.10 M8  RECORD LN 204 M8  OELAY B NS STACKS 4
L& TUT ooy HETCR ouY NICH CUT 250 W2 FINED CAIN
123 48 6 7 8 918111213 1415 16 17 18 19 20 21 22 23 24
B4 87 72 72 78 @1 78 78 8) 8% 04 64 67 84 04 50 S8 &P 90 98 S0 5 50 op

J\EGiG GEOMETRICS

SAVED 0§ 26,01 v
: 19 /e
e :mu“ns.umg';, e SR gy
SHOF INTROL 0,08
B+ ¥ A LUK LEN 200 M5 DELAY NS SThcKs 3
LOW COT OUT  NGION OO NIGH CuT 258 b FIKED AN
'234557n!f'”'zl3l‘|5'5'7|8\9202

b 22 23 24
90'.07 67 B4 78 18 78 75 66 £0 $4 39 36 S7 63 63 75 61 @1 81 @

......
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.........

4 87 87 30
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...............
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e CoL~01

——— - wrem e rmm T

QEU!U VWIS 1TVE wwr [ ) S
1538 23/SER/198L SAVED AS 20.048 16:02  2/SEP/INNL

gggﬂﬁ n ¢ LINE_NIMIER 7 SROT WAP  1-12.13-U ‘ CONSTANY 0 LINE_NUNBER ? SHOT MAP -2,
SHOT LOC 490,80 OFFSED  5.00 CROGP INTRVL 10,00 SHOT INTavL 6.0 . SHOT LOC 275,00  OFFSET 16,00 CROUP INTRUL 10.90 SHOT INIRVL O.M0
SANPLE INTRUL 8,18 NS RECORD LEW 204 NS DELAY B NS STACKS 2 ' SAMPLE INTRUL 0.10 MS  RECORD LEW 204 XS DELAY O NS SIACKS O
Lo CuT ot prce Wl nlck cor 0 M FIHED CAIN LOW €UT 80T LTHA N KICH CUT 250 W2 FIKED CAIN
!"H1213|4l5|6'?|015202'222324 1 2 3 4§ 6§ 7 8 919111213 1415 16 17 19 13 20 21 22 23 4

90 80 87 87 87 87 84 B4 84 8% 61 BY 9% 19 75 78 72 72 78 75 €9 €6 57 a2

2 345617089
9;07810418787815556054303581536975!!!lMOJOTOYSO
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EG
J%avn ;tssucﬁgmermcs ES2401 JNEGG GEOMETRICS Esp
CONSTART ' 0 LINENMBER § 16:5¢ 23/SEP/1981 . SAVED A5 J8.0M1 IYHE 4 e
SHOT LOC  275.00  WFFSET [0.00 CRo Ha T A i e S SH&I’ e iz
SMPLE INTRNL 6 0 0 IECBRS b zBf INTRVL 1000 SHOT INTRUL o.08 SHOT LOC  400.80 OFFSET 508 CROUP INTRVL 0.9 SHOT IN iu.u-“
LOW ceT ooy ' HOTCH a0t i) :;I“HI I.lgul I :;;“(E'p'sm’g mrgllmn .'"ns;cn osgtm Ll?li s DELIQ 1 lsgkc“s.l.:
123 456 7.8 318111213 1415 16 17 16 13 28 2 23z am ne FIKED CAIN
co 15 122 23 24 f 2 3 45 ¢ 2
15581272757&7354375081@19033503'@909'393939,53 - 75648!780!751;6352(;:;;;3:gé;;g;g;;;gé?gg:zg;g
et
ko T ITT B - T T et e U
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EGsG GEOMETRICS
SAVED AS 31.DAT

CONSTANT
SHOT LOC  525.00
SANPLE INTRUL 0.18 MS

Low CUT oUY HOTCH 00T
12 3 45

B-20

¢ LINE_NUMBER 8
OFFSET 10.88 CROUP INTRUL 10,80 SHOT
RECORD LB 284 NS

17118
SHOT NAP

DELAY

HIGH CUT 254 K2

6 7 8 918 11 12 13 14 15 16
90 50 99 98 59 90 S3 90 87 87 B4 84 84 81 81 78

ESZ2401

23/5EP/1331

1-24,
INTRYL 0,88
pus  STACKS 4
FIXED GAIN

17 18 18 28 21 22 23 24
78 75 72 72 66 57 66 36

........... S L0 5 0 0 00 0O 0 o S8 o S
...... 5L R 0 0 O
e NI W N S e
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JNEGG GEOMETRICS ES2401 J\EGG GEOMETRICS

ES2401
SAVED AS 32.041 3 A/ENINL SAVED AS 33.0M1 1:02  26/8ER/19%1
CONSTANT 0 LINE_NNBER § SROT WAP - CONSTANT ¢ LINE_NUNDER § SHAT WP Jd-2
SHOT LOC 275,00  OFFSET 10.00 CROUP INTRVL 10,08 SHOT INTRVL  0.84 SHOT LOC  125.00  BFFSET 10 me CROUP INTRUL 1088 SHET INTRWL .0
SAMPLE INTRUL .10 NS RECORD LEN 204 WS  DELAY B MS  STACKS 17 SANFLE IHTRUL 010 NS ~ RECORD LEN 204 NS  OELAY 6 WS  STACKS t
LW C¥1 o0t HOTCH 867 WIGN CUT 289 M2 FINED CAIN Lw f“z ot .5 o 'BWS . 'n'u‘nz t‘v;' 3535 no o 12 2a o TRED CAIN
2 . t 2 <
33763 72 73 68 68 73 78 16 16 12 o3 41 eg 1 17 1 I9 O 2N 2T 23 2 © 27 455468 60 69 63 75 78 75 7S 15 10 81 64 64 04 61 64 by oy o2 20 Lo
14
...........
188
B r—— e
.............

.‘_\ e




JLEGIG GEOMETRICS
LINE_MUMBER 9

SAVED AS ML0AT
CONSTANT

nn
SHOT MAP 1-12,13-24

ES2401
6/5Er/199

$HOT LOC  250.00  OFFSET 5,00 CROGP INTRVL 1000 SHOT INTRVL .08
SNPLE INTRYL 010 NS

LOW cur out

NOTCK ot

RECORD LEN 204 NS DELAY
LR

TN STALKS

FIKED CAIN

1 2 3466 178 9 19 11 12 13 1415 16 17 18 19 20 21 22 23 24
5975726955‘0515\04233"“27‘57546!597270753!8\

208

VAN

™~

JLEGG GEOMETRICS

ES2401
SAVED AS 35,047 09:20  26/5Er/1951
CONSTANT 0 LINE_NIMBER 9 SHOT MAP -4,

SHOT LOC 375,00  OFFSET I0.80 CROUP INTRYL 10.08 SHOT INTRUL 008
SAMPLE INTRUL 9.10 NS  RECORD LEW 204 MS  ODELAY O NS STACKS 8
Low CUT o0t HOTCH oU1 RICH Cot 258 W2 FIXED CAIN

1 2 3 4 5 6 7 8 919 11 1213 1415 16 17 19 19 28 21 22 23 24
94 87 87 981 84 8} B} 04 84 04 H4 79 72 7S 72 63 €9 €0 63 54 45 48 36 21




JLNEGIG GEOMETRICS Es2481 ' J\EGG GEOMETRICS ES2401

SAUED AS 37.041 H K1 28/5E0/1481 SAVED AS 30.041 inn 26/5EP/ 191
CONSTANY ¢ LINE_NMaER 19 SHOT MAP J- CONSTANT §  LINE_NUMBER 19 SHOT MAP  1-12.13-24
Shat Lot 215.0 OFFSET 10.08 Chour INTRUL 1000 suoy INTRUL  §.00 - SHOT LOC  4e8.09 OFFSET 5.0 CROUP INmawL 18,06 SHOT tNmRUL  o.m
SRHPLE INTRVL 0.00 8 RECORD LEN 204 K5  pELAD RS STALKS 16 SRPLE IHTRVL 0.10 w§ RECORD LEN 204 NS priay BHS  STACKS 8
LoV tur oot . HOTCH BT RICK CuT 258 A2 FIXER CRIN LoW tur oy NOICH SB1 HICH CUT 258 K2 FIRED CAIN
'} 2 3 45 5 71 9 8494 1znt4ls|snmnzaza2223u 1.2 3 456 78 9181213 P15 16 17 18 19 20 2t o7 73 24

42 54 68 T: 69 66 63 75 63 63 €6 B6 66 12 72 15 15 15 72 575 72 15 81 63 €5 €9 63 €8 5| 54 St 54 St 39 09 15 S1 54 57 54 60 54 &8 €3 65 65 s
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B-24

EG:sG GEOMETRICS ESZ2401
. SAUED 4$ 33.Da1 1237 %/SER/139L

OHSTANT 0 LINE_NNBER 19 SHOT NAP 1-24,

SHOT LOC  525.90  OFFSET 0,90 CROUP INTRUL 10.80 SHOT INTRUL .

SANPLE THTRUL 8.10 MS  RECORD LEN 204 WS  DELAY O NS STACKS 16
< LoW CUT oUl NOTCR 0UT NICH COT 250 W2 FIXED CAIR
s 1 2 3 4 5 & 7 8 91011 12 13 14 15 16 17 19 19 20 2% S2 23 24

81 72 78 75 75 72 72 7278 72 75 72 TR 72 69 66 €9

€3 63 67 51 S1 33 i
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JLEGG GEOMETRICS

ES2481 ! EGiG GEOME
SHIED AS 40001 e s J%am A8 435: TRICS ESzdp1 |
i ) »?m“’n'ﬁ"."."‘i{.# M, 10,08 Sh0t toren, by st . LIMENNRER 1t T
e L STLRC AW WESESW or e ge gL 12020
L0 Eor et Ity ohechRy LEw 2ob WS OELAT NS st b TNPLE THTRVL 0,10 05 " REcotb Lew 2pa w5 aegyt ST INTHIL 0.hy
t 2 3 4SS 6 7 8 818412 1'3' 14 15 16 17 18 1% 2¢ FIK"ED H_,II! 1 Low cur our NeEch eop RicH cot 250 ’5 o i
X 38 45 54 6363 69 72 72 75 75 79 75 65 75 78 18 81 81 6 of o) o5 o1 ot $7 17 63 63 6 5 ) T a0 92 zf'z’fzﬂszzlf
l 12 18 48 857 63 68 66 69 €3 £3 7¢ 1563
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B-26

JNEG:G GEOMETRICS ES2401
SAVED AS 42.D4T 15:37  26/SEP/1931
CONSTANT 8 LINE_NUMBER 11 SHOT NAP 1-24.

SHOT LOC  525.80 OFFSET 10.88 GROUP INTRUL 10,00 SHOT INTRUL 0.0
SAMPLE INTRUL 9.10 HS  RECORD LEN 204 NS  DELAY O NS  SIACKS 11
Low CUT oUt HOICH U1 HICK CUT 258 W2 FIXED GAIN

t 2 3 4 5§ 6 78 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

98 87 87 B4 £7 £7 54 87 &7 B1 E4 B1 £9 73 75 7B 75 €6 T2 T2 69 66 §7 I3




JYEGsG GEOMETRICS ES2401

SAVED 43 43,007 e 2/ser/138L savEE?'A? «G fu?METR fes ma zs/sfsg“m
CONSTANT 0 LINE_HMDER 12 SHOT MaP -0 CONSTANT & LINE_NIMBER 12 SHOT AP 112 900
SHOT LOC 275,00 OFFSET 1000 CROUP INTRVL 10.00 SHOT INTRVL 8.0 SHITLOE  AD0A0 OFFSED 500 CRGD tnne, 1000 et e 2
SAMPLE INTRVL B.16 WS RECORD LEN 204 NS  BELAY  § NS  STACHS @ : : : .
N oLccath L kS L SAMPLE INTRUL B.10 WS RECORD LEN 204 WS  OELAY O MS  SIACKS 8
LW OO T WeTCH OB WG Cer sseNL 1o o o) TNED CAI LUN €U 081 NOTCH U1 HICH COT 250 b FIKED GAIN
36 48 S1 66 72 75 7S 15 IS 12 76 18 72 69 75 7S 81 7S a4 3% 81 87 81 64 P 2 3 4% 6 1 8B 918 K 12 13 14 15 16 17 18 13 20 2t 2T ¢3 24

67 63 63 63 69 63 50 S! St 39 35 1B 24 42 S5t €0 66 €6 75 63 7S 81 15 718
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B-28

JLEG:G GEOMETRICS ESz401

SAVED AS 45.DAT 17:33 26/5EP/1381
CONSTANT 0 LINE_NUNBER 12 SHOT MAP 1-24,

SHOT LOC  525.80  OFFSET 10.80 GROUP INTRUL 10.8% SHOT IRTRIL .00
SWMPLE INTRUL 0.18 NS RECORD LEW 204 NS DELAY O NS STacks 8

Low CUT 0UT ROICH OUT HICH CUT 258 W2 FIXED CAIN

1t 2 3 4 § 6 T 8 9101112131415 181718 19 20 21 2223 248
94 €1 61 61 81 61 78 75 31 78 81 78 76 75 72 75 €6 €6 72 66 57 48 42 14
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JVEGG GEOMETRICS ES2481
SHUED AS 46.DAT 0:00  2/sER/98L
CONSTAHT 0 LINE_NNBER 13 SHOE NP 1-24
SHOT LOC 265,00 OFFSET (0.0 CROGP INTRGL 1000 SWOT INTRWL 0.0
SEMPLE INTRVL 0.0 NS RECORO LEN 204 NS  DELAY B NS  SIACKS
LW CUF 08T MOTCN OUT  KIGH CuT 250 W2 FIXED CAIN

1 23 4 6 6 7 9 91811 12 13 14 16 16 17 18 13 20 21 22 i3 -4
39 €4 €8 57 €3 66 ¢€ €6 €3 €9 72 72 72 72 75 8% 78 78 78 B1 BV 78 B £4

T Y 3 e et woeer . O o
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ey
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JNEGIG GEOMETRICS

ESZ481
SAUED AS 47.bA1 4855 21/5EP/1991
CONSTANT §  LINE_NUNBER 1) SHOT MAP f-12.13-24

SHOT LOC  3%0.00  OFFSED  5.08 CROUP INTRUL 10.08 SHOT INIRVL 9.00
SAMPLE INIRVL 0.10 NS RECORD LEN 204 S  DELAY @ NS  SIACKS 4
LOw cut ot NOTCK OuT HICK CUT  25¢ W2 FIRED CAIN
1:2 3 45 6 7 8 918 411213141516 17 18 19 28 21 22 23 4

78 75 78 69 72 68 65 €3 £7 €4 32 03 6F 33 €7 £3 €9 75 75 78 75 g 75 Tg

1
N RS o
5 A

...... :. RN o -..‘;;S. ey e
e cplear T TTONL L. r’y—.—r-f" ..................

]

I
.}

6T-d



1-.
8.8
?

ES2401

H »

1

21/5EP/1984
STACKS
FIXED CAIN

SHOT INTRUL

s

SHOT MAP
12 3 45 6 7 6 91011 1213 14 1516 17 18 19 30 21 22 23 24

R

DELAY

RUL 1000
HICH CU? 250 H2

RECORD LEN 2 NS

LINE_NUMBER 13
ROICH 0UT

)
OFFSET 1.8 (ROUP INY

B-30

S 48.DA1
515.0¢

EGsG GEOMETRICS
CONSTANT

SAMPLE INTRUL 9.10 ¥
Lo CUT oUY

SAVED &
SHOT LOC

A

| ﬁ,...%gy%...@%«? S
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JLEGG GEOMETRICS
SAVED A 49,41
CONSTT
$HOE L0C 275,09
SANPLE INTRVL 0, 19 ng
L4 Cor o6t

z2 3

1 4 § 6 7
48 G 6B 63 ¢3 72 gy 12 75 72 15 18 18 8y 81 81 87 04 84

ER 14

RECORD LEN 284 ns
NOTCK ot RICK o1 250 2

e >
el -~
———- S

-—-vv-nuﬁais::E:!t'U'JZETET e o
T e g

0 LINE_NOO NAP
OFFSEL 1800 Chopy IH!QVL.EéliOI :Hﬂl INTROL 0.

B %18 11 12 13 14 1S 16 17 18 19

2masdgl & % col--]--}.

-~

122 23 24
4 84 B @7

—=3
-

J\EGiG GEOMETRICS
SAVED AS 60,041 "
CONSTART

§  LINE_KUNBER 14
SHOT LGC 400,00  OFFSET 6.00 Choup INTRVL
SANPLE INIRUL 6.16 WS RECOND Lew 204 NS DELAY
16w cur oot NOICH BUY RICH CUT 250 2

"t 23 4§ 6 1@

81 81 78 78 7B 72 €3 72 €3 63 42 12 18 4B €0 €3 72 12 12 135

2 T
ey pod il

o~
o T o

159
SHOT
Ell.ll SHOD IRTRVL  ¢.00

B8 1112 13 1418 1§ 17 18 13 20

ES2401
21/5EP/1991
AP 1-12.13-24

B HS  STACKS 4

FIKED CAIN
2122 33 24
72.75 81 18



JLEG:G GEOMETRICS ES2401
SAVED 45 51.0AT e 2USERL9SL
CONSTANT 0 LINE.NINBER 14 SHOT WAP 424,

SHOT LOC  525.80  OFFSET 10.80 CROUP INTRUL 19.40 SHOT INTRUL 0.00

SAMPLE INTRUL 0.38 MS  RECORD LEN 204 NS pELAY O KS  STACKS

Low CUT OUT NOTCH 0UT NICH cUT 250 W2 FIXED CAIN
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JYEGG GEOMETRICS ES2401
SAVED AS 62,001 040 2SER/IS
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JNEGG GEOMETRICS
SAVED AS 54.DaT

ESz401
11:95 21/8EP/1931
CONSTANT 0 LINE NWMBER 15 NAP 1-24,
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J\EG:G GEOMETRICS ES2401
SAVED AS 57.041 13:57  2WSEP/LS8L
CONSTANT LIKE_NIMBER 16 SHOT NAP  1-2A,
GO LhC 525,00 ORPSET 1oo0R CR0UP INTRUL 10,80 SHOT INTRUL 8.80
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J\EGG GEOMETRICS ES2401 JSEGiG GEOMETRICS

ES2401
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EGsG GEOMETRICS ESZ401
SAVED 4S 61.DAT 15:03  21/5EP/199L
CONSTANT 0 LINE HIMBER 17 SHOT NAP 1-24,
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EGsG GEOMETRICS ESZ401

SAVED AS 64.DAT 15:48  27/SEP/1381
CONSTANT 0 LINE_NUMBER 18 SHOT NaP 1-24.

SHOT LOC 52580 OFFSET 10,48 CROUP INTRUL 10.9% SHOT INTRUL = 8.80
SWNPLE INTRUL 0.18 NS  RECORD LEN 204 NS  DELAY O NS  STACKS 16

Low CuT out NOTCH oUT HICH CUT 250 K2 FIXED CAIN
1 2 3 4 5 6 7 8 9181112 13 16 15 16 17 18 19 I8 21 22 23 24
7!73757575787375757289726!72726!72598!7256535535

T
——

"

ey
e

AN —
wommmmnman Wet?. i e Yt B
I‘&&\’m e

enleabasbeabocloctocprnprcpaapenfy=ose

I W NI = R

!

A

ﬁ

j
BUEY

Ceard ey

A

.

el Ev

e v v BRI RFRIN L S SSAN i ey € AN SULEL WA e ML BTG sl A Derrhmied ¢ it u b

e

e & we



ES2401
2V5ER/1N8E

I1cs
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JSEGiG GEOMETRICS ESz401
SMED 5 1000 é;;;’..., asELL
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JLEGG GEOMETRICS

ES2481
SAVED A8 60.0A1 103 au/sEr/1a8t
CORSTANT §  LINE_NINDER 20 SHOT Map J-2
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EG:G GEOMETRICS
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J\EGIG GEOMETRICS

ESz401
SAVED A 71,000 19047 ier/isn
CONSTAHE §  LINENUMBER 2i et N J-
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JLEGIG GEOMETRICS ES2481
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JLEGsG GEOMETRICS ES2401
SAVED AS 73.D4T 10:0 30/5EP/189)
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- JLEGG GEOMETRICS ES2401
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JLEGG GEOMETRICS gS2401
SAVED AS 79.041 i dw/sSER/LGL
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JLEG:G GEOMETRICS
SAVED AS 82,041

CONSTANT
SHOT LOC  325.00
SAMPLE INTRUL 0.10 XS RECORD LB 2M M5

Low CoT 0T NOTLH OUT HICH COT
123 45 878
87 81 81 8) 84 B1 78 61

R

NE_NUMBER 24 SHOT KAP
OFFSET 10,90 CROUP INTRVL 18.88 suor INtRuL  0.94
DELAY NS ks ¢
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. JLEGG GEOMETRICS
| Shues a5 13t

COHSTND

§HOT Lot
Egﬂ.i INTRVL .10 8

27 38 a8 54 €8 66

1
§  LINE_NOMOER 25 SHo
SFFSET £0.00 CRoUP InTRw nu
RECORD LEN 204 NS peLAY

LUt ooy HOTCN oY NICH cor 250 W2
123 4858 7

M.

ESZ2481

30/5ep/1934

NAP J-
SHOT INTRML 4.0¢
B H
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JNEGIG GEOMETRICS
SAVED AS 04.0AT
CONSTANY
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JNEGG GEOMETRICS

VED AS 85.DAT
STANT

LINE_HIMBER 25

1:4:28

SEOT AP

ES2401

30/5EP/19%4
1'“0

SHOT LOC  525.08 arrssr 10.80 CRODP INTRUL 10.00 SNOT INTROL O.80

SANPLE INTRUL 0.10 NS
Low

cut oot
s
)

mrca 01
1 4
67 87 84 79 7)

RECORD LEN 284 NS

E 7T 8 9101112131415 161
78 75 75 81 64 78.75 @1 01 01 78

DELAY B NS
NICH CUT 250 W2 )

18 18
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STACKS 16
FIXED GAIN
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J\EGiG GEOMETRICS

ES2481 ,
SAUED B8 06,01 e avaeam |
OHSTiE 0 LINEHINOER 26 sorme U
smmzm;mmuunmmmuuwmmnnu
L LN IR T g
EOTWT MU RIOKEO I N FIKED GAIN
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J\EGiG GEOMETRICS
SAIED A8 0.1

0 LINE NONRER
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EGsG GEOMETRICS ES2401
SAVED AS 89.D4T 15:27 30/8EP/1991
CONSTANT §  LINE_NUMBER 20 SHOT NAP 1-2,
SHOT LOC  525.80  OFFSET 10,60 CROUP INTRUL 18.08 SHOI INTRVL 0.0
SANPLE INTRUL 8.10 NS  RECORD LEN 204 NS  DELAY O NS SIACKS 8
Low CUT oyt HOTCR 00T HICH coT 250 K2 FIXED CAIN
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2\ eGs GEOMETRICS

SAVES A5 90.pat ES24a1
£oNsT b LINE NuBER 16:09 /55071904
i 21 A .
ol L 0 o, o,
Lo ¢ Hor NTGH COT 250 Kz "ot b
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JLEGG GEOMETRICS

ESZ2401
SAVED A8 31.0a1 1617 3W/SER/LINL
CONSTAND §  LINE_NIMBER 27 SHOT AP 1-12.13-24

SHOT L0C 200,60  OFFSET 5,08 CROUP INTRUL 1D.00 SHOT INTRUL 4.0
SAMPLE INTRUL §.10 NS RECORD LEN 204 NS  DELAY O WS  STACKS 4
Lo Cor out NGTCK ouY RICK COT 258 w2 FIXED CAIN
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J\EGIG GEOMETRICS

ES2481 ¢S EGG GEOMETRICS

ES2401
SAVED AS 93.041 Y H 1 H/EEr/18%1 g SAVED 48 94.041 1.8 0/5EP/1991
LONSTAND 4 LINE_NMsER 20 SHET MAP - i CONSTANI 0 LINE_MINDER 29 SHOT AP 1-12.13-24
SHOD LOC  75.00  OFFSET t0.mp CROUP INTRWL 10.00 SKOT INTawL L] " SHOT LOC 200,00 OFFSEY 6.1 CROGP INTAVL 10.00 SHOT INTROL (K]}
SANPLE TNTROL 010 NS RECOR Ly BANS BELAY O NS SIACNS 42 - SANPLE INTRUL €.16 M3 mecoms LEN 206 95  DELAY g3 STALRS ¢
Low cor ouy NOTCH WY RICN Coy 250 M2 FIRED SMi Low Cut oot NOTCN a1 KIGN CUT 260 W2 FINED CAIN
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EGsG GEOMETRICS ESZ2481.
SRVED AS 95.D47 . 1 30/5EP/1931
CONSTANT ¢ LINE_NUMBER 28 $HOT NAP 1-24.
SH0T LOC  325.00  QFFSET 10.89 GROUP INTRUL 13,80 SuOI INTevL  6.88
SANPLE INTRUL 6.10 NS RECORD LEN M NS DELAY ONS $TACKS 16
LoW CUT 00T HOTCH OUT HICH CUT 250 W2 FIXED CAIN
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B-62

EGsG GEOMETRICS ES24e1
SAVED AS 98.0A1 0" 1700171991
CONSTANT 0 LINE_NIWBER 28 SHOT AP 124,
SHOT LOC 325.08  OFFSET 10,60 GROUP INTRVL 10.80 SHOT INTRUL = 0.80
SANPLE INTRUL 0.0 NS  RECORD LEN 284 WS  DELAY O WS  STACKS 16
Low cuT ouT NOTCH 00T Nlck CUT 258 W2 FIXED “IH

1 45 6 7 8 31811 12 13 14 15 16 17 19 19 29 21 22 23
78 75 75 72 72 72 72 69 69 66 75 $9 G5 65 &8 60 59 57 69 54 45
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JLEGG GEOMETRICS ES2401 EG:G GEOMETRICS ES2401
SAVED A5 93041 e MED AS 108001 U
1 0 LINE_WONIER 20 ST g CONSTAHY 8 LINE_NIMBER 30 SHOT NP £-12,13-2¢
SHOT LOC  75.08 OFFSET (600 CROGP INIROL 10,00 SHOT INTROL 0,09 SHOT LOC 20000  OFFSET 5.00 CROUP INTROL 1000 SHOT INTRUL .08
SANPLE INTRVL 0.10 M5 RECOR LEW 204 NS DELAY O NS  GIACKS 1

SRMPLE INTRUL 0.10 NS RECORD LEN 204 NS  DELAY 8 XS STACKS 4
L0 COT 6T HOTCN ot KECH CUT 250 W2 FIRED GAIN LOW CUT aut

1 2 3 4 6 6 7 8 918111213 14 15 16 172 18 1
42 61 63 €3 6ICI 727572727212 1276 1S 18 13 18 7

HotCH oot RICH Cut 258 W2 FIKED GAIH
$ 20 21 22 23 14 12 3 4

6§ 6 7.8 8184 12 13 14 15 16 {7 18 19 20 21 22 23 24
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£GsG GEOMETRICS ES2401
SAVED AS 184.DAT 18:19 170171994
CONSTANT 0 LINE_NiMBER 38 SHOT MAP -4,
SHOT LOC  325.9%  OFFSET 10,88 GROUP INTRUL 10.89 SHOI INTRUL .08
SAMPLE INTRVL 9.10 NS  RECORD LEN 284 NS  DELAY O NS STACKS 8
LO® CUT OUT NOTCH 0UT WICH CUT 2% W2 FIXED CAIN
123 6 S 6 7 8 91811 12 13 14 15 16 17 18 19 20 21 22 23 24
84 84 64 B 94 81 78 78 81 78 75 75 72 72 69 66 59 63 66 63 63 57 54 36
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JLEGG GEOMETRICS
SHIED AS 142,00

SHopLet .M
SANPLE INTRVL 0.10 M8

Sho
WP INTRVL 10.M §
RECORD LEN 204 NS
RICH CoT 256 W2

1 2 3 485 6 7 8 918134 12 13 14 15 16 17 18 18 28
33 57 63 66 63 63 €3 69 €3 72 12 7

8 78 78 81 8) 84 04 84 64 B4

! JNEGG GEOMETRICS

81 78 72 72 72 66 63 63 €8 51

v oo P duy, LTSS semepiy - - o

ES2401
SAVED 45 103.Dat i 16t1
CONSTANT 0 LINE_NIMBER 31 SHOT MAP )-12.13-24
SHOT LOC 200.m0 ¢ §.00 CROUP INTRVL 10.00 SWOT INTRWL K]
SANPLE INTRUL 0.10 MS  MECORO LEN 204 N5 BELAT O NS  Sracws 4
Low Cut o8y NOTCN eu? WICK CHr 250 K2 FIXED GAIN
81 70 75 o4 5 B 7 8 31811 12 13 1415 16 17 18 19 28 21 22 23 b

48 21 2% 51 54 60 68 63 63 72 718 875 18
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1-24.
8.9

gsz4061

[V 1k 1)]

SROUP INTRUL

RECORD LN 2

NOICK 00T
45 6 7 B 91811121314

a8 90 87 87

LINE_NUMBER 3L

t
OFFSET 1099

EGsG GEOMETRICS
$AVED ﬁg 104,047
¢ 325.91

COHSTAN
SHOT LO

SMIPLE

4

FIXED CAIH
22 73 24
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JSEGIG GEOMETRICS

ES2401
SAVED AS L05. 1 1 1ot1/im
CONSTART §  LINE_NwRER 33 SROT WAP J-2
SHOT L6C 76,08  OFFSET 10.00 CROUP INTAVL 10.80 SHOT INTROL  0.89
SANPLE IHTRVL 0.10 NS  RECORD LEN 204 NS  DELAY O NS  STacxs 32
oM CuT Qut HOTCN ebY KICK cut 250 w2 FIKED CAIN

P 2 3 45 5 7 8 %1811 1213 14 15 16 17 10 19 28 21 2° 23 24
39 48 67 €6 66 72 72 78 66 72 72 72 67 63 68 66 72 75 73 8t @161 15 84
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JLEGG GEOMETRICS

SAVED A 100.087

CONSTANT

SHOT LoC

SANPLE INTRVL .10 %S

oW cor out NOTCH Ul

EETTTNS TN N PN VY-

......

.........

§  LINE NOMDER 32
200,80  OFFSET  5.8¢ CRouP INTR

RECORD LEN 204 S

BELAY
RICK CUr 258 W2

ES52481

f2:92

18C1/13%1

SHOT AP £-12.13-24

ns

VL1000 SHOT INTRVL  o.08
SIACKS 8

FIXED CAIN
123 45 6 7 8 91811 12 1314 (516 17 18 19 28 21 20 2) 24
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EG:G GEOMETRICS ES2401
SAVED AS 187.041 12:12 1/0C1/1%31
4 ER SHOT NAP 1-24.

CONSTANT LINE_NUMBER 32

SROT LOC  325.80  OFFSET 10,80 CROUP INTRL 16,00 SHOT INTRUL = 0.88

SAMPLE INTRUL .16 NS RECORD LEN 204 NS  DELAY O M5 STACKS 16

LoW CUT 00T NOICH 00T WiCH CoT 250 HZ FIXED CAIN
@ 19 28 21 22 23 24

1 2 3 4 5 6 7 9 91811 1213 14 15 16 17 1
ﬂ734848|8|818481787575737575725959655650555.5‘42
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Jtu ' GEOMETRICS ES249)

SAVED A8 103 M 05 vt JLmE;f',? o CTRICS : raadat
1 e N e
CONSTAHT §  LINE NiMBER 33 SHOT MAP - CONSTANT 0 LINE_NONBER 33 SHOT AP 1-24

SHOT LOC 30000 OFFSET 10000 CRODP INTRWL 1000 SHOT INTRVL B 00 A '

- BMTLOC 0.0 FFCET LU0 CROGP INTRWL 1000 SHOT INTRWL o
SWPLE INTRVL D10 M8 RECORD LEN 200 NS OELM WS  Stews | SINPLE INTIGL 0.10 08 RECORD LEM 204 WS MELAT O NS Stcks )
LoW CUT 0T NOTCN OBT MEGW COr 250 M2 FIKED G LT R e LU Hirie
1 2 3 4866 718 818 1112 13 1315 16 17 19 19 29 21 22 23 23 . 678 91i8 I

Y112 13 14 15 16 17 18 {9 28 21 22 23 24
4 84 94 87 98 87 84 33 39 93 9386 96 36 36 96 96 95 98

788!0!378707978407””37“!393939895985856959888

12 3 4
7818 78 84 81 8




B
SAVED AS 100N} 15:18
CONSTANT §  LINE_NUMBER 2) SHo1 nar

SHOT Lo 290.00  OFFSET 10,00 CROUP INTRWL 10.80 SWAT INTEWL .0

SAMPLE INT™OL 0.10 NS RECORD LEN 204 S  OELAY O NS  STACKS 18

Lo cur s HoTCw ovt Nitw U1 250 M FINED CAIN

) M5 16 121815 7 D o g

38 £ 58 9@ .. .
S 18 %9 6 : L4 487

s rma v

Jd-24

7518

VIE 1) 69 69 63 72 72 72 7€ 9

mcmm' '

W —m— —mr e
A

VED A
CONSTAY

s M
1

L
SHOT LOC 615,08  OFFSET
SANPLE INTRWL 0,10 NS
LoW Cot aut

2 3

L}

84 81 78 75 72 66 63 &0

NOTCH BUT
€ 78 91

RECORD LEN 204 WS DELAY

5\48361227485753558315757881 B4 87

CILTIuUy
13 1/8C1/199
0 LINE_NMIER 29 SHOT AP 9-12,13-24
5.0 e

CROUP INTRWL :l.ll SHOT INTRYL

ENs  STACRE 4
NICH o 250 R2 FIKED CAIN
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J%EG;G GEOMETRICS Es2401 | J\EGiG GEoMETRICS
q
|

¢

ES2401

VED 45 114.0A7 148 16011881 SAVED A5 116,047 18:18 1700171891
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Appendix D

Spread Summary Sheets for Station Data






ANS Seismic Refraction Spread 1

Recorded: 9-1891  Azimuth: W-E  Geophone Spacing: 10 (ft)
Center Point: ANS# 22 Surface Elevation: 901 {f)
AVERAGE VELOCITIES: AVERAGE INTERFACE DEPTH & ELEVATION:
V1 1450 fiiec 3 898 ()
V2 4246 fifsec 23 878 ()
V3 11571 frisec
SP1 sp2 SP3 SP4 SP5
First First First First First
Break Distance Break Distance  Break  Distance Break  Distance  Break  Distance
Armrival From Spl Arrival From Sp2  Arrival From Sp3  Arival From Spd  Armival  From Sp5
Geophone Station Times To Phones Times ToPhones Times To Phones Times To Phones Times To Phones
& Shot Coordinates {msec) (113] {msec) (f) {msec) (ft) {msec) {f) (msec) {ft)
sP1 8+00N 6475E
1 8+00N 6+-85E 78 10 17.7 55 263 115 31.7 175 372 240
2 8-+00N 6+95E 9.8 20 134 45 226 105 287 165 35 230
3 8+00N 7+05E 109 30 111 35 21.6 95 26.8 155 342 220
4 8+00N 7+15E 135 40 98 25 206 85 26.7 145 334 210
5 8+00N 7+25E 155 50 81 15 202 s 26.7 135 334 200
6 84+00N 7435E 173 60 34 5 202 65 256 125 329 190
SP2 84+00N 7+40E
8+00N 7+45E 183 70 a7 ] 177 55 249 115 322 180
8+00N 7+55E 193 80 83 - 15 14.7 45 227 105 302 170
9 8+00N 7465E 204 90 102 25 128 35 21.2 95 294 160
10 8+00N 7475E 236 100 133 35 108 25 202 85 298 150
1 8400N 7(+8.SE 236 110 144 45 88 15 19 15 218 140
12 8+00N 7+95E 246 120 164 55 48 5 169 65 258 130
sp3 8+00N 8+00E
13 8+00N 8+0SE 25 130 172 65 36 5 14.6 55 238 120
14 8+00N 8+1SE 262 140 182 75 62 15 126 45 218 110
15 8+00N B8+25E 269 150 20.2 85 82 25 11.6 35 215 100
16 8+00N B8+3SE 28 160 214 95 106 35 98 25 208 90
17 8+00N 8+45E 170 25 105 122 45 76 15 19.7 80
18 84+00N 8+SSE 301 180 242 115 139 55 54 5 195 70
SP4 8+00N 8+60E
19 8+00N B8+65E 311 190 258 125 153 65 42 5 178 60
20 84+00N 8+75E 331 200 268 135 173 15 82 15 16 50
21 8+00N B+85E 348 210 28.1 145 193 85 102 25 13.4 40
22 8+00N B+95E 353 220 295 155 208 95 127 35 102 30
23 8400N 9+05E 363 230 295 165 21 105 14.7 45 7.7 20
24 8+00N 9+15E 366 240 2938 175 226 115 16.2 55 6 10
Sps 8+00N 9+25E

NOTES: Shot Point 1 Digital Field File: 2.dat Source: Hammer
Shot Point 2 Digital Field File: 4.dat Source: Hammer
Shot Point 3 Digital Field File: 5.dat Source: Hammer

Shot Paint 4 Digital Field File: 6.dat Source: Hammer
Shot Point 5 Digital Field File: 7.dat_Source: Hammer




D4

ANS Seismic Refraction Spread 2

Recorded: 9-19-91 Azimuth: W-E Geophone Spacing: 10 (ft)
Center Point: ANS# 10 Surface Elevation: 875 (ft)
AVERAGE VELOCITIES: AVERAGE INTERFACE DEPTH & ELEVATION:
V1 1300 fijsec 3 872 (ft)
V2 3924 ft/sec 19 856  (ft)
V3 14480 ftsec
SP1 SP2 SP3
First First First

Break Distance Break Distance Break Distance

Arrival  From Spl  Amival From Sp2  Arrival From Sp3
Geophone Station Times  To Phones Times To Phones Times To Phones

& Shot Coordinates {msec) (fty {msec) (ft) {msec) (ft)

SP1 164+00N 1+25W
1 164+00N 1+15W 72 10 22.1 115 319 240
2 16+00N 1+05W 9 20 206 105 30.5 230
3 164+00N 0+95W 10.7 30 19.6 95 29.7 220
4 164+00N 0+85W 11.8 40 18.4 85 286 210
5 16+00N 0+75W 13.1 50 17.7 75 28 200
6 16+00N 0+65W 145 60 17.7 65 28 190
7 16+00N 0+55W 16 70 16.5 55 27 180
8 164+00N 0+45W 18 80 15.7 45 268 170
9 16+00N 0+35W 19.2 90 134 35 263 160
10 16+00N 0+25W 20.1 100 11.8 25 253 150
11 16+00N O0+15W 204 110 71 15 243 140
12 16+00N O0+05W 21.8 120 4.7 L) 238 130
Sp2 16+00N 0400
13 16+00N 0+0SE 221 130 44 5 225 120
14 16+00N O0+15E 28 140 84 15 21.1 110
15 16+00N 0+25E 23.1 150 10.6 25 195 100
16 164+00N 0+35E 241 160 126 335 18.2 90
17 16+00N 0+45E 24.1 170 13.9 45 16.6 80
18 16+00N O0+55E 24.7 180 152 55. 15.8 70
19 16400N 0+65E 25 190 159 65 14.6 60
20 16+00N O+7SE 27 200 179 75 14.6 50
21 16+00N O0+85E 29.7 210 199 85 15.6 40
2 164+00N 0+9SE 314 220 222 95 15.1 30
23 16+00N 1+0SE 311 230 22 105 11.8 20
24 164+00N 1+15E 322 240 233 115 9 10
SP3 16+00N _ 1+25E

NOTES:  Shot Point 1 Digital Field File: 8.dat Source: Hammer
Shot Point 2 Digital Field File: 9.dat Source: Hammer
ot Point 3 Digital Fjeld File: 10.dat _Source: Hammer




ANS Seismic Refraction Spread 3

Recorded: 9-19.91
Center Point: ANS#

Azimuth: W-E

11

Surface Elevation:

D-5

Geophone Spacing: 10 (ft)

878

{f)

AVERAGE INTERFACE DEPTH & ELEVATION:

AVERAGE VELOCITIES:
V1 1300 ftjsec 1 877 (f))
V2 3528 fijsec 13 865 (ft)
V3 10286 fifsec
SP1 Sp2 SP3
First First First

. Break Distance Break Distance Break Distance

Arrival  From Spl  Arrival From Sp2  Arrival  From Sp3
Geophone Station Times To Phones Times To Phones Times To Phones
_& Shot Coordinates {msec) (f0) (msec) (ft) (msec) (ft)
SP1 16+00N 2+47SE "
1 164+00N 2+85E 88 10 25 115 273 240
2 16+00N 2+95E 12.8 20 23.9 105 25.7 230
3 16+00N 3+05E 13.2 30 222 95 24.1 220
4 16+00N 3+15E 14.2 40 20.7 85 235 210
5 16+00N 3+25E 14.5 50 185 75 211 200
6 164+00N 3+35E 155 60 18.1 65 20.1 190
7 164+00N 3+45E 17.5 70 18.2 55 20.6 180
8 16+00N 3+55E 183 80 16.4 45 19.5 170
9 16+00N 3+65E 19.3 90 15.4 35 19.8 160
10 16+00N 3+75E 23 100 14.5 25 20.2 150
11 16+00N 3+85E 232 110 115 15 19.2 140
12 16+00N 3+495E 236 120 3.1 5 18.1 130
SP2 16+00N 4+00E
13 164+00N 4+05E 243 130 37 5 164 120
14 16+00N 4+15E 249 140 10.6 15 15.7 110
15 16+00N 4425E 25.7 150 126 25 14.8 100
16 16+00N 4+3SE 26.6 160 149 35 141 90
17 16+00N 4+45E 26.5 170 15.9 45 12 80
18 164+00N 4+455E 2716 180 17.9 55 113 70
19 16+00N 4+65E 284 190 183 65 9.6 60
20 16+00N 4475E 29.6 200 195 75 83 50
21 16+00N 44+85E 30.7 210 21 85 73 40
22 16+00N 4+95E 315 220 215 95 54 30
23 16+00N 5+-05E 318 230 22 105 34 20
24 164+00N 5+15E 313 240 22 115 19 10
SP3 16+00N 5425

NOTES: Shot Point 1 Digital Field File: 11.dat Source: Hammer
Shot Point 2 Digital Field File: 12.dat Source: Hammer

Shot Point 3 Dipital Field File: 14.dat _Source: Hammer




D-6

ANS Seismic Refraction Spread 4

Recorded: 9-20-91 Azimuth: W-E Geophone Spacing: 10 (ft)
Center Point: ANS# 12 Surface Elevation: 855 (ft)
AVERAGE VELOCITIES: AVERAGE INTERFACE DEPTH & ELEVATION:
V1 1200 fi/sec 3 852 (ft)
V2 4197 fifsec 12 843 (fy)
V3 11026 fifsec
SP1 Sp2 SP3
First First First

Break Distance Break Distance Break Distance

Arrival From Sp1 Arrival From Sp2 Arrival From Sp3
Geopbone Station Times To Phones Times To Phones Times To Phones

& Shot Coordinates {msec) (ft) (msec) (ft) (msec) (v

SP1 16+00N 6+7SE
1 16+00N 6+85E 89 10 198 115 348 240
2 16+00N 6+95E 119 20 18.8 105 313 230
3 16+00N 7+0SE 13.8 30 179 95 29.6 220
4 164+00N 7+15E 15.1 40 163 85 28 210
5 16+00N 7+425E 162 50 16.7 75 29.2 200
6 164+00N 7+35E 16 60 15 65 26.4 190
7 16+00N 7+4SE 18.1 70 13.7 55 243 180
8 16+00N 7+55E 182 80 12.2 45 234 170
9 164+00N 7+65E 187 90 10.8 35 221 160
10 16+00N 7+75E 19.2 100 9.5 25 214 150
11 16+00N 7+85E 19.7 110 8.1 15 203 140
12 16+00N 7+95E 211 120 4.7 5 19.1 130
SP2 16+00N 8+00E
13 16+00N 8+05E 214 130 33 5 18.1 120
14 16+00N 8+15E 219 140 6.3 15 16.8 110
15 16+00N 8+2SE 228 150 83 25 159 100
16 16+00N 8+35E 245 160 9.8 35 153 90
17 16+00N 8+45E 25.1 170 10.8 45 14.8 80
18 16+00N 8+55E 27.6 180 12.8 - 55 15 70
19 16+00N 8+65E 29 190 144 65 14.4 60
20 16+00N 8+75E 29 200 14.8 75 13.2 50
21 16+00N 8+85E 281 210 138 85 104 40
22 16+00N 8+95E 29.1 220 154 05 103 30
23 164+00N 9405E 315 230 17.3 105 103 20
24 16+00N 9+15E 335 240 19.2 115 8.7 10
SP3 16+00N _9+425E

NOTES: Shot Point 1 Digital Field File: 15.dat Source: Hammer
Shot Point 2 Digital Field File: 16.dat Source: Hammer
Shot Point igital d File: 17.dat_Source: Hammer
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ANS Seismic Refraction Spread 5

Recorded: 9-20-91 Azimuth: W-E Geophone Spacing: 10 (ft)
Center Point: ANS# 3=04 Surface Elevation: 856 __(ft)
AVERAGE VELOCITIES: AVERAGE INTERFACE DEPTH & ELEVATION:
V1 1250 ftfsec 3 853 (ft)
V2 3317 fiisec 11 845 (ft)
V3 11196 fijsec

Sp1 Sp2 SP3

First First First

Break Distance Break Distance Break Distance

Arrival From Sp1 Arrival From Sp2  Arrival  From Sp3
Geophone Station Times To Phones Times To Phones Times  To Phones
& Shot Coordinates : {msec) (ft) (msec) (ft) {msec) ()
SP1 16+00N 114+00E
1 164+00N 11+10E 88 10 19.7 115 30.8 240
2 16+00N 114-20E 10.6 20 19.9 105 31 230
3 16+00N 11+30E 13.6 30 21 95 327 220
4 16+00N 11+40E 13.9 40 19.5 85 308 210
5 16+00N 11+50E 149 50 18.9 75 303 200
6 164+00N 11+60E 15.1 60 176 65 28.8 190
7 16+00N 11+70E 15.6 70 16.1 55 217 180
8 16+00N 11+80E 15.6 80 14.3 45 26.3 170
9 16+00N 11+90E 16.6 90 129 35 25.7 160
10 16+00N 12+00E 17 100 10.6 25 244 - 150
11 16+00N 12+10E 18 110 79 15 234 140
12 16+00N 12+20E 193 120 4.1 5 228 130
SP2 16+00N 12+25E
13 16+00N 12+30E 19.7 130 4.7 5 21.8 120
14 164+00N 12+40E 207 140 8.9 15 21 110
15 16+00N 12+-50E 21.7 150 114 25 198 100
16 16+00N 12+460E 23.7 160 13.8 35 19.2 90
17 16+00N 12+70E 239 170 15.2 45 17.8 80
18 16+00N 12+80E 249 180 17.1 : 55 17.2 70
19 164+00N 12+90E 25.9 190 183 65 164 60
20 16+00N 13+00E 26.6 200 189 75 14.7 50
21 16+00N 13+10E 271 210 19.5 85 12.7 40
22 16+00N 13+20E 26.8 220 19.5 95 11.2 30
23 16+00N 134 30E 282 230 20.2 105 10.5 20
24 16+00N 13+40E 294 240 213 115 6.5 10
SP3 16+00N_13+350E

NOTES: Shot Point 1 Digital Field File: 18.dat Source: Hammer

Shot Point 2 Digital Field File: 19.dat Source: Hammer
Shot Poi igi eld File: 20
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ANS Seismic Refraction Spread 6

Recorded: 9-20-91
Center Point: ANS#

Azimuth: W-E

14 Surface Elevation: 853

Geophone Spacing: 10 (ft)

()

AVERAGE VELOCITIES: AVERAGE INTERFACE DEPTH & ELEVATION:

V1 1400 fijsec 3 850 (ft)

V2 3617 fijsec 14 839 (ft)

V3 11566 ft/isec

SP1 SP2 SpP3
First First First
Break Distance Break Distance Break Distance
Arrival From Sp1 Arrival From Sp2 Arrival From Sp3

Geophone Station Times To Phones Times To Phones Times To Phones
& Shot Coordinates (msec) (ft) {msec) (fty (msec) (ft)

SP1 16+00N 14+75E

1 16+00N 14+8SE 6.2 10 20.1 115 34.6 240

2 16+00N 14+95E 8.6 20 187 105 334 230

3 16+00N 15+0SE 105 30 179 95 312 220

4 16+00N 15+15E 121 40 159 85 30.7 210

5 164+00N 15+25E 13.6 50 154 75 29.4 200

6 164+00N 15+35E 146 60 14.2 65 29.1 190

7 16+00N 15+4SE 15 70 128 55 28.1 180

8 16400N 15+55E 15.7 80 115 45 273 170

9 16+00N 15+65E 16.9 90 10.2 35 26.3 160

10 16+00N 15+75E 172 100 88 25 26.2 150

11 164+00N 15+85E 18.6 110 74 15 254 140

12 16+00N 15495E 19.2 120 5.1 5 238 130

SP2 16+00N 16+00E

13 16+00N 16+05E 20.1 130 43 5 22.8 120

14 16+00N 16+1SE 217 140 6.9 15 221 110

15 164+00N 164-25E 23.7 150 9.9 25 22.7 100

16 164+00N 16+35E 26.7 160 135 35 23.7 90

17 164+00N 16+45E 278 170 15.8 45 234 80

18 164+00N 16+55E 29.2 180 176 55 214 70

19 16+00N 16+65E 295 190 179 65 194 60

20 16+00N 16+75E 289 200 17.7 75 17 50

21 164+00N 16+85E 28.7 210 17.5 85 15.6 40

22 164+00N 16+95E 301 220 193 95 14.9 30

23 16+00N 17+05E 321 230 21 105 12.2 20

24 16+00N 17+15E 331 240 21.8 115 7.7 10
_Sp3 16+00N __17+25E

NOTES: Shot Point 1 Digital Field File: 21.dat Source: Hammer

Shot Point 2 Digital Field File: 22.dat Source: Hammer

oint 3 Digital Field File: 23.dat

uree:_riammer




ANS Seismic Refraction Spread 7

Recorded: 9-23-91
Center Point: ANS#

Azimuth: S-N

15

D-9

Geophone Spacing: 10 (ft)
Surface Elevation:

848

{fQ)

AVERAGE VELOCITIES: AVERAGE INTERFACE DEPTH & ELEVATION:
V1 1200 f/sec 4 844  (ft)
V2 2448 ftfsec 14 834 (ft)
V3 11183 ftsec
SP1 SP2 SP3
First First First
Break Distance Break Distance Break Distance
Arrival  From Spl Arrival From Sp2  Arrival From Sp3
Geophone Station Times To Phones Times To Phones Times To Phones
& Shot Coordinates —{msec) {ft) (msec) (ft) . (msec) ()
SP1 10+75N 0400
1 10+85N 0+00 9.3 10 221 115 39.9 240
2 104+95N  0+00 14.8 20 21.7 105 38.7 230
3 11+05N 0400 16.8 30 21.1 95 374 220
4 11+15N 0400 18.1 40 199 85 369 210
5 11+25N 0400 19.1 50 181 75 356 200
6 11+35N  0+00 20.1 60 16.9 65 346 190
7 11+45N  0+00 211 70 15.9 35 334 180
8 114+55N  0+00 22 80 13.9 45 321 170
9 114+65N 0400 223 90 129 35 304 160
10 11+75N  0+00 225 100 10.9 25 304 150
11 11+85N 0400 229 110 89 15 29.2 140
12 114+95N 0+00 238 120 438 5 28.7 130
SP2 12400N 0+00
13 124+05N  0+00 25.1 130 49 5 275 120
14 12+15N 0400 26.1 140 89 15 26.4 110
15 12425N 0400 27.1 150 117 25 24.7 100
16 12435N 0400 215 160 122 35 24 90
17 12+45N 0400 26.6 170 121 45 21 80
18 12455N 0400 29.8 180 144 55 20.7 70
19 12465N 0+00 30.5 190 16.4 65 21.7 60
20 12475N 0400 325 200 19.1 75 213 50
21 12+85N 0400 338 210 19.5 85 19 40
2 12495N  0+00 358 220 21.2 95 17.8 30
23 13+05N 0+00 368 230 232 105 16 20
24 13+15N  0+00 386 240 252 115 9.3 10
SP3 13-+25N _0+00

NOTES: Shot Point 1 Digital Field File: 25.dat Source: Hammer
Shot Point 2 Digital Field File: 26.dat Source: Hammer

Shot Point 3 Digital F_lq!d File: 28.dat_Source: Hammer
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ANS Seismic Refraction Spread 8

Recorded: 9-23.91 Azimuth: W-E Geophone Spacing: 10 (ft)
Center Point: ANS# 15 Surface Elevation; 848  (ft)
AVERAGE VELOCITIES: AVERAGE INTERFACE DEPTH & ELEVATION:
V1 1200 ft/sec 3 845 (ft)
V2 2500 fifsec 10 838 (ft)
V3 11452 ft/sec
SP1 SP2 SP3
First First First

Break Distance Break Distance Break Distance

Arrival From Spl Arrival From Sp2 Arrival From Sp3
Geophone Station Times To Phones Times To Phones Times To Phones

& Shot Coordinates __(msec) vy (msec) (fty {msec) (ft)
sp1 12400N  1+4+25W
1 12400N 1+15W 9.8 10 23.5 115 326 240
2 124+00N 1+05W 135 20 23 105 33 230
3 124+00N 0+95W 155 30 21.5 95 321 220
4 12+00N 0+85W 15.7 40 20 85 31 210
5 124+00N  0+75W 16 50 18.1 75 289 200
6 124+00N 0+65W 16.4 60 16.7 65 27.2 190
7 124+00N 0+55W 17.1 70 154 55 263 180
8 12400N 0+45W 189 80 14.5 45 26 170
9 124+00N  0+435W 19.6 90 12.7 35 25.2 160
10 124+00N 0+25W 204 100 1 25 24 150
11 12400N 0+15W 21.7 110 9.4 15 23.6 140
12 12+00N  0+05W 223 120 58 5 227 130
SP2 12+00N 0400
13 124+00N 0+0SE 213 130 34 5 214 120
14 12400N 0+1SE 23.6 140 88 15 20.7 110
15 12400N 0+2SE 243 150 108 25 19.7 100
16 12+00N 0+35E 253 160 128 35 187 90
17 124+00N O0+45E 244 170 121 45 16.7 80
18 124+00N 0+55E 26.4 180 14.1 - 55 16.1 70
19 124+00N O+65E 27.1 190 15.1 65 153 60
20 124+00N O+75E 276 200 16.1 75 143 50
21 124+00N O0+85E 286 210 174 85 13.6 40
22 124+00N 0+95E 29.9 220 184 95 121 30
23 124+00N 1+40SE 31.2 230 20.1 105 109 20
24 12+00N 1+15E 322 240 21.1 115 7.2 10
_SP3 _12+00N _1+425E

NOTES: Shot Point 1 Digital Field File: 29.dat Source: Hammer
Shot Point 2 Digital Field File: 30.dat Source: Hammer
Shot Point igital Field File: t_Source: Hammer
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ANS Seismic Refraction Spread 9

_______ Recorded: 9-26-91 Azimuth: NOSW Geophone Spacing: 10 (ft)
Center Point: ANS# 16 ___ Surface Elevation: 862 _ (ft)
AVERAGE VELOCITIES: AVERAGE INTERFACE DEPTH & ELEVATION:
V1 1400 fifsec 3 859 (ft)
V2 3867 ftfsec 12 850  (ft)
V3 10374 ft/sec
SP1 SP2 SP3
First First First

Break Distance Break Distance Break Distance

Arrival From Sp1 Arrival From Sp2 Arrival From Sp3
Geophone Station Times To Phones Times To Phones Times To Phones

& Shot Coordinates _{msec) {ft) (msec) (ft) (msec) {ft)
SP1 10+88N  3+44E ' |
1 10+98N 3+450E 8.5 10 21.9 115 319 240
2 11406N 3+54E 115 20 20.5 105 309 230
3 114+15N  3459E 125 30 186 95 29.3 220
4 114+24N  3+464E 129 40 16.9 85 283 210
5 114+32N  3+69E 134 50 153 75 26.9 200
6 11+4IN 3+75E 15.7 60 15.7 65 275 . 190
7 11+49N 3479E 16.6 70 145 55 25.8 180
8 114+58N 3+84E 17 80 123 45 24.5 170
9 11466N 3+89E 183 20 10.6 35 239 160
10 114+75N  3494E 188 100 88 25 224 150
11 114+84N 3499E 203 110 6.2 15 21.2 140
12 114+92N 4+04E 212 120 4.2 5 21 130
sp2 114+97N 4407
13 124+0IN 44+09E 223 130 47 5 20.7 120
14 " 12409N  4+14E 226 140 7.1 15 19.3 110
15 124+18N  4+419E 239 150 9.4 25 182 100
16 12427TN  4424E 24.7 160 114 35 16.8 90
17 12435N  4429E 25.9 170 124 45 16.1 80
18 12+44N 44 34E 26.4 180 14.4 - 1.1 14.9 70
19 124+52N 4439E 268 190 155 65 144 60
20 1246IN  4+44E 278 200 16 75 124 50
21 12470N  4+49E 29.7 210 175 85 114 40
22 124+78N 4454E 29 220 173 95 9.7 30
23 124+87N  4+59E 302 230 184 105 15 20
24 124-96N 4+64E 313 240 19.7 115 5 10
SP3 13+04N 4+68E

NOTES:  Shot Point 1 Digital Field File: 33.dat Source: Hammer
Shot Point 2 Digital Field File: 34.dat Source: Hammer
t Point igit 1d File: 35.dat _Source: Hamme
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ANS Seismic Refraction Spread 10

Recorded: 9-26-91 Azimuth: W-E Geophone Spacing: 10 (ft)
Center Point: ANS# 17 __ Surface Elevation: 881 _(ft)
AVERAGE VELOCITIES: AVERAGE INTERFACE DEPTH & ELEVATION:
V1 1200 ft/sec 4 877 (fy)
V2 3892 ftsec 25 856 (ft)
_V3 11502 ft/sec
SP1 Sp2 SP3
First First First
Break Distance Break Distance Break Distance
Arrival  From Spl  Arrival From Sp2  Arrival From Sp3
Geophone Station Times To Phones Times To Phones Times To Phones
—& Shot Coordinates (msec) {ft) {msec) (ft) {msec) (f)
SP1 124+00N 6+75E
1 12+00N 6+8SE 9.3 10 25 115 389 240
2 12+00N 6+95E 123 20 25 105 379 230
3 12+00N 7+05E 144 30 23.6 95 36.7 220
4 12+00N 7+15E 156 40 219 85 349 210
5 124+00N 7+25E 179 50 21.8 75 353 200
6 124+00N  7+35E 199 60 20.8 65 35 190
7 12+00N  7+4+4SE 221 70 20.9 55 346 180
8 124+00N 7+S5S5E 225 80 179 45 336 170
9 12400N 7+65E 235 90 159 35 329 160
10 12400N 7+4+75E 24.6 100 135 25 314 150
11 12400N 7+85E 252 110 105 15 30 140
12 124+00N 7+95E 26.2 120 5 5 304 130
SP2 124+00N 8+00E
13 12400N 8+05E 272 130 4.7 5 30.1 120
14 12400N 8+15E 273 140 9.7 15 274 110
15 12400N 8+25E 293 150 12.7 25 271 100
16 12+00N 8+35E 29.6 160 15 35 26.4 90
17 124+00N 8+4SE 305 170 17 45 24.6 80
18 12+00N 8+55E 328 180 19 - 55 244 70
19 12+00N 8+65E 338 190 22 65 27 60
20 12+00N 8+75E 344 200 23 75 20 50
21 124+00N 8+8SE 346 210 23.7 85 17 40
22 12+00N 8+95E 349 220 249 95 16.5 30
23 124+00N 9+405E 355 230 259 105 14.5 20
24 12400N 9+15E 36.5 240 26.6 115 9 10
SpP3 12+00N__ 9+ 25E

NOTES: Shot Point 1 Digital Field File: 37.dat Source: Hammer
Shot Point 2 Digital Field File: 38.dat Source: Hammer
t Point igital Ficld File: 39.dat_Sou
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ANS Scismic Refraction Spread 11

Recorded: 9-26-91 Azimuth: W-E Geophone Spacing: 10 (ft)
"""" Center Point: ANS# 18 Surface Elevation: 882 (f1)
AVERAGE VELOCITIES: AVERAGE INTERFACE DEPTH & ELEVATION:
V1 1200 ftjsec 5 877 (ft)
V2 4156 ft/sec 25 857 (ft)
V3 14728 fi/sec
SP1 SP2 SP3
First First First
Break Distance Break Distance Break Distance
Arrival From Spl Arrival From Sp2 Arrival From Sp3
Geophone Station Times To Phones Times To Phones Times To Phones
& Shot inates (msec) (fy (msec) (f) (msec) (ft)
SP1 12+00N 10+75E
1 12400N 10+85E 9.7 10 315 115 36.8 240
2 12400N 10+95E 15.6 20 305 105 36.3 230
3 12+00N 11+05E 16.6 30 272 95 333 220
4 12400N 11+15E 179 40 262 85 318 210
5 124+00N 11+25E 209 50 272 . 75 328 200
6 124+00N 11+435E 221 60 24.6 65 323 190
7 12+00N 11+45E 243 70 26 55 30.6 180
8 12400N 11455E 254 80 204 45 293 170
~~~~~~~~~ 9 124+00N 11+65E 264 90 184 35 28.6 160
10 12+00N  11+75E 274 100 15.2 25 276 150
11 12400N 11+8SE 294 110 135 15 286 140
12 124+00N 11495E 314 120 4.7 5 283 130
SP2 124+00N 12+00E
13 12400N 12+05E 312 130 4.7 5 26.7 120
14 124+00N 12+15E 319 140 13.8 15 26.4 110
15 12400N 12+425E 323 150 17 25 26 100
16 12+00N 12435E 317 160 184 35 23 90
17 12400N 12+45E 322 170 204 45 217 80
18 12+00N 12+455E 332 180 24 - 55 19.7 70
19 124+00N 12+465E 32.7 190 22.7 65 18.9 60
20 12400N 12+75E 332 200 239 75 17.9 50
21 124+00N 12+85E 33.7 210 227 85 15.7 40
22 12400N 12+495E 355 220 277 95 15.6 30
23 12+00N 13+405E 347 230 263 105 125 20
24 12400N 13+15E 36.7 240 293 115 8.7 10
SP3 12400N  13+25E

NOTES:  Shot Point 1 Digital Field File: 40.dat Source: Hammer
Shot Point 2 Digital Field File: 41.dat Source: Hammer
hot Point 3 Digital Field File: 42.dat : I
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ANS Seismic Refraction Spread 12
Recorded: 9-26-91 Azimuth: W-E Geophone Spacing: 10 (ft)
Center Point: ANS# 28=3+75 Surface 938

levation: ()

AVERAGE VELOCITIES:

AVERAGE INTERFACE DEPTH & ELEVATION:

V1 1200 fifsec 4 934 (fy)
V2 3897 ftfsec 21 %17 (v
V3 13138 ft/sec
SP1 sp2 SP3
First First First

Break Distance Break Distance Break Distance

Arrival From Spi Arrival From Sp2 Arrival  From Sp3
Geophone Station Times To Phones Times To Phones Times  To Phones

& Shot Coordinates (msec) _ (f) _{msec) (ft) {msec) {ft)

SP1 7+75N  10+75E
1 7+75N  104-85E 9.2 10 249 115 373 240
2 7+75N  10+95E 114 20 229 105 36.7 230
3 7+75N  11+0SE 13.9 30 217 95 36.8 220
4 7+75N  11+15E 16.6 40 211 85 36.3 210
5 7+75N  11+25E 189 50 20.4 75 36.8 200
6 7+75N  11+35E 19.9 60 18.8 65 36.2 190
7 7+75N  11+4SE 214 70 173 55 35.2 180
8 7+15N  11+55E 218 80 155 45 33.7 170
9 7+75N  11+65E 235 90 145 35 33.1 160
10 7+75N  11+75E 24 100 125 25 315 150
11 7+75N  11+8SE 254 110 10.8 15 31 140
12 7+75N 114+95E 25.7 120 48 5 30 130
SP2 7+75N  124-00E
13 7+75N 12+05E 27 130 4.7 5 28 120
14 7+75N  12+15E 26.3 140 9.7 15 26.5 110
15 7+75N  12+425E 27.6 150 13.2 25 25.5 100
16 7+75N  12+435E 27.1 160 13 35 23 90
17 7+75N  12+45E 28.7 170 16.2 45 21.8 80
18 7+75N  12+455E 288 180 16.5 : 55 19.8 70
19 7+75N  12+65E 311 190 193 65 18.8 60
20 7+75N  124+75E 327 200 20 75 17.6 50
21 7+75N  12+85E 34.7 210 232 85 16.3 40
2 7+75N  12495E 35.6 220 24.7 95 143 30
23 74+75N  13+0SE 36.7 230 25.7 105 12.6 20
24 T+75N  13+1SE 38.7 240 26.8 115 2.9 10
SP3 J+75N __13+25E
NOTES: Shot Point 1 Digital Field File: 43.dat Source: Hammer

Shot Point 2 Digital Field File: 44.dat Source: Hammer
Shot Point 3 Digital Field File: 45.dat_Source: Hammer




ANS Seismic Refraction Spread 13
Recorded: 9-27-91 Azimuth: W-E Geophone Spacing: 10 (ft)

—Center Point: ANS#

20=3+90E _ Surface Elevation:

D-15

863

(ft)

AVERAGE VELOCITIES: AVERAGE INTERFACE DEPTH & ELEVATION:
V1 1300 ft/sec 2 861  (ft)
V2 2941 ftfsec 15 848 (ft)
V3 11343 fi/sec
SpP1 sp2 SP3
First First First

Break Distance Break Distance Break Distance

Arrival From Spl Arrival From Sp2  Arrival  From Sp3
Geophone Station Times To Phones Times To Phones Times  To Phones

—& Shot Coordinates (msec) (f) (msec) (f) (msec) _(ft)

SP1 8+00N 2+65E
1 8+00N 2+75E 6.9 10 224 115 338 240
2 84+00N 2+85E 119 20 216 105 32.8 230
3 8+00N 2+495E 15.6 30 20.7 95 328 220
4 8+00N 3+405E 17 40 19 85 304 210
5 8+00N 3+1SE 19 50 19 75 304 200
6 8+00N 3425E 19.1 60 175 65 29.1 190
7 84+00N 3435E 20.1 70 16.4 55 279 180
8 8+00N 3+45E 209 80 154 45 272 170
9 84+00N 3+455E 229 90 15.1 35 271 160
10 8+00N 3+65E 226 100 125 25 248 150
11 8+00N 3+47SE 233 110 10.8 15 24.5 140
12 8+00N 3+8SE 236 120 4.7 5 234 130
Sp2 8+00N 3+90E
13 8+00N 3+95E 26.1 130 5.5 5 24 120
14 8+00N 4+05E 254 140 9.6 15 212 110
15 8+00N 4+15E 26.4 150 123 25 19.7 100
16 84+00N 4+4+25E - 274 160 13.3 35 19.1 9%0
17 8+00N 4+435E 284 170 14.3 45 184 80
18 84+00N 4+45E 294 180 15.5 55 17.4 70
19 8+00N 4+55E 304 190 16.5 65 16.7 60
20 8+00N 4+65E 314 200 179 75 16.2 50
21 8+00N 4+75E 334 210 19.1 8 14.8 40
22 8+00N 4+85E 334 220 19.8 95 13 30
23 8+00N 4495E 34 230 205 105 104 20
24 8+00N 5+0SE 345 240 213 115 7.2 10
SP3 8+00N __S+15E

NOTES: Shot Point 1 Digital Field File: 46.dat Source: Hammer
Shot Point 2 Digital Field File: 47.dat Source: Hammer
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ANS Seismic Refraction Spread 14

Recorded: 9-27-91 Azimuth: S-N Geophone Spacing: 10 (ft)
Center Point: ANS# 20  Surface Elevation: 841  (ft)
AVERAGE VELOCITIES: AVERAGE INTERFACE DEPTH & ELEVATION:
V1 1200 ft/sec 3 838  (ft)
V2 2740 ftjsec 13 828 (fr)
V310410 ftfsec
SP1 Ssp2 SP3
First First First

Break Distance Break Distance Break Distance

Arrival From Sp1 Arrival From Sp2  Arrival From Sp3
Geophone Station Times To Phones Times To Phones Times To Phones

& Shot Coordinates {msec) (ft) {msec) {ft) {msec) (ft)

SP1 6+75N 0400
1 6+85N 0+00 9.8 10 22.6 115 36.5 240
2 6+95N 0400 13.1 20 21.6 105 345 230
3 7+05N 0400 154 30 20.6 95 34.1 220
4 7+15N  0+00 164 40 18.6 85 324 210
5 7+25N 0400 174 50 17.6 75 316 200
6 7435N  0+00 184 60 15.8 65 303 190
7 7+45N  0+00 20.1 70 15 55 298 180
8 74+55N  0+00 211 80 147 45 29.1 170
9 7+65N 0400 23 90 14 35 293 160
10 74+75N  0+00 21.9 100 11.8 25 263 150
11 7+8N 0+00 249 110 109 15 263 140
12 7+95N  0+00 25 120 4 5 248 130
sp2 8+00N 0+00
13 8+05SN 0+00 26 130 5 5 238 120
14 8+15N 0+00 262 140 9.6 15 226 110
15 8+25N 0400 272 150 116 25 216 100
16 8+35N 0+00 282 160 127 35 20.6 90
17 8+45N 0+00 299 170 153 45 20.7 80
18 8+55N 0+00 309 180 163 : 55 19.5 70
19 8+65N 0+00 32 190 173 65 18.8 60
20 8+75N 0+00 33 200 18.9 75 18.1 50
21 8+85N 0+00 35 210 205 85 17.1 40
22 8+95N 0+00 358 220 215 95 15.1 30
23 9+05N 0400 36.2 230 21.6 105 12.1 20
24 9+15N  0+00 3.0 240 227 115 89 10
SP3 94+25N__ 0+00

NOTES: Shot Point 1 Digital Field File: 49.dat Source: Hammer
Shot Point 2 Digital Field File: 50.dat Source: Hammer
Shot Point igital le: 51.dat_Source: Hammer




ANS Seismic Refraction Spread 15

Recorded: 9-27-91

—Center Point: ANS#
AVERAGE VELOCITIES:

Azimuth: S-N

25 Surface Elevation:

D-17

Geophone Spacing: 10 (ft)

855

(ft)

AVERAGE INTERFACE DEPTH & ELEVATION:

V1 1200 ft/sec 3 852 (ft)
V2 2237 fifsec 14 841 (fy)
V3 11257 fijsec
SP1 sp2 sp3
First First First

Break Distance Break Distance Break Distance

Arrival From Sp1 Arrival From Sp2 Arrival From Sp3
Geophone Station Times To Phones Times To Phones Times To Phones

& Shot Coordinates {msec) (ft) (msec) (ft) _{msec) (ft)

SP1 2475N 0400 '
1 2+8N 0400 9.5 10 26.5 115 35.1 240
2 2+95N 0+00 14 20 26 105 34 230
3 34+05N 0400 18 30 26.1 95 345 220
4 3+15N 0400 19.5 40 25.2 85 335 210
5 34+25N 0400 21.5 50 45 75 328 200
6 3+35N 0400 214 60 3 65 316 190
7 3+45N 0400 224 70 233 55 319 180
8 3+55N 0400 4.6 80 229 45 317 170
9 3+65N 0400 276 90 20.7 35 31.1 160
10 3+75N 0400 284 100 16.5 25 299 150
11 3+8N 0+00 28.7 110 115 15 289 140
12 3495N 0400 302 120 6.5 5 276 130
SpP2 4400N 0400
13 44+05N 0400 29.2 130 4.8 5 25.3 120
14 4+1SN 0400 29.5 140 10.2 15 235 110
15 4+25N 0400 326 150 15.2 25 235 100
16 4+35N 0+00 316 160 162 35 213 90
17 4+45N 0400 304 170 182 45 19.4 80
18 4+55N  0+00 325 180 19.7 55 18.7 70
19 4+65N 0400 318 190 19.6 65 18.1 60
20 4+4+75N 0+00 316 200 19.8 75 16.1 50
21 4+85N 0+00 326 210 20.8 8 15.2 40
22 44+95N 0400 33.6 220 21.8 95 138 30
23 54+0SN 0+00 36.6 230 24.8 105 138 20
24 5+15N 0+00 373 240 258 115 9.5 10
SP3 S+25N 0400

NOTES:  Shot Point 1 Digital Field File: 52.dat Source: Hammer
Shot Point 2 Digital Field File: 53.dat Source: Hammer
Shot Point 3 Digi

e le: 54.dat

1




D-18

ANS Seismic Refraction Spread 16

Recorded: 9-27-91 Azimuth: S-N Geophone Spacing: 10 (ft)
Center Point; ANS# 30 __ Surface Elevation: 842 (ft)
AVERAGE VELOCITIES: AVERAGE INTERFACE DEPTH & ELEVATION:
V1 1200 ft/sec 3 839 (fv)
V2 2338 ftfsec 18 824 (ft)
V3 15393 fi/sec
SP1 sp2 SP3
First First First

Break Distance Break Distance Break Distance

Arrival From Sp1 Arrival From Sp2 Arrival From Sp3
Geophone Station Times To Phones Times To Phones Times To Phones

& Shot Coordinates {msec) (ft) (msec) (ft) {msec) {f)

SP1 14258 0400
1 1+158 0400 9.2 10 23.7 115 393 240
2 1+058 0+00 13.9 20 228 105 385 230
3 0+958 0400 13.5 30 203 95 36.5 220
4 0+858 0+00 14.8 40 19.7 & 355 210
5 0+758 0+00 16.1 50 18.9 75 349 200
6 0+65S 0+00 17.6 60 17.8 65 339 190
7 0+558 0400 184 70 16.8 55 332 180
8 0+458 0+00 19.5 80 15.8 45 323 170
9 04358 0+00 20.5 90 13.7 35 31 160
10 0+2558 0400 225 100 123 25 31 150
11 0+158 0400 23.5 110 88 15 303 140
12 0+05S 0+00 255 120 4.1 5 304 130
SP2 0+00 0400
13 0+0SN 0400 26.5 130 53 5 29.7 120
14 0+15N 0400 275 140 8.6 15 29.1 110
15 0+25N  0+00 295 150 12,6 25 294 100
16 0+35N  0+00 29.5 160 13.6 35 272 90
17 0+45N 0+00 325 170 188 45 28.6 80
18 0+55N 0+00 355 180 226 : 55 284 70
19 0+65N 0+00 36.5 190 26.6 65 29.6 60
20 0+75N 0+00 372 200 258 75 26.6 50
21 0+85N 0+00 38.1 210 26.6 8 22.7 40
22 0+95N 0+00 384 220 268 95 19 30
23 1+0SN 0+00 39.1 230 28.7 105 14.9 20
24 1+15N 0400 39 240 282 115 9.3 10
SP3 1+25N __0+00

NOTES: Shot Point 1 Digital Field File: 55.dat Source: Hammer
Shot Point 2 Digital Field File: 56.dat Source: Hammer
ot Point igital Field File: 57.dat Source: mer




D-19

ANS Seismic Refraction Spread 17

) Recorded: 9-27-91 Azimuth: W-E Geophone Spacing: 10 (ft)
""" Center Point: ANS# 30___Surface Elevation: 842 (f)
' AVERAGE VELOCITIES: AVERAGE INTERFACE DEPTH & ELEVATION:
V1 1200 fifsec 3 839 (ft)
V2 4197 fi/sec 20 822 (f)
V3 13026 fi/sec '
5P1 Sp2 SP3
First First First
Break Distance Break Distance Break Distance
Arrival From Sp1 Arrival From Sp2 Arrival From Sp3
Geophone Station Times To Phones Times To Phones Times To Phones
& Shot Coordinates (msec) (f) {msec) (ft) {msec) {ft)

SP1 0+00 1+425W
1 0+00 1+15W 8.2 10 26 115 359 240
2 0+00 1+05W 115 20 252 105 35.1 - 230
3 0+00 O+95W 135 30 244 95 343 220
4 0+00 O0+85W 172 40 24.5 8 34.5 210
5 0+00 O0+75W 18.2 50 221 75 315 200
6 0+00 0+65W 202 60 21 65 31 190
7 0+00 O+55W 222 70 19.5 55 29.7 180
8 04+00 O0+45W 256 80 183 45 313 170
9 0+00 0+35W 256 90 14.7 35 293 160
10 0+00 0+25W 248 100 11.2 25 26.1 150
11 0+00 O+15W 255 110 7.2 15 24.8 140
12 0+00 0+05W 264 120 4.7 5 24.1 130
Sp2 0+00 0400
13 0400 0+0SE 259 130 4.7 5 224 120
14 0+00 O+15E 276 140 8.7 15 214 110
15 0+00 O+25E 294 150 114 25 21 100
16 0+00 O+35E 287 160 134 35 20 90
17 0+00 O0+45E 285 170 143 45 173 80
18 0+00 O+55E 29.7 180 163 : 55 17 70
19 0+00 0+65E 29.8 190 16.6 65 16 60
20 0400 0+7SE 303 200 17.1 75 15.1 50
21 0+00 O+8SE 322 210 18.5 85 144 40
22 0+00 0495E 322 220 19.7 95 122 30
23 0+00 1+05E 326 230 20.1 105 10.1 20
24 0+00 1+415E 34 240 21 115 89 10
SP3 0400 1+25E

NOTES: Shot Point 1 Digital Field File: 59.dat Source: Hammer
Shot Point 2 Digital Field File: 60.dat Source: Hammer
int 3 Digital Field File: 61.dat




D-20

ANS Seismic Refraction Spread 18

Recorded: 9-27-91 Azimuth: W-E Geophone Spacing: 10 (ft)

Center Point: ANS# 31__ Surface Elevation: 855 (Y

AVERAGE VELOCITIES: AVERAGE INTERFACE DEPTH & ELEVATION:

V1 1200 ft/sec 3 852 (ft)

V2 2576 ftisec 13 842 (ft)

V3 13145 ftisec

SP1 SP2 SP3
First First First
Break Distance Break Distance Break Distance
Arrival  From Spl Arrival From Sp2  Arrival From Sp3
Geophone Station Times To Phones Times To Phones Times To Phones
& Shot Coordinates (msec) (f) {msec) (f) {msec) (ft)

SP1 0+00 2+475E

1 0+00 2+85E 9.8 10 253 115 316 . 40

2 0+00 2+495E 123 20 24.1 105 309 230

3 0+00 3+05E 125 30 225 95 289 220

4 0+00 3+15E 13.7 40 218 85 28.7 210

5 0+00 3+425E 16.7 50 223 . 75 29.4 200

6 0+00 3+35E 17.7 60 213 65 29 190

7 0+00 3+45E 188 70 20.7 55 282 180

8 0+00 3+55E 20.8 80 20.3 45 271 170

9 0+00 3+65E 216 90 193 35 28.1 160

10 0+00 3+75E 219 100 15.1 25 26 150

11 0+00 3+85E 243 110 11 15 25.8 140

12 0+00 3+95E 254 120 49 5 258 130

Sp2 0+00 4+00E

13 0+00 4+05E 26.1 130 49 5 26.1 120

14 0+00 4+15E 259 140 12 15 23.7 110

15 0+00 4+425E 26.9 150 155 25 24 100

16 0+00 4+35E 274 160 175 35 229 92

17 0+00 4+45E 27.2 170 185 45 213 80

18 0400 4+55E 27.1 180 19 - 55 19.3 70

19 0+00 4+65E 273 190 199 65 184 60

20 0+00 4475E 26.1 200 19.1 75 164 50

21 0400 4+85E 26.6 210 20.1 85 153 40

22 0400 4495E 288 220 216 95 154 30

23 0+00 S5+05E 289 230 222 105 133 20

24 0+00 5+15E 29.6 240 229 115 9 10
Sp3 0+00 S5425E

NOTES: Shot Point 1 Digital Field File: 62.dat Source: Hammer
Shot Point 2 Digital Field File: 63.dat Source: Hammer

Shot Point 3 Digital Field File: 64.dat_Source: Hammer




D-21

ANS Seismic Refraction Spread 19

N Recorded: 9-27-91 Azimuth: ST6E Geophone Spacing: 10 (ft)
---- Center Point: ANS# 3 Surface Elevation: 850 __(fu
) AVERAGE VELOCITIES: AVERAGE INTERFACE DEPTH & ELEVATION:
V1 1200 ftfsec 3 847  (ft)
V2 2216 ft/sec 11 839 (ft)
V3 10974 fijsec
SP1 Sp2 SP3
First First First
Break Distance Break Distance Break Distance
Arrival From Spl Arrival From Sp2 Arrival From Sp3
Geophone Station Times To Phones Times To Phones Times To Phones
& Shot Coordinates {msec) (ft) __(msec) {ft) (msec) (f)

SP1 0+91S 8+83E
1 0+84S 8+76E 9.3 10 204 115 328 240
2 0+768 8+69E 143 20 19.7 105 326 230
3 0+69S 8+63E 15.6 30 19.7 95 32 220
4 0+61S 8+56E 16.3 40 18 85 30 210
5 04545 8+49E 17.5 50 181 75 309 200
6 0+47S 8+42E 185 60 171 65 29.7 190
7 0+39S 8+36E 193 70 16.1 55 29 180
8 0+328 8+429E 20.7 80 15.3 45 275 170

~~~~~~ 9 0+24S 8+23E 227 20 154 35 28 160
10 0+17S 8+16E 23 100 13.7 25 26.5 150
11 0+10S 8+09E 23 110 12.6 15 24.8 140
12 0+03S 8+03E 246 120 44 5 24.7 130
SP2 0+0IN 8+4+00E
13 0+05N  7+4+96E 25.5 130 53 5 239 120
14 0+12N  7490E 26.5 140 12.6 15 229 110
15 0+19N 7+83E 26.8 150 14.6 25 22 100
16 0+27N 7+476E 29.6 160 16.4 35 21.1 90
17 0+34N  7+70E 30 170 16.2 45 19.1 80
18 0+42N  7+63E 30 180 16.8 : 55 17.2 70
19 0+49N 7+457E 301 190 16.9 65 16.7 60
20 0+56N 7+450E 328 200 18.9 75 16.6 50
21 0+64N  7+43E 326 210 19.4 85 143 40
22 0+7IN 7+37E 33.6 220 20.9 95 137 30
pA 0+79N 7+30E 34 230 219 105 12.3 20
24 0+8N 7+24E 34.6 240 229 115 98 10
SP3 0+95N __7+18E

NOTES:  Shot Point 1 Digital Field File: 65.dat Source: Hammer
Shot Point 2 Digital Field File: 66.dat Source: Hammer
e ot Poi igital d : : Hammer




D-22

ANS Seismic Refraction Spread 20

Recorded: 9-30-91 Azimuth: W-E Geophone Spacing: 10 (ft)
—Center Point: ANS# ___ 25=2+400E _Surface Elevation: 870 (f)
AVERAGE VELOCITIES: AVERAGE INTERFACE DEPTH & ELEVATION:
V1 1300 fi/sec 4 866  (ft)
V2 3897 fisec 22 848 (ft)
V3 10862 fi/sec
SP1 SP2 SP3
First First First

Break Distance Break Distance Break Distance

Arrival From Sp1 Arrival From Sp2  Arrival  From Sp3
Geophone Station Times To Phones Times To Phones Times  To Phones

& Shot dinates {msec)__ (ft) {msec) (fty (msec) (fty

SP1 4+00N 0+75E
1 4+00N 0+85E 9.4 10 279 115 383 240
2 4+00N 0+95E 114 20 26.1 105 369 230
3 44+00N 1405E 13.8 30 249 95 353 220
4 4+00N 1+1S5E 16.8 40 242 85 34.6 210
5 4+00N 1425E 19.8 50 3.7 75 351 200
6 4+00N 1+435E 21.8 60 22 65 335 190
7 44+00N 1+45E 238 70 20 55 329 180
8 4+00N 1455E 259 80 19.2 45 321 170
9 4+00N 1+65E 26 90 15.2 35 304 160
10 4+00N 1+75E 263 100 126 25 293 150
1 4+00N 1+85E 264 110 95 15 28 140
12 4+00N 1495E 26.7 120 49 5 273 130
sp2 4+00N 2400E
13 4+00N 2+0SE 26.9 130 4.7 5 26.5 120
14 4+00N 2+15E 272 140 87 15 244 110
15 44+00N 2+2SE 29.8 150 119 25 23.7 100
16 4+00N 2+435E 30 160 139 35 23 90
17 4+00N 2+45E 312 170 159 45 21.4 80
18 4+00N 2+455E 32 180 176 55 19.6 70
19 4+00N 2+65E 327 190 19.2 65 179 60
20 4+00N 2+475E 334 200 202 75 157 50
21 4+00N 2+48SE 344 210 222 85 141 40
22 4+00N 2495E 35.7 220 24 95 13.4 30
23 44+00N 340SE 36.1 230 25 105 10.8 20
24 4400N 3+15E 36.6 240 253 115 73 10
SP3 4+00N __3+25E

NOTES: Shot Point 1 Digital Field File: 68.dat Source: Hammer
Shot Point 2 Digital Field File: 69.dat Source: Hammer
Shot Point igital Fie le: 70.dat_Source: Hammer




D-23

ANS Seismic Refraction Spread 21

Recorded: 9-30-91 Azimuth: W-E Geophone Spacing: 10 (ft)
Center Point: ANS# 26 Surface Elevation: 8718 (fty
AVERAGE VELOCITIES: AVERAGE INTERFACE DEPTH & ELEVATION:
V1 1300 ft/sec 3 875 (ft)
V2 4076 ft/sec 26 852 (fy
V3 10696 ft/sec
SP1 Sp2 SP3
First First First

Break Distance Break Distance Break Distance

Arrival  From Spl  Arrival  From Sp2  Arrival From Sp3
Geophone Station Times  To Phones Times To Phones Times To Phones

& Shot Coordinates {msec) {ft) {msec) (ft) (msec) (ft)

SP1 4400N 2+75E
1 4400N 2+8SE 7.3 10 263 115 38 240
2 4+00N 2+95E 9.3 20 258 105 382 230
3 4400N 3+05E 11.9 30 248 95 375 220
4 4+00N 341SE 137 40 221 85 358 210
5 4+00N 3+25E 163 50 214 75 371 200
6 44+00N 3+35E 17.7 60 194 65 348 190
7 4+00N 3+45E 198 70 16.9 55 33.6 180
8 4+00N 3+55E 218 80 157 45 329 170
9 4+00N 3+65E 239 90 143 35 331 160
10 4+00N 3+75E 243 100 123 25 311 150
11 44+00N 3+85E 245 110 83 15 293 140
12 44+00N 3+95E 25.7 120 4.5 5 28.6 130
Sp2 4+00N 4400E
13 3+00N 4+05E 26.7 130 39 5 216 120
14 44+00N 4+1SE 277 140 8 15 26.6 110
15 4+00N 4+25E 28.7 150 10.2 25 248 100
16 4+00N 4+435E 29.5 160 122 35 228 90
17 4+4+00N 4+45E 30.7 170 152 45 2 80
18 4+00N 4455E 323 180 182 55 212 70
19 4+00N 4+65E 333 190 20.2 65 19.6 60
20 44+00N 4+75E 335 200 215 75 176 50
21 44+00N 4+85E 327 210 215 85 14.9 40
22 4+00N 4+495E 343 220 23.6 95 12.2 30
23 4+00N 5+0SE 353 230 251 105 10.8 20
24 4+00N S+15E 36.3 240 26.3 115 7.6 10
SP3 4+00N__5+25E
NOTES: Shot Point 1 Digital Field File: 71.dat Source: Hammer

Shot Point 2 Digital Ficld File: 72.dat Source: Hammer

Shot Point 3 Digit

2

ile: 73.dat Source: Hammer




D-24

ANS Seismic Refraction Spread 22

Recorded: 9-30-91 Azimuth: W-E Geophone Spacing: 10 (ft)
Center Point: ANS# 26=2+00E __ Surface Elevation: 884 _ (ft)
AVERAGE VELOCITIES: AVERAGE INTERFACE DEPTH & ELEVATION:
V1 1300 ftjsec 5 879 (ft)
V2 5512 ftjsec 42 842 (ft)
V3 14407 ftjsec
SP1 SP2 SP3
First First First

Break Distance Break Distance Break Distance

Arrival From Sp1 Arrival From Sp2 Arrival  From Sp3
Geophone Station Times To Phones Times To Phones Times To Phones

—& Shot Coordinates _(msec) (ft) (msec) ft) (msec) (fty

SP1 4+00N 4+75E
1 4+00N 4+85E 82 10 27.1 115 36.1 240
2 44+00N 4+95E 13.2 20 26.6 105 36.3 230
3 44+00N 5+0SE 15.2 30 26.4 95 36.6 220
4 4+00N 5+15E 16.8 40 238 8s 351 210
5 4+00N 5+25E 17.8 50 224 75 345 200
6 4+00N 5435E 198 60 20.5 65 34.6 190
7 4+00N 5+45E 21 70 183 55 336 180
8 4+00N 5+55E 23 80 16.3 45 326 170
9 44+00N 54+65E 245 9 147 35 321 160
10 4+00N 5+75E 262 100 12.7 25 319 150
11 4+00N 5+85E 282 110 139 15 33 140
12 44+00N 5495E 289 120 33 5 31.8 130
SP2 4+00N 6+00E
13 4+00N 6+05E 296 130 44 5 29.6 120
14 4+00N 6+15E 29.7 140 109 15 27.5 110
15 4+00N 6+25E 306 150 138 25 26.3 100
16 4+00N 6+35E 306 160 159 35 243 90
17 4+00N 6+45SE 326 170 19 45 239 80
18 4+00N 6+55E 336 180 212 : 55 209 70
19 4+00N 6+65E 339 190 232 65 18.9 60
20 44+00N 6+75E 354 200 24.6 75 179 50
21 4400N 6+85E 358 210 26.2 85 155 40
22 4+00N 6+95E 36.2 220 282 95 13.8 30
23 4+00N 7+0SE 37 230 284 105 10.8 20
24 4+00N 7+15E 384 240 301 115 9.2 10
SP3 4+00N _T7+25E

NOTES: Shot Point 1 Digital Field File: 74.dat Source: Hammer
Shot Point 2 Digital Field File: 75.dat Source: Hammer
Shot Point 3 Digital Fi e: 76.dat_Source: Hammer




D-25

ANS Seismic Refraction Spread 23

Recorded: 9-30-91 Azimuth: W-E Geophone Spacing: 10 (ft)
_Center Point: ANS# 27 Surface Elevation: 875 _(ft) :
AVERAGE VELOCITIES: AVERAGE INTERFACE DEPTH & ELEVATION:
V1 1300 ftfsec 4 871 (ft)
V2 3278 ftfsec 24 851 (fy)
V3 12121 ft/sec
SP1 sp2 SP3
First First First
Break Distance Break Distance Break Distance
: Arrival From Sp1 Arrival From Sp2 Arrival From Sp3
Geophone Station Times To Phones Times To Phones Times To. Phones
—& Shot __Coordinates {msec) (ft) (msec) (ft) {msec) _(ft)
'SP1 4+00N 6+75E :
1 4+00N 6+85E 9 10 274 115 358 240
2 4+00N 6+95E 123 20 26.1 105 359 230
3 4+00N 7+405E 133 30 238 95 339 220
4 44+00N 7+1SE 16 40 231 85 338 210
5 4+00N 7+25E 183 50 22.7 75 33.8 200
6 44+00N 7+35E 189 60 194 65 321 190
7 44+00N 7+45E 20.9 70 179 55 31.7 180
8 4+00N 7+55E 222 80 16.2 45 319 170
~~~~~~ 9 4+00N 7+65E 3.3 90 124 35 318 160
10 44+00N 7+7SE 2479 100 9.6 25 30 150
11 44+00N 7+485E 213 110 7.6 15 294 140
12 4+00N 74+95E 294 120 4 5 217 130
Sp2 4+00N 8+00E
13 4+00N 8+0SE 304 130 43 5 26 120
14 44+00N 8+15E 31.1 140 87 15 25.5 110
15 4+00N 8+2SE 339 150 119 25 26.9 100
16 44+00N 8+35E 322 160 12.2 35 238 90
17 4+00N B+45E 342 170 15 45 27 80
18 4+00N B8+55E 344 180 164 .55 223 70
19 4+00N 8+65E 345 190 18.6 65 21.6 60
20 4+00N 8+75E 33.2 200 19.6 75 184 50
21 4+00N 8+85E 352 210 226 85 177 40
22 4+00N 8+95E 358 220 236 95 16.9 30
23 44+00N 9405E 379 230 256 105 121 20
24 44+00N 9+15E 36.6 240 25.8 115 81 10
Sp3 4+00N _9+425E

NOTES: Shot Point 1 Digital Field File: 77.dat Source: Hammer
Shot Point 2 Digital Field File: 78.dat Source: Hammer

int igita] Field ;.79.dat : er



D-26

ANS Seismic Refraction Spread 24

Recorded: 9-30-91 Azimuth: W-E
Center Point: ANS# 27=2+00E __ Surface Elevation:

Geophone Spacing: 10 (ft)

874

(ft)

AVERAGE VELOCITIES:

AVERAGE INTERFACE DEPTH & ELEVATION:

V1 1200 ft/sec 3 871 (fv)
V2 2802 ft/sec 20 854 (ft)
V3 13295 fusec
SP1 spP2 SP3
First First First

Break Distance Break Distance Break Distance

Arrival From Sp1 Arrival From Sp2  Arrival  From Sp3
Geophone Station Times To Phones Times To Phones Times  To Phones

—&Shot  _  Coordinates (msec) (ft) (msec) (1) {msec) (ft)
SP1 4+00N 8+75E
1 4+00N 8+8SE 9.3 10 258 115 346 240
2 4+00N 8+95E 15 20 26.1 105 353 230
3 4+00N 9+05E 18.2 30 24.6 95 328 220
4 44+00N 9+15E 19.2 40 234 85 329 210
5 4+00N 9+25E 181 50 20.2 75 30.3 200
6 4+00N 9+35E 20.9 60 193 65 313 190
7 4+00N 9+45E 217 70 173 55 30.1 180
8 4+00N 9455E 244 80 17.1 45 316 170
9 4+00N 9+65E 246 2 13.9 35 305 160
10 4+00N 9+75E 256 100 11.9 25 29.5 150
11 44+00N 9+85E 27.2 110 8.1 15 28.1 140
12 4+00N 9+495E 272 120 41 5 217 130
Sp2 4+00N 10+00E
13 44+00N 10+0SE 281 130 53 5 26.6 120
14 4+00N 10+1SE 29.1 140 7.8 15 254 110
15 4+00N 10+25E 311 150 114 25 26 100
16 4+00N 10+435E 31 160 12.8 35 245 90
17 4+00N 10+45E 32 170 15 45 241 80
18 4+00N 10+55E 32 180 16.4 55 225 70
19 44+00N 10+65E 324 190 17.7 65 21 60
20 4+00N 10+75E 325 200 19.1 75 19.8 50
2 4+00N 10+85E 339 210 20.2 & 18.1 40
22 4+00N 10+95E 335 220 212 95 14.7 30
23 4+00N 11+05E 345 230 235 105 12.7 20
24 4+00N 11+15E 351 240 25.7 115 838 10
_SP3 4+00N _11+25E

NOTES: Shot Point 1 Digital Field File: 80.dat Source: Hammer
Shot Point 2 Digital Field File: 81.dat Source: Hammer

Shot Point ipital Field File: 82.dat Source:

3

(o




D-27

ANS Sejsmic Refraction Spread 25

N *Recorded: 9-30-91 Azimuth: W-E Geophone Spacing: 10 (ft)

""" Center Point; ANS# 28  Surface Elevation: 857 (ft)
AVERAGE VELOCITIES: - AVERAGE INTERFACE DEPTH & ELEVATION:
V1 1300 fysec 3 854  (ft)
V2 3228 fi/sec 18 839 (fr)
V3 11495 fijsec

SP1 Sp2 SP3
First First First
Break Distance Break Distance Break Distance
Arrival From Sp1 Atrrival From Sp2  Arrival From Sp3
Geophone Station Times To Phones Times To Phones Times To Phones
& Shot Coordinates {msec) (f) (msec) (f) ____ (msec) (f1)

SP1 4+00N 10+7S5E
1 4+00N 10+85E 73 10 243 115 36 240
2 4+00N 104+95E 106 20 225 105 33.6 230
3 4+00N 11+05E 13.9 30 21.7 95 33 220
4 44+00N 11+1SE 179 40 21.1 85 327 210
5 4+00N 11+25E 203 50 203 75 322 200
6 44+00N 11435E 209 60 18 65 29 190
7 4+00N 11+45E 214 70 166 55 283 180
8 4+00N 11+455E 228 80 16.1 45 278 170

e 9 4+00N 11+4-65E 225 90 144 35 263 160
10 4+00N 11+75E 228 100 124 25 247 150
11 4+00N 11+85E 24.8 110 119 15 25 140
12 4400N 11+495E 258 120 4.7 5 236 130
SP2 4+00N 12+00E '
13 4+00N 12+05E 26.5 130 45 5 233 120
14 4+00N 12+15E 263 140 11.5 15 209 110
15 4+00N 12+25E 27.1 150 13 25 20.2 100
16 4+00N 12+435E 283 160 14 35 20 90
17 4+00N 12+45E 29 170 15.1 45 19 80
18 4+00N 12+55E 30 180 l6.1 : 55 18 70
19 4+00N 12+465E 31.2 190 17.5 65 18 60
20 4+00N 12+475SE 304 200 17 75 153 50
21 4+00N 12+8SE 317 210 183 85 15 40
22 4+00N 12495E 323 220 19.1 95 144 30
23 4+00N 13+05E 333 230 19.5 105 12 20
24 44+00N 13+15E 343 240 205 115 9.7 10
SP3 4+00N _13+25E

NOTES:  Shot Point 1 Digital Field File: 83.dat Source: Hammer
Shot Point 2 Digital Field File: 84.dat Source: Hammer

Shot Point 3 Digital Field File: 85.dat_Source: Hammer




ANS Seismic Refraction Spread 26

D-28

Recorded: 9-30-91 Azimuth: S-N Geophone Spacing: 10 (ft)
Center Point: ANS# 33 ___Surface Elevation: 914 (ft)
AVERAGE VELOCITIES: AVERAGE INTERFACE DEPTH & ELEVATION:
V1 1200 fifsec 3 911 (fv)
V2 3128 ft/fsec 30 884 (ft)
V3_10890 ft/sec
SP1 SP2 SP3
First First First

Break Distance Break Distance Break Distance

Arrival From Sp1 Arrival From Sp2 Arrival From Sp3
Geophone Station Times To Phones Times To Phones Times To Phones

& Shot Coordinates {msec) (i) _{msec) (ft) _{msec) (ft)

SP1 1+258 124-00E
1 1+158 124-00E 88 10 363 115 46 240
2 1+05S 12+00E 11.8 20 34 105 4“4 230
3 04958 124+00E 14.8 30 33.2 95 43.7 220
4 0+85S 12400E 195 40 33.1 85 4.8 210
5 0+758 12+00E 22 50 31.4 75 438 200
6 0+65S 12+00E 24.7 60 289 65 42.1 190
7 0+558 12400E 26.9 70 26.9 55 41.1 180
8 0+458 12400E 27.7 80 4.1 45 39.1 170
9 0+358 12+4+00E 277 90 221 35 386 160
10 0+258 12+00E 31 100 19 25 378 150
11 0+158 12+400E 316 110 136 15 36.5 140
12 0+05S 12+400E 335 120 49 5 37 130
Sp2 0+00N 12+4+00E
13 0+05N 12+0CE 355 130 47 5 36 120
14 0+15N  12400E 358 140 13 15 354 110
15 0+25N  124+00E 355 150 16.5 25 334 100
16 0+35N  12+00E 375 160 19.7 35 324 90
17 0+45N  124+00E 385 170 237 45 29.9 80
18 0+455N  124+00E 385 180 24.9 55 27 70
19 0+65N 12+00E 39.6 190 263 65 24.8 60
20 0+75N 12+00E 39.6 200 28.1 75 23.8 50
21 0+85N 124+00E 40.6 210 30.1 85 195 40
22 0+95N 12400E 426 220 324 95 17 30
23 1+05N  12+00E 434 230 34 105 12.7 20
24 1+15N  12+4+00E 4.1 240 355 115 9 10
sp3 1+25N __12+00E

NOTES: Shot Point 1 Digital Field File: 86.dat Source: Hammer
Shot Point 2 Digital Field File: 88.dat Source: Hammer
igital Field File: 89.dat

Shot Point

Urce: riammer
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ANS Seismic Réfraction Spread 27

Recorded: 9-30-91
Center Point: ANS# 28=2+4+00N___ Surface Elevation:

Azimuth: N48E

Geophone Spacing: 10 (ft)

892 (ft)

AVERAGE VELOCITIES: AVERAGE INTERFACE DEPTH & ELEVATION:
V1 1200 ft/sec 3 889 (ft)
V2 4200 ft/sec 35 857 (ft)
V3 12786 ftfsec
SP1 SP2 SP3
First First First
Break Distance Break Distance Break
Arrival  From Spl  Arrival From Sp2  Arrival
Geophone Station Times To Phones Times  To Phones  Times
& Shot Coordinates {msec) (ft) {msec) {ft) (msec)
SP1 5+8IN 10+478E
1 5+83N 10+88E 89 10 277 115 40.6
2 5+84N 10+97E 115 20 26.1 105 38.6
3 5+85N 11+07E 135 30 25.1 95 385
4 5+87N 11+17E 15 40 23 85 373
5 5+488N 11426E 17 50 24 75 372
6 5+90N 11+36E 18.6 60 20 65 36.2
7 54+9IN 11+46E 20.7 70 187 55 36
8 5+93N 11+56E 232 80 17.3 45 353
9 5+94N 11+65E 252 90 15.1 35 34.1
10 5+95N 11475E 26.6 100 13.1 25 335
11 549N 11+85E 28.1 110 113 15 32
12 5+9N 11495E 28.8 120 43 5 313
Sp2 6+00N 12400E
13 6+00N I12404E 29.8 130 4.6 5 30.1
14 6+0IN 12+14E 316 140 129 15 29.6
15 6+03N 12+24E 336 150 169 25 279
16 6+04N 12+34E 34 160 179 35 26.7
17 6+05N 12+44E 352 170 20.6 45 259
18 6+07N 12+453E 359 180 221 55 23.6
19 6+08N 12+63E 36.1 190 226 65 213
20 6+10N 12+73E 371 200 238 75 184
21 6+1IN 12+82E 376 210 245 85 159
22 6+13N 12492E 388 220 258 95 14.2
23 6+14N 13+02E 395 230 272 105 108
24 6+16N 13+12E 40.2 240 282 115 9.8
SP3 6+17N 13+21E
NOTES: Shot Point 1 Digital Field File: 90.dat Source: Hammer

Shot Point 2 Digital Field File: 91.dat Source: Hammer
Shot Point 3 Digital Field File: 92.dat_Source: Hammer
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ANS Seismic Refraction Spread 28

Recorded: 9-30-91 Azimuth: W-E Geophone Spacing: 10 (ft)
Center Pojnt: ANS# 22=2+00E _ Surface Elevation: 923  (ft)
AVERAGE VELOCITIES: AVERAGE INTERFACE DEPTH & ELEVATION:
V1 1200 ft/sec 3 920 (ft)
V2 4297 ftisec 29 894  (ft)
V3 11797 fijsec
SP1 Sp2 SP3
First First First

Break Distance Break Distance Break Distance

Arrival From Spl Arrival From Sp2 Arrival  From Sp3
Geophone Station Times To Phones Times To Phones Times  To Phones

& Shot Coordinates (msec) (fvy (msec) (ft) (msec) (ft)

SP1 8+00N 8+75E
1 8+00N 8+8SE 88 10 273 115 377 240
2 8+00N 8+95E 11.3 20 243 105 35.2 230
3 8+00N 9+05E 139 30 235 95 338 220
4 8+00N 9+15E 159 40 22.1 85 33 210
5 8+00N 9+25E 179 50 21.1 75 335 200
6 8+00N 9+3SE 20.7 60 20.1 65 343 190
7 8+00N 9+45E 222 70 193 55 334 180
8 8+00N 9+55E 23.2 80 16.9 45 321 170
2 8+00N 9+65E 24.6 90 14.8 35 315 160
10 8+00N 9+75E 26.4 100 13 25 303 156
11 8+00N 9+8SE 26.9 110 9.2 15 27.7 140
12 8+00N 9+95E 289 120 4.4 5 26.9 130
Sp2 8+00N 10+00E
13 8+00N 10+0SE 303 130 5 5 25.3 120
14 8+00N 10+15E 304 140 9.7 15 22,6 110
15 8+00N 10+25E 314 150 12.1 25 216 100
16 8+00N 10+35E 334 160 15.1 35 218 90
17 8+00N 10+45E 335 170 17.7 45 199 80
18 8+00N 10+55E 346 180 18.7 : 55 184 70
19 8+00N 10+65E 356 190 20.7 65 17.8 60
20 8+00N 10+75E 36.1 200 218 75 16.1 50
21 8+00N 10+8SE 364 210 224 85 134 40
2 8+00N 10+95E 374 220 236 95 12 30
23 8+00N 11+05E 386 230 25 105 9.8 20
24 8+00N 11+15E 389 240 26 115 88 10
SP3 8+00N _11+25E

NOTES: Shot Point 1 Digital Field File: 93.dat Source: Hammer
Shot Point 2 Digital Field File: 94.dat Source: Hammer
Shot Point 3 Digital Field File: 95.dat_Source: Hammer
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ANS Seismic ction
Recorded: 10-1-91 Azimuth: W-E Geophone Spacing: 10 (ft)
_Center Point: ANS# 16=2+00E __ Surface Elevation: 873 (ft) ’
AVERAGE VELOCITIES: AVERAGE INTERFACE DEPTH & ELEVATION:
V1 1200 ft/sec 3 870 (ft)
V2 2748 fifsec 15 858 (ft)
V3 11701 ftisec
SP1 SP2 SP3
First First First

Break Distance Break Distance Break Distance

Arrival From Spi Arrival From Sp2 Arrival  From Sp3
Geophone Station Times To Phones Times To Phones Times  To Phones

& Shot Coordinates (msec) (ft) {msec) {ft) {msec) (ft)

SP1 12400N  4+75E : |
1 12400N 4+85E 7.8 10 24.5 115 3438 240
2 124+00N 4495E 11.2 20 239 105 35 230
3 124+00N  5+05E 133 30 226 95 328 220
4 12400N  5+15E 15.6 40 223 85 328 210
5 124+00N 54+25E 17 50 211 75 321 200
6 12+00N 5+35E 18.1 60 19.8 65 311 190
7 12400N 5+45E 19.6 70 183 55 304 180
8 12400N 5+55E 20.4 80 174 45 293 170
9 124+00N 5+65E 215 90 163 35 285 160
10 124+00N 5+75E 224 100 14.6 25 283 150
11 124+400N 5+8SE 234 110 12.1 15 275 140
12 12400N S+95E 2438 120 45 5 27 130
sp2 124+00N 6+00E
13 12400N 6+05E 25.2 130 43 5 26.9 120
14 12400N 6+15E 273 140 113 15 259 110
15 12400N 6+25E 217 150 143 25 253 100
16 12400N 6+35E 28.7 160 16.8 35 238 90
17 12+00N 6+45E 289 170 18.5 45 226 80
18 124+00N 6+55E 30.1 180 21.2 55 213 70
19 124+00N 6+65E 313 190 232 65 197 60
20 124+00N 6+7SE 314 200 229 75 18 50
21 12400N 6+85E 329 210 243 85 17.3 40
22 12400N 6+95E 33.7 220 25.1 95 155 30
23 12400N 7+05E 334 230 251 105 13.2 20
24 12400N  7+15E 34.7 240 259 115 9.7 10
Sp3 124+00N _7+25E

NOTES: Shot Point 1 Digital Ficld File: 96.dat Source: Hammer
Shot Point 2 Digital Field File: 97.dat Source: Hammer
t Point 3 Digital

: 98 dat _Source:

a 4
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ANS Seismic Refraction Spread 30

Recorded: 10-1-91 Azimuth: W-E Geophone Spacing: 10 (ft)
Center Point: ANS# 15=2+00E _ Surface Elevation: 863 _ (f)
AVERAGE VELOCITIES: AVERAGE INTERFACE DEPTH & ELEVATION:
V1 1200 ftisec 3 860  (ft)
V2 3371 ftfsec 15 848 (ft)
V3 11114 fijsec
SP1 Sp2 SP3
First First First

Break Distance Break Distance Break Distance

Arrival From Sp1 Arrival From Sp2 Arrival  From Sp3
Geophone Station Times To Phones Times ‘To Phones Times  To Phones

& Shot Coordinates {msec) (ft) {msec) (ft) {msec) (ft)

SP1 12+00N 0+75E
1 12+00N 0+85E 85 10 23 115 345 240
2 124+00N 0495E 10.6 20 21.6 105 33.2 230
3 124+00N 1+05E 12.6 30 212 95 324 220
4 12+00N 1+15E 14.6 40 19.6 85 315 210
5 124+00N 1+25E 15.5 50 18.8 715 30.9 200
6 124+00N 1435E 16.7 60 183 65 313 190
7 12+00N 1+45E 19.7 70 171 55 30.6 180
8 124+00N 1+55E 188 80 15.1 45 29.1 170
9 12+00N 1+65E 19.4 9% 129 35 28 160
10 12+00N 1+47SE 20.4 100 11 25 27 150
11 12+00N 1+85E 214 110 88 15 26.6 140
12 124+00N 1+95E 224 120 4.5 5 26.9 130
Sp2 12+00N 2+00E
13 12+00N 2+405E 234 130 4.3 5 26.6 120
14 12+00N 2+15E 244 140 10.7 15 25.4 110
15 12+00N 2+2SE 254 150 12 25 234 100
16 12+00N 2+435E 26.5 160 14 35 224 90
17 12400N 2+45E 272 170 15.5 45 216 80
18 124+00N 2455E 282 180 16.9 : 55 20.7 70
19 12+00N 2+6SE 30 190 189 65 19.6 60
20 12+00N 2+75E 30.4 200 20 75 17.7 50
21 12+00N 2+85E 316 210 223 85 16.8 40
22 12+00N 2495E 325 220 225 95 14.8 30
23 124+00N 3+05E 324 230 23.5 105 12 20
24 12+00N 3+15E 336 240 245 115 9.6 10
SP3 12+00N _3+2SE

NOTES: Shot Point 1 Digital Field File: 99.dat Source: Hammer
Shot Point 2 Digital Field File: 100.dat Source: Hammer

Shot Point 3 Digital Field File: 10]1.dat Source: Hammer
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ANS Seismic Refraction Spread 31

) Recorded: 10-1-91 Azimuth: S-N Geophone Spacing: 10 (ft)

""" Center Point; ANS# 0=2+ Surface Elevation: 870  (ft)
AVERAGE VELOCITIES: : AVERAGE INTERFACE DEPTH & ELEVATION:
V1 1200 ftfsec 3 867 (ft)
V2 2253 fifsec 12 858  (ft)
V3 11265 ftjsec

SP1 Sp2 SP3
First First First
Break Distance Break Distance Break Distance
Arrival From Sp1 Arrival From Sp2 Arrival  From Sp3
Geophone Station , Times To Phones Times To Phones Times  To Phones
—~&Shot ___ Coordipates (msec) (N (msec) 18] {msec) (ft)

SP1 8+7SN  0+00 |
1 8+85N 0+00 89 10 29.2 115 363 240
2 8+95N 0400 13.9 20 284 105 36.2 230
3 94+05N 0400 15.1 30 26.7 95 343 220
4 9+15SN 0400 16.4 40 259 85 339 210
5 94+25N 0+00 177 50 244 75 329 200
6 94+35N 0400 197 60 239 65 327 190
7 94+45N - 0400 211 70 29 55 323 180
8 9+55N 0400 24.1 80 213 45 321 170

o 9 94+65N 0400 256 90 179 35 312 160
10 94+75N 0400 26.5 100 139 25 29.6 150
11 948N 0400 285 110 119 15 29.6 140
12 94+95N 0400 305 120 48 5 296 130
SpP2 104+00N 0400
13 10+05N 0+00 312 130 4.8 5 29.4 120
14 10+1SN 0400 326 140 13 15 29.1 110
15 10+25N 0400 323 150 162 25 26.6 100
16 104+35N 0+00 328 160 184 35 251 90
17 10+45N 0400 323 170 19 45 23.6 80
18 104+55N 0400 335 180 219 : 55 226 70
19 10+65N 0400 345 190 239 65 214 60
20 10+75N 0400 35.2 200 24.9 75 19.7 50
21 10+85N 0400 353 210 254 85 17.7 40
2 10+95N 0400 36.2 220 26.6 95 163 30
3 1140SN  0+00 365 230 26.9 105 14 20
24 11+15N  0+00 36.5 240 274 115 89 10

_SP3 11+25N _ 0+00

NOTES:  Shot Point 1 Digital Field File: 102.dat Source: Hammer
Shot Point 2 Digital Field File: 103.dat Source: Hammer
int igital Field File: X ree:; T
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ANS Seismic Refraction Spread 32

Recorded: 10-1-91 Azimuth: S-N Geophone Spacing: 10 (ft)
Center Point: ANS# 25=2+00N __ Surface Elevation: 842 _ (ft)
AVERAGE VELOCITIES: AVERAGE INTERFACE DEPTH & ELEVATION:
V1 1250 ft/sec 3 839 (ft)
V2 2582 fifsec 9 833  (f1)
V3 9666 ftsec
SP1 SP2 sp3
First First First

Break Distance Break Distance Break Distance

Arrival From Sp1 Arrival From Sp2  Armival  From Sp3
Geophone Station Times To Phones Times To Phones Times  To Phones

& Shot Coordinates _(msec) (f\) _{msec) _(f) {msec) (fQ)

SP1 4+75N 0400
1 4+85N 0400 7 10 21.7 115 34.5 240
2 4+95N 0400 10.6 20 21 105 343 230
3 5+05N 0400 129 30 19.9 95 332 220
4 5+15N 0+00 14.4 40 19.1 85 32.2 210
5 5+25N 0400 14.9 50 17.8 75 312 200
6 5+35N 0+00 16.4 60 16.6 65 30.2 190
7 5+45N 0400 : 16.2 70 144 55 282 180
8 5+55N 0+00 18.2 80 14.6 45 279 170
9 5+65N 0400 18 90 12.8 35 26.9 160
10 S+75N 0400 20 100 13.6 25 279 150
11 5+8N 0400 203 110 98 15 25.2 140
12 5+95N 0+00 221 120 54 5 242 130
SpP2 6+00N 0400
13 6+05N 0+00 23 130 4 5 236 120
14 6+15N  0+00 26 140 13 15 239 110
15 6+25N 0400 26.8 150 147 25 23.2 100
16 6+35N 0+00 26.4 160 14.6 35 20 90
17 6+45N 0+00 274 170 159 45 19 80
18 6+55N  0+00 28.7 180 17.3 55 17.7 70
19 6+65N 0400 29.7 190 184 65 17.1 60
20 6+75N 0+00 309 200 19.5 75 15.2 50
21 6+85N 0+00 314 210 19.8 85 15.2 40
22 6+95N 0400 312 220 20.1 95 12.8 30
23 7+05SN  0+00 33.2 230 222 105 12.5 20
24 7+1SN  0+00 349 240 24 115 9 10
SP3 7+25N 0400

NOTES: Shot Point 1 Digital Field File: 105.dat Source: Hammer
Shot Point 2 Digital Field File: 106.dat Source: Hammer

Shot Point 3 Digital Field File: 107.dat_Source: Hammer
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ANS Seismic Refraction Spread 33
Recorded: 10-1-91  Azimuth: W-E Geophone Spacing: 10 (ft)
Center Point: ANS# 21=1+1SE Surface Elevation: 872 . (ft)

AVERAGE VELOCITIES: AVERAGE INTERFACE DEPTH & ELEVATION:

V1 1200 fiisec 2 870 ()

V2 4390 fusec 17 855 (f)

V3 11654 fisec
SP1 sP2 sP3 ‘ SP4 SPS
First First First First First

Break Distance Bresk Distance  Break Distance Break  Distance  Break  Distance
Arrival From Spl  Amival From Sp2 Armrival From Sp3  Arrival From Sp4  Amrival From Sp5

Geophone Station Times To Phones Times ToPhones Times To Phones Times To Phones Times To Phones
__& Shot Coordipates  (msec)  (f1)  (msec)  (f)  (msec) (R}  (msec)  (ft)  (msec)  (f§)
sP1 8+00N 3+00E

SP2 8400N 3+90E

1 8+00N 4+00E 197 100 81 10 a8 115 302 240 392 330
2 8+00N 4+10E 199 10 113 20 199 105 291 230 317 320
3 8+00N 4+20E 208 120 127 30 187 95 219 20 362 310
4 B+00N 4430E 226 130 14 o 186 8 217 210 362 300
5 8+00N 4+40E 229 40 146 0 175 % 267 200 354 290
6 8+00N 4+S0E 24 150 164 60 17 65 263 1% 352 280
7 8+00N 4+60E 25 160 171 0 162 55 258 180 344 270
8 B+00N 4+ME 264 170 185 80 155 45 253 170 346 260
9 8+00N 4+80E 274 180 195 % 141 35 248 160 337 250
10 8+00N 4+90E 278 19 198 100 109 2% 24 150 325 240
1 8+00N 5+00E 285 200 208 110 86 15 224 140 312 230
12 8+00N S+10E 292 210 218 120 39 s 218 130 303 20
sP3 8+00N S5+1SE

13 8+00N 5+20E 312 20 21 130 57 5 2 120 305 210
14 8+00N 5+430E 307 20 7 40 95 15 195 110 282 200
15 8+00N S5+40E 326 A0 A4S 150 124 25 194 100 281 190
16 8+00N 5+50E 335 250 252 160 137 35 184 %0 274 180
17 8+00N S+60E 331 20 255 170 147 45 171 80 262 170
18 8+400N 5+70E 341 270 % 180 162 55 163 70 252 160
19 8400N S+80E 351 280 27 1% 171 65 147 60 244 150
20 8+00N S+90E 36 20 217 200 181 75 131 50 236 140
2 8400N 6+00E 37 300 294 210 194 8 114 0 26 10
n 8+00N 6+10E 38 310 302 20 201 95 94 0 216 120
23 84+400N 64+20E 381 320 307 230 203 105 63 2 196 110
2% S4+00N 6+30E 381 130 313 240 2 ns 37 10 185 100
SP4 8+00N 6+40E

_SPS 8+00N_7+30E

NOTES:  Shot Point 1 Digital Field File: 110.dat Source: 8 Gauge Blanks (300 Grain Black Powder)
Shot Point 2 Digital Field File: 108.dat Source: Hammer
Shot Peint 3 Digital Fickd File: 112.dat Source: Hammer
Shot Point 4 Digital Field File: 114.dat Source: Hammer

Shot Point 5 Digital Field File: 116.dat_Source: 8 Gauge Blanks (300 Grain Biack Powder)
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ANS Secismic Refraction Spread 34

Recorded: 10-2-91

Center Point; ANS# 21=3+1SE

Azimuth: W-E  Geophone Spacing: 10 (ft)

Surface Elevation:

891

(i3]

AVERAGE VELOCITIES: AVERAGE INTERFACE DEPTH & ELEVATION:

V1 1200 ft/sec 1 890 (ft)

V2 4490 fujsec 2 864 (f1)

V3 12378 ftfsec

SP1 SpP2 SP3 SP4 SPs
First First First First First
Break  Distance  Break  Distance  Break  Distance Break  Distance  Break Distance
Amrival  From Spl  Amrival From Sp2 Amival From Sp3  Arrival From Sp4  Amival  From SpS
Geophone Station Times ToPhones Times To Phones Times To Phones Times To Phones Times To Phones
& Shot Coordinates  _ {msec) _ (ft) (msec)  (ft) (msec) (ft) (msec) __(fi) [msec) (f

SP1 8+00N 5+00E

SP2 8+00N 5+90E

1 8+00N 6+00E 185 100 48 10 232 115 355 240 4“7 330
2 8+00N 6+10E 196 110 8.1 20 21.7 105 342 230 439 320
3 8+00N 6+20E 196 120 98 30 193 95 322 220 417 310
4 8400N 6+30E 205 130 116 40 18 8S 314 210 41 300
5 8+00N 6+40E 213 140 131 50 173 75 30.6 200 40 290
6 8+00N 6+S0E 226 150 152 60 165 65 30 190 398 280
7 8+00N 6+60E 4 160 171 70 15 55 29.6 180 389 270
8 8+00N 6+70E 25 170 182 80 14 45 288 170 379 260
9 8+00N 6+80E 265 180 192 90 129 as 28 160 382 250
10 8+4+00N 6+90E 274 190 213 100 112 25 278 150 378 240
11 8+00N 7+00E 271 200 20.8 110 78 15 259 140 358 230
12 8+00N 7+10E 295 210 8 120 3B 5 259 130 359 220
SP3 8§4+00N 7+15E

13 84+00N 74+20E 308 20 238 130 51 s 259 120 358 210
14 8+4+00N 7+4+30E 321 230 246 140 10.1 15 25 110 354 200
15 8+00N 7+40E 328 240 258 150 113 25 231 100 339 190
16 8+00N 7+50E 336 250 27 160 132 35 218 90 329 180
17 8+00N 7+60E 338 260 219 170 148 45 20.2 80 321 170
18 8+00N 7+70E 349 270 29.4 180 17.1 55 19.1 70 311 160
19 8+00N 7+80E 361 280 304 190 18.7 65 16.1 60 30 150
20 8+00N 7+90E 375 290 314 200 20.1 75 14.8 50 288 140
21 8+00N B+00E 375 300 314 210 2035 85 118 40 262 130
22 8+00N B8+10E  38.7 310 324 220 25 95 929 30 44 120
23 8+00N 8+20E 393 320 24 230 27 105 82 20 234 110
24 8+00N B8+30E 403 330 336 240 239 115 £3 10 231 100
SP4 8+00N 8+40E
_SPS B+00N _9430E

NOTES:  Shot Point 1 Digital Field File: 118.dat Source: 8 Gauge Blanks (300 Grain Black Powder)

Shot Point 2 Digital Field File: 119.dat Source: Hammer
Shot Point 3 Digitai Field File: 120.dat Source: Hammer
Shot Point 4 Digital Field File: 121.dat Source: Hammer

Shot Point 5 Digitat Field File: 122 dat _Source: 8 Gauge Blanks (300 Grain Black Powder)




Recorded: 10-2-91

Azimuth: S-N
Center Point: ANS# _26=3+15N

Surface Elevation:

D-37

Geophone Spacing: 10 (ft)

864

(f1)

ANS Seismic Refraction Spread 35

AVERAGE VELOCITIES: AVERAGE INTERFACE DEPTH & ELEVATION:
V1 1200 fisec 3 861  (f)
V2 2763 fikec 12 852 (f)
V3 9614 ftfsec
’ SP1 Sp2 SP3 Sp4 SPS

First First First First First

Break Distance Break Distance Break Distance Break  Distance  Break  Distance

Arrival From Spl  Arrival From Sp2 Armrival From Sp3  Arrival From Sp4  Arrival From Sp§
Geophone Station Times To Phones Times To Phones Times To Phones Times To Phopes Times To Phones
& Shot Coordinates (msec) {1 {msec) (f) __{msec) {ft) {msec) (0 {rasec) [{19]
spr1 5+00N 4+00E
spP2 54+90N 4+00E
1 6+00N 4+00E 205 100 9.1 10 234 115 371 1240 42.6 340
2 6+10N 4+00E 211 110 121 20 215 105 35.1 230 41 330
3 6+20N 4400E 234 120 14.6 30 219 95 36.1 220 415 320
4 6+30N 4+00E 248 130 16.4 40 20.5 85 341 $210 403 310
5 6+40N 4+00E 254 140 16.9 50 182 75 322 200 382 300
6 6+50N 44+00E 26.1 150 17.7 60 175 65 314 190 372 290
7 6+60N 4+00E 269 160 18.7 70 16 55 30.4 - 180 36.6 280
8 6+70N 4+00E 271 170 188 BO 15 45 29.1 170 356 21
9 64+8B0N . 4+00E 281 180 199 90 14 35 283 160 34.6 260
10 6+90N 4+00E  29.7 190 213 100 128 25 274 150 138 250
11 7400N 4+00E 309 200 231 110 105 15 26.6 140 33 240
12 7+10N 4+00E 325 210 244 120 49 5 269 130 329 230
) ] 74+15N 4+00E
13 74+20N 4400E  33.7 220 254 130 48 5 257 120 313 220
14 7+30N 4+00E 349 230 213 140 122 15 24.6 110 313 210
15 74+40N 44+00E 359 240 283 150 138 25 232 100 303 200
16 74+50N 4+00E 362 250 286 160 14.8 35 218 90 286 190
17 7460N 4+00E 379 260 303 170 162 45 208 80 26.8 180
18 7+70N 4+00E 396 270 311 180 171 ss 194 70 26.7 © 170
19 7480N 4+00E 419 280 335 190 19.7 65 188 60 261 160
20 74+90N 4+00E 40.6 290 323 200 188 75 16.8 50 232 150
21 8+00N 4+00E 418 300 338 210 20.8 85 165 40 23 140
2 8+10N 4+00E 428 310 349 220 pr 95 148 30 27 130
23 8+20N 44+00E 438 320 as9 230 29 105 13.7 20 2 120
24 8+30N 4+00E 46 330 317 240 249 115 93 10 23 110
SP4 8+40N 4+00E
SPS 9+40N _4+00E
NOTES: Shot Point 1 Digital Field File: 123.dat Source: 8 Gauge Blanks (300 Grain Black Powder)

Shot Point 2 Digital Field File: 124.dat Source: Hammer
Shot Point 3 Digital Field File: 125.dat Source: Hammer
Shot Point 4 Digital Field File: 126.dat Source: Hammer

Shot Point § Digital Field File: 127.dat_Source: 8 Gauge Blanks (300 Grain Black Powder)
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ANS Seismic Refraction Spread 36

Shot Point 2 Digital Field File: 133.dat Source: Hammer
Shot Point 3 Digital Field File: 134.dat Source: Hammer
Shot Point 4 Digital Field File: 135.dat Source: Hammer
Shot Point 5 Digital Field

ile: 136.dat Source: 8 Ga

Blanks

Grain Black Powder)

Recorded: 10-3-91 Azimuth: S-N  Geophone Spacing: 10 (ft)
Center Point; ANS# _21=1415N Surface Elevation: 862 (f)
AVERAGE VELOCITIES: AVERAGE INTERFACE DEPTH & ELEVATION:
V1 1200 fufsec 2 860 ()
V2 2695 fifsec 12 850 f{0)
V3 10485 fifsec
SP1 SP2 SP3 SP4 SP5
First First First First First
Break Distance Break Distance Break Distance Break  Distance  Break  Distance
Arrival From Spl  Amival From Sp2 Arrival From Sp3 Asrival From Spd  Arrival  From SpS
Geophone Station Times To Phones Times To Phopes Times To Phones Times To Phones Times To Phones
& Shot Coordinates _{msec) {ft) {msec) (fy __(msec) ft) {msec) (1] {msec) [£13)

SP1 6+50N 4+00E
SP2 7+90N 4+00E
1 8+00N 4400E 253 150 13 10 218 115 351 240 46.4 400
2 8+10N 4+00E 268 160 119 20 21 105 345 230 46 390
3 8+20N 4+00E 276 170 13.7 30 202 95 337 220 4.7 380
4 8+30N 4+00E 296 180 155 40 196 88 327 210 45 370
5 8+40N 4+00E 309 190 173 50 192 75 329 200 43 360
6 8+50N 4+00E 315 200 177 60 171 65 319 190 43.6 350
7 B+60N 4+00E 314 210 17.9 70 145 55 29 180 416 340
8 8+70N 4+00E 318 220 18.1 80 128 45 274 170 40.1 330
9 8+80N 4+00E 338 230 204 90 128 3s 278 160 403 320
10 8+90N 4+00E 359 240 224 100 122 25 284 150 40.4 310
11 9+00N 4+00E 361 250 29 110 94 15 26.7 140 393 300
12 9+10N 4+00E 369 260 237 120 27 5 255 130 38 290
SP3 9+15N 4+00E
13 9+20N 4400E 376 270 45 130 3 ] 245 120 36.7 280
14 94+30N 4400E 384 280 48 140 79 15 233 110 36 270
15 94+40N 44+00E 404 290 268 150 114 25 236 100 362 260
16 9+50N 4+00E 391 300 265 160 121 35 21 90 42 250
17 9+60N 4+00E 404 310 275 170 136 45 203 80 328 240
18 94+70N 4+00E 42 320 295 180 156 55 19 70 326 230
19 9+80N 4+00E 419 330 292 190 16 65 173 60 31 220
20 9490N 4+00E 416 340 286 200 15.7 75 15 50 288 210
21 10+00N 4+00E 426 350 291 210 16.1 85 138 40 28 200
2 10+10N 4+00E 436 360 309 220 177 95 138 30 281 190
23 10+20N 4+00E 451 370 321 230 19.1 105 123 20 273 180
U 10+30N 4+00E 46.7 380 M 240 211 115 23 10 26.9 170
SP4 10+40N 4+00E

SPS 12+00N _4+00E
NOTES:  Shot Point 1 Digital Ficid File: 132.dat Source: 8 Gauge Blanks (300 Grain Black Powder)
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ANS Seismic Refraction Spread 37

Recorded: 10-4-91 Azimuth: W-E  Geophone Spacing: 10 (ft)

Center Point: ANS# 20=0+65E Surface Elevation: 842 (ft)

AVERAGE VELOCITIES: AVERAGE INTERFACE DEPTH & ELEVATION:

V1 1200 ftfsec 1 841 (ft)

V2 3000 ft/sec 12 830 (ft)

V3 11140 fusec
SP1 sp2 SP3 SP4 SP5
First First First First First

Break Distance Break Distance Break  Distance Break  Distance  Break  Distance
Arrival From Spl Armival From Sp2 Arrival From Sp3  Armrival From Sp4  Arrival  From Sp5

Geophone Station Times To Phomes Times ToPhones Times ToPhones Times To Phones Times To Phones
& Shot Coordinates {msec) 1) {mnsec) () (msec) {f) {msec) (i) {msec) [£13)
SP1 8+00N 2+00W ‘
SpP2 8+00N 0+60W
1 8+00N 0+450W 239 150 84 10 238 115 296 240 434 380
2 8+00N 0-+40W 244 160 11.7 20 23 105 84 230 42 370
3 8+00N 0+30W 49 170 131 30 21.1 95 269 220 40.7 360
4 8+00N 0420W 256 180 144 40 199 85 263 210 404 350
5 8+00N 0+10W 259 190 15.1 50 182 s 48 200 384 340
6 8+00N 0400 212 200 16.6 60 172 65 238 190 378 330
7 8+00N 0+10E 276 210 17.7 70 15.7 55 23 180 369 320
8 8+00N 0+20E 284 20 183 80 142 45 2 170 359 310
9 8+00N 0+30E 314 230 212 90 14.8 35 25 160 36.6 300
........... 10 8+00N 0440F 334 240 232 100 151 25 29 150 36.6 290
11 8+00N 0+50E 327 250 231 110 111 15 20.7 140 344 280
12 8+00N 0+60E 337 260 233 120 45 5 20 130 334 270
SP3 8+00N 0+65E
13 8+00N 0+70E 344 270 243 130 48 s 18.7 120 32 260
14 B84+00N 0+80E 34.6 280 4.7 140 10.1 15 18 110 31.6 250
15 B+00N 0+90E 354 290 25.7 150 119 25 172 100 305 240
16 84+00N 1+00E 356 300 259 160 12 35 153 90 292 230
17 8+00N 1+10E 37 310 269 170 14 45 148 80 289 220
18 8+00N 14+20E 376 32 219 180 155 55 138 70 28.1 210
19 8+00N 1430E 8.7 330 293 190 172 65 131 60 275 200
20 8+00N 1+40E 39.7 340 303 200 18.6 75 127 50 265 190
21 8+00N 1+50E 40.7 350 311 210 19.6 85 118 40 264 180
3 8+00N 1+60E 417 360 321 20 20.6 95 105 30 254 170
23 8+00N 1+70E 421 370 326 230 211 105 7.1 20 A 160
A 8+00N 1+BOE 418 330 323 240 211 115 24 10 24 150
SP4 B+00N 1+90E
3PS 8+00N 3+30E

NOTES: Shot Point 1 Digital Field File: 137.dat Source: 8 Gauge Blanks (300 Grain Black Powder)
Shot Point 2 Digital Field File: 138.dat Source: Hammer
Shot Point 3 Digital Field File: 139.dat Source: Hammer
Shot Point 4 Digital Field File: 140.dat Source: Hammer

igital Fieid File: 14L.dat_Source: 8 Gauge Blanks (300 Grain Black Powder)
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ANS Seismic Refraction Spread 38

Recorded: 10-4-91
Center Point: ANS# 20=1+15N

Azimuth: S-N

Geophone Spacing: 10 (ft)

Surface Elevation:

858

(ft)

Shot Point 2 Digital Field File: 143.dat Source: Hammer
Shot Point 3 Digital Field File: 144.dat Source: Hammer
Shot Point 4 Digital Field File: 145dat Source: Hammer

Shot Point 5 Digital Field File: 146.dst _Source: 8 Ga

Blanks

Grain Black Powder)

AVERAGE VELOCITIES: AVERAGE INTERFACE DEPTH & ELEVATION:
V1 1200 fysec 4 84 (@)
V2 2597 fisec 12 846 (fr)
V3_9$88 fisec
' SP1 spP2 SP3 SP4 SPS

First First First First First

Break Distance Break Distance Break Distance  Break  Distanee  Break  Distance

Artival From Spl  Armival From Sp2 Arrival From Sp3 Arrival From Sp4 Amival From Sp$
Geophone Station Times To Phones Times To Phones Times To Phones Times To Phones Times To Phones

& Shot Coordinates (msec) {fty __(msec) (ft) (msec) (fo) {msec) (ft) (msec) (f)

sP1 6+50N 0400
SP2 T+90N 0+00
1 8+00N 0+00 231 150 81 10 218 15 388 240 436 380
2 8+10N 0+00 A5 160 98 20 21.6 105 378 230 429 370
3 8+20N 0+00 248 170 106 30 21 95 372 220 419 360
4 8+30N 0+00 258 180 119 40 19.9 85 36.1 210 411 350
5 8+40N 0+00 288 190 153 50 193 75 36.6 200 419 340
3 8+50N 0+00 298 200 16.6 60 19.7 65 356 190 412 330
7 8+60N 0+00 304 210 169 70 178 55 348 180 40.6 320
8 8+70N 0+00 321 220 189 80 179 45 349 170 40.6 310
9 8+80N 0+00 331 230 20 90 17 as 348 160 40 300
10 8+90N 0400 s 240 209 100 13.7 25 321 150 38 290
1 9+00N 0+00 345 250 21 110 122 15 313 140 377 280
12 9+10N 0+00 349 260 224 120 44 5 305 130 36.5 270
SP3 9+15N 0+00
13 94+20N 0+00 357 270 ns 130 44 5 30 120 35.7 260
14 9+30N 0+00 373 280 4S5 140 11 15 292 110 351 250
15 9+40N 0+00 383 296 255 150 139 25 218 100 344 240
16 9+50N 0+00 393 300 215 160 159 35 26.9 %0 344 230
17 9+60N 0400 423 310 304 170 194 45 26.1 80 34.6 220
18 9+70N 0+00 43 320 316 180 213 55 249 70 336 210
19 9+80N 0+00 442 330 32 190 28 65 32 60 323 200
20 94+90N 0+00 454 340 33 200 A3 75 212 50 316 190
21 10+00N 0+00 474 as0 35 210 263 85 19.7 40 31 180
22 10+10N 0400 484 360 362 220 216 95 179 30 0.8 170
3 10+20N 0+00 49.6 370 374 230 293 105 15.1 20 3L1 160
24 104+30N 0400 49.9 380 384 240 291 115 B.7 10 286 150
SP4 10+40N 0400
_SPS 114+80N_0+00
NOTES: Shot Point 1 Digital Field File: 142.dat Source: 8 Gauge Blanks (300 Grain Black Powder)
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ANS Seismic Rcmion Spread 39

Recorded: 10-4-91 Azimuth: W-E  Geophone Spacing: 10 (ft)

Center Point: ANS# 20=34+48E Surface Elevation: 861 ()
AVERAGE VELOCITIES: AVERAGE INTERFACE DEPTH & ELEVATION:
V1 1200 fifsec 2 859 (1)
V2 3349 fujsec 16 845 (f)
V3 11468 fifsec
SP1 SP2 SP3 SP4 §PS
First First First First First

Break  Distance Break  Distance Break  Distance  Break  Distance  Break  Distance
Arrival From Spl Arrival From Sp2 Arrival From Sp3 Armrival From Sp4  Arrival From SpS

Geophone Station Times To Phones Times ToPhones Times To Phones Times To Phones Times To Phones
_&Shot  Coordinates  (msec)  (ff)  (msec) (A1)  (msec)  (ft)  (msec)  (f)  (msec) (f0)
SPi 8+00N 0+83E
sP2 8400N 2+23E
1 B+00N 2+33E 218 10 7 10 226 115 335 240 435 380
2 B+00N 2+443E 232 160 106 20 29 105 337 20 429 370
3 B+00N 2+S3E 234 170 127 30 211 95 317 20 425 360
4 84+00N 2463E 255 180 162 o 219 85 327 210 425 350
5 B+00N 2+73E 265 190 176 50 219 75 328 200 427 340
6 8+00N 2+83E 276 200 186 60 199 65 308 190 a 330
7 B+00N 2493E 275 210 198 70 182 55 295 180 395 320
8 8+00N 3+03E 278 20 202 80 162 45 218 170 38 310
9 8+00N 3+13E 286 230 22 % 146 35 27 160 38 300
AAAAAAAAA 10 8400N 3+423E 29 240 215 100 129 25 254 150 362 290
1 84+00N 3433E 30 250 219 110 99 15 246 140 351 280
12 8+00N 3+43E 311 20 225 120 39 5 246 130 344 270
SP3 8+00N 3+4SE
13 8+00N 3+53E 323 270 217 130 39 5 238 120 337 260
1 8+00N 3+63E 33 280 247 140 106 15 26 1m0 331 250
15 B+00N 3+7T3E 333 290 253 150 128 25 206 100 35 240
16 8+00N 3+83E 336 00 256 160 148 s 197 % 302 230
17 8+00N 3+93E 34 310 266 170 152 45 185 80 296 220
18 84+00N 4403E 355 320 279 180 172 55 119 70 293 210
19 B+00N 4+13E 359 330 y: 190 17 6 161 60 217 200
20 B4+0ON 4423E 369 340 293 200 184 75 153 50 267 190
21 8+00N 4+33E 381 250 303 210 194 8 145 0 264 180
2 8+00N 4+43E 391 360 312 20 204 95 13 30 257 170
PX 84+00N 44S3E 40 370 I 20 214 105 10 20 244 160
2 8+00N 4+63E 0 380 329 240 24 u 17 10 244 150
SP4 8+00N 4+T3E
_SPs 8+00N 6+13E_

NOTES: Shot Point 1 Digital Ficld File: 148.dat Source: 8 Gauge Blanks (300 Grain Black Powder)
Shot Point 2 Digital Field File: 149.dat Source: Hammer
Shot Point 3 Digital Field File: 150.dat Source: Hammer
Shot Point 4 Digital Field File: 151.dat Source: Hammer

Shot Point $ Digital Field File: 152.dat_Source: 8 Gauge Blanks (300 Grain Black Powder)
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ANS Seismic Refraction Spread 40

Recorded: 10-7-91
Center Point: ANS#

Azimuth: S-N

23=3+00E _ Surface Elevation: 894

Geophone Spacing: 10 (ft)

(ft)

AVERAGE VELOCITIES: AVERAGE INTERFACE DEPTH & ELEVATION:

V1 1200 ft/sec 3 891 (ft)

V2 2279 ftfsec 17 877 (fv)

V3 10683 ftfsec

SP1 SpP2 SP3
First First First
Break Distance Break Distance Break Distance
Arrival From Sp1 Arrival From Sp2 Arrival  From Sp3
Geophone Station Times To Phones Times To Phones Times  To Phones
& Shot Coordinates [(msec) (ft) (msec) (ft) msec) (fQ)

SP1 6+75N  15+00E

1 6+8N 15+00E 7.5 10 28.7 115 38.7 240

2 6+95N 15+00E 12.3 20 272 105 379 230

3 7+05N  15+00E 16.3 30 26.5 95 374 220

4 7+15N  154+00E 19.3 40 26.9 85 385 210

5 7+25N  15400E 19.6 50 25.4 75 36.4 200

6 7+35N  15+00E 21.6 60 24.7 65 36.2 190

7 7+45N  15+00E 233 70 242 35 35.6 180

8 T+55N  15+00E 243 80 23 45 351 170

9 7+65N  15+00E 24.6 90 19.6 35 33.7 160

10 7+T5N  154+00E 26.9 100 16.6 25 33 150

11 7+8N 15+00E 279 110 13.6 15 32 140

12 7495N 15+00E 233 120 54 5 323 130

SP2 8+00N 15+00E

13 8+05N 15400E 29.8 130 48 5 30 120

14 8+15N 15+400E 30.8 140 11.1 15 276 110

15 8+25N 15+4+00E 31.2 150 15.1 25 26.1 100

16 84+35N 15+00E 333 160 18.7 35 273 90

17 8+45N 15+00E 33 170 20.2 45 26 80

18 8+55N 154+00E 33.6 180 222 55 235 70

19 8+65N 15+00E 343 190 23.2 65 23 60

20 8+7SN 15+00E 355 200 24.7 75 226 50

21 8+8N 15+00E 36.5 210 26.7 8 21.3 40

22 8+95N 15+00E 375 220 279 95 18.7 30

23 9+05N 15+00E 37 230 27.7 105 134 20

24 94+15N 15+00E 383 240 28.7 115 93 10
_SP3 9+25N__15+00E

NOTES: Shot Point 1 Digital Field File: 154.dat Source: Hammer

Shot Point 2 Digital Field File: 155.dat Source: Hammer

Shot Point 3 Digital Ficld File: 156.dat Source: Hammer




Recorded: 10-7-91
Center Point: ANS#

Azimuth: W.E

19=04+40N___0+07E

D-43

ANS Seismic Refraction Spread 41

AVERAGE VELOCITIES:

Geophone Spacing: 10 (ft)
Surface Elevation;

827

{fi

AVERAGE INTERFACE DEPTH & ELEVATION:

V1 1200 ft/sec 2 825 (fy)
V2 3897 ftfsec 15 812 (ft)
V3 12736 fifsec :
SP1 SP2 SP3
First First First

Break Distance Break Distance Break Distance

Arrival  From Spl  Arrival From Sp2 Arrival From Sp3
Geophone Station Times To Phones Times To Phones Times To Phones

& Shot Coordinates {msec) {ft) (msec) {ft) (msec) ()

Spi 12432N  14+481E
1 12433N  14491E 89 10 20.2 115 30.1 20
2 12433N  15+01E 102 20 198 105 293 piY
3 12434N  15+411E 123 30 19 95 28.1 p2. 4
4 12435N  15+21E 12 40 16.8 85 26.7 210
5 12+35N  15+31E 132 50 16 75 26.2 an
6 124+36N 15+41E 147 60 149 65 25.2 190
7 12436N 15+51E 16.3 70 14.1 55 25.6 10
8 12437N  15+61E 18.1 80 13.7 45 249 10
9 124+37N  154+T2E 194 9% 13.1 35 24.3 1
10 124+38N  15+82E 19.7 100 11.2 25 23.5 150
11 12+39N  154+92E 208 110 9.9 15 238 40
12 12+39N 16402E 21 120 4.7 5 23.6 10
SP2 12+40N  16+07E |
13 12+40N 16+12E 226 130 438 5 220 120
14 124+40N 16+22E 233 140 9.4 15 20.9 110
15 12+4IN  16+432E 243 150 11 25 19.9 10
16 124+42N  16+42E 246 160 12.8 35 186 @
17 12+42N  16+S53E 25 170 14.2 45 186 o
18 124+43N  16+63E 26 180 152 55 173 D
19 124+43N  16+T3E 276 190 17 65 16.0 0
20 124+44N  16+83E 281 200 179 75 146 ki
21 124+45N 16+93E 29.1 210 193 85 14.8 9
22 12+45N 17+03E 288 220 189 95 11.5 3
23 124+46N 17+13E 29.8 230 19.6 105 9.8 D
24 12+47N  174+24E. 308 240 20.7 115 7.4 D
sp3 1244TN 17434
NOTES: Shot Point 1 Digital Field File: 157.dat Source: Hammer

Shot Point 2 Digital Field File: 158.dat Source: Hammer

Shot_Poim 3 Digital Field File: 159.dat _Source: Hammer
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ANS Seismic Refraction Spread 42

Recorded: 10-7-91 Azimuth: S-N Geophone Spacing: 10 (ft)
Center Point: ANS# 29 _ Surface Elevation: 874 _(fY)
AVERAGE VELOCITIES: AVERAGE INTERFACE DEPTH & ELEVATION:
V1 1200 fisec 4 870 (ft)
V2 3310 ft/sec 23 851 (i)
V3 10548 ft/sec
SP1 Sp2 SP3
First First First

Break Distance Break Distance Break Distance

Arrival From Sp1 Arrival From Sp2 Arrival From Sp3
Geophone Station Times To Phones Times To Phones Times To Phones

& Shot Coordinates {msec) (f) —(msec) (ft) {msec) (ft)
SP1 2+70N  16+00E '
1 24+85N 16+00E 114 15 318 115 40.4 20
2 2+95N  16+00E 138 25 29.6 105 386 a2
3 3+05N 16400E 16.2 35 28.1 95 37 D
4 3+15N  16+00E 185 45 263 85 36 p, (]
5 3+25N  16+00E 20.5 55 26.1 75 36 U]
6 3+35N 16+00E 22 65 26 65 353 W
7 3+45N  16+00E 237 75 26.4 55 36.1 4]
8 3+55N 16+00E 24.7 85 252 45 35.2 10
9 3+65N 16+00E 26.6 95 228 35 35.6 i
10 3+75N 16+00E 274 105 17.6 25 343 o i)
11 3+8N 16+00E 284 115 13.7 15 339 4]
12 3+95N 16+00E 304 125 49 5 328 ¢4
Sp2 4+00N 16+00E
13 4+05N 16+00E 323 135 49 5 323 pr ]
14 4+15N 164+00E 343 145 13.8 15 326 1
15 4+25N  16+00E 337 155 20.8 25 303 1
16 4+35N 16+00E 354 165 24.9 35 278 9
17 4+45N 16+00E 338 175 24.7 45 25.7 8
18 4+55N 164+00E 344 185 257 : 55 24.7 2
19 44+65N 16+00E 354 195 283 65 25 6
20 4+75N  16+00E 36.7 205 30.1 75 23.8 8
21 4+85N 16+00E 317 215 311 85 20.2 ]
22 44+95N 16+4+00E 39.7 225 335 95 17.8 ]
23 54+05N 16+00E 42 235 355 105 15.1 2
24 54+15N 16+00E 42.2 245 358 115 9.5 0
_Sp3 5+25N__16+00E

NOTES: Shot Point 1 Digital Field File: 160.dat Source: Hammer
Shot Point 2 Digital Field File: 161.da1 Source: Hammer
hot Point igital Field File: dai Source: er
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ANS Seismic Refraction Spread 43

Recorded: 10-8-91 Azimuth: W-E Geophone Spacing: 10 (ft)

Center Point: ANS# _ 20=2+00N 1+-05E Surface Elevation: 867 {ft)
AVERAGE VELOCITIES: AVERAGE INTERFACE DEPTH & ELEVATION:
V1 1200 fi/sec 2 B6S )
V2 3218 fisec 18 849 (ft)
V3 9149 fifsec

SP1 sP2 SP3 SP4 SPS

First First First First First

Break  Distance  Break  Distance  Break  Distance Break  Distance Break  Distance

Arrival  From Spl  Arrival From Sp2 Amrival From Sp3  Arrival From Sp4  Amival  From $pS
Geophone Station Times ToPhones Times ToPhones Times ToPhones Times ToPhones Times To Phones
& Shot Coordinates {msec) (R {msec) {f) {msec) (f (msec) (ft) (msec) ()
SP1 10+00N 1+60W
SP2 104+00N 0+20W
1 104+00N 0+10W 26.4 150 72 10 314 115 359 240 45.1 380
2 10+00N 0400 282 160 127 20 30.7 105 35 230 444 370
3 10+00N 0+10E 279 170 14.1 30 284 95 337 220 433 360
4 10+00N 0+20E 29.9 180 178 40 282 85 336 210 425 350
L1 104+00N 0+30E 304 190 208 50 26.2 s 321 200 41.4 340
6 10+00N O0+40E 309 200 228 60 4.6 65 311 190 40.2 330
7 104+00N O0+50E 328 210 249 70 29 ss 303 180 393 320
8 104+00N 0+60E 329 220 269 80 189 45 29.1 170 383 310
9 104+00N 0+70E 345 230 279 90 17.9 35 289 160 383 300
10 10+00N O+80E 352 240 28.7 100 145 25 215 150 375 290
11 10400N 0+90E 358 250 29.7 110 108 15 273 140 36.8 280
12 104+00N 1+400E 36 260 302 120 45 5 252 130 358 270
SP3 10+00N 1+05E
13 10+00N 1+10E 372 270 s 130 4 5 254 120 354 260
14 10+00N 1+20E 38 280 32 140 133 15 234 110 336 250
15 10400N 1+30E 38 290 32 150 139 25 213 100 316 240
16 10+00N 1+40E 388 300 326 160 . 159 35 203 90 305 230
17 10+00N 1+50E 385 310 326 170 16.9 45 179 80 28.6 220
18 - 104+00N 1+60E 40.7 320 53 180 204 L4 17.7 70 29 210
19 10+00N 1+70E 403 330 35 190 212 6 153 60 26.8 200
20 10+00N 1+80E 405 340 35 200 226 75 138 50 253 190
21 10+00N 1+90E 415 350 35.6 210 246 8BS 125 40 251 180
2 10+00N 2+00E 4.7 360 36 220 244 95 10.7 30 231 170
23 10+00N 2410E 421 370 37 230 249 105 89 20 222 160
24 104+00N 2+420E 4.1 3830 38.7 240 216 115 75 10 231 150
§P4 10+00N 2+30E
SP. 10+00N _3+70E

MOTES:  Shot Point 1 Digital Field File: 164.dat Source: 8 Gange Blanks (300 Grain Black Powder)

Shot Point 2 Digital Field File: 165.dat Source: Hammer
Shot Point 3 Digital Field File: 166.dat Source: Hammer
Shot Point 4 Digital Field File: 167.dat Source: Hammer

Shot Point S Digital Field File: 168.dat_Source: 8 Gauge Blanks {300 Grain Black Powder)
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Recorded: 10-8-91
Center Point: ANS# 21 =2+00N

Azimuth: W-E

0+66E

Surface Elevation:

864

ANS Seismic Refraction Spread 44
Geophone Spacing: 10 (ft)
(ft)

AVERAGE VELOCITIES: AVERAGE INTERFACE DEPTH & ELEVATION:
V1 1200 fusec 3 861 ()
V2 3387 fusec 13 851 (fv)
V3 10742 fifsec
' SP1 SP2 SP3 SP4 SPS

First First First First First

Break  Distance Break Distance  Break  Distance  Break  Distance  Break  Distance

Amival From Sp1  Amival From Sp2 Armival From Sp3 Armival From Sp4 Amival From Sp5
Geophone Station Times To Phones Times To Phones Times To Phones Times To Phones Times To Phones

& Shot Coordinates _(msec) (0 [msec) (i) (msec) (ft) {msec) (f0) (msec) (ft)

Ssr1 104+00N 2+01W
sP2 10+00N 3+41E
1 10+00N 3+SI1E 22 150 82 10 2s 115 34.7 240 429 380
2 10+00N 3+61E 32 160 104 20 214 105 33.7 230 421 370
3 10+00N 3+71E 237 170 114 30 198 95 321 220 40.8 360
4 10+00N 3+B81E 245 180 124 40 185 85 308 210 39.5 350
5 10+00N 3+91E 233 190 13.6 50 171 75 298 200 385 340
6 10+00N 4+01E 26.6 200 154 60 16.7 65 29.6 190 387 330
7 10400N 4+11E 218 210 164 70 16 55 293 180 38.1 320
8 10+00N 4+21E 29.9 220 184 80 156 45 29 170 386 310
9 10+00N 4+31E 30.7 30 184 % 14 35 282 160 316 300
10 10+00N 4+41E 313 240 194 100 12 25 276 150 36.3 290
11 10+00N 4+51E 328 250 20.4 110 94 15 26.4 140 36.1 280
12 10+00N 4+61E 327 260 211 120 48 5 255 130 3 270
SP3 10+00N 4+66E
13 10+00N 4+71E 34 270 22 130 4.6 5 255 120 342 260
14 10+00N 4+4BI1E 348 280 232 140 86 15 244 110 335 250
15 10+00N 4+91E a5 290 237 150 104 25 a7 100 328 240
16 10+00N 5+01E 36 300 4.9 160 125 35 21 90 321 230
17 10+00N 5+11E 368 310 25 170 14.6 45 204 80 30 220
18 10+00N 5+21E 378 320 265 180 165 55 192 70 29.5 210
19 10+00N S+31E 388 330 217 190 181 65 182 60 288 200
20 10+00N S+41E 40 340 289 200 198 75 175 50 284 190
21 104+00N S5+S1E 416 as0 316 210 218 85 172 0 28.1 180
22 10+00N 5+61E 421 360 312 220 2 95 148 30 211 170
23 10400N 5+71E 43.1 370 32 230 28 105 119 20 26.1 160
24 10+00N 5+81E 435 380 33 40 235 115 8.6 10 254 150
SP4 10+00N 5+91E
_SP3 10+00N__7431E
NOTES:  Shot Point 1 Digital Field File: 169.dat Source: 8 Gauge Blanks (300 Grain Black Powder)

Shot Point 2 Digita!l Field File: 170.dat Source: Hammer
Shot Point 3 Digital Field File: 171.dat Source: Hammer
Shot Point 4 Digital Field File: 172.dat Source: Hammer

Shot Point § Digital Field File: 173.dat_Source: 8 Gauge Blanks (300 Grain Black Powder)
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MARRICH INCORPORATED
Geotechnical Consultants

6000 Kaywood Road * Knoxville. Tn 37920 * Telephone (815) 573-4188

Page 1

PROPOSED ANS SITE

Line SPD 13

Monday - October 28. 1981

Field Date...... 9/27/91
Instrument Id... ES 2401
Sample Rate..... 0.10
Geophone Spacing 10

Forward Shot Station.. 2+65
Forward Shot Surf Elev 857
Reverse Shot Station.. 5+15
Reverse Shot Surf Elev 872

Forward Rock Velocity Used In Model
Rever=se Rock Velocity Used In Model

STATION

.Source
Rec.

Top Of Rock Summary "

Filter.. OUT\OUT\250
Number of Geophones.. 24

Forward Shot Depth..... 0
Forward Calc Reck Vel.. 11520

Reverse Shot Depth..... 0
Reverse Calc Rock Vel.. 10366

11520
10366
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MARRICH INCORPORATED
Geotechnical Consultants

6000 Kavwood Road * Knoxville. Tn 37920 * Telephone (615) 573-41fP"

Page 1
PROPOSED ANS SITE
Line SPD 14

Monday - October 28. 1991

“ATop 0Of Rock Summaiiil
Field Date...... 9/27/91  Crew Id...... MMES
Instrument Id... ES 2401 Source....... HAMMER
Sample Rate..... 0.10 Rec. Filter.. OUT\OUT\250
Geophone Spacing 10 Number of Geophones.. 24
Forward Shot Station.. 6+75 Forward Shot Devth..... 0
Forward Shot Surf Elev 840 Forward Calc Rock Vel.. 9668
Reverse Shot Station.. 9+25 Reverse Shot Depth..... 0
Reverse Shot Surf Elev 859 Reverse Calc Rock Vel.. 10505
Forward Rock Velocity Used In Model 9669

Reverse Rock Velocity Used In Model 10505

STATION

(ft/=sec)




E-5

MARRICH INCORPOQRATED
Geotechnical Consultants

6000 Kaywood Road * Knoxville, Tn 37820 x Telephone (615) 573-4188

Page 1
PROPOSED ANS SITE
Line SPD 15

Monday ~ October 28. 1991

" Top Of Rock Summary n
Field Date...... S/27/91 Crew Id...... MMES
Instrument Id... ES 2401 Source....... HAMMER
Sample Rate..... 0.1 Rec. Filter.. OUT/0UT/250
Geophone Spacing 10 Number of Geophones.. 24
Forward Shot Station.. 2+75 Forward Shot Depth..... 0
Forward Shot Surf Elev B52 Forward Calc Rock Vel.. 12807
Reverse Shot Station.. 5425 Reverse Shot Depth..... 0
Reverse Shot Surf Elev 841 Reverse Calc Rock Vel.. 9513

Forward Rock Velocity Used In Model = 12807
Reverse Rock Velocity Used In Model = 9513

‘TIME

ROCK DEPTH {|ASSUMED
USED

. STATION ELEV JiTO ROCK||OVB VEL

(£ft) ({£t) (ft/sec)
838 14
840 14
840 15
839 16
837 17
838 16
838 i6
837 17
836 18
836 18
837 18
837 i8
839 16
838 16
838 16
839 14
840 13
839 13
838 13
836 12
834 12
833 11
830 13




E-6

MARRICH INCORPORATED
Geotechnical Consultants

6000 Kaywood Road * Knoxville. Tn 37920 * Telephone (615) 573-418(
Page 1

PROPOSED ANS SITE
Line SPD 31
Monday - October 28. 1991

Top Of Rock Summary

Field Date...... 10/1/21 Crew Id...... MMES
Instrument Id... ES 2401 Source....... HAMMER
Sample Rate..... 0.1 Rec. Filter.. OUT\OUT\250
Geophone Spacing 10 Number of Geophones.. 24

Forward Shot Station.. 8+75 Forward Shot Depth..... 0
Forward Shot Surf Elev 852 Forward Calc Rock Vel.. 9744
Reverse Shot Station.. 11+25 Reverse Shot Depth..... 0
Reverse Shot Surf Elev 852 Reverse Calc Rock Vel.. 11920

9744
11920

Forward Rock Velocity Used In Model
Reverse Rock Velocity Used In Model

SURFACE|| ROCK DEPTH [|ASSUMED || TIME
STATION ELEV ELEV | TO ROCK|{OVB VEL }i USED
(ft) (£t) (ft) (ft/sec)

13 1000
13 1000
13 1000
13 1000
13 1000
14 1000
15 1000
17 1000
17 1000
17 1000
18 1000
i8 1000
19 1000
18 1000
18 1000
17 1000
16 1000
16 1000
16 1000
15 1000
14 1000
14 1000
13 1000
12 1000
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MARRICH INCORPORATED
Geotechnical Consultants

v, 6000 Kaywood Road * Knoxville, Tn 37920 * Telephone (615) 573-4188
4 Page 1

PROPOSED ANS SITE
Line SPD 32
Monday - October 28, 1991

= e
H Top Of Rock Summary H

Field Date...... 10/1/91 Crew Id...... MMES
Instrument Id... ES 2401 Source....... HAMMER
Sample Rate..... 0.10 _ Rec. Filter.. OUT\OUT\250
Geophone Spacing 10 Number of Geophones.. 24

Forward Shot Station.. 4+75 Forward Shot Depth..... 0
Forward Shot Surf Elev 848 Forward Calc Rock Vel.. 9653
Reverse Shot Station.. 7+25 Revers=e Shot Depth..... 0
Reverse Shot Surf Elev 840 Reverse Calc Rock Vel.. 9919

9653
9819

Forward Rock Velocity Used In Model
Reverse Rock Velocity Used In Model

SURFACE| ROCK
STATION ELEV | ELEV
(£t) || (ft)

837
834
833
831
831
829
831
831
833
833
833
831
830
828
828
830
830
830
830
830
828
830
828
829
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MARRICH INCORPORATED
Geotechnical Consultants

6000 Kaywood Road * Knoxville. Tn 37920 * Televhone (615) 573-41Ff
Page 1

PROPOSED ANS SITE
Line SPD 33
Monday -~ October 28. 1991

“ Top Of R:ck Summary ﬂ

Field Date...... 10/01/91 Crew Id...... MMES

Instrument Id... ES 2401 Source....... BETSY (BDP)
Sample Rate..... 0.10 Rec. Filter.. OUT\OUT\250
Geophone Spacing 10 Number of Geophones.. 24

Forward Shot Station.. 3+00 Forward Shot Depth..... 2
Forward Shot Surf Elev 859 Forward Calc Rock Vel.. 11774
Reverse Shot Station.. 7+27 Reverse Shot Depth..... 2
Reverse Shot Surf Elev 892 Reverse Calc Rock Vel.. 11883

11774
11893

Forward Rock Velocity Used In Model
Reverse Rock Velocity Used In Model

SURFACE

STATION ELEV
(£t)
4+00 863
4+10 864
4420 865
4+30 866
4+40 866
4+50 867
4+860 868
4470 869
4+80 862
4490 870
5+00 B71
5+10 871
5+20 874
5+30 873
5+40 874
85+50 876
5+60 877
5+70 879
5+80 879
5+90 880
8+00 881
6+10 881
6+20 882

6+30 883
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MARRICH INCORPORATED
Geotechnical Consultants

6000 Kaywood Road * Knoxville. Tn 37920 x* Telephone (615) 573-4188

Page 1

PROPOSED ANS SITE
Line SPD 34
Monday - October 28, 1991

Top Of Rock Summary

Field Date...... 10/02/91
Instrument Id... ES 2401
Sample Rate..... 0.10
Geophone Spacing 10

Forward Shot Station.. 5+00
Forward Shot Surf Elev 871
Reverse Shot Station.. 9+30
Reverse Shot Surf Elev 913

Forward Rock Velocity Used In Model
Reverse Rock Velocity Used In Model

STATION

6+00
6+10
6+20
6+30
6+40
6+50
6+60
6+70
6+80
6+90
7400
7+10
7+20
7+30
7+40
7+50
7+60
T+70
7+80
7+90
8+00
8+10
8+20
8+30

Crew Id...... MMES

.Source....... BETSY (BDP)
Rec. Filter.. OUT\OUT\250
Number of Geophones.. 24

Forward Shot Depth..... 2
Forward Calc Rock Vel.. 10098
Revergse Shot Depth..... 2
Reverse Calc Rock Vel.. 115086

10098
11508
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MARRICH INCORPORATED
Geotechnical Consultants

6000 Kaywood Road * Knoxville. Tn 37920 x Telephone (615) 573-418
Page 1

PROPOSED ANS SITE
Line SPD 35
Tuesday - October 29. 1991

nTop Of Rock Summary "

Field Date...... 10/02/91 Crew Id...... MMES

Instrument Id... ES 2401 Source....... BETSY (BDP)
Sample Rate..... 0.10 Rec. Filter.. OUT\OUT\250
Geophone Spacing 10 Number of Geophones.. 24

Forward Shot Station.. 5+00 Forward Shot Depth..... 2
Forward Shot Surf Elev 877 Forward Calc Rock Vel.. 8230
Reverse Shot Station.. 9+40 Reverse Shot Depth..... 2
Reverse Shot Surf Elev 858 Reverse Calc Rock Vel.. 10744

Forward Rock Velocity Used In Model
Reverse Rock Velocity Used In Model

9230
10744

SURFACE|| ROCE

DEPTH ||ASSUMED || TIME "

STATION ELEV ELEV TO ROCK||OVB VEL USED
(ft) (ft) (£ft/sec)

6+00 848 Auto
6+10 847 Auto
6+20 843 Auto
6+30 842 Auto
6+40 844 Auto
6+50 846 Auto
6+60 847 Auto
6+70 848 Auto
6+80 849 Auto
6+90 850 Auto
7+00 851 Auto
T7+10 850 Auto
7+20 851 Auto
7+30 851 Auto
7+40 851 Auto
7+50 852 Auto
T+60 852 Auto
7+70 851 Auto
7+80 849 Auto
T7+80 851 Auto
8+00 851 Auto
8+10 850 Auto
8+20 850 Auto
8+30 849 Auto
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MARRICH INCORPORATED
Geotechnical Consultants

e 6000 Kaywood Road * Knoxville. Tn 37920 * Telerhone (615) 573-4188

Page 1
PROPOSED ANS SITE
Line SPD 36
Tuesday -~ October 29. 1891

" Top Of Rock Summary
Field Date...... 10,/03,/91 . Crew Id...... MMES
Instrument Id... ES 2401 Source....... BETSY (BDP)
Sample Rate..... 0.10 Rec. Filter.. OUT\OUT\250
Geophone Spacing 10 ’ Number of Geophones.. 24
Forward Shot Station.. 6+50 Forward Shot Depth..... 2
Forward Shot Surf Elev 857 Forward Calc Rock Vel.. 11744
Reverse Shot Station.. 12400 Reverse Shot Depth..... 2
Reverse Shot Surf Elev 864 Reverse Calc Rock Vel.. 11085

Forward Rock Velocity Used In Model = 11744
Reverse Rock Velocity Used In Model = 11085

’ STATION I

8+00
8+10
8+20
8+30
8+40
8+50
8+60
B+70
8+80
B8+90
9+00
g+10
8+20
9+30
9+40
9+50
9+60
9+70
S+80
8+90
10400
10+10
10420
10+30
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MARRICH INCORPORATED
Geotechnical Consultants

8000 Kaywood Road * Knoxville,

Tn 378

20 * Telephone (615) 573-41"

PROPOSED ANS SITE
Line SPD 37
Monday - October 28,

1991

l=Top Of Rock Summary u

Field Date...... 10/04/91
Instrument Id... ES 2401
Sample Rate..... 0.10

Geophone Spacing 10

Forward Shot Station.. ~-2+00
Forward Shot Surf Elev 848
Reverse Shot Station.. 3+27
Reverse Shot Surf Elev 861

Forward Rock Velocity Used In Model
Reverse Rock Velocity Used In Model

STATION l

~0+50
-0+40
-0+30
-0+20
~0+10
0+00
0+10
0+20
0+30
0+40
0+50
0+60
0+70
0+80C
0+90
1+00
1+10
1+20
1430
1+40
1+50
1+60
1+70
1+80

Number

....... BETSY (BDP)

ARec. Filter.. OUT/OUT/250

of Geophones.. 24

Forward Shot Depth.....
Forward Calc Rock Vel..
Reverse Shot Depth.....
Reverse Calc Rock Vel..

11801
11716

Page 1

0
11801
0
11716
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MARRICH INCORPORATED
Geotechnical Consultants

o, 6000 Kaywood Road * Knoxville. Tn 37920 % Telephone (615) 573-4188

Page 1
PROPOSED ANS SITE
Line SPD 38
Monday - October 28, 1881
Top Of Rock Summary "
Field Date...... 10/04,/91 Crew Id...... MMES
Instrument Id... ES 2401 Source....... BETSY (BDP)
Sample Rate..... 0.10 . Rec. Filter.. OUT\OUT\250
Geophone Spacing 10 Number of Geophones.. 24
Forward Shot Station.. 86+50 Forward Shot Depth..... 2
Forward Shot Surf Elev 841 Forward Calc Rock Vel.. B466
Reverse Shot Station.. 11+80 Reverse Shot Depth..... 2
Reverse Shot Surf Elev 847. Reverse Calc Rock Vel.. 15846

Forward Rock Velocity Used In Model = B468
Reverse Rock Velocity Used In Model =

ROCK
STATION ELEV
(££) (ft)
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MARRICH INCORPORATED
Geotechnical Consultants

6000 Kaywood Road * EKnoxville. Tn 37920 x Telephone (815) 573-418f

Page 1
PROPOSED ANS SITE
Line SPD 39

Monday - October 28. 1981

"ﬁTop Of Rock Summary
Field Date...... 10/04/91 Crew Id...... MMES
Instrument Id... ES 2401 Source....... BETSY (BDP)
Sample Rate..... 0.10 Rec. Filter.. OUTN\OUT\250
Geophone Spacing 10 Number of Geophones.. 24
Forward Shot Station.. 0+83 Forward Shot Depth..... 2
Forward Shot Surf Elev 843 Forward Calc Rock Vel.. 13041
Reverse Shot Station.. 6+13 Reverse Shot Depth..... 2
Reverse Shot Surf Elev 882 Reverse Calc Rock Vel.. 108970

Forward Rock Velocity Used In Model = 13041
Reverse Rock Velocity Used In Model = 10970

ROCK DEPTH || ASSUMED
ELEV TO ROCK|{OVEB VEL
(ft) (ft) (ft/sec)

17

STATION
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MARRICH INCORPORATED
Geotechnical Consultants

8000 Kaywood Road % Knoxville. Tn 37920 x Telephone (615) 573-4188
Page 1
PROPOSED ANS SITE
Line SPD 43
Tuesday - October 29. 1991
e
Top Of Rock Summary
Field Date...... 10/8/91 Crew Id...... MMES
Instrument Id... ES 2401 Source....... BETSY (BDP)
Sample Rate..... 0.10 Rec. Filter.. OUT/0UT/250
Georhone Spacing 10 Number of Geophones.. 24
Forward Shot Station.. -1+00 Forward Shot Depth..... 2
Forward Shot Surf Elev 849 Forward Calc Rock Vel.. 14157
Reverse Shot Station.. 3+70 Reverse Shot Depth..... 2
Reverse Shot Surf Elev 855 Reverse Calc Rock Vel.. 8737
Forward Rock Velocity Used In Model = 14157
Reverse Rock Velocity Used In Model = 9737
SURFACE|| ROCK
STATION ELEV ELEV
(ft) '
L. =
[-0+10 870 Auto
0+00 870 Auto
0+10 870 Auto
0+20 870 Auto
0+30 870 Auto
0+40 870 Auto
0+50 869 Auto
0+60 869 Auto
0+70 869 Auto
0+80 868 Auto
0+80 868 Auto
1+00 887 Auto
1+10 Bee Auto
1+20 865 Auto
1+30 Auto
1+40 Auto
1+50 Auto
1+60 Auto
1+70 Auto
1+80 Auto
1+80 Auto ]
|2+OO Auto
2+10 Auto
2+20 Auto
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MARRICH INCORPORATED
Geotechnical Consultants

6000 Kaywood Road * Knoxville. Tn 37820 x Telephone (615) 573-418¢F
Page 1

PROPOSED ANS SITE
Line SPD 44
Tuesday - October 29. 1991

Top Of Rock Summary "

Field Date...... 10/8/91 Crew Id...... MMES

Instrument Id... ES 2401 Source....... - BETSY (BDP)
Sample Rate..... 0.10 Rec. Filter.. OUT/0UT/250
Geophone Spacing 10 Number of Geophones.. 24

Forward Shot Station.. 2+01 Forward Shot Depth..... 2
Forward Shot Surf Elev 858 Forward Calc Rock Vel.. 10628
Reverse Shot Station.. 7+31 Reverse Shot Depth..... 2
Reverse Shot Surf Elev 879 Reverse Calc Rock Vel.. 13461

10628
13461

Forward Rock Velocity Used In Model
Reverse Rock Velocity Used In Model

, STATION ’

ROCK

SURFACE
ELEV ELEV [|TO ROCK|OVB VEL || USED

(£t) (£ft) (ft) (ft/sec)
3+51 855 845 10 1000 Auto
3+61 856 845 10 1011 Auto
3+71 856 846 10 1022 Auto
3+81 857 847 10 1033 Auto
3+91 858 847 10 1043 Auto
4+01 859 847 11 1054 Auto
4+13 860 848 12 1065 Auto
4+21 861 848 13 1076 Auto
4431 862 848 13 1087 Auto
4+41 863 850 13 1098 . Auto
4+51 863 849 14 1109 Auto
4+61 864 - [l851 13 1120 Auto
4471 8686 852 14 1130 Auto
4+81 866 852 14 1141 Auto
4+91 866 852 14 1152 Auto
5401 866 852 14 1163 Auto
5+11 887 854 13 1174 Auto
5+21 868 854 14 1185 Auto
5+31 868 854 14 1196 Auto
5+41 869 854 15 1207 Auto
5+51 869 853 ié 1217 Auto
5+61 869 854 i6 - 1228 Auto
5+71 870 854 16 1239 Auto

5+81 870 854 18 1250 Auto
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ACHW Job No. . ; BORING LOC DATA INFORHATION Date: so- 27-9%i
% pe, 74975,
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SCOPE OF SEISMIC REFRACTION SURVEY
AT THE PROPOSED ANS SITE
September 5, 1991

Anticipated Schedule:

Field Work September 16 to October 7,1991 - Report will be due by October 31, 1991.

The seismic refraction survey at the proposed ANS site will incorporate two methods, station and
profile. The equipment will be the same for both methods: EG&G ES2401 24 channel seismograph as the
recording instrument, one 290’ land cable with 24 SMWW takeouts at 10 foot intervals, 24 geophones(10-
14Hz), and a Betsy Downhole Percussion Firing Rod with 8 gauge, 300 grain black power blank shells as
the energy source.

Top-of-rock will be defined by a velocity and may not be tied to specific-geologic "contact”.

STATION METHOD:

This method involves centering the geophone cable at the desired point of investigation and recording
the data from shots at 10’ offsets from each end, to provide both forward and reverse records. This will
provide an average depth to rock beneath the point half way between geophones 12 and 13. The top-of-
rock data from this method will be used to produce a contour map of the average top-of-rock
surface(1"=100" horizontal scale, 5-foot contour interval) for the proposed ANS site. The specific points
of investigation will be the following:

Borehole locations 10 through 34;

16=200+00E; 17=200+00E; 21=2004-00N; 21=200+00E,200+00N;
22==200+00N; 22=200+00E,200+00N;  23=200+00N; 21=200+00E;
22=200+00E; 26=200+00N; 26=200+00E,200+00N;  27=200+00N,
27=200+00E,200+00N; 28=200+00N; 26=200+00E; 27=200+00E.

This will give 41 "seismic” top-of-rock elevation points.
PROFILE METHOD:

This method involves continuous geophone coverage over a straight line for a pre-defined distance. The
object being to provide a top-of-rock elevation point under each geophone location(every 10 feet), thus
producing a top-of-rock profile of the line covered by the geophones. This profile should have a resolution
of 20 feet, that is, be able to define a geologic structure 20 feet or larger in size. The lines of investigation
will be the following:

1) west to east line to run from 20=200+90E to 23=100+20E;

2) north to south line to run from 22=100+10N to 32=200+80N;

Each of the two lines will be 1030 feet long, providing 103 "seismic” top-to-rock elevation points each. To
cover 1030 feet will require five cable moves, four geophone overlap with every move. At each move five
shots will be recorded; two shots 160 feet from each end(forward and reverse), two shots 10 feet from each
end(forward and reverse), and one shot between geophones 12 and 13.
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SCOPE OF SEISMIC REFRACTION SURVEY
AT THE PROPOSED ANS SITE
September 5, 1991

FINAL REPORT:

Brief discussion of field methods

Brief discussion of processing methods

Brief discussion of results

Contour map of top-of-rock (1"=100" scale, 5-ft contour interval)
Two top-of-rock profiles (1"=100" horizontal scale)

Tables of both, arrival times and calculation results
Time/Distance plots of all spreads

Procedures for data acquisition, processing and reducing

Copies of raw field printouts
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Title: PROCEDURE FOR SEISMIC REFRACTION SURVEY
AT THE PROPOSED ANS SITE
April 10, 1991

Though this procedure is intended to be as complete as possible, site conditions may warrant varying from
this procedure. Variations from this procedure will be recorded in the daily field log.

Purpose of Seismic Refraction Survey

To obtain general bedrock topographic configuration over the 2000 x 2000-foot site area. The survey
will be performed in two phases. Phase 1 - depth to bedrock will be performed nominally on a 400-foot
grid over the entire site, with 200-foot grid interval in area projected to site structures. Phase II will consist
of 2 each 800-foot seismic profile lines providing detailed top-of-rock information in area immediately
adjacent to borehole #22.

Anticipated Results of Seismic Refraction Survey

Data 1o be provided as top-of-rock elevation contour map of area and two (2) profile sections. Top-of-
rock will be defined by a velocity and may not be tied to specific geologic "contact”, even with drill control.

Elements of Procedure Discussed

1. Background - purpose, anticipated results
2.  Required equipment
3.  Pre-survey preparation
4.  Field set up - Station or Sounding Mode
5.  Field set up - Profiling Mode
6. Data Reduction
7.  Data Presentation
8. Quality Assurance
Eguipment

Betsy Downhole Percussion Firing Rod and 300-grain encapsulated shells; 2-foot x 2-foot x 1/2 inch
plywood shield; operating manual.

EG&G Geometrics ES2401 Digital Seismograph - 24 channel; operating manual.

One each 24-takeout, 10-foot centers seismic Jand cable, and adapter cable is needed - if conditions
are marsh, then appropriate marsh cables and phones may be warranted.

Twenty-six each (8 - 14 Hz) land geophones with appropriate connectors.

Trigger switch and minimum of 250-feet of trigger cable - compatible with EG&G ES2401
Seismograph and Betsy Firing Rod (and additional 500-foot trigger cable may be required for

profiling mode).
Title: PROCEDURE FOR SEISMIC REFRACTION SURVEY
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AT THE PROPOSED ANS SITE

Auger with 1-1/2 inch diameter- 24 inch-long auger stem or rolled steel ROD with sledgehammer -
to provide shot holes for Betsy Downhole Percussion Rod.

Safety Equipment - safety shoes, goggles or face shield, hardhat, ear plugs, gloves.

Miscellaneous - hand level, CB radios (1 for each crew member), field notebooks, computer disks,
seismic recording paper, maintenance tool kit, 300-foot fiberglass survey tape.

Procedure

1.

PRE-SURVEY SET UP

Check out all equipment prior to going into field - assure all equipment is operable and
compatible.

Determine how equipment is going to be transported infield - assign by task (i.e. keep all shot
equipment together).

Keep equipment together after check out - allow time daily for maintenance and cleanup of
equipment - document all maintenance.

Field crew should be familiar with equipment - may require spending 1st day in field as
training session - each field crew member should read vendor manuals regarding field
operation and safety procedures or be properly instructed.

Obtain field maps; establish grid numbering system.

FIELD SET UP (STATION OR SOUNDING MODE)

After arriving at the station to be surveyed, the geophone cable is stretched out with the
station stake located midway between geophone takeouts #12 and #13 unless field conditions
prohibit - cable orientations should be varied to help eliminate always recording parallel or
perpendicular to geologic strike - line orientations should be selected to allow as little
elevation variation as possible.

The seismic cable should be as straight as possible so that the geophones can be placed using
the takeouts as reference - however if site conditions warrant - a fiberglass survey tape may
be required to accurately space geophones.

Twenty-four geophones are laid out and one is connected to each takeout on the cable,
keeping the connectors dry. The geophones "plant” should be in a straight line and vertical

and well coupled with the ground. Sandbags may be used and/or the upper several inches of
topsoil removed to improve coupling and minimize air shock.

Title: PROCEDURE FOR SEISMIC REFRACTION SURVEY
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10.

AT THE PROPOSED ANS SITE

The ES2401 operator hooks up seismic land cable to the seismograph and checks for
continuity and leakage and "noise”. The operator relays by CB radio, which geophones need
reconnecting or drying off and/or replanting and rechecks system. Once line is ready for

. shooting - crew members should remain away from it to insure not getting tangled and

disconnecting or damaging cable or geophones. Instrument recording parameter will be
determined during first day of field work - may have to be modified as required.

Measure 10 feet off end to the first shot point, deploy Betsy equipment and shot cord. Shot
cord should be away from seismic land cable to minimize chance of interference and tangling
of lines. After trigger is connected to one end of the shot cord and the other connected to
the seismograph - a test should be performed prior to shooting with a shell - if system triggers,
then ready to continue - if not, determine cause of malfunction and fix.

Shot hole is augered (with auger or steel rod) to a depth of 24 inches, encapsulated shell is
attached to rod (after checking that firing safety is on) and rod placed in shot hole. The Betsy
operator determines if the area is safe for shooting and informs the seismograph operator;
field crew reminded to remain still during shooting - this may be important especially if the
entire field crew is not visible due to line length, elevation or vegetation.

With coordination with seismograph operator, the shooting operator will release firing safety
and detonate shell - following vendor manual and safety instructions. When the seismograph
is "armed” care should be taken not to cause erroneous triggers as this will degrade the data.
If stacking is required, a judgement made by the seismograph operator, then reset safety and
reload. If in the stacking mode, care should be maintained to not allow erratic triggering of
the system - this may result in re-shooting.

After final stacking of shots, the seismograph operator will print the record to a disk file and
to the field printer. The operator will annotate the disk file as required by the seismographs’s
software menu and also, label the paper record with the date, line number, shot location, and
filename.

Follow items 5, 6, 7 and B at each shot location - with a minimum of two shot locations off
the ends of each line (forward and reverse).

Care should be taken to shoot and record during the quietest possible times - the crew should
be away from the line and listening for cultural noise (cars, airplanes, etc) and wind noise -
remember that all of these factors excite the geophones and cause degradation of signal. An
acceptable record should exhibit quality data by not incorporating excessive noise and not
requiring maximum equipment gains.

Title: PROCEDURE FOR SEISMIC REFRACTION SURVEY
AT THE PROPOSED ANS SITE
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11. The seismograph operator will physically walk the line and record in field notebook: date, line
number, orientation, relative geophone elevation, and any other pertinent information (e.g.
geophone position relative to potential interference or grid location, weather conditions, etc.)

FIELD SET UP PROFILING MODE

The survey. field set up and procedures will stay basically the same for the two (2) proposed profile lines
except as follows:

1.  Geophone #1 will always be the most westerly or northerly geophone of each seismic spread.
There will be a three geophone overlap between spreads for time correlation control. Care
must be taken not to disturb these three geophones when moving the seismic cable to next
position.

2. Initial field shooting parameters require a minimum of five shot locations per seismic spread:
two at 150-feet and two at 10-feet off ends, and one midway between geophones #12 and
#13. The two at 150-feet may be changed depending on the testing performed during first
profiling day (energy attenuation may be excessive).

3.  Same safety and field procedures as for sounding surveys applies.
Data Reduction

It is imperative that the seismic refraction data be reviewed and preliminary data reduction performed on
a daily basis. This is not only an economic consideration but is necessary to provide necessary quality
control and proper maintenance of survey parameters.

1. Preliminary data reduction begins with review of the analog record (on the seismograph screen
or printed copy) by the operator.

2. Daily the data will be downloaded from the seismograph to diskettes. A backup copy of the
diskettes will be made. One diskette will remain at ORNL and one copy will be used for
subsequent data reduction. Copies of the field printer records will be made daily to aid in
data reduction (originals will remain at ORNL).

3.  Copies of all field data sheets will be made daily and originals kept at ORNL.

4.  Theseismic data will be processed using an industry-accepted method (Generalized Reciprocal
Method - GRM; Time/Intercept - TL; or some combination of these methods - which specific
method will be dependent on the recorded data, purpose - sounding vs profiling). The
methods used will be documented in the accompanying project report.

Title: PROCEDURE FOR SEISMIC REFRACTION SURVEY
AT THE PROPOSED ANS SITE

5. Data processing sequence: Copies of raw seismic field data (720K, 3.5" diskette), analog
records, and field information (e.g. geophone elevations and locations, shot info) provided
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daily. .
1- Digital data transferred to picking routine format

2- Elevations of each geophone determined and merged with shot information.
Digital trace file created for each seismic spread

3- Seismic trace from each geophone reviewed and time of first arrival picked and

merged with trace file
4- Data plotted as Time/Distance plot (1"=100 feet horizontal scale) and reviewed

5- Arrivals assigned to proper layers (maximum of 3 or 4 layers)
6- Time/velocity/depth section information calculated
7- Top-of-rock information plotted manuailly on site map

6.  Results of data reduction discussed with field survey crew

Data Presentation
The top-of-rock configuration data obtained from the seismic refraction survey will be presented as follows:

1.  Contour map of top-of-rock surface based on the sounding data: 1 inch = 100 feet scale and

5-foot contour interval.
2.  Two top-of-rock profile plots at 1 inch = 100 feet horizontal scale.

Quality Assurance

Though this survey is performed for an economic evaluation of the site and does not provide engineering
parameters, it is imperative that the appropriate level of quality assurance is applied. The data acquired
must be the best possible, under the time and cost constraints associated with its usage, it does not have
to be tied rigidly with such ASTM, or similar, standards as would engineering-related data.

There is quality control inherent in the varying orientation of the seismic lines, the recording of forward
and reverse information, the documentation of field procedures, including the recording of geophone
specific information previously discussed, and with the daily review of the data and modifying field
procedures as required.

It is recommended that one station be kept intact for reference for future refraction work if performed.
This location could then be surveyed by subsequent seismic contractors to minimize equipment/technique
variations.
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E=SEISGUN £S0URCE

US. Patant Numbers 4223759, 4334581, 4354572
4359131 » UKGB 2035556 B  Canade 1145838

B

BETSY DOWNHOLE SEISGUN SOURCES (Patent Pending)

Betsy downhole seismic energy sources use common shot shells
in disposable, inexpensive plastic capsules to achieve maxi-
mum energy output of these shells which are safe, economical,
unrestricted, packaged power in a variety of sizes and loads,
readlily available and well suited for many types of selsmic
surveys with objectives down to seversl thousand feet.

Energy efficlency of encapsulated and exploded shot shells
approaches 100%, compared to as little as 20% for some gun-
fired projectiles and even less for no-barrel devices in
which the shell primer blows projectile, wad and propellant
out of the shell casing with near total wastage of the pro-
pellant, which must be seversly confined, as in a long gun
barrel or strong-walled capsuls, to induce heat and pressure
required for complete propellant burn and energy release.

Shell capsules are i inches/10 cm in length; 1.5 inches/li em
in dlameter; can be loaded down a slim shot hole; will acco-
modate the Remington R21IMM 8-gauge seismic electric shell or
percussion shells of 8-gauge, l2-gauge and .10 caliber.

Electric and percussion firing methods include sleeve, holder
and seal accessories which permit open muzzle downhole shell
fire without capsules; wired capsules which can be lowered to
any hole depth; threaded connectors with which multiple cap-
‘'sules may be coupled together and fired in sequence, with
shot initiation by electric blaster or percussion hammer,

Shortest sequential ghell-to-ghell firing times average, by
chronograph timing, one-third millisecond in standard l~inch
capsule/connector firing pin assemblies,.

Assemblies of other lengths can be provided for sequential
shot firing at propagation velocities from below 500 ft/sec,
152 m/sec, and up. Experience to date indicates optimum
results are obtained if sequential shot propagation velocity
1s about Li/5's the velocity of the surrounding medium.

Winchester UW12BL l2-gauge percussion black powder blank is
shell of choice for most energy at least cost, plus usually
apparent wider selsmic bandwidth, believed due to highly
efficlent energy transfer into elastic radiation from black
povder explosion at a velocity of 1800 ft/sec, 549 m/sec.

“ BETSY SEISGUN INC.

P.O. Box 471143 Tulsa, OK 74147-1143 US.A. (918) 622-6865 Telex: 796374 HQ TUL
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Firing Method No. 3 - Betsy Downhole Percussion (BDP) PFiring Rod

Loading:

1. Slip 8-gauge percussion shell, head up,

into capsule.
(12-gauge or .410 percussion shells,
with bushings, can be used with a BDP rod.)

2. Screw capsule firmly onto rod; shell head
must be in firm contact with rod bottom.

3. Lower loaded rod into hole; tamp hole.

b. Fire by vigorous hit downward on rod
striker head, top of rod, with rubber
mallet,

5. Retrieve rod. :

BDP Piring Rod

Tenite sleeve
(optional)

SAFETY FIRST
l. NEVER detonate a loaded
capsule above ground,

2. NEVER leavs a loaded capsule
on an uwnattendsed rod that is
not in a shot hols.

3. NEVER leave a loaded capsule
on 2 rod that is being trans-
ported or stored.

4. NEVER retrieve or remove a
capsule that did not fire
until after counting from
ons to ten, slowly.

5. NEVER drop or strike a loaded percussion capsule
on rod bottom. A severe jolt can activate the
spring-held plunger rod and firing pin.
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Piring Method Nos 3 - Betsy Downhole Percussion (BDP) Firing Rod

Loading 12-gauge shell:

1. Slip bushing ring up tc rim of shell head.
(Shells are shipped with ring in place.)

2. Insert shell into tenite sleeve and 1lnto

li=inch capsule.

3. écrew capsule firmly onto BDP rod,
Shell head must be in firm contact

with rod bottom.

Tenite sleeve

4=inch/10=cm
capsule

bottom end

Shell
head

Winchester UW12BL l2-gauge blank:
165 grains of black powder with
30,622 joule/22,600 ft-lbs energy.

Recommended for UW1Z2BL shots:
Minimum hple depth 2,5-rt/75-cm.
Firm tamp. :
Hole cover of thick coco mat

or similsr material, if needed,

SAFETY FIRST
detonate a loaded ompsule above ground,

NEVER leave a loaded capsule on an unattended
rod that 1s not in & shot hole.

" REVER leave a loaded capsule on a rod that is

being transported or stored.
NEVER retrieve or remove a capsule that did
not fire until after a mimite or more.,
NEVER drop or strike a loaded percussion cap-
sule on rod bottom, because a gevere
Jolt can activate the spring-held

plunger rod and firing pin,.
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Open Muzzle Firing - Holder and Sleeve Assemblies - BDP Rod

)/——Shells:
slug,
pellets
or
blank ™

12~gauge
sleeve
(steel)

sleeve
(tenite)
{optional)

Sleeves:
stainless steel,
410 cal and 12-gauge;
tenite plastic for
8-gauge (optional).

——Plagtic disk seal:
‘*fits into sleeve
holder bottom;
optional for dry holes;
essentlial for wet holes.

———Sleeve holder:
stainless steel, kmurled finish;
holds any one sleeve and shell,
screws onto BDP rod bottom.
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Betsy Downhole Percussion (BDP) Firing Rod Assembly

-Enlarged
Detall

Neoprene cap
striker head

—Striker head

cover
—— Washer/upper
(Light grease
on spring) . Spring
( o / [ | j 32— Washer/lower
Hand grips/ " ‘ Plunger rod
to lower ang life _ : housing
firing ro '
' 3 Numbers show ' ,
— depth of shot : : Plunger
in feet, one side; ‘ ; rod
in meters, other . '
side, at 10 cm i
intervals., . .d
Scale OPERATION
Break o '
1. Check striker head spring action
8patter shleld to make sure firing pin is
of flexible retracted Just inside plunger
neoprens, K housing at bottom of rod.
moveable up 2. Screw capsule containing percus-
and down,/ ; sion shell onto bottom of rod.
covers : : ﬁ. Lower rod into hole; tamp hole.
shot . Hit downward, with vigor, on
hole \ ' top of striker head with rubber
headed mallet to fire shell.
. S. Withdraw rqd from shot hole.
i ’
Pipe
and
housing
are ,
nickle Plunger
plated housing
Tamp ring
: (optiona.l)\ O-ring
Shell capsule o
is screwed onto (Light lube
bottom end on plunger) Firing pin
plunger
Scale: W
°o 1 2 3 y 5 fj: inches Firing a;:::;z"ene
"b]"l | 2y I ) MJANEEE {b i pin.
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Betsy Downhole Percussion (BDP) Firing Rod
Hammer and Switch Recommendations

©)

Bore a hole of suitable size
into or through the rubber head
of the striker mallet or hammer.

Insert the hammer switch inte the
hole and secure with sealant or
several wraps of tape. -

, on

Tape the swlitch wire to the handle
of the mallet or hammer.

<
® 9 ® ©

Hit the BDP striker head with a

C ? ‘ vigorous heavy blow of the mallet.
A wesk light blow will only dent
the percussion shell primer, after

(D) which, dented, the shell cannot

usually be detonated.

onto the rod hand grips,
percussion or electric rods,

) It is not necessary to hold

when detonating a shot,
although recoll is slight

in a well tamped hole because
the encapsulated shells
explode spherically divergent,
not directionally downward as
in a gun barrel.

| w

Shots in very shallow or hard
rock holes will, of course,
G.1 6’resm.lt in more rod recoil.




Betsy Downhole Rods and Capsules - General Recommendations

Meters Feeot
1.1 —

— 3.5

1.0 ""‘1
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.8—'

== 205
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6 — 2.0

o5 —
— 1.5

0 —

Meters|Feeot

EDE .-
Rod BDP

Rod

C D -

A ;
Minimum depth of 18 inches/II5 cm recormended
to top corl c,harge in well tamped hole, the wetter the better

If additional holddown weight 1s needed for rods,
hang a we:!lgrted shell bag on the hand grip T-bar.

Multiple EDE rods, to fire in unison, require parallel
connectlons; 50 VDC per rod; 50 Ohm, 5 Watt resistor
at hookup of each rod recommended. ,

Nickle pla!hel finish on rods prevents rust but high pressure.
gas blast 1s highly corrosive inside rod plunger housing.
Remove plunger housing periodically, clean and grease
plunger, and inside of plunger housing. Protect;plunger
housing threads when not in use with thread protector
provided; keep threads greased when rod is not in use.

Hole of 2-inch/S em ID
will easig.y accomodate
capsules of 1.5 in/li em OD.




SHALLOW SHOT HOLDDOWNS:

Capsule shots at hole depths of one foot or less, because of
rocky soil, frozen ground, etc., may result in unwanted blow

out and blast nolse, e

A coco fiber door mat, usually available at any dliscount store,
is an efficient and economical and long wearing hole cover,

holddown and muffler.

For use with a firing rod: Cut a 2-inch diameter hole 1ln the
center of the mat; insert the rod thru the mat and into the
shot hole; tamp the hole; slide the mat and spatter shield
down the rod, with the mat on the ground, the spatter shield

on top of the mat,

For use with wired capsules: Plant the wired capsule 1ln the
shot hole; tamp the hole; place the mat over the shot hole;
place a heavy object, if avallable, on top of the mat, The
best mat weight is a steel plate, l-ft d.iameter aui‘ficient,

on which a helper can sta.nd

- - -

CHARGE TAMPING: . S PR

Detonation of type ezplosive cha.rga ina void lessens
energy propagation because of poor ground couple.

The smaller the diameter of tho shot hole, the better for
good ground couple. A 2-inch diameter shot hole is recom-
mended.for Betsy capsules, )

Firm dirt tamp above the capsule is essential. Hator poured
downhole onto the tamped capsule will improve holddown,
ground couple and energy propagation. . 4
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