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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 ( A N S )  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 A N S  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. 

1 
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1. INTRODUCTION 

.- .. . 

1.1 LOCATION AND DESCRIPTION 

The A N S  preferred site located on the US. 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 areas. 

12 SITE GEOLOGY 

The A N S  site is located in the Tennessee section of the Valley and Ridge 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 location map. 
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Fig. 1.2. Site topographic base map. 
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2 SETSMIC REFRACTON SURVEY DESC€UPTION 

21 OBJEcrrVEs 

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 A N S  Phase I drilling program3 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 I. 
borehole #10 (Plate 1). 

22 SEISNIC REFRACIION 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.4 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 A N S  

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 A N S  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. 
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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 Hi, 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 fi 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 DataReduction 

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). 



9 

I 

Velocity and depth information presented as 
tables, maps, and/or profiles 

i 

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

Data transferred to hard disk 

I Data reformatted for processing using RFTRANS 

First breaks picked using FWPICK 

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

I 
I 

ITM 

(Intercept Time Method) 
Data manually plotted, layer 

velocities and intercept 
times calculated 

Depth to seismic interfaces 
calculated using formulas 

developed by Mooney 

4 
SISRED 

(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) 

Quality Control 

Fig. 2.1. Data processing flowchart. 
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REPICK' 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 SISRED6 (in the case of profile method 

processing). The SISRED program is similar to the familiar Generalized Reciprocal Method 

(GRM)7 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 A N S  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 SETSh%IC REFRAClTON SURVEY 

I T M  (station method) results defme three seismic layers at the site: an upper layer from 

0 to 5 ft with P-wave velocities from 1200 to 1450 ft/s (Vl), an intermediate layer with P-wave 

velocities from 2000 to 6300 ftfs (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 9OOO 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 andlor 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 fth. 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 profde 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 ITM 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. 

32mmuRMAps 

A topographic contour map using only the surface elevations of the center points of each 

refraction spread (taken horn Table 3.9 ,  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 3.9 ,  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.I2 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 VZV3 

elevation for each topographic data point that did not have a corresponding measured V2-V3 

elevation data point. 

3 3  COMPARISON OF DRILL DATA W1;TH SEISMIC REFRACTON RESULT3 

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 A N S  preferred 

site.’ Included in the ERCEDGe 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 VZV3 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 i 1 ms), and interpretation (velocity calculations and\or 

assumptions), when combined, are estimated to give the depth calculation an accuracy to 

within 4 ft. 
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Table 3.1 Profile 1 Data 

SPREADS 37.39. 13.33, and 34 
Depth Elesat ion 

Geophone Northing Easting Elevation Interface Interface 

Surface to V2-V3 of V2-V3 

fR) fft l  f ft) f ftl f ft'l 
SPD 37 1 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

SPD 39 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

SPD 13 1 

17755 
17755 
17755 
17755 
17755 
17755 
17755 
17755 
17755 
17755 
17755 
17755 
17755 
17755 
17755 
17755 
17755 
17755 
17755 
17755 
17755 
17755 
17755 
17755 
17755 
17755 
17755 
17755 
17755 
17755 
17755 
17755 
17755 
17755 
17755 
17755 
17755 
17755 
17755 
17755 
17755 
17755 
17755 
17755 
17755 
17755 
17755 
17755 
17754 

36030 
36040 
36050 
36060 
36070 
36080 
36090 
36100 
36110 
36120 
36130 
36140 
36150 
36160 
36 170 
36180 
36190 
36200 
36210 
36220 
36230 
36240 
36250 
36260 
36312 
36322 
36332 
36342 
36352 
36362 
36372 
36382 
36392 
36402 
36412 
36422 
36432 
36442 
36452 
36462 
36472 
36482 
36492 
36502 
36512 
36522 
36532 
36542 
36355 

845 
844 
843 
843 
842 
841 
841 
841 
842 
842 
842 
842 
843 
843 
844 
844 
845 
845 
846 
846 
847 
848 
849 
851 
856 
856 
857 
857 
858 
859 
859 
860 
860 
861 
861 
861 
861 
862 
862 
862 
863 
863 
864 
865 
866 
867 
868 
868 
858 

11 
11 
11 
11 
10 
11 
11 
11 
13 
14 
12 
13 
12 
12 
12 
12 
12 
12 
13 
13 
14 
14 
13 
12 
17 
18 
17 
19 
20 
19 
18 
17 
16 
16 
16 
16 
16 
16 
15 
14 
14 
15 
14 
13 
14 
14 
13 
14 
17 

834 
833 
832 
832 
832 
830 
830 
830 
829 
828 
830 
829 
83 1 
83 1 
832 
832 
833 
833 
833 
833 
833 
834 
836 
&?9 
839 
838 
840 
838 
838 
840 
841 
843 
844 
845 
845 
845 
845 
846 
847 
84a 
849 
848 
850 
852 
852 
853 
855 
854 
841 
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Table 3.1 (continued) 

Depth Elevation 

Surface to v2-v3 of v2-v3 

Geophone Northing Easting Elevation Interface Interface 

(ft) (ft) (ft) (fr) (ft) 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

SPD 33 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

SPD 34 1 
2 
3 

17754 
17754 
17754 
17754 
17754 
17754 
17754 
17754 
17754 
17754 
17754 
17754 
17754 
17754 
17754 
17754 
17754 
17754 
17754 
17754 
17754 
17754 
17754 
17755 
17755 
17755 
17755 
17755 
17755 
17755 
17755 
17755 
17755 
17755 
17755 
17755 
17755 
17755 
17755 
17755 
17755 
17755 
17755 
17755 
17755 
17755 
17755 
17755 
17755 

36365 
36375 
36385 
36395 
36405 
36415 
36425 
36435 
36445 
36455 
36465 
36475 
36485 
36495 
36505 
365 15 
36525 
36535 
36545 
36555 
36565 
36575 
36585 
36480 
36490 
36500 
36510 
36520 
36530 
36540 
36550 
36560 
36570 
36580 
36590 
36610 
36620 
36630 
36640 
36650 
36660 
36670 
36680 
36690 
36700 
367 10 
36678 
36688 
36698 

859 
859 
860 
860 
861 
861 
861 
861 
862 
862 
862 
863 
863 
864 
865 
866 
867 
868 
868 
869 
870 
871 
87 1 
863 
864 
865 
866 
866 
867 
868 
869 
869 
870 
871 
87 1 
873 
874 
876 
877 
879 
879 
880 
881 
881 
882 
883 
881 
881 
882 

17 
18 
16 
17 
16 
16 
16 
17 
16 
16 
15 
16 
15 
14 
14 
15 
14 
15 
15 
14 
13 
13 
12 
14 
14 
14 
15 
15 
16 
17 
18 
19 
19 
19 
19 
19 
21 
22 
21 
21 
22 
22 
23 
23 
21 
21 
23 
24 
22 

842 
841 
844 
843 
84.5 
845 
845 
844 
846 
846 
847 
847 
848 
850 
85 1 
85 1 
853 
853 
853 
855 
857 
858 
859 
849 
850 
85 1 
85 1 
851 
85 1 
85 1 
85 1 
850 
851 
852 
852 
854 
853 
854 
856 
858 
857 
858 
858 
858 
861 
862 
858 
857 
860 
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Table 3.1 (continued) 

Depth Elevation 

Surface to V2-V3 of V2-V3 

Geophone Northing Easting Elevation Interface Interface 

(ft) (ft) (ft) (ft) (ft) 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 

22 

23 

24 

17755 

17755 

17755 

17755 

17755 

17755 

17755 

17755 

17755 

17755 

17755 

17755 

17755 

17755 

17755 
17755 

17755 

17755 

17755 

17755 

17755 

36708 

367 18 

36728 

36738 

36748 

36758 

36768 

36778 

36788 

36798 

36808 

36818 

36828 

36838 

3684.8 

36858 

36868 

36878 

36888 

36898 

36908 

883 

884 

884 

885 

886 

887 

888 

889 

890 

892 

893 

894 

895 

8% 

897 

898 

899 

900 

900 

901 

902 

22 

22 

23 

24 

24 

26 

27 

25 

28 

29 

31 

30 

30 

30 

30 

31 

31 

28 

28 

27 

29 

86 1 

862 

86 1 

86 1 

862 

861 

86 1 

864 

862 

863 

862 

864 

865 

866 

867 

867 

868 

872 

872 

874 

873 



ANS PREFERRED S I T E  P R O F I L E  #2 
P R O F I L E :  SPD 1 5 ,  32, 14, 38,  31 

MARRICH, INC 
OCTOBER 1991 

STATIONS:  #25 TO #20=3+ 1 5 N  ( S-N)  

- 
750 

h 

c 

1 1 1 1 1 1 1  I I 1 1  I I I ' f  I I ~ l " ~ " " ' ~ ' " " " ' ~ ' ' ~ '  I I I I ~ ~ ~  

lntersectiun with Prufile 4 
I 

9786 FT/SEC 1 2 2 0 6  FT/SEC 

SPD 14 
1 1  1 6 0  FT/SEC SPD 38 SPD 15 SPD 32 1 0 0 8 6  F T A E C  

Q-B-BW SURFACE ( GEOPHONE LOCATIONS) 
- - SEISMIC INTERFACE 

w 
_I w 

Fig. 3.2. SlSRED Profile 2. 
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Table 3 2  Profile 2 Data 

SPREADS 15, 32, 14, 38, and 31 

Depth Elevation 

Geophone Northing Easting Elevation Interface Interface 

Surface to V2-V3 of V2-V3 

(ft) (ft) (ft) (fi) (ft) 

SPD 15 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

SPD 32 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

SPD 14 1 

17242 
17252 
17262 
17272 
17282 
17292 
17302 
17312 
17322 
17332 
17342 
17352 
17362 
17372 
17382 
17392 
17402 
17412 
17422 
17432 
17442 
17452 
17462 
17472 
17443 
17453 
17463 
17473 
17483 
17493 
17503 
17513 
17523 
17533 
17543 
17553 
17563 
17573 
17583 
17593 
17603 
17613 
17623 
17633 
17643 
17653 
17663 
17673 
17647 

36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 

852 
854 
856 
855 
854 
854 
854 
854 
854 
855 
855 
855 
855 
855 
854 
854 
853 
852 
851 
848 
846 
844 
843 
842 
846 
844 
843 
842 
841 
840 
841 
842 
843 
844 
843 
842 
&Qo 
840 
840 
840 
840 
840 
840 
840 
840 
840 
840 
841 
840 

14 
14 
1s 
16 
17 
16 
16 
17 
18 
18 
18 
18 
16 
16 
16 
14 
13 
13 
13 
12 
12 
11 
13 
13 
9 
10 
10 
10 
10 
10 
9 
10 
9 
11 
10 
10 
11 
12 
12 
11 
11 
11 
11 
10 
11 
10 
11 
11 
13 

838 
840 
841 
839 
837 
838 
838 
837 
836 
837 
837 
837 
839 
839 
838 
840 
840 
839 
838 
836 
834 
833 
830 
829 
837 
834 
833 
832 
83 1 
830 
832 
832 
834 
833 
833 
832 
829 
828 
828 
829 
829 
829 
829 
830 
829 
830 
829 
829 
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) (ft) (ft) (ft) (ft) 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

SPD 38 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

SPD31 1 
2 
3 

17657 
17667 
17677 
17687 
17697 
17707 
17717 
17727 
17737 
17747 
17757 
17767 
17777 
17787 
17797 
17807 
17817 
17827 
17837 
17847 
17857 
17867 
17877 
17757 
17767 
17777 
17787 
17797 
17807 
17817 
17827 
17837 
17847 
17857 
17867 
17877 
17887 
17897 
17907 
17917 
17927 
17937 
17947 
17957 
17967 
17977 
17987 
17842 
17852 
17862 

36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 

840 
840 
841 
840 
840 
840 
840 
840 
841 
840 
841 
842 
843 
844 
845 
846 
848 
850 
852 
854 
856 
856 
858 
841 
842 
843 
844 
845 
847 
849 
85 1 
853 
855 
856 
857 
858 
859 
861 
863 
865 
867 
868 
869 
870 
87 1 
870 
871 
854 
856 
856 

12 
13 
13 
13 
13 
13 
13 
15 
12 
14 
13 
13 
13 
13 
13 
14 
14 
14 
15 
15 
15 
14 
14 
11 
12 
11 
12 
14 
14 
14 
15 
15 
14 
14 
14 
14 
15 
15 
15 
17 
17 
16 
17 
17 
18 
18 
17 
13 
13 
13 

828 
827 
828 
827 
827 
827 
827 
825 
829 
826 
a28 
829 
830 
83 1 
832 
832 
834 
836 
837 
839 
841 
842 
844 
830 
830 
832 
832 
83 1 
833 
835 
836 
838 
841 
842 
843 
844 
844 
846 
848 
848 
850 
852 
852 
853 
853 
852 
854 
841 
843 
843 
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Table 3.2 (continued) 

Depth Elevation 

Surface to V2-V3 of V2-V3 

Geophone Northing %sting Elevation Interface Interface 

(ft) (ft) (E) (ft) (ft) 

4 

5 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

17872 

17882 

17892 
17902 
17912 
17922 
17932 
17942 
17952 
17962 
17972 
17982 
17992 
18002 
18012 
18022 
18032 
18042 
18052 
18062 
18072 

36080 

36080 

36080 
36080 
36080 
35080 
35080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 
36080 

858 

859 

860 
862 
864 
866 
867 
868 
870 
87 1 
87 1 
870 
870 
869 
868 
866 
866 
863 
859 
858 
854 

13 

13 

14 
15 
17 
17 
17 
18 
19 
19 
19 
18 
17 
16 
16 
16 
15 
14 
14 
14 
13 

845 

846 

€36 
847 
847 
849 
850 
852 
85 1 
852 
852 
852 
853 
853 
852 
850 
85 1 
849 
845 
844 
841 



ANS PREFERRED S I T E  PROFILE #3 
PROFILE: SPD 35, 36 

MARRICH, INC 
OCTOBER 1991 

STATIONS: #26=2+ OON TO #21=2+ 30N ( S- N) 

Intersection with Profile 1 
at Borehole #21 

I 

J 

9986 FT/SEC 
SPD 35 11419 FT/SEC 

SPD 36 

- 
I- w w 
LL 

Z 
2 850 
I- 
Q > w 
_I 
W 

v 

r3+ee-a SURFACE ( GEOPHONE LOCATIONS)  
- - S E I S M I C  INTERFACE 

750 

S T A T I O N  DISTANCE ( FEET) 

w 

Fig. 3.3. SISRED Profile 3. 



,a 
Table 3.3 Profile 3 Data 

SPREADS 37,39, 13,33, and 34 

Depth Elevation 

Geophone Northing Easting Elevation Interface Interface 

Surface to V2-V3 Of V2-V3 

(ft) ( ft) (ft) (ti) (ft) 

SPD 35 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
1s 
16 
17 
18 
19 
20 
21 
22 
23 
24 

SPD 36 1 
2 
3 
4 
5 
6 
7 
8 
9 
IO 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

17555 
17565 
17575 
17585 
17595 
17605 
17615 
17625 
17635 
17645 
17655 
17665 
17675 
17685 
17695 
17705 
17715 
17725 
17735 
17745 
17755 
17765 
17775 
17785 
17753 
17763 
17773 
17783 
17793 
17803 
17813 
17823 
17833 
17843 
178.53 
17863 
17873 
17883 
17893 
17903 
17913 
17923 
17933 
17943 
17953 
17%3 
17973 
17983 

35480 
36480 
36480 
36480 
36480 
36480 
36480 
36480 
36480 
36480 
36480 
36480 
36480 
36480 
36480 
36480 
36480 
36480 
36480 
36480 
36480 
36480 
36480 
36480 
36480 
36480 
36480 
36480 
36480 
36480 
36480 
36480 
36480 
36480 
36480 
36480 
36480 
36480 
36430 
36480 
36480 
36480 
36480 
36480 
36480 
36480 
36480 
36480 

861 
859 
857 
856 
857 
858 
859 
860 
861 
862 
863 
864 
864 
864 
865 
864 
864 
864 
864 
863 
863 
863 
863 
864 
863 
863 
863 
864 
864 
864 
865 
865 
866 
865 
864 
863 
860 
859 
858 
857 
856 
857 
857 
858 
858 
859 
860 
860 

13 
12 
14 
14 
13 
13 
13 
12 
12 
12 
13 
13 
13 
14 
14 
13 
12 
13 
14 
12 
12 
13 
13 
15 
12 
13 
12 
13 
14 
14 
13 
12 
13 
14 
14 
13 
13 
13 
14 
13 
12 
13 
12 
11 
11 
12 
12 
12 

848 
847 
843 
842 
844 
845 
846 
848 
849 
850 
850 
85 1 
8.5 1 
850 
85 1 
8.5 1 
852 
8.5 1 
850 
85 1 
as 1 
850 
850 
849 
85 1 
850 
85 1 
85 1 
850 
850 
852 
853 
853 
85 I 
8.50 
850 
847 
846 
844 
844 
844 
844 
845 
847 
847 
847 
848 
848 



ANS PREFERRED SITE P R O F I L E  #4  

Intersection with Profile 2 
1 

P R O F I L E :  SPD 43, 44 
STATIONS:  #20=2+ 00N TO #21=2+ @ON, 1 + 8 @ E  ( W -  E) 

MARRICH, INC 
OCTOBER 1991 

Intersection with Profile 3 
H. P. R .  R .  I 

ACCESS 
ROAD 

d - 4 -  - - -  - - - - -  

11947 FT/SEC 
SPD 43 

-SURFACE (GEOPHONE LOCATIONS) 
- - S E I S M I C  INTERFACE 

12004 FT/SEC 
SPD 44 

Fig. 3.4. SISRED Profile 4. 
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Table 3.4 Profile 4 Data 

SPREADS 43 and 44 

Depth Elevation 

Geophone Northing Eastiog Elevation Interface Interface 

Surface 10 V2-V3 Of V2-V3 

(ft) (ft) (ft) (ft) [ ft) 

SPD 43 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

SPD 44 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

17955 
17955 
17955 
17955 
17955 
17955 
17955 
17955 
17955 
17955 
17955 
17955 
17955 
17955 
17955 
17955 
17955 
17955 
17955 
17955 
17955 
17955 
17955 
17955 
17955 
17955 
17955 
17955 
17955 
17955 
17955 
17955 
17955 
17955 
17955 
17955 
17955 
17955 
17955 
17955 
17955 
17955 
17955 
17955 
17955 
17955 
17955 
17955 

36070 
36080 
36090 
36100 
36110 
36120 
36130 
36 140 
36150 
36160 
36170 
36180 
36190 
36200 
36210 
36220 
36230 
36240 
36250 
362% 
36270 
36280 
36290 
36300 
3645 1 
3646 1 
3647 1 
36481 
36491 
36501 
3651 1 
36521 
3653 1 
3654 1 
36551 
36561 
3657 1 
3658 1 
36591 
36601 
36611 
3662 1 
3663 1 
36641 
3665 1 
36661 
36671 
3668 1 

870 
870 
870 
870 
870 
870 
869 
869 
869 
868 
868 
867 
866 
865 
864 
863 
862 
862 
860 
860 
859 
858 
857 
856 
855 
856 
856 
857 
858 
859 
860 
861 
862 
863 
863 
864 
866 
866 
866 
866 
867 
868 
868 
869 
869 
859 
870 
870 

18 
18 
17 
18 
17 
17 
17 
16 
17 
17 
17 
16 
17 
16 
15 
14 
13 
14 
13 
12 
12 
11 
11 
12 
10 
10 
10 
10 
10 
11 
12 
13 
13 
13 
14 
13 
14 
14 
14 
14 
13 
14 
14 
1s 
16 
16 
16 
16 

852 
852 
853 
852 
853 
853 
852 
853 
852 
85 1 
85 1 
85 1 
849 
849 
849 
849 
849 
848 
847 
8-48 
847 
847 
846 
844 
845 
846 
846 
847 
848 
848 
848 
848 
849 
850 
849 
85 1 
852 
852 
852 
852 
854 
854 
854 
854 
853 
853 
854 
8.54 
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Table 35 Seismic R- S u n q  Summary 

Surface Average Average 
---- Spread Center Point - Avenge Elevation Depth Elevation 

Spread Station Velocity Of Center To V2-V3 Of V2-V3 

Point Interface Interface Number Coordinates Nonhing Easting V1 v 2  v3 
(ft) (It) (It) (ft) (ft/sec) (ft/sec) ffthec) (ft) (ft) (ft) 

1 
2 

3 

4 

5 
6 

7 

8 

9 

10 
11 

12 
13 

14 

I5 
16 

17 
18 

19 
20 
21 

22 
23 
24 
25 
26 
27 

28 
29 

30 
31 
32 

33 
34 
35 

36 
37 
38 
39 

40 
41 
42 
43 

8+00N 8+00E 
16+00N 0+00 
16+00N 4+00E 

16+00N 8+00E 

16+00N 12+25E 
16+00N 16+00E 

12+00N 0+00 

12+00N O+OO 
11+97N 4+07E 

12+00N 8+00E 

12+00N 12+00E 
7+75N 12+00E 

8+00N 3+90E 
8+00N 0+00 
4+OON O+OO 

0+00 o+OO 
o+OO o+OO 
O+OO 4+00E 

0+01N 8+WE 
4+00N 2+00E 

4+00N 4+WE 

4+00N 6+00E 
4+00N 8+00E 

4+00N 10+00E 

4+00N 12+00E 
O+WN 12+00E 

6+00N 12+00E 

8+00N lO+OOE 

12+00N 6+00E 

12+00N 2+00E 

10+00N 0+00 
6+00N O+OO 
8+OON 5+15E 
8+00N 7+15E 

7+15N 4+WE 

8+00N 0+65E 
9+15N O+OO 
8+00N 3+48E 
8+WN 15+00E 

12+40N 16+07E 
4+00N 16+00E 

9+15N 4+OOE 

10+00N 1+05E 

17755 
18557 

18557 

18554 

18556 

18557 

18155 

18155 

18152 
18155 

18156 
17732 

17754 
17755 

17356 

16955 

16955 
16955 

16956 

17354 

17355 
17355 

17355 

17354 
17357 

16955 

17556 

17754 

18156 

18155 

17955 

17555 

17755 
17753 

17669 

17867 

17756 
17870 
17756 
17754 

18192 
17356 
17955 

36879 
36079 

36480 
36881 

37304 
37679 

36080 
36080 
36486 

36880 

37279 

37281 

36469 
Mogo 

36080 
36080 
36080 
36479 

36880 
36279 

36479 

36680 
36880 
37081 

37262 

37280 
37280 

37080 

36680 

36280 
36080 
36080 
36592 
36792 

36481 
36479 

36144 
36078 
36428 
37578 
37685 

37679 

36184 

1450 
1300 

1300 
1200 
12.50 
1400 
1200 
1200 

1400 

1200 

1200 

1200 
1300 
1200 

1200 
1200 

1200 
1200 
1200 
1300 
1300 
1300 
1300 
1200 
1300 

1200 
1200 
1200 
lux) 
I200 
1200 

1250 
1200 
1200 

1200 
1200 
1u)o 
1200 
1200 
1200 
lux) 
lux) 

1200 

4246 11571 
3924 14480 

3528 10286 
4197 11026 
3317 11196 

3617 11566 

2448 11183 
2500 11452 

3867 10374 

3892 11502 
4156 14728 

3897 13138 
2941 11343 
2740 10410 

2237 11257 

2338 15393 
4197 13026 
2576 13145 

2216 10974 

3897 10862 
4076 10696 

5512 14407 
3278 12121 

2802 13295 
322E 11495 

3128 10890 
4200 12786 

4297 11797 

2748 11701 
3371 11114 

2253 11265 
2582 %66 
4390 11654 
4490 12378 

2763 9614 

2695 10485 

3ooo 11140 
2597 9588 
3349 11468 

2279 10683 
3897 12736 
3310 10548 

3218 9149 

901 
875 

878 

855 
856 

853 
848 

848 

862 

881 
882 

938 
863 

841 

855 

842 

842 
855 

850 
870 

878 

884 
875 

874 

857 
914 

892 

923 
873 

863 

870 
842 

872 
891 

864 

862 

842 
858 
861 

894 

827 
874 

867 

23 

19 

13 

12 

11 
14 

14 

10 

12 

25 
25 

21 

I5 
13 

1 4  

18 

20 
13 

11 
22 

26 
42 

24 

20 
18 

30 

35 

29 

15 
15 
12 
9 

17 

27 
12 
12 
12 
12 
16 

17 

15 
23 

18 

878 
856 

865 

843 

845 

839 

834 

838 

850 

856 
851 
917 
848 

828 

84 1 
824 
822 
842 

839 
848 

852 
842 

85 1 
854 
839 
884 
857 

894 

858 
848 

858 

833 

855 
864 

852 
850 

830 

846 
845 
877 
81 2 
85 1 
849 

44 10+00N 4+66E 17954 36545 1200 3387 10742 a64 13 85 1 
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Table 3.6 Seismic Refraction Digital Field Data Directory 

. . ., ... 

- File 
2.DAT 
4.DAT 
5.DAT 
6.DAT 
7.DAT 
8.DAT 
9.DAT 
1O.DAT 
11.DAT 
12.DAT 
14.DAT 
15.DAT 
16.DAT 
17.DAT 
18.DAT 
19.DAT 
20.DAT 
21.DAT 
22.DAT 
23.DAT 
25.DAT 
26.DAT 
28.DAT 
29.DAT 
30.DAT 
31.DAT 
33.DAT 
34.DAT 
35.DAT 
37.DAT 
38.DAT 
39.DAT 
40.DAT 
41.DAT 
42DAT 
43.DAT 
44.DAT 
45.DAT 
46.DAT 
47.DAT 
48.DAT 
49.DAT 
SO.DAT 
5 1 .DAT 
52.DAT 
53.DAT 
54,DAT 
SS.DAT 
56.DAT 
57.DAT 
59.DAT 

- Date 
09- 18-9 1 
09-18-91 
09-18-91 
09-18-91. 
09-18-91 
09-19-91 
09-19-91 
09- 19-91 
09- 19-91 
09-19-91 
09- 19-91 
09-20-91 
09-20-91 
09-20-91 
09-20-91 
09-20-91 
09-20-91 
09-20-91 
09-20-91 
09-20-91 
09-23-91 
09-23-9 1 
09-23-91 
09-23-91 
09-23-91 
09-23-9 1 
09-26-91 
09-26-91 
09-26-91 
09-26-91 
09-26-91 
09-26-9 1 
09-26-91 
09-26-91 
09-26-91 
09-26-91 
09-26-91 
09-26-91 
09-27-91 
09-27-91 
09-27-91 
09-27-91 
09-27-91 
09-27-91 
09-27-9 1 
09-27-91 
09-27-91 
09-27-91 
09-27-91 
09-27-91 
09-27-9 1 

Time 
4- 
5:oop 
5:llp 
521p 
5:28p 

3:56p 
4:04p 
5:l lp 
5:2@ 
536p 

10:52a 
ll:18a 
1 :47p 
3:03p 
3:15p 
3:23p 
4:08p 
4:21p 

3:41p 
4:02p 
5:Olp 
5: 15p 

9:Ma 
9: 19a 
9:32a 

1 1:02a 
1l:lla 
11:48a 

3:47p 

453p 
3:33p 

5:22p 

24% 
3:oop 
3:41p 
5:llp 
5:24p 
5:36p 
8 : 5 h  
8S7a 
9:04a 
9:57a 

10:02a 
10:08a 
10:49a 
10:54a 
11:09a 
1:45p 
1:52p 

251p 
2:oop 

Spread 
SPD 1 
SPD 1 
SPD 1 
SPD 1 
SPD 1 
SPD 2 
SPD 2 
SPD 2 
SPD 3 
SPD 3 
SPD 3 
SPD 4 
SPD 4 
SPD 4 
SPD 5 
SPD 5 
SPD 5 
SPD 6 
SPD 6 
SPD 6 
SPD 7 
SPD 7 
SPD 7 
SPD 8 
SPD 8 
SPD 8 
SPD 9 
SPD 9 
SPD 9 
SPD 10 
SPD 10 
SPD 10 
SPD 11 
SPD 11 
SPD 11 
SPD 12 
SPD 12 
SPD 12 
SPD 13 
SPD 13 
SPD 13 
SPD 14 
SPD 14 
SPD 14 
SPD 15 
SPD 15 
SPD 15 
SPD 16 
SPD 16 
SPD 16 
SPD 17 

Shot Luca t ion 
Shot Point 1 
Shot Point 2 
Shot Point 3 
Shot Point 4 
Shot Point 5 
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 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 
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Table 3.6 (continued) 

- File 
6O.DAT 
61.DAT 
62.DAT 
63.DAT 
64.DAT 
65.DAT 
66.DAT 
67.DAT 
68.DAT 
69.DAT 
7O.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 
9S.DAT 
96.DAT 
97.DAT 
98.DAT 
99.DAT 
100.DAT 
lO1.DAT 
102.DAT 
103.DAT 
104.DAT 
10S.DAT 
106.DAT 
107.DAT 
108DAT 
110.DAT 
112.DAT 
114.DAT 

Date 
09-27-91 
09-27-91 
09-27-91 
09-27-91 
09-27-91 
09-27-91 
09-27-9 1 
09-27-91 
09-30-91 
09-30-91 
09-30-91 
09-30-91 
09-30-91 
09-30-91 
09-30-91 
09-30-91 
09-30-91 
09-30-91 
09-30-91 
09-30-91 
09-30-91 
09-30-91 
09-30-91 
09-30-91 
09-30-91 
09-30-91 
09-30-91 
09-30-91 
09-30-91 
09-30-91 
09-30-91 
09-30-91 
09-30-91 
09-30-91 
09-30-91 
10-01-91 
10-01-91 
10-01-91 
10-01-91 
10-01-91 
10-01-91 
10-01 -9 1 
10-01 -91 
10-01-91 
10-01 -91 
10-01-91 
10-0 1-9 1 
10-0 1-9 1 
10-01-91 
10-01 -9 1 
10-01-9 1 

25713 
3:05p 
3:32p 

3:52p 

4:58p 
5:09p 
9:04a 
9: 10a 
9:21a 
9:48a 
9:53a 

10:05a 
10:45a 
10:52a 
11:02a 
1 1 :30a 
11:37a 
11:47a 
1:38p 

1:Slp 
2: 14p 

2:29p 
3:lOp 
3: 19p 
3:27p 
4:lOp 
4:21p 
4:27p 
5:08p 

5:23p 
9:OSa 
9:18a 
927a 

10:04a 
10:14a 
10:20a 
11:Ola 
ll:05a 
ll:15a 
11:55a 

12:14p 
4:16p 
502p 

3338p 

4:47p 

1 :44p 

2:2 1 p 

s :np 

12:04p 

5:35p 
5:47p 

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

.- 

- File - Date 
116.DAT 10-01-91 
118.DAT 10-02-91 
119.DAT 10-02-91 
120.DAT 10-02-9 1 
121.DAT 10-02-91 
122.DAT 10-02-91 
123.DAT 10-02-91 
124.DAT 10-02-91 
125.DAT 10-02-91 
126.DAT 10-02-91 
127.DAT 10-02-91 
132.DAT 10-03-91 
133.DAT 10-03-91 
134.DAT 10-03-91 
135.DAT 10-03-91 
136.DAT 10-03-91 
137.DAT 10-04-91 
138.DAT 10-04-91 
139.DAT 10-04-91 
14O.DAT 10-04-91 
141.DAT 10-04-91 
142.DAT 10-04-91 
143.DAT 10-04-91 
144.DAT 10-04-91 
145,DAT 10-04-91 
146.DAT 10-04-91 
148.DAT 10-04-91 
149.DAT 10-04-91 
15O.DAT 10-04-91 
151.DAT 10-04-91 
152.DAT 10-04-91 
154.DAT 10-07-91 
155.DAT 10-07-91 
156.DAT 10-07-91 
157.DAT 10-07-91 
158.DAT 10-07-91 
159.DAT 10-07-91 
16O.DAT 10-07-91 
16 1.DAT 10-07-9 1 
162.DAT 10-07-91 
163.DAT 10-08-91 
164.DAT 10-08-91 
165.DAT 10-08-91 
166.DAT 10-08-91 
167.DAT 10-08-91 
169.DAT 10-08-91 
170.DAT 10-08-91 
171,DAT 10-08-91 
172DAT 10-08-91 
173.DAT 10-08-91 

Time 
6: 17p 

1l: l la 
11:33a 
11:45a 
11 :56a 

356p 
4:07p 
4:18p 

452p 
1055a 
11:05a 
ll:14a 
11:22a 
12:36p 
10:06a 
10:21a 
10:29a 
10:40a 
1 1 :06a 
ll:51a 
1:42p 
1:48p 

2:28p 
3:36p 
3:52p 
4:06p 
4:13p 
424p 

ll:13a 
11:20a 
1 1 :40a 

227p 
2:45p 
4:24p 
4:32p 

11:32a 
11:40a 
l1:51a 

1213p 
4:05p 
4:19p 

12:12p 

4:35p 

1:59p 

2:22p 

4:43p 

12:wp 

4:zp 
4:34p 
4:40p 

Suread 
SPD 33 
SPD 34 
SPD 34 
SPD 34 
SPD 34 
SPD 34 
SPD 35 
SPD 35 
SPD 35 
SPD 35 
SPD 35 
SPD 36 
SPD 36 
SPD 36 
SPD 36 
SPD 36 
SPD 37 
SPD 37 
SPD 37 
SPD 37 
SPD 37 
SPD 38 
SPD 38 
SPD 38 
SPD 38 
SPD 38 
SPD 39 
SPD 39 
SPD 39 
SPD 39 
SPD 39 
SPD 40 
SPD 40 
SPD 40 
SPD 41 
SPD 41 
SPD 41 
SPD 42 
SPD 42 
SPD 42 
SPD 43 
SPD 43 
SPD 43 
SPD 43 
SPD 43 
SPD 44 
SPD 44 
SPD 44 
SPD 44 
SPD 44 

Shot Location 
Shot Point 5 
Shot Point 1 
Shot Point 2 
Shot Point 3 
Shot Point 4 
Shot Point 5 
Shot Point 1 
Shot Point 2 
Shot Point 3 
Shot Point 4 
Shot Point 5 
Shot Point 1 
Shot Point 2 
Shot Point 3 
Shot Point 4 
Shot Point 5 
Shot Point 1 
Shot Point 2 
Shot Point 3 
Shot Point 4 
Shot Point 5 
Shot Point 1 
Shot Point 2 
Shot Point 3 
Shot Point 4 
Shot Point 5 
Shot Point 1 
Shot Point 2 
Shot Point 3 
Shot Point 4 
Shot Point 5 
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 4 
Shot Point 5 
Shot Point 1 
Shot Point 2 
Shot Point 3 
Shot Point 4 
Shot Point 5 
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Table 3.7 Comparison of Drilling with Seismic Refraction Results 

Siesmic Surface t 
ERCEDGe Refraction Northing Easting Elevation Core Seismic 

Boring Spread (Et) (ft) (ft) Log V2-V3 

Top OF Rock 

Elevation 

Core Seismic 

Log V2-V3 Difference 

Depth to Rock 

w w 

* Values interpolated by GRID using the inverse distance method. 

**  Profile 1 - geophone 1 o f  spread 34. 

NOTE: All values rounded to nearest foot. 
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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 A N S  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 Melton 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 m. 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 €or 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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Appendix A 

DESCRIPTION OF THE SEISMIC REFRACTION “ N I Q U E  





- .... 

..-. 

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 corresponding subsurface material. 

The critical ingredients of successful refraction profiling include the following: 

accurate horizontal and vertical control for geophone locations, 

0 timing of relative arrivals to precisions of * 1 millisecond, 

0 accurate and detailed field notes, 

0 proper calculation of seismic velocities, and 

modeling subsurface structure based on seismic velocities. 

MEXHODOLOGY 

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). 



A-4 

Data Reduction 
Pick arrival times 
Enter elevationflocation info 
Develop time/distance plots 

(travel time curves) 

Data Interpretation 
ITM, CRM, or GRM routines 

Develop velocity section 

Fig. A-1. Seismic Refraction Survey. 
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TD PLOT 

.- ..... DISTANCE 

FIELD LAYOUT 

Seismic Source 

Surface 0 

Velocity A Material 

Velocity B Material 
Seismic Travel Path Seismic Interface 

NOTE: For simplicity, this figure illustrates single-ended (forward) 
recording data by placing a seismic source at the other end; 
reverse data is recorded and plotted in simiiar fashion. 

Fig. A-2. Time-distance plot and field layout. 
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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 

rt0.5 ft. They are located relative to shot point locations to precisions of i l .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 soilbedrock 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 fonvard 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. 
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EQUIPME" 

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 

multichannel 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, 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 il 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 WZ. 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 to 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 sources 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 REDUCXTON 

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. 

I"REZATI0N 

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 ITN, the CRM, and the GRM represent a logical sequence of increasing sophistication, 

performance, and complexity. The XTM 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 

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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TIME-DISTANCE CURVES 
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Appendix D 

Spread Summary Sheets for Station Data 





A N S  Seismic Refraction Spread 1 

RccordCd: 9-18-91 Azimuth W-E GwboM Sp~Ciag: 10 (ft) 

Center Point: ANS# 22 Surface Elevatmn: 901 ff0 

AVERAGE VELOCITIES: AVERAGE INTERFACE DEPTH & ELEVATION: 

V1 1450ftkec 3 898 (ft) 

v2 4 u 6 w r s  23 878 (ft) 

V3 11571 Wsec 

Sf l  sP2 sP3 SP4 SP5 
Fit Fmt Fmt Fmt First 

B m k  Dirt.0~~: Bmik D&nce Break Ditana  Break Distance Break Drstancc 

Arrival FromSpl AmVal FromSp2 Anwal FromSp3 Anival FromSp4 Anival FromSp5 

Geophooc Station T i  ToPbOrrs Tuncf ToPbones Tunes ToPhonts Times ToPhones Times ToPhones 

&Shot Coordinates (PI\ (mwcl cn, I m f s ,  In) Imstc) cn, fmscc') fft, 

SPl 

1 

2 

3 

4 

5 

6 

Sp2 

7 

8 

9 

10 

11 

12 

SP3 
13 

14 

15 

16 

17 

18 

SP4 

19 

m 
2l 
22 
23 

24 

8+OON 6+7% 

8+WN 6+85E 

8+OON 6+%E 

8+00N 7+05E 

8+00N 7+UE 

8+WN 7+25E 

8+WN 7+35E 

8-N 7+40E 

8+00N 7+45E 
8+WN 7+S5E 

8+WN 7+65E 

8+WN 7+75E 

8+00N 7+85E 

8+WN 7+%E 

8+WN 8+DoE 

8+WN 8+OSE 

8+WN 8+15E 

8+WN 8+25E 

8+WN 8+35E 

8+- 8+4SE 

8+WN 8+SSE 
8+OON 8+6OE 

8+WN 8+65E 
8+WN 8+75E 

8+00N 8+85E 

8+WN 8+95E 

8+WN 9+OSE 

8+WN 9+1= 

7.8 

9.8 

10.9 

135 

155 
173 

18.3 
193 

20.4 

23.6 

23.6 

24.6 

25 

26.2 

26.9 

m 
29 

30.1 

31.1 

33.1 

34.8 

353 

363 

36.6 

10 

m 
30 

40 

50 

60 

70 

80 

90 
100 

110 

im 

13l 

140 

150 

160 

170 

180 

390 

200 

210 

220 

230 
240 

17.7 

13.4 

11.1 

9.8 

I 1  

3.4 

3.7 

83 

10.2 

133 

14.4 

16.4 

172 

18.2 

20.2 
21.4 

225 
243 

25.8 

26.8 
28.1 

W 5  

295 

29.8 

55 

45 

35 

25 

1s 

5 

5 

15 

25 

35 

45 

55 

65 

75 

85 

95 

105 

115 

125 
135 

145 

1s5 

165 

175 

26.3 115 

226 105 

21.6 95 

20.6 8s 

202 75 

20.2 65 

17.7 55 

14.7 45 

12.8 35 

10.8 25 

8.8 15 

4.8 5 

3.6 5 

6.2 15 

8.2 25 

10.6 35 

12.2 45 

139 55 

153 65 

173 75 

193 8.5 

2o.a 95 

221 105 

226 1lS 

31.7 

28.7 

26.8 

26.7 

26.7 

25.6 

29.9 

227 

21.2 

20.2 
19 

16.9 

14.6 

12.6 

11.6 

9.8 

7.6 

5.4 

4 2  

8.2 

102 

12.7 

14.7 

162 

175 

165 

155 

145 

135 

125 

115 

105 

95 

85 

75 

65 

55 

45 

35 

25 

15 

5 

5 

u 
25 

35 

45 

55 

37.2 240 

35 230 

34.2 220 

33.4 WO 
33.4 m 
329 190 

322 180 

302 170 

29.4 160 

29.8 150 

27.8 140 

25.8 130 

23.8 120 

21.8 110 

215 100 

20.8 90 

19.7 80 

195 70 

17.8 60 

16 50 

13.4 40 

10.2 30 

7.7 20 
6 10 

SPS 8+00N 9 + m  

NOTES: ShMPOintlDigitalFttMFik Mal S0trra:Hammcr 

Shot Point 2 Digital FEeM File 4dat hucc Hammer 

Shot Poiat 3 Digital Fidd Fk 5dat hucc Hammer 

Shot Point 4 Digits1 Ftdd N r  6.dat Sours: Hammer 
Shot Point 5 Digital Rdd Filc 7 h t  SMVor Hammer 
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A N S  Seismic Refraction Spread 2 

Recorded: 9-19-91 Azimuth: W-E Geophone Spacing: 10 (ft) 
en te r  Point: A N S #  10 Surface Elevation: 875 ffi) 
AVERAGE VELOCITIES: 
VI 1300ftlsec 3 872 (fi) 
v2 3924wsec 19 856 (f't) 

AVERAGE INTERFACE DEPTH & ELEVATION: 

SPl SP2 SP3 

First First First 

Break Distance Break Distance Break Distance 
Arrival From Spl Arrival FromSp2 Arrival From Sp3 

Geophone Station Times ToPhones Times ToPhones Times ToPhones 
& Shot Coordinates fmsec) fft) fmsed (ft') fmsec) ffi) 

SPl 

1 
2 

3 

4 
5 

6 
7 
8 

9 

10 

11 

12 

SP2 
13 

14 

15 

16 

17 

18 

19 
20 

21 
22 
23 
24 

16+00N 

16+00N 

16+00N 

16+00N 
16+00N 

16+00N 
16+00N 

16+00N 

16+00N 
16+00N 

16+00N 

16+00N 

16+00N 

16+00N 

16+00N 

16+00N 

16+00N 

16+00N 

16+00N 

16+OON 

16+00N 

16+00N 

16+00N 
16+00N 

16+00N 
16+OON 

1 +25w 

1+15w 

1 +o5w 
0+95W 

0+85W 

0+75W 
0+65w 

0+55w 

0+45W 
0+35W 

0+25w 

0+15w 

o+mw 
O+OO 
0+05E 

O+ 15E 

0+2SE 

0+35E 
0+45E 
0+55E 
0+65E 
0+75E 

0+85E 

0 + 9 E  
1 +@E 
1+1m 

7.2 10 

9 20 

10.7 30 

11.8 40 
13.1 50 

14.5 60 

16 70 
18 80 

19.2 90 
20.1 100 

20.4 110 
21.8 120 

22.1 130 

228 140 

23.1 150 

24.1 160 

24" 1 170 

24.7 180 

25 190 

27 200 

29.7 210 

31.4 220 
31.1 230 

322 240 

22.1 115 

20.6 105 
19.6 95 

18.4 85 

17.7 75 

17.7 65 
16.5 55 

15.7 45 

13.4 35 
11.8 25 
7.1 15 

4.7 5 

4.4 5 

8.4 15 
10.6 25 
126 35 
l3.9 4s 
15.2 55 

15.9 65 

17.9 75 
19.9 85 

22.2 95 
22 105 
233 115 

31.9 240 

30.5 230 

29.7 220 

28.6 210 
28 200 
28 190 
27 180 

26.8 170 
263 160 

253 150 

243 140 

23.8 130 

225 120 

21.1 110 

19.5 100 

18.2 90 
16.6 80 

15.8 70 

14.6 60 
14.6 50 

15.6 40 
15.1 30 
11.8 20 

9 10 
SP3 16+OON 1 +m. 
NOTES: Shot Point 1 Digital Field Fie: 8dat Source Hammer 

Shot Point 2 Digital Field File: 9.dat Source: Hammer 
Shot Point 3 Dieitai Field File: 10.dat Source: Hammer 
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A N S  Seismic Refraction SDread 3 

Recorded: 9-19-91 Azimuth: W-E Geophone Spacing: 10 (ft) 
Center Point: ANS# 11 Surface Elevation: 878 fft) 

AVERAGE VELOCITIES: 
v1 13ooft/sec 1 877 (ft) 

AVERAGE INTERFACE DEPTH & ELEVATION: 

m 3528mec 13 865 (fit> 

SP1 SP2 SP3 

First First First 

Break Distance Break Distance Break Distance 

Arrival From Spl Arrival From Sp2 Arrival From Sp3 
Geophone Station Times ToPhones Times ToPhones Times ToPhones 

& Shot Coordinates (mecl (ftl hlses’) (€t) fmsec) (ftl 
SP1 
1 

2 
3 

4 

5 
6 

7 
8 
9 

10 

11 

12 

SP2 
13 
14 

15 

16 

17 
18 
19 

u) 

21 
2.2 
23 
24 

16+00N 

16+00N 

16+00N 

16+00N 

16+00N 

16+00N 

16+00N 

16+00N 
16+00N 
16+00N 

16+OON 
16+00N 

16+00N 
16+00N 

16+00N 

16+00N 

16+00N 

16+00N 

16+00N 

16+00N 

16+00N 

16+00N 

16+00N 

16+00N 

16+00N 

16+00N 

2+7SE 
2+85E 
2+95E 

3+05E 

3+ 15E 

3+2SE 
3 + 3 z  

3+45E 

3+55E 

3+ME 
3+15E 

3+SE 
3+95E 

4+WE 

4+05E 

4+1= 

4+25E 
4+35E 

4+45E 

4+5m 

4+65E 

4+75E 
4+m 
4+95E 
5+%E 
5+15E 

8.8 

128 

13.2 

14.2 
14.5 

155 
175 

18.3 
193 

23 

232 
23.6 

243 
24.9 

25.7 

26.6 
265 

27.6 

28.4 
29.6 

30.7 
3 15 
31.8 

313 

10 

20 

30 
40 
50 

60 
70 
80 
90 

100 

110 

120 

130 
140 

150 

160 
170 

180 
190 
200 
210 

220 
230 

240 

25 115 

23.9 105 

222 95 

20.7 85 

18.5 75 
18.1 65 
18.2 55 
16.4 45 
15.4 35 
14.5 25 
11.5 15 

3.1 5 

3.7 5 

10.6 15 

12.6 25 
14.9 35 
15.9 45 

17.9 5s 
183 65 

19.5 75 

21 85 
21.5 95 
22 105 

22 115 

273 
25.7 
24.1 
235 

21.1 

20.1 

20.6 

19.5 
19.8 

20.2 
19.2 

18.1 

16.4 

15.7 

14.8 

14.1 

12 
113 

9.6 

83 

73  
5.4 
3.4 

1.9 

240 
230 

220 
210 
200 

190 
180 

170 
160 

150 

140 

130 

120 

110 

100 
90 
80 
70 
60 
50 

40 
30 
20 

10 
SP3 16+00N 5+ZE 
NOTES: Shot Point 1 Digital Field File: 11.dat Source: Hammer 

Shot Point 2 Digital Field Fde: 12dat Souroe: Hammer 
Shot Paint 3 Dieital mid Fi e: 14dat Source: Hammer - 
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A N S  Seismic Refraction SDread 4 

Recorded: 9-20-91 Azimuth: W-E Geophone Spacing: 10 (ft) 
@enter Point: A N S #  12 Surface Elevation: 855 fft) 
AVERAGE VELOCITIES: AVERAGE INTERFACE DEPTH & ELEVATION: 
v 1  1200wsec 3 852 (a) 
V2 4197ft/sec 12 843 (ft) 

SP 1 SP2 SP3 
First First First 

Break Distance Break Distance Break Distance 
Arrival From Spl Arrival From Sp2 Arrival FromSp3 

Geophone Station Times ToPhones Times ToPhones Times ToPhones 
& Shot Coordinates hlsec.) (ft) fmsec) (ft) fmsec) f ft) 

SP1 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

SP2 
13 

14 
15 

16 

17 

18 
19 
20 
21 

22 
23 

24 

16+00N 

16+00N 

16+00N 

16+00N 

16+00N 
16+00N 

16+00N 

16+00N 

16+00N 

16+00N 

16+00N 

16+00N 

16+00N 

16+00N 

16+00N 

16+00N 

16+00N 

16+00N 

16+00N 

16+00N 

16+00N 
16+00N 

16+00N 

l6+00N 
16+00N 
16+00M 

6+75E 

6+85E 

6+95E 

7+05E 
7+ 1SE 

7 + m  
7+35E 

7+45E 

7+55E 

7+65E 

7+7m 

7+8% 

7+95E 

8+00E 

8+0SE 

8+15E 
8+25E 
8+35E 

8+45E 
8+55E 
8+65E 
8+75B 
8+SE 

8+95E 
9+05E 

9+15E 

8.9 

11.9 

13.8 

15.1 

16.2 
16 

18.1 

18.2 
18.7 

19.2 

19.7 

21.1 

21.4 

21.9 

228 

245 

25.1 

27.6 

29 

29 
28.1 

29.1 
315 
335 

10 

20 

30 
40 
50 

60 
70 

80 

90 
100 
110 

120 

130 

140 

150 

160 

170 

180 

190 

200 
210 

220 
230 

240 

19.8 115 

18.8 105 

17.7 95 

163 85 

16.7 75 
15 65 

13.7 55 

122 45 

10.8 35 
9.5 25 
8.1 15 

4.7 5 

33 5 
6.3 15 

83 25 
9.8 35 

10.8 45 

12.8 55 

14.4 65 
14.8 75 

13.8 85 
15.4 95 

17.3 105 
19.2 115 

34.8 

31.3 

29.6 

28 
29.2 
26.4 
24.3 

23.4 
22.1 

21.4 

20.3 

19.1 

18.1 

16.8 

15.9 

15.3 

14.8 

15 

14.4 

13.2 

10.4 

10.3 
10.3 
8.7 

240 
230 

220 
210 
200 
190 

180 

170 
160 

150 

140 

130 

120 

110 
100 

90 
80 

70 
50 

50 
40 
30 
20 
10 

~ - - ~ - ~ ~  ~ - 

NOTES: Shot Point 1 Digital Field Fde: 15.dat Source: Hammer 
Shot Point 2 Digital Field File: 16.dat Source: Hammer 
Shot Point 3 Dis4tal Field Rle: 17.dat Source: Hammer 



D-7 

A N S  Seismic Refraction Suread 5 

Recorded: 9-20-91 Azimuth: W-E Geophone Spacing: 10 (ft) 
Center Point: ANSR 13=0+25E Surface Elmtion: 856 (ftl 

AVERAGE VELOCTTIES: 
Vl 125oftkec 3 853 (fi) 

AVERAGE INTERFACE DEPTH & ELEVATION: 

V2 3317ft/sec 11 845 (fi) 

SP1 SP2 SP3 
First First First 

Break Distance Break Distance Break Distance 
Arrival FromSpl Arrival FromSp2 Arrival FromSp3 

Geophone Station Times ToPhones Ties ToPhones Times ToPhonts 
& Shot Coordinates Imsec’) (ft’) \ (ft’) (msec’) (ftl 

SP1 
1 

2 
3 

4 
5 

6 

7 

8 

9 

10 

11 

12 

SP2 

13 

14 

1s 
16 

17 

18 

19 

20 
21 

22 
23 
24 

16+00N 11+OOE 
16+00N ll+lOE 

16+00N 11+2OE 
16+00N 11+30E 

16+00N 11+4OE 
16+OON 11+5oE 

16+OON 11+6OE 
16+00N 11+70E 

16+00N 11+8OE 

16+00N 11+9OE 
16+00N 12+00E 

16+00N 12+10E 

16+00N 12+2OE 
16+00N 12+2SE 
16+00N 12+30E 

16+00N 12+4OE 

16+00N 12+50E 
16+00N 12+60E 

16+00N 12+70E 

16+00N 12+80E 
16+00N 12+90E 

16+00N 13+00E 

16+DoN 13+10E 

16+00N 13+20E 

16+00N 13+30E 
16+00N 13+40E 

8.8 

10.6 

13.6 

13.9 
14.7 

15.1 
15.6 

15.6 
16.6 

17 

18 

193 

19.7 

20.7 

21.7 
23.7 

23.9 
24.9 

25.9 

26.6 
27.1 

26.8 
282 

29.4 

10 

20 

30 
40 
50 

60 
70 
80 

90 
100 

110 

120 

130 
140 

150 

160 
170 

180 

190 

200 

210 
220 

230 
240 

19.7 115 

19.9 105 
21 95 

19.5 85 
18.9 75 

17.6 65 
16.1 55 

143 45 

129 35 

10.6 25 

7.9 15 
4.1 5 

4.7 5 

8.9 15 

11.4 25 
13.8 35 
15.2 45 
17.1 55 

18.3 65 

18.9 75 

195 85 

195 95 
20.2 105 

21.3 115 

30.8 

31 

327 

30.8 

303 
28.8 

27.7 

26.3 

25.7 
24.4 

23.4 

22.8 

21.8 

21 

19.8 

19.2 
17.8 

17.2 

144 

14.7 

127 
11.2 

105 
6.5 

240 
230 
220 
210 
200 
190 
180 

170 

160 
150 

140 

130 

120 

110 

100 
90 

80 
70 
60 
50 

40 
30 
20 

10 
SP3 16+00N 13 +50E 
NOTES: Shot Point 1 Digital Field File: 18.dat Source: Hammer 

Shot Point 2 Digital Field Fde: 19.dat Source: Hammer 
Shot Point 3 Dimtal Fi eld File: 20dat Souroe: Hammer . .  



D-8 

ANS Seismic Refraction SDread 6 

Recorded: 9-20-91 Azimuth: W-E Geophone Spacing: 10 (ft) 

Center Point: A N S #  14 Surface Elevation: 853 (ftl 

AVERAGE VELOCITIES: 

V2 3617ft/sec 14 839 (ft) 

AVERAGE INTERFACE DEPTH & ELEVATION: 

v1 14ooft/sec 3 850 (ft) 

SP 1 SP2 SP3 
First First First 

Break Distance Break Distance Break Distance 
Arrival From Spl Arrival FromSp2 &rival From Sp3 

Geophone Station Times ToPhones Times ToPhones Times ToPhones 
& Shot Coordinates (met9 (ftl (msecS (ft’i (rnsec) (fil 

SPl 

1 
2 

3 
4 

5 

6 

7 

8 

9 

10 

11 

12 
SP2 
13 

14 
15 

16 

17 

18 
19 
20 
21 

22 
23 
24 

16+00N 

16+00N 

16+00N 
16+00N 

16+00N 

16+00N 

16+00N 
16+00N 

16+00N 
16+00N 

16+00N 
16+00N 

16+00N 

16+00N 

16+00N 

16+00N 

16+00N 

16+00N 

16+00N 

16+00N 

16+00N 

16+00N 

16+00N 

16+OON 
16+00N 
16+00N 

14+75E 

14+85E 
14+95E 

15+05E 

15+ 15E 

15+25E 

15 +35E 

15+45E 

15+55E 

15 +65E 
15+7SE 
15+85E 

15+95E 

16+00E 

16+05E 

16+ 15E 

16+25E 

16+3!5E 

16+45E 

16+55E 

16+65E 

16+75E 

16+85E 

16+!35E 
17+05E 

17+15E 

6.2 
8.6 

105 

121 

13.6 

14.6 

15 

15.7 

16.9 

17.2 
18.6 

19.2 

20.1 
21.7 

23.7 

26.7 

27.8 

29.2 

295 

28.9 
28.7 
30.1 

321 
33.1 

10 
20 
30 

40 
50 

60 

70 

80 

90 
100 
110 

120 

130 
140 

150 

160 

170 

180 

190 

200 
210 

220 
230 
240 

20.1 115 
18.7 105 
17.9 95 

15.9 85 
15.4 75 

14.2 65 

128 55 
115 45 

10.2 35 
8.8 25 
7.4 15 
5.1 5 

4.3 5 

6.9 15 

9.9 25 
13.5 35 

15.8 45 

17.6 55 
17-9 65 

17.7 75 

175 85 
193 95 

21 105 

21.8 115 

34.6 
33.4 

31.2 

30.7 
29.4 
29.1 

281 

273 

26.3 
26.2 

25.4 
23.8 

228 

221 

227 

23.7 

23.4 
21.4 
19.4 

17 
15.6 

14.9 
122 
7.7 

240 
230 

220 
210 

200 

190 

180 

170 
160 

150 

140 

130 

120 

110 

100 

90 

80 
70 

60 
50 

40 
30 
20 

10 
SP3 16+00N 17+2sE 

NOTES: Shot Point 1 Digital Field Fie: 2l.dat Source: Hammer 
Shot Point 2 Digital Field File: 22.dat Source: Hammer 
Shot Point 3 Dieital Field File: 23.dat Source: Hammer 



D-9 

ANS Seismic Refraction SDread 7 
Recorded: 9-23-91 Azimuth: S-N Geophone Spacing: 10 (A) 
Center Point: A N S #  15 Surface Elevation: (ft) 

AVERAGE VELOCITIES: AVEBAGE INTERFACE DEPTH & ELEVATION: 

v1 1200ft/sec 4 844 (fit> 
v22448ftkec 14 834 (ft) 

SP1 SP2 SP3 
First Fmt First 

Break Distance Break Distance Break Distance 
Arrival FromSpl Axial  FromSp2 Arrival FromSp3 

Geophone Station Times ToPhones Times ToPbones Times ToPhones 

& Shot Coordinates h s e d  (ft) (msecl fftl hlsecl Ifi) 
SPl 10+75N O+oO 
1 10+85N O+OO 9.3 10 221 115 39.9 240 

2 10+9SN 0+00 14.8 20 21.7 105 38.7 230 
3 11+05N O+OO 16.8 30 21.1 95 37.4 220 

4 11+15N O+OO 18.1 40 19.9 85 36.9 210 
5 11+2!iN O+oO 19.1 50 18.1 75 35.6 200 

6 11+35N O+oO 20.1 60 16.9 65 34.6 190 
7 11+45N O+oO 21.1 70 15.9 55 33.4 180 

8 11+5sN o+OO 22 80 13.9 45 321 170 

9 11+m o+oo 223 90 12.9 35 30.4 160 
10 11+75N O+OO 22.5 100 10.9 25 30.4 350 
11 11+8SN O+OO 229 110 8.9 15 292 140 
12 11+95N O+OO 23.8 120 4.8 5 28.7 130 
SP2 12+00N O+OO 
13 12+05N O+OO 25.1 130 4.9 5 275 120 
14 12+15N O+OO 26.1 140 8.9 15 26.4 110 

15 12+25N O+oO 27.1 150 11.7 25 24.7 100 
16 12+35N O+OO 27.5 160 122 35 24 90 
17 12+45N O+oO 26.6 170 121 45 21 80 

18 12+55N 03.00 29.8 180 14.4 55 20.7 70 

19 1 2 + m  o+OO 305 190 16.4 65 21.7 60 
20 12+75N O+OO 323 200 19.1 75 21.3 50 

21 12+85N O+oO 33.8 210 19.5 85 19 40 
22 12+95N O+oO 35.8 220 212 95 17.8 30 
23 13+05N O+oO 36.8 230 23.2 105 16 20 
24 13+15N O+OO 38.6 240 25.2 115 9 3  10 
SP3 13+25N O+OO 
NOTES: Shot Point 1 Digital Field Fie: 25.dat Source: Hammer 

Shot Point 2 Digital Field File Xdat  Source: Hammer 
Shot Point 3 Dieital Field Fie: Z d a t  Souroe : Hammer 



D-10 

A N S  Seismic Refraction SDread 8 
Recorded: 9-23-91 Azimuth: W-E Geophone Spacing: 10 (ft) 
Center Point: ANS# 15 Surface Elevation: 848 (ft) 
AVERAGE VELOCITIES: 
v 1  12ooft/sec 3 845 (fi) 
m 25ooft/se.c 10 (fit) 

AVERAGE W R F A C E  DEPTH & ELEVATION: 

V3 11452 ft/sec 

SPl SP2 SP3 
First First First 

Break Distance Break Distance Break Distance 
Arrival From Spl Arrival From Sp2 Arrival From Sp3 

Geophone Station T h e  ToPhones Ties Tophones Times ToPhones 
& Shot Coordinates tmsecl (ft) (med C f t )  (msecl (ft) 

SP1 

1 

2 
3 

4 

5 
6 

7 

8 

9 

10 

11 
12 

SP2 

13 
14 

15 
16 

17 
18 

19 

20 
21 

22 
23 

24 

12+00N 

12+00N 
12+00N 
12+00N 

12+00N 

12+00N 

12+00N 

12+00N 

12+00N 

12+00N 

12+00N 

12+00N 

12+00N 

12+00N 

12+00N 

12+00N 

12+00N 

12+00N 

12+00N 

12+00N 

12+00N 
12+00N 

12+00N 
12+00N 

12+OON 

12+00N 

1+25w 

1+15w 
1+05w 
0+95w 
0+85w 
0+75W 

0+65W 
0+55w 
0+45W 

0+35W 

o+zw 
0+15w 
o+mw 
O+OO 
0+05E 

O+lSE 

0+BE 
0+35E 
0 + 4 E  

0+55E 
0+65E 
0+75E 

0+85E 
0+95E 
1 +osE 
1 + 1% 

9.8 10 

135 20 
15.5 30 
15.7 40 
16 50 

144 60 
17.1 70 
189 80 
19.6 90 
20.4 100 

21.7 110 

223 120 

213 130 
23.6 140 

243 150 

253 160 
24.4 170 

26.4 180 
27.1 190 

27.6 200 

28.6 210 
29.9 220 

31.2 230 
322 240 

235 115 
22.3 105 

215 95 
20 85 

18.1 75 

16.7 65 
15.4 55 

145 45 

127 35 
11 25 

9.4 15 
5.8 5 

3.4 5 

8.8 15 

10.8 25 
128 35 
121 45 

14.1 55 

15.1 65 

16.1 75 
17.4 85 

18.4 95 
20.1 105 
21.1 115 

326 

33 
321 

31 

28.9 

27.2 

263 

26 
25.2 

24 
23.6 

227 

21.4 

m.7 
19.7 

18.7 
16.7 

16.2 
15.3 

14.3 
13.6 

121 
10.9 

7.2 

240 
230 
220 

210 

200 

190 

180 

170 
160 

150 

140 

130 

120 

110 

100 

90 
80 

70 

60 
50 
40 
30 
20 

10 

NOTES: Shot Point 1 Digital Field Filt: 29.dat Source: Hammer 
Shot Point 2 Digital Field File: 3O.dat Source: Hammer 
Shot Point 3 Dieital Field File: 31.da t Source: Hammer 



D-11 

A N S  Seismic Refraction SDread 9 
Recorded: 9-26-91 Azimuth: NOSW Geophone Spacing: 10 (A) 
Center Point: A N S #  16 Surface Elevation: 862 (ftl 

AVERAGE VELOCITES: AVERAGE INTERFACE DEPTH 81 ELEVATION: 
v1 14ooft/sec 3 859 (ft) 
v 2  3867- 12 8.m (A) 
W 10374 Wsec 

SP 1 SP2 SP3 
First First First 
Break Distance Break Distance Break Distance 

Arrival FromSpl Arrival FromSp2 Arrival FromSp3 
Geophone Station Times ToPhons Times Tophones Times Tophones 
& Shot Coordinates fmsec) (M fmsec) fft) f m w )  (ft’) 

SP1 
1 

2 
3 

4 
5 

6 
7 
8 
9 

10 

11 
12 

SP2 
13 

14 
15 

16 
17 

18 

19 

20 
21 
22 

23 
24 

10+88N 
10+98N 

11+06N 

ll+l5N 
11+24N 

11+32N 
11+41N 

11+49N 
11+58N 

11+75N 
11 +84N 

11+92N 

11+m 

12+01N 

12+09N 
12+ 18N 
1 2 + m  
12+35N 

12+44N 
1 2 + m  

12+61N 

12+70N 

12+78N 
1 2 + m  

12+%N 

11+66N 

3+44E 
3+50E 

3+%E 
3+59E 
3+64E 
3+69E 
3+75E 
3+79E 
3+84E 
3+89E 
3+94E 

3+99E 
4+04E 

4+07E 
4+09E 

4+ 14E 

4+19E 
4+24E 
4+29E 
4+34E 

4+39E 
4+44E 

4+49E 
4+54E 

4+59E 
4+64E 

8.5 10 

125 30 

129 40 

13.4 50 

15.7 60 
16.6 70 

17 80 
183 90 
188 100 

20.3 110 
21.2 120 

11.5 2o 

223 130 
226 140 

23.9 150 
24.7 160 
25.9 170 
26.4 180 

26.8 190 

27.8 200 
29.7 210 

29 220 
302 230 
313 240 

21.9 
20.5 

149 
153 
15.7 
145 
123 
10.6 

8.8 

6.2 

4.2 

4.7 
7.1 
9.4 

11.4 

124 
14.4 

155 
16 

175 

17.3 
18.4 
19.7 

lati 

115 
105 
9s 
8.5 
75 
65 

55 

45 
35 

25 

15 
5 

5 

15 
25 
35 

45 
55 

65 

75 

85 
95 

105 
115 

31.9 

30.9 
293 

283 
26.9 

275 
25.8 
24.5 

23.9 
22.4 
212 

21 

20.7 
19.3 

18.2 
16.8 

141 
14.9 
14.4 

12.4 

11.4 
9.7 

7 5  
5 

240 
230 
220 

210 

200 
190 
180 
170 
160 
150 

140 

130 

120 

110 
100 
90 
80 
70 
60 
50 
40 
30 
20 
10 

SP3 13+04N 4+68E 

NOTES: Shot Point 1 Digital Rdd Fie: 33.dat Source: Hammer 
Shot Point 2 Digital Field File: 34.dat Source €€amma 
Shot Point 3 Dinital Field File: 35.dat Source: Hammer 



D-12 

A N S  Seismic Refraction Spread 10 

Recorded: 9-26-91 Azimuth: W-E Geophone Spacing: 10 (fi) 
Center Point: ANSW 17 Surface Elevation: 881 (ftl 

AVERAGE VELOCITIES: 

v1 12ooft/sec 4 877 (ft) 
AVERAGE INTERFACE DEPTH & ELEVATION: 

v2 3892ft/sec 25 856 (fit) 
~ ~ 

SP 1 SP2 SP3 

First First First 
Break Distance Break Distance Break Distance 

Arrival From Spl Arrival FromSp2 Arrival FromSp3 

Geophone Station Ties ToPhones Times ToPhones Times ToPhones 
& Shot Coordinates (msec) Ill') hlsecl (ftl fmSeC) (fil 

SPl 
1 

2 

3 
4 
5 

6 

7 

8 

9 

10 

11 

12 

SP2 

13 

14 

15 

16 

17 

18 
19 

21 

22 
23 
24 

20 

12+00N 
12+00N 

12+00N 
12+00N 

12+00N 
12+00N 

12+00N 

12+00N 

12+00N 

12+00N 

12+00N 

12+00N 

12+00N 
12+00N 

12+00N 

12+00N 

12+00N 

12+00N 

12+00N 

12+00N 

12+00N 

12+00N 

12+00N 

12+OON 
12+00N 
12+OON 

6+75E 

6+95E 

7+05E 

7+15E 
7+25E 
7+35E 
7+4m 

7+55E 

7 + m  

7+75E 
7+85E 
7+9% 
8+00E 
8+05E 
8+ 15E 

8+25E 

8+3= 
8+45E 

8+5m 
8+65E 

&+=E 

8+75E 

8+95E 
9+05E 
9+15E 

8+SE 

9 3  

12.3 
14.4 

15.6 
17.9 

19.9 

221 

225 
235 

24.6 

z.2 
26.2 

27.2 

273 

29.3 

29.6 
305 

328 

33.8 

34.4 

34.6 

34.9 
355 
365 

10 

20 

30 
40 
50 

60 
70 

80 
90 

100 
110 

120 

130 
140 

150 

160 

170 

180 

190 

m 
210 
220 
230 

240 

25 115 

25 105 
23.6 95 
21.9 85 
21.8 75 

20.8 65 
20.9 55 

17.9 45 

15.9 35 

135 25 
105 15 

5 5 

4.7 5 

9.7 15 

127 25 
15 35 
17 45 

19 55 

22 65 
23 75 

23.7 85 

24.9 95 
25.9 105 
26.6 115 

38.9 

37.9 

36.7 
34.9 

353 
35 

34.6 
33.6 

329 

31.4 
30 

30.4 

30.1 

27.4 

27.1 

26.4 

24.6 

24.4 

22.7 

20 

17 

16.5 
14.5 

9 

240 
230 
220 

210 
200 
190 

180 

170 
160 

150 

190 

130 

120 
110 

100 

90 
80 
70 

60 
50 

40 
30 
20 

10 
SP3 12+00N 9 +m 
NOTES: Shot Point 1 Digital Field File: 37.dat Source: Hammer 

Shot Point 2 Digital Field Fde: 38.dat Source: Hammer 
Shot Point 3 DiPital Field File: 39.dat Souroe: Hammer 



D-13 

A N S  Seismic Refraction SDread 11 

Recorded: 9-26-91 Azimuth: W-E Geophone Spacing: 10 (ft) 
Center Point: ANSd 18 Surface Elevation: 882 (ft) 
A W G E  VELOCITIES: 
Vl 1200ft/4iec 5 877 (ft) 

V2 4156Wsec 25 857 (fi) 

AVERAGE INTERFACE DEPTH & ELEVATION: 

SPl SP2 SP3 

First First First 
Break Distance Break Distance Break Distance 

Arrival From Spl Arrival From Sp2 Arrival FromSp3 
Geophone Station Ties ToPhones Times ToPhones Times ToPhones 
& Shot Coordinates (UlSiX’l fhl (msecl (el (ft1 

SPl 

1 

2 

3 

4 
5 

6 

7 
8 

9 

30 

11 
12 

SP2 
13 

14 

15 
16 

17 

18 
19 

20 
21 

22 
23 
24 

12+00N 

12+00N 
12+00N 

12+00N 
12+00N 

12+00N 
12+00N 

12+00N 

12+00N 

12+00N 

12+00N 
12+00N 

12+00N 
12+00N 

12+00N 

12+00N 

12+00N 

1 2 + m  

12+00N 

12+00N 

1 2 + m  

12+00N 
l2+00N 
12+00N 
12+00N 

12+00N 

10+75E 
lO+SSE 

10+95E 
11+05E 

11+15E 

11+25E 
11+3!5E 

11+45E 
11+5!5E 

11+m 
11+75E 

11+8SE 
11+m 

12+00E 
12+05E 

12+15E 

1 2 + m  
l2+35E 
12+45E 

12+55E 

12+65E 

12+7E 
1 2 + m  

12+95E 

13+0!5E 
13+ 15E 

9.7 10 
15.6 20 

16.6 30 
17.9 40 

20-9 50 

221 60 
243 70 

25.4 80 
26.4 90 
27.4 100 
29.4 110 
31.4 1M) 

31.2 130 
31.9 140 

323 150 
31.7 160 

32.2 170 

33.2 180 

327 190 

332 200 
33.7 210 
355 220 

34.7 230 
36.7 240 

315 115 

30.5 105 
27.2 95 

26.2 85 
272 75 
24.6 65 
226 55 

20.4 45 

18.4 35 

152 2s 
135 15 

4.7 5 

4.7 5 

13.8 15 

17 25 
18.4 35 
m.4 45 

22.4 55 

227 65 
23.7 75 
22.7 85 
27.7 9s 

26.3 105 

29.3 115 

36.8 

36.3 
333 

31.8 

328 

323 

30.6 

293 

28.6 

27.6 

286 

28.3 

26.7 

26.4 
26 
23 

21.7 

19.7 

18.9 
17.9 
15.7 

15.6 

125 

8.7 

240 
230 
220 
210 

200 
190 

180 

170 
160 

150 

140 
130 

120 
110 
100 
90 
80 

70 
60 
50 
40 
30 

20 
10 

SP3 12+0QN 13+2S? 
NOTES: Shot Point 1 Digital Field File: 4 0 h t  Source: Hammer 

Shot Point 2 Digital Field Fide: 4l.dat Sowce: Nammer 
Shot Point 3 Dieital Field File: 42dat s 0 u r C e : m e  r 



0-14 

A N S  Seismic Refraction Soread 12 

Record&. 9-26-91 Azimuth: W-E Geophone Spacing: 10 (ft) 
Center Point: ANS# 28=3+75N Surface Elevation: 938 Ut) 

AVERAGE VELOCITIES: 

v2 3897ft/sec 21 917 (ft) 
W 13138 f&/sec 

AVERAGE INTERFACE DEI" & ELEVATION: 
v1 12ooft/sec 4 934 (fit) 

SP1 SP2 SP3 
First First First 

Break Distance Break Distance Break Distance 
Arrival From Spl Axrival From Sp2 Arrival From Sp3 

Geophone Station Times ToPhones Times ToPhones Times ToPhones 

& Shot Coordinates (msec) (ftl (msec'\ (ft) f msec) (ft) 
SPl 
1 
2 
3 

4 

5 

6 
7 

8 
9 

10 
11 

12 

SP2 
13 
14 
15 

16 

17 
18 

19 

20 
21 
22 

23 
24 

7+75N 

7+75N 
7+75N 
7+75N 

7+75N 
7+75N 

7+75N 

7+75N 
7+75N 

7+75N 

7+75N 
7+7SN 

7+75N 
7+75N 
7+75N 

7+7m 

7+75N 

7+75N 

7+75N 
7+7m 

7+75N 
7+75N 

7+75N 
7+7m 
7+75N 
7+75N 

10+75E 

10+85E 
10+95E 
11+05E 

11+1SE 
11+2sE 

11 +35E 

11 +45E 
11+55E 

1 1 + a  
11+75E 
11+m 

11+9!5E 
12+00E 
12+05E 
12+15E 

12+m 

12+35E 
12+45E 
12+55E 

12+65E 
12+75E 

12+85E 
12+9SE 
13+0SE 
13+ 15E 

9.2 
11.4 

13.9 
16.6 

lag 

19.9 

21.4 

21.8 
235 

24 
25.4 
25.7 

27 

26.3 

27.6 

27.1 
28.7 

28.8 

31.1 
327 
34.7 

35.6 
36.7 
38.7 

10 

20 
30 

40 
so 
60 
70 

80 
90 

100 
110 

120 

130 
140 

150 
160 

170 
180 
190 

200 
210 
220 
230 

240 

24.9 115 

2 9  105 
21.7 95 

21.1 85 
20.4 75 

18.8 6s 
173 55 

155 4s 
14.5 35 
125 25 

10.8 15 
4.8 5 

4.7 5 

9.7 15 

13.2 25 

13 35 
16.2 45 
16.5 55 

193 65 
20 75 

23.2 85 
24.7 95 

25.7 105 
26.8 115 

373 

36.7 
36.8 

36.3 
36.8 

36.2 
35.2 

33.7 
33.1 

31.5 

31 

30 

28 
265 

255 

23 

21.8 
19.8 

188 

17.6 
163 
14.3 
126 

9.9 

240 
230 

220 
210 

200 
190 

180 
170 
160 

150 

140 
130 

120 

110 

100 
90 
80 

70 
60 
50 

40 
30 
20 
10 

SP3 7+75N 13 +25E 

NOTES: Shot Point 1 Digital Field FUe: 43.dat Source: Hammer 
Shot Point 2 Digital Field Fie: 44.dat Source: Hammer 
Shot Point 3 D ieital Field Etle: 45.dat Source: Ham er 
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A N S  Seismic Refra ction Suread 13 

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

AVERAGE VELOCITIES: 
Center Point: ANS# 20=3+90E Surface Elevation: 863 (ft) 

v1 13ooft/sec 2 861 (ft) 
V2 2941 ft/sec 15 848 (fi) 

AVERAGE INTERFACE DEPTH & ELEVATION: 

SP1 SP2 SP3 
First First First 
Break Distance Break Distance Break Distance 

Arrival FromSpl Arrival From Sp2 Arrival From Sp3 
Geophone Station Times ToPhones Times ToPhones Times ToPhones 

& Sho t Cmniinatg @sed (ft) (msec) (fl) (msec) (A) 
SP1 

1 

2 

3 
4 

5 
6 

7 
8 
9 

10 

11 

12 

SP2 
13 

14 

15 
16 
17 
18 

19 
m 
21 

22 
23 

24 

8+00N 
8+00N 

8+00N 

8+OON 
8+WN 

8+00N 

8+#N 

8+WN 
8+WN 
8 + 0 N  

8+00N 
8+00N 

8+00N 

8+00N 
8+OON 
8+WN 

8 + 0 N  

8+00N 

8+OON 

8+WN 

8+WN 

8+OON 
8+OON 
8+00N 

8+OON 
8+WN 

2+65E 
2+75B 

2 + m  

2 + 9 S  
3+05E 

3+15E 
3+25B 

3+35E 
3+4m 
3+5m 
3+65E 
3+75E 

3+m 

3+90E 
3+9m 

4+05E 

4+ 1SE 

4+2!5E 

4+3m 

4+4m 

4+55E 

4 + 6 E  
4+7m 

4+85E 

4+%E 
5+ME 

6.9 

11.9 

15.6 

17 
19 

19.1 

20.9 
229 

226 
233 
23.6 

26.1 
25.4 

26.4 

27.4 
a 4  

29.4 

30.4 
31.4 

33.4 

33.4 

34 
345 

20.1 

10 

m 
30 
40 
50 

60 
70 
80 
90 

100 

110 

120 

130 
140 

150 

160 

170 
180 

190 
m 
210 
220 

230 
240 

224 115 

21.6 105 
20.7 95 

19 85 
19 75 

175 65 

16.4 55 

15.4 45 

15.1 35 

125 25 
10.8 15 
4.7 5 

5 5  5 

9.6 15 

123 25 
l33 35 

143 45 

15.5 55 

16.5 65 

17.9 75 
19.1 85 
19.8 95 

20.5 105 

21.3 115 

33.8 

328 

328 

30.4 
30.4 
29.1 

27.9 

27.2 
27.1 
24.8 

245 

23.4 

22.4 
21.2 

19.7 
19.1 

18.4 
17.4 

16.7 

16.2 
14.8 

13 

10.4 

7.2 

240 

230 
220 

210 

200 
190 

180 
170 

160 

150 

140 
130 

120 
110 

100 
90 
80 

70 
60 
50 
40 
30 

20 
10 

SP3 8+WN 5 +l!E 
NOTES: Shot Point 1 Digital Field Fie: 46dat Source: Hammer 

Shot Point 2 Digital Field Fae: 47.dat Source: Hammer 
Shot Po int 3 Dieital Field File: 48.dat Source Hamm el 
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A N S  Seismic Refraction SDread 14 
Recorded: 9-27-91 Azimuth: S-N Geophone Spacing: 10 (ft) 
Center Point: A N S #  20 Surface Elevation: 841 fft) 

AVERAGE VELOCITIES: 
v1 12ooft/Sec 3 838 (ft) 

AVERAGE INTERFACE DEPTH & ELEVATION: 

V2 2740ft/sec 13 828 (fit) 
_ _ ~ _ _ -  

SP1 SP2 SP3 
First First First 

Break Distance Break Distance Break Distance 

Arrival FromSpl Arrival FromSp2 Arrival From Sp3 

Geophone Station Times ToPhones Times ToPhones Times ToPhones 
& Shot Coordinates ~msecl fftl (msec) (ft) (msec) (ft) 

SPl 

1 

2 

3 
4 

5 

6 
7 

8 

9 

10 

11 
12 

SP2 
13 
14 

1s 
16 
17 

18 

19 

20 

21 
22 
23 

24 

6+75N 

6+85N 

6+95N 

7+05N 

7+ 15N 
7+25N 

7+35N 
7+45N 
7+55N 

7+65N 

7+75N 
7+85N 

7+95N 

8+OON 
8+05N 

8+ 15N 

8+25N 

8+35N 

8+45N 

8+5SN 

8+65N 

8+75N 

8+85N 
8+%N 
9+MN 
9+15N 

0+00 

O+OO 
0+00 

0+00 

Oi -00  
O+oO 
O+OO 
O+OO 
O+OO 
0+00 

0+00 

O+OO 
0+00 

O+oO 
O+OO 
O+OO 
O+OO 
O+oO 
O+OO 
0+00 

O+OO 
O+OO 
O+OO 
O+OO 
O+a, 
0+m 

9.8 

13.1 

15.4 
16.4 
17.4 

18.4 
20.1 

21.1 

23 
21.9 

24.9 

25 

26 
26.2 

27.2 

282 

29.9 

30.9 

32 

33 
35 

358 
36.2 
37.1 

10 

20 
30 
40 
50 

60 
70 
80 
90 

100 
110 

120 

130 
140 

150 

160 

170 

180 

190 

200 

210 

220 
230 
240 

226 115 

21.6 105 

20.6 95 
13.6 85 

17.6 75 

15.8 65 
15 55 

14.7 45 
14 35 

11.8 25 

10.9 15 
4 5 

5 5 

9.6 15 

11.6 25 
127 35 

153 45 
16.3 55 

173 65 
13.9 75 

20.5 85 

215 95 
21.6 105 
227 115 

365 
34.5 
34.1 

324 
31.6 

303 

29.8 

29.1 
293 

263 
26.3 

24.8 

23.3 

22.6 
21.6 

20.6 

20.7 

19.5 
18.8 

18.1 
17.1 
15.1 
121 

8.9 

240 
230 
220 
210 

200 

190 

180 

170 

160 

150 

140 
130 

120 
110 

100 

90 
80 
70 

60 
so 
40 
30 
20 
10 

SP3 9+25N 0 +m 
N O W .  Shot Point 1 Digital Field File: 49.dat Source: Hammer 

Shot Point 2 Digital Field Fie: H).dat Source: Hammer 
Shot Point 3 Dieital Field Fi le: Sl.dat Source: Hammer 
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A N S  Seismic Refract ion Spread 15 

Recorded: 9-27-91 Azimuth: S-N Geophone Spacing: 10 (fit) 
Center Point: A N S f  25 s urface Elevation: 855 (ftl 
AVERAGE VELOCITIES: 
v1 12ooft/stc 3 852 (ft) 
v2 2237ftkec 14 841 (fi) 

- 

AVERAGE INTERFACE DEPTH & ELEVATION: 

SP1 SP2 SP3 
First First First 
Break Distance Break Distance Break Distance 

Arrival From Spl Arrival From Sp2 Arrival From Sp3 

Geophone Station Times ToPhones Times ToPhones Times ToPhones 
& Shot Coordinates fmsi%l (it) (msecl (ft\ (mal (ftl 

SPl 2+7SN O+OO 
1 2+85N O+OO 9 5  10 26.5 115 35.1 240 

2 2+95N O+OO 14 20 26 105 34 w) 

3 3+05N 0+00 18 30 26.1 95 34.5 220 

4 3+15N O+OO 195 40 25.2 85 335 210 

5 3 + S N  O+OO 215 50 245 75 328 200 

6 3+3SN O+oO 21.4 60 23 65 31.6 190 

7 3+4SN O+OO 22.4 70 233 55 31.9 180 

9 3+65N O+OO 27.6 90 20.7 35 31.1 160 

10 3+75N O+OO 28.4 100 16.5 25 29.9 150 
11 3+m o+oo 28.7 110 115 15 28.9 140 

12 3+95N O+oO 30.2 120 65 5 27.6 130 
SP2 4+oON O+OO 
13 4+05N O+OO 292 130 4.8 5 25.3 120 

14 4+1SN O+OO 295 140 10.2 15 235 110 

15 4+25N O+OO 326 150 15.2 25 235 100 
16 4+35N O+OO 31.6 160 16.2 35 213 90 
17 4+45N O+OO 30.4 170 18.2 45 19.4 80 
18 4+55N O+OO 325 180 19.7 55 18.7 70 
19 4+65N O+OO 318 190 19.6 65 18.1 60 
20 4+75N O+OO 3 1.6 200 19.8 75 16.1 50 
21 4+85N O+OO 326 210 20.8 85 15.2 40 
22 4+9m woo 33.6 w )  218 95 13.8 30 
23 5+OSN O+oO 36.6 230 24.8 105 13.8 20 

24 5+1SN O+OO 37.3 240 25.8 115 9 5  10 
SP3 5+m 0 +oo 
NOTES: 

8 3+5m 0+00 24.6 80 229 4s 31.7 170 

Shot Point 1 Digital Field Fdc: 52dat Source: Hammer 
Shot Point 2 Digital Field Fde: S3.dat Source: Hammer 
Shot Point 3 Di ptal * FieM Fife: 54.dat Souy(ze: Hammer - 
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A N S  Seismic Refraction SDread 16 
Recorded: 9-27-91 Azimuth S-N Geophone Spacing: 10 (ft) 
Center Point: ANS# 30 Surface Elevation: 842 (ft) 

AVERAGE VELOCITIES: 
v1 1200ft/se.c 3 839 (ft) 

V2 2 3 3 8 W  18 824 (ft) 
V3 15393 ftkc 

AVERAGE INTERFACE DEPTH & ELEVATION: 

SP 1 SP2 SP3 

First First First 

Break Distance Break Distance Break Distance 
Arrival From Spl Arrival FromSp2 Arrival FromSp3 

Geophone Station Times ToPhones Times ToPhones Times ToPhones 

& Shot Coordinates (msec') (ftl (msecl (tu ~mSec9 (ft) 
SPI 
1 
2 
3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

SP2 
13 

14 

15 

16 

17 

18 
19 

20 
21 
22 
23 
24 

1+25s 
1 + 15s 
1+05s 
0+95s 

0+85s 

0+75S 

o+ss 
0+55s 

0+45S 

0+35S 

Oi"25S 
0+15s 
0+05s 

O+OO 
0+05N 

O+ 15N 

0+25N 
0+35N 

0+45N 

0+55N 
0+65N 
0+75N 

0+85N 
0 + S N  
1+mN 
1 + 15N 

0+00 

O+OO 
O+OO 
O+W 
O+OO 
O+OO 
0+00 

O+OO 
O+OO 
0+00 

O+OO 
O+OO 
O+oO 
O+OO 
O+OO 
0+00 

O+oO 
0+00 

O+oO 
0+00 

O+OO 
O+oO 
O+oO 
O+oO 
O+oO 
O+OO 

9.2 
13.9 

135 
14.8 

16.1 
17.6 

184 

19.5 

205 
225 

23.5 

255 

265 

275 

295 
29.5 

325 
355 

365 

37.2 
38.1 

38.4 
39.1 

39 

10 

20 
30 
40 

50 
60 

70 

80 
90 

100 

110 
120 

130 

340 

150 

160 

170 
180 

190 

200 

210 

220 
230 
240 

23.7 115 
228 105 

203 95 

19.7 85 

18.9 75 

17.8 65 
16.8 55 
15.8 45 

13.7 35 
123 25 
8.8 15 
4.1 5 

5 3  5 

8.6 15 

126 25 
13.6 35 

18.8 45 
226 55 

26.6 65 
25.8 75 

26.6 85 

26.8 95 
28.7 105 

28.2 115 

39.3 

385 

365 
35.5 
34.9 

33.9 

33.2 

323 
31 

31 
303 

30.4 

29.7 

29.1 

29.4 

272 
28.6 

28.4 
29.6 

26.6 

227 

19 
14.9 
9.3 

240 

230 

220 

210 

200 
190 

180 

170 

160 
150 
140 

130 

120 
110 
100 

90 
80 

70 

60 
50 

40 
30 
m 
10 

NOTES: Shot Point 1 Digital Field Filt: 55.dat Source: Hammer 
Shot Point 2 Digital Field Fde: 56.dat Source: Hammer 

Shot Point 3 Dieital Field File: 57.dat Source: Ham mer 
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A N S  Seismic Refraction Suread 17 

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

AVERAGE VELOCITIES: 

V2 4197Wsec 20 822 (ft) 

Center Point: ANS# 30 Surface Elevation: 842 f f t )  

v1 12oowsec 3 839 (ft) 
AVERAGE INTERFACE DEPTH & ELEVATION: 

SP1 SP2 SP3 

First First First 

Break Distance Break Distance Break Distance 
Anival FromSpl Arrival From Sp2 Arrival From Sp3 

Geophone Station Times ToPhones Times ToPhones Times ToPhones 

& Shot Coordinates fmsec) fft) fmed fft) lmsec) fft) 

SPl 
1 
2 
3 

4 
5 

6 

7 

8 

9 

10 
11 

12 

SP2 
13 

14 

15 

16 

17 

18 

19 

m 
21 

22 
23 
24 

0+00 

O+OO 
O+OO 
O+OO 
O+OO 
O+OO 
O+OO 
O+OO 
0+00 

O+OO 

0+00 

O + O  
0+00 

O+OO 
O+OO 
O+OO 
O+OO 
O+OO 
O+OO 
O+OO 
O+OO 
O+OO 
O+oO 
o+oO 
O+OO 
O+OO 

1 +zw 
1+15w 
1 +ow 
0+95w 

o+sw 
0+75w 

0+6!W 

0+55w 
0+4SW 
0+35W 

0+25W 
O+ 15W 
O + O W  

0+00 

O+OSE 
O+ 15E 
0+2% 
0+3SE 
0+45E 

0+5SE 

0+65E 
0+7m 

O+SE 
0+95E 
1+05E 

1+1m 

8.2 10 

11.5 20 
135 30 
17.2 40 
18.2 so 
20.2 60 
222 70 

25.6 80 

25.6 90 
24.8 100 
255 110 

26.4 120 

25.9 130 

27.6 140 

29.4 UO 
287 160 
28.5 170 
29.7 180 

29.8 190 

303 200 
32.2 210 

32.2 220 
32.6 230 
34 240 

26 115 

25.2 105 
24.4 95 
245 85 
221 75 

21 6!i 

19.5 55 

18.3 45 
14.7 35 

11.2 2s 
7.2 15 
4.7 5 

4.7 5 

8.7 l5 
11.4 25 
13.4 35 
14.3 45 
163 55 

16.6 65 

17.1 75 

18.5 85 

19.7 85 
20.1 105 
221 125 

35.9 
35.1 

343 

345 

31.5 

31 

29.7 
313 
29.3 

26.1 
24.8 

24.1 

224 
21.4 

21 

20 
17.3 

17 

16 
15.1 

14.4 

12.2 

10.1 

8.9 

240 
230 
220 

210 

200 
190 

180 
170 

160 

150 
140 
130 

120 

110 

100 

90 

80 

70 

60 
50 

40 
30 
20 
10 

SP3 o+oo 1 +25E 
NOTES: Shot Point 1 Digital Field F i  59.dat Source: Hammer 

Shot Point 2 Digital field Fdc: 60.dat Source: Hammer 
Shot Point 3 Dieital Field E t k  6l.dat Souroe: mer 
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ANS Seismic Refraction Spread 18 

Recorded: 9-27-91 Azimuth: W-E Geophone Spacing: 10 (ft) 
Center Point: ANS# 31 Surface Elevation: 855 (ft) 

AVERAGE VELOCITIES: AVERAGE INTERFACE DEPTH & ELEVATION: 
v112ooft/sec 3 852 (ft) 
V2 2576ft/sec 13 842 (fi) 

~ 

SP1 SP2 SP3 
First First First 

Break Distance Break Distance Break Distance 

Arrhral FromSpl AnivaI From Sp2 Arrival From Sp3 
Geophone Station Times ToPhoaes Times ToPbones Times ToPhones 
& Shot Coordinates (msec) (ft\ (msec\ (ftl (rnSfX\ (A\ 

SPl 
1 
2 

3 

4 

5 

6 
7 

8 

9 

10 

11 

12 

SP2 
13 

14 
15 
16 
17 

18 

19 

20 
21 

22 
23 
24 

0+00 

O+OO 
O+OO 
O+OO 
O+OO 
O+OO 
0+00 

O+OO 
O+OO 
0+OO 
0+00 

O+OO 
0+00 

0+00 

O+OO 
O+OO 

O+OO 
0+00 

O+oO 
O+OO 
O+OO 
O+oO 
O+OO 

O+OO 
O+OO 
O+OO 

2+7!5E 

2+85E 

2+95E 
3+0% 

3+15E 

3+25E 

3+35E 
3+45E 

3+55E 

3+65E 

3+75E 

3+8!5E 

3+95E 

4+00E 

4+05E 
4+ 15E 

4+25E 

4+35E 
4+4% 

4+55E 

4+6sE 

4+75E 

4+85E 

4+95E 

5 + m  
5+ 15E 

9.8 

123 

125 

13.7 

16.7 

17.7 

18.8 
20.8 

21.6 

21.9 

243 
25.4 

26.1 
25.9 
26.9 

27.4 

27.2 

27.1 

273 

26.1 

26.6 

28.8 
28.9 

29.6 

10 
20 
30 
40 

50 

60 

70 

80 
90 

100 
110 

120 

130 

140 

150 
160 

170 

180 

190 

200 

210 

m 
230 

240 

253 115 

24.1 105 

22.5 95 

21.8 85 
223 75 

213 65 

20.7 55 
20.3 45 

19.3 35 

15.1 25 
11 15 

4.9 5 

4.9 5 
12 15 

155 25 
175 35 

18.5 45 

19 55 

19.9 65 

19.1 75 
20.1 85 
21.6 95 
22.2 105 
22.9 115 

31.6 

30.9 

28.9 

28.7 
29.4 

29 
28.2 

27.1 

28.1 

26 

25.8 

25.8 

26.1 
23.7 

24 

229 

213 

19.3 
18.4 

16.4 

15.3 

15.4 
13.3 

9 

- 2 4 0  

230 
220 

210 
200 

190 

180 
170 

160 

150 
140 

130 

120 

110 

100 

90 

80 
70 

60 
50 

40 
30 
20 
10 

NOTES: Shot Point 1 Digital Field File: 62das Source: Hammer 
Shot Point 2 Digital Field File: 63.dat Source: Hammer 
Shot Point 3 Dieital Field File: 64.dat Source: Hammer 
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A N S  Seismic Refraction SDread 19 

Recorded: 9-27-91 Azimuth: S76E Geophone Spacing: 10 (rt) 
Center Point: A N S #  32 Surface Elmtion: 850 (ft) 

AVERAGE VELOCITIES: 

v2 2216ftlSec 11 839 (fi) 

- 

AVERAGE INTERFACE DEPTH & ELEVATION: 

v1 1200ft/sec 3 847 (ft) 

SPl SP2 SP3 
Fim F i t  First 

Break Distance Break Distance Break Distance 
Anival From Spl Arrival From Sp2 Arrival From Sp3 

Geophone Station Times ToPhones Times To Phones Times ToPhones 

& Shot Coordinates (msec’l (ft) (msec) (ft) (msec) (fi) 
SPl 0+91S 8+83E 
1 0+8& 8+76E 9 3  10 20.4 115 32.8 240 

2 0+76S 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 O+% 8+49E 175 50 iai 75 30.9 200 
6 0+47S 8+42E 185 60 17.1 65 29.7 190 

7 0+39!3 8+36E 19.3 70 16.1 55 29 180 

8 0+32S 8+29E m.7 80 153 45 27.5 170 

9 0+24S 8+23E 227 90 15.4 35 28 160 

10 0+17S 8+16E 23 100 13.7 25 26.5 150 

11 O+lOS 8+WE 23 110 126 15 24.8 140 

12 0+03S 8+03E 24.6 120 4.4 5 24.7 130 

SP2 0+01N 8 + 0 E  

13 0+05N 7+%E 255 130 5 3  5 23.9 120 

14 0+12N 7+90E 26.5 140 126 15 22.9 110 

15 0+19N 7+83E 26.8 150 14.6 25 22 100 
16 0+27N 7+76E 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+57E 30.1 190 16.9 65 16.7 60 
m 0+56N 7+50E 32.8 200 l a g  75 16.6 50 
21 0+64N 7+43E 326 210 19.4 85 143 40 
22 0+71N 7+37E 33.6 220 20.9 95 13.7 30 
23 0+79N 7+30E 34 230 21.9 105 12.3 20 
24 O+WN 7+24E 34.6 240 229 115 9.8 10 

SP3 0+95N 7+18E 

NOTES: Shot Point 1 Digital Field File 6S.dat Source: Hammer 
Shot Point 2 Digital Field Fllc 66.dat Source: Hammer 

- Shot Point 3 D i&I Field F i w  Source : Hammer 
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ms Seismic Refraction SDread 20 

Recorded: 9-30-93 Azimuth: W-E Geophone Spacing: 10 (ft) 
Center Point: A N S #  25=2+WE Surface Elevation: 870 (ftl 

AVERAGE VELOCITIES: AVERAGE IN'ERFACE DEPTH & ELEVATION: 

V1 1300ft&~ 4 866 (fit> 
v2 3897ft/sec 22 (fit) 

SPl SP2 SP3 
First First First 
Break Distanm Break Distance Break Distance 
Arrival From Spl Anival From Sp2 Arrival From Sp3 

Geophone Station Times ToPhones Times ToPhones Times ToPhones 
& Shot Coordinates tmsec) (ft) ImseC) (ft) tmed (fi) 

SPl 
1 

2 
3 

4 
5 
6 

7 
8 

9 

10 

11 

12 

SP2 
13 

14 

15 

16 
17 
18 

19 
20 
21 

22 
23 
24 

4+00N 
4+00N 
4+00N 
4+00N 

4+00N 
4+00N 

4+00N 
4+00N 

4+00N 

4+00N 
4+OON 
4+00N 
4+00N 

4+00N 

4+00N 
4+00N 

4+00N 

4+OON 
4+00N 

4+00N 

4+00N 
4+00N 
4+00N 

4+00N 

4+00N 
4+00N 

0+75E 
0+85E 

0+95E 

1+05E 
1+15E 

1 +25E 
1 +35E 

1 +45E 
1 +55E 

1+65E 

1 +75E 
1+85E 
1+9SE 
2+OOE 

2+Q5E 
2+15E 

2+25E 

2 + m  
2 + 4 E  

2+55E 

2+65E 
2+75E 

2+85E 
2+95E 
3+w 
3+15E 

9.4 
11.4 
13.8 

16.8 
19.8 

21.8 
23.8 
25.9 

26 

26.3 
26.4 

26.7 

26.9 

27.2 

29.8 

30 
31.2 

32 
327 
33.4 

34.4 

35.7 
36.1 
36.6 

10 
20 
30 
40 
50 

60 
70 

80 

90 
100 

110 
120 

130 

140 

150 

160 
170 

180 
190 
200 
210 
220 
230 
240 

27.9 115 

26.1 105 
24.9 95 
24.2 85 

23.7 75 
22 65 
20 55 

19.2 45 

15.2 35 
126 25 
95 15 

4.9 5 

4.7 5 

8.7 15 

11.9 25 
13.9 35 
15.9 45 

17.6 55 
19.2 65 
20.2 75 
222 85 

24 95 
25 105 
253 115 

38.3 
36.9 
35.3 
34.6 

35.1 

33.5 
329 

32.1 
30.4 

293 
28 

27.3 

26.5 

24.4 
23.7 

23 
21.4 

19.6 
17.9 

15.7 

14.1 
13.4 
10.8 
73 

240 
230 
220 
210 
200 
190 
180 

170 

160 
150 
140 
130 

120 
110 
100 

90 
80 

70 
60 
59 

40 
30 
20 
10 

SP3 4+00N 3 +7sE 

NOTES: Shot Point 1 Digital Field File: 68.dat Source: Hammer 
Shot Point 2 Digital Field Fde: 69.dat Source: Hammer 
Shot Point 3 Dieital Field File: 70.dat Source: Hammer 



D-23 

A N S  Seismic Refraction SDread 21 

Recorded: 9-30-91 Azimuth W-E Geophone Spacing: 10 (ft) 
Center Point: ANS% 26 S urface Elevation: 878 (ftl 
AVERAGE VELOCITIES: 
v1 13ooft/sec 3 875 (ft) 

V2 4076 Wsec 26 852 (ft) 

AVERAGE INTERFACE DEPTH & ELEVATION: 

SPl SP2 SP3 
First First First 
Break Distance Break Distance Break Distance 

Arrival From Spl Arrival From Sp2 Arrival From Sp3 

Geophone Station Ties ToPhones Times ToPhones Times ToPhoncs 
& Shot Coordinates fmsecl I f0  (msecl fft) frnsec) m 

SPl 
1 

2 

3 
4 
5 

6 
7 
8 
9 

10 
11 
12 

SP2 
13 

14 

15 

16 

17 

18 

19 
20 
21 

22 
23 
2.4 

4+00N 

4+00N 

4+00N 
4+00N 

4+OON 

4+00N 
4+00N 

4+00N 

4+OON 
4+00N 

4+00N 
4+0N 
4+00N 

4+00N 

4+ON 
4+00N 

4+00N 

4+00N 
4+0N 

4+OON 

4+00N 
4+ON 

4+OON 
4+00N 

4+00N 
4+00N 

2+75E 

2+SE 

2+95E 
3+05E 

3+15E 
3+25E 

3+35E 

3+4m 
3+5% 
3+65E 
3+75E 

3+SE 
3+95E 

4+00E 

4+05E 

4+ 1SE 

4 + S E  

4+35E 

4+45E 

4+55E 

4 + m  
4+75E 

4+85E 

4+9m 

5+05E 
S+lSE 

7.3 10 

9.3 20 
11.9 30 
13.7 40 
16.3 50 
17.7 60 
19.8 70 
2 1.8 80 

23.9 90 
24.3 100 

24.5 110 
25.7 120 

2&7 130 

27.7 140 

28.7 150 
29.5 160 

3Q.l 170 
323 180 

333 190 

33.5 200 
327 210 

343 220 
353 230 
36.3 240 

26.3 

25.8 
24.8 

22.1 

21.4 
19.4 

16.9 

15.7 

14.3 
12.3 

8.3 

4.5 

3.9 
8 

10.2 
12.2 
1 5 2  
18.2 

20.2 

21.5 

215 
23.6 
25.1 

263 

115 
105 
95 

85 
75 
65 
55 

45 
35 
25 
15 

5 

5 

15 

25 
35 

45 

55 

65 
75 

85 
95 

105 

115 

38 
38.2 

375 
35.8 

37.1 

34.8 
33.6 

329 
33.1 
31.1 

293 
28.6 

27.6 

26.6 

24.8 

228 

22 

21.2 

19.6 
17.6 

14.9 

122 

10.8 

7.6 

240 

230 
220 

210 
200 
190 

180 
170 

160 
lx) 

140 
130 

120 

110 

100 

90 
80 
70 

60 

50 

40 
30 
20 

10 

SP3 4+00N 5+25E 
NOTES: Shot Point 1 Digital Field Fife: 7l.dat Source: Hammer 

Shot Point 2 Digital Fild File: 72.dat Source: Hammer 
Shot Point 3 Dieital Field File: 73.dat Source: Hammer 



D-24 

A N S  Seismic Refraction Soread 22 
Recorded: 9-30-91 Azimuth: W-E Geophone Spacing: 10 (fit) 
Center Point: A N S #  26=2+00E Surface Elevation: 884 fft') 

AVERAGE VELOCITIES: 
V1 1300ft/sec 5 879 (ft) 

AVERAGE INTERFACE DEPTH & ELEVATION: 

V2 5 5 1 2 m  42 842 (fit) 

SPl SP2 SP3 
First First First 

Break Distance Break Distance Break Distance 

Arrival From Spl Arrival From Sp2 mval FromSp3 
Geophone Station Times ToPhones Times ToPhones Times ToPhones 

& Shot Coordinates fmsec) fft) fmsec) fft) (rnsecl ffil 

SPl 
1 
2 

3 
4 

5 
6 

7 
8 

9 

10 

11 

12 

SP2 
13 

14 

15 

16 
17 
18 

19 

20 
21 

22 
23 

24 

4+00N 

4+00N 

4+00N 

4+00N 

4+00N 

4+WN 
4+00N 
4+00N 

4+WN 
4+WN 

4+00N 
4+t"  

4+00N 
4+00N 

4+00N 

$+WN 
4+WN 

4+00N 

4+00N 

4+00N 

4+00N 

4+00N 

4+00N 
4+00N 

4+WN 

4+00N 

4+75E 

4+SE 
4+95E 

s+o5E 

5+ 1SE 

5+2!E 

5+35E 

5+45E 

5+55E 

5 + m  

5+7E 

5+85E 

5+95E 
6+00E 

6+05E 
6+ 15E 
6+25E 

6+3E 
6+4SE 

6+55E 

6+65E 

6+75E 

6+85E 
6+9SE 

7+05E 

7+1= 

8.2 

13.2 

15.2 
16.8 

17.8 
19.8 

21 

23 
245 

26.2 
282 
28.9 

29.6 

29.7 

30.6 

30.6 

326 
33.6 

33.9 

35.4 

35.8 

36.2 
37 

38.4 

10 

20 

30 
40 

50 
60 
70 

80 

90 
100 

110 

120 

130 

140 

150 

160 
170 
180 

190 

200 

210 

220 
230 

240 

27.1 115 

26.6 105 

26.4 95 

23.8 85 
22.4 75 
20.5 65 
183 55 

16.3 45 
14.7 35 

127 25 
13.9 15 
33 5 

4.4 5 

10.9 15 

13.8 2s 

15.9 35 
19 45 

212 55 

23.2 65 

24.6 75 

262 85 
28.2 95 
28.4 105 
30.1 115 

36.1 240 
363 230 
36.6 220 
35.1 210 

34345 200 

34.6 190 

33.6 180 
326 170 

321 160 

31.9 150 

33 140 
31.8 130 

29.6 120 
27.5 110 

26.3 100 

243 90 
23.9 80 

20.9 70 

18.9 60 
17.9 50 

15.5 40 

13.8 u) 

10.8 20 

9.2 10 

SP3 4+WN 7+25E 
NOTES: Shot Point 1 Digital Field File: 74.dat Source: Hammer 

Shot Point 2 Digital Field FTrle: 75.dat Source: Hammer 

Shot Point 3 Dieital Field Fii e: 76.dat Source: Hammer 



D-25 

A N S  Seismic Refranion SDrmd 23 
Recorded: 9-30-91 Azimuth: W-E Geophone Spacing: 10 (ft) 
Center Point: ANS# 27 Surface Elevation: 875 (ft) 

AVERAGE VELOCITIES: 
v1 13ooft/sec 4 871 (ft) 

V2 3278 fthec 24 851 (ft) 

AVERAGE INTERFACE DEPTH & ELEVATION: 

___ ~~ __ 
SPl SP2 SP3 
First First First 
Break Distance Break Distance Break Distance 

Arrival FromSpl Anival From Sp2 Arrival From Sp3 
Geophone Station Times ToPhones Times ToPhones Times ToPhones 
; t rdinat mec ft 

SP1 

1 
2 
3 

4 

5 

6 
7 
8 

9 

10 

11 

12 

SP2 
13 

14 

15 

16 

17 

18 

19 

20 
21 

22 
23 

24 

4+00N 

4+00N 

4+00N 
4+00N 

4+WN 

4+00N 

4+00N 

4+00N 
4+00N 

4+00N 

4+00N 

4+00N 

4+00N 
4+00N 
4+WN 

4+WN 

4+00N 

4+OON 

4+00N 

4+00N 

4+WN 
4+00N 

4+00N 

4+00N 
4+WN 

4+00N 

6+75E 

6+SE 

6+95E 

7+05E 

7+15E 

7+2!5E 

7+35E 

7+45E 
7+55E 

7+m 
7+75E 

7+85E 
7+%E 

8+00E 
8+05E 

8+ 15E 

8+25E 
8+35E 
8+4% 

8+55E 
8+65E 
8+75E 

8+85E 

8+95E 

9+ME 

9+15E 

9 10 
123 20 

133 30 
16 40 

183 50 
18.9 60 

222 80 

23.7 90 
24.7 100 

27.7 110 
29.4 120 

20.9 m 

30.4 130 

31.1 140 

33.9 150 

322 160 
34.2 170 
34.4 180 

345 190 

33.2 uw) 

35.2 210 

35.8 220 

37.9 230 
346 240 

27.4 115 

26.1 105 
23.8 95 

23.1 85 

227 75 

19.4 65 

17.9 55 
16.2 45 

124 35 
9.6 25 
7.6 15 

4 5 

43 5 

8.7 15 
11.9 25 
122 35 

15 45 
16.4 55 

18.6 65 
19.6 75 

226 85 

23.6 95 

25.6 105 
25.8 115 

35.8 
35.9 

33.9 

33.8 
33.8 

321 

31.7 

31.9 

31.8 

30 
29.4 

27.7 

26 
255 

26.9 

23.8 
23.7 

223 
21.6 

18.4 

17.7 
16.9 

121 
8.1 

240 
230 

m 
210 

200 

190 
180 

170 
160 

150 
140 

130 

120 

110 

100 
90 
80 
70 

60 
50 

40 
30 
20 
10 

SP3 4+00N 9 + m  

NOTES: Shot Point 1 Digital Fiefd Fie: ?7.&at Source: Hammer 
Shot Point 2 Digital Feld F& 78.dat Source: Hammer 
Shot Po int 3 Dieital Field File: 79.dat Source: Hamm t r  
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ANS Seismic Refraction S D m d  24 

Recorded: 9-30-91 Atimuth: W-E Geophone Spacing: 10 (ft) 
Center Point: A N S #  27=2+00E Surface Elevation: 874 (ftl 

AVERAGE VELOCITIES: 
v112ooft/sec 3 871 (ft) 
v228Mftrsec 20 854 (ft) 
v3  13295 f t k  

AVERAGE INTERFACE DEPTH & ELEVATJON: 

SPl SP2 SP3 
First First First 

Break Distance Break Distance Break Distance 
Arrival From Spl Arxival From Sp2 Arrival From Sp3 

Geophone Station Times ToPhones Times ToPhones Times ToPhones 
& Shot Coordinates (msecl (ft) fmed fft) (nsec’) fft) 

SP1 

1 

2 

3 
4 
5 
6 

7 

8 
9 

10 

11 

12 
SP2 
13 
14 

15 

16 

17 

18 

19 

20 
21 
22 
23 

24 

4+00N 

4+00N 
4+00N 

4+00N 
4+00N 
4+00N 
4+00N 

4+0N 

4+0N 
4+00N 

4+0N 
4+0N 

4+0N 
4+00N 
4+0N 
4+0N 

4+WN 

4+ODN 

4+00N 

4+0N 
4+0N 

4+00N 

4+0N 
4+0N 
4+00N 
4+00N 

8+75E 

8+85E 
8+95E 

9 + 0 E  
9+ 1% 
9+25E 
9+3m 
9+4% 

9+55E 

9+65E 
9+75E 

9+SE 

9+95E 
10+00E 
10+05E 

10+ 15E 

10+25E 
10+35E 

10+45E 

10+55E 

lo+- 
10+75E 

10+85E 
10+95E 
11+05E 
ll+lsE 

9 3  

15 

182 
19.2 
18.1 

20.9 

21.7 

24.4 
24.6 
25.6 
27.2 
27.2 

28.1 

29.1 
31.1 

31 

32 
32 

324 
325 

33.9 
335 
345 
35.1 

10 
20 
30 

40 
50 

60 
70 

80 
90 

100 
110 

120 

130 
140 
150 

160 

170 
180 
190 

200 
210 
220 
230 
240 

25.8 115 
26.1 105 

24.6 95 
23.4 85 

20.2 75 
193 65 

173 55 

17.1 45 
13.9 35 

11.9 25 
8.1 15 
4.1 5 

53 5 

7.8 15 

11.4 25 
128 35 

15 45 
16.4 55 
17.7 65 

19.1 75 

20.2 85 
212 95 
239 105 

25.7 115 

34.6 - 2 4 0  
353 230 

328 220 

329 210 
303 200 

31.3 190 

30.1 180 
31.6 170 
30.5 160 
29.5 150 

28.1 140 

27.7 l30 

26.6 120 

25.4 110 
26 100 

24.5 90 
24.1 80 
225 70 

21 60 
19.8 HI 
18.1 40 
14.7 30 

8.8 10 
127 m 

SP3 4+00N 11 +m. 
NOTES: Shot Point 1 Digital Field Fie: 8O.dat Source: Hammer 

Shot Point 2 Digital Field Flie: 8l.dat Source: Hammer 
Shot Point 3 Dieital Field File: 82dat Source: Hammer 
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ANS S&mic Refraction SDread 25 
Recorded: 9-30-91 Azimuth: W-E Geophone Spacing: 10 (ft) 
Center Point: A N S #  28 Surface Elevation: 857 ffi) 
AVERAGE VELOCITIES: 
V1 1300ft/sec 3 8s (ft) 
v2 3228wSec 18 839 (ft) 

- 

AVERAGE INTERFACE DEPTH di ELEVATION: 

Geophone 

8c Shot 

SP1 
1 

2 
3 
4 

5 
6 
7 

8 

9 

10 
11 

12 

SP2 

13 

14 

15 
16 

17 
18 

19 

20 
21 

22 
23 
24 

Station 
Coordinates 

4+00N 10+75E 

4+00N 10+SE 
4+00N lO+95E 

4+00N 11+05E 

4+00N 11+15E 
4+00N 11+25E 
4+00N 11+35E 

4+00N 11+45E 

4+00N 11+55E 

4+00N 11+6!5E 
4+00N 11+7SE 

4+00N 11+85E 
4+OON 11+95E 

4+00N 12+00E 

4+00N 12+05E 

4+00N 12+15E 

4+00N 12+25E 

4+00N 12+3SE 

4+00N 12+4!X! 

4 + 0 N  12+5SE? 

4+00N 12+65E 

4+OON 12+75E 

4+OON 12+SE 

4+00N 12+9!X! 

4+00N 13+05E 
4+00N 13+15E 

SP 1 SP2 
First First 

Break Distance Break Distance 
Arrival FromSpl Arrival From Sp2 

Ties ToPhones Times ToPhones 
Imsec) fft', fmSecl (ftl 

73 
10.6 

13.9 
17.9 

203 

20.9 
21.4 

22.8 
223 

228 
24.8 
25.8 

265 

263 

27.1 

283 
29 

30 
31.2 

30.4 
31.7 

323 

333 
343 

10 

20 
30 
40 
50 

60 
70 

80 
90 

100 
110 

120 

130 

140 

150 
160 
170 

180 

190 

200 

210 
220 
230 

240 

243 
225 

21.7 
21.1 

203 

18 

16.4 

16.1 
14.4 

12.4 
11.9 
4.7 

4 5  
115 

13 

14 

15.1 

16.1 

17.5 

17 
183 

19.1 
195 

205 

115 
105 

95 
85 
75 
65 
55 

45 

35 
25 
15 
5 

5 
15 

25 
35 

45 
55 

65 
75 
85 
95 

105 
115 

SP3 
First 

Break Distance 
Arrival From Sp3 

Times To Phones 
fmsec') IfiS 

36 

33.6 

33 

327 
32.2 

29 
283 

27.8 
263 

24.7 
25 

23.6 

23.3 

20.9 

20.2 
20 
19 

18 

18 

153 

1s 
14.4 

12 
9.7 

240 
230 
220 
210 

UK) 

190 

180 

170 
160 

150 

140 

130 

120 

110 

100 

90 
80 

70 
60 
50 

40 
30 
2o 
10 

NOTES: Shot Point 1 Digital Fiild F i i  83.dat Source: Hammer 

Shot Point 2 Digital Field File 84.dat Source: Hammer 
Shot Point 3 Dieital Reld mle : 8S.dat Source: Hamme r 



D-28 

ANs Seismic Refraction S D m d  26 

Recorded: 9-30-91 Azimuth: S-N Geophone Spacing: 10 (ft) 
Center Point: ANSX 33 Surface Elevation: 914 (ftl 

AVERAGE VELOCITIES: AVERAGE WTERFACE DEPTH & ELEVATION: 
v1 12ooft/sec 3 911 (fi) 
V2 3128ftfsec 30 8&Q (fit) 

SP1 SP2 SP3 
First First First 
Break Distance Break Distance Break Distance 

Arrival From Spl Arrival From Sp2 Arrival From Sp3 

Geophone Station Times ToPhones Times ToPhones Times ToPhones 
& Shot Coordinates ~msec’) (ft) tnsec’l (ft\ Imsecl (ft) 

SPl 
1 

2 

3 
4 

5 

6 

7 

8 

9 

10 

11 

12 

SP2 
13 

14 

15 

16 

17 
18 
19 

20 
21 

22 
23 

24 

1+25s 

1 + 15s 

1 +05s 
0+95S 

0+85s 
0+75S 

0+65s 

0+55s 
0+45S 

0+35S 

o + z s  
o+ 15s 
o+ms 
0+00N 
0+05N 
O+ 15N 

0+25N 
0+35N 
0+45N 
0+55N 
0+6SN 

0+75N 

O+#N 
0+95N 
1+05N 
1 + 15N 

12+00E 

12+00E 
12+00E 
12+00E 

12+00E 
12+00E 

12+00E 

12+00E 

12+00E 

12+00E 
12+00E 

12+00E 

12+00E 
12+00E 

12+00E 

12+00E 
12+00E 

12+00E 

12+00E 
12+00E 

12+00E 
12+00E 
12+00E 

12+00E 
12+00E 
12+00E 

8.8 10 
11.8 20 
14.8 30 
195 40 
22 50 

24.7 60 
26.9 70 
27.7 80 
27.7 90 

31 100 

31.6 110 

335 120 

355 130 

35.8 140 

35.5 150 
37s 360 
385 170 

385 180 

39.6 190 
39.6 200 

40.6 210 

426 220 

43.4 230 

44.1 240 

363 115 

34 105 
33.2 95 

33.1 85 
31.4 75 
28.9 65 
26.9 55 
24.1 45 
221 35 

19 25 

13.6 15 
4.9 5 

4.7 5 

13 15 

165 25 
19.7 35 
23.7 45 

24.9 55 
26.3 65 
28.1 75 
30.1 85 

324 95 
34 105 

355 115 

46 
44 

43.7 

44.8 

43.8 
421 
41.1 
39.1 

38.6 
37.8 
365 

37 

36 

35.4 

33.4 

324 

29.9 

27 

24.8 

23.8 
195 

17 
127 

9 

240 
230 

220 

210 

200 
190 
180 
170 
160 
150 
140 
130 

120 

110 

100 
90 

80 
70 
60 
50 
40 

30 
20 
10 

NOTES: Shot Point 1 Digital Field File: 86.dat Source: Hammer 
Shot Point 2 DigitaI Field File: 88.dat Source: Hammer 
Shot Point 3 DiPital Fleld File: 89.dat Source: Hammer 
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A N S  Seismic Refraction SDread 27 

Recorded: 9-30-91 Azimuth: N48E Geophone Spacing: 10 (ft) 
Center Point: ANS# 28=2+00N Surface E l m  tion: 892 (ft) 
AVERAGE VELOCITIES: 
v1 1200ft/sec 3 889 (ft) 
V2 4200Wsec 35 857 (ft) 

AVERAGE INTERFACE DEPTH & ELEVATION: 

SP 1 SP2 5p3 

First First First 

Break Distance Break Distance Break 
Arrival FromSpl Arrival FromSp2 Arrival 

Geophone Station Times ToPhonts Times ToPhoncs Times 
& Shot Coordinates ~lxlsec’l fft’l fmsecl (ftl fmsec) 

SPl 5+81N 10+78E 

1 5+83N 10+88E 8.9 10 27.7 115 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 + m  11+17E 15 40 23 85 37.3 
5 5+88N 11+26E 17 50 22.4 75 37.2 
6 5+WN 11+36E 18.6 60 20 65 36.2 
7 5+91N 11+46E 20.7 70 187 55 36 
8 5+93N 11+56E 23.2 80 173 45 353 
9 5+94N 11+65E 25.2 90 15.1 35 34.1 
10 5+95N 11+75E 2&6 100 13.1 25 335 

11 5 + m  11+85E 28.1 110 113 15 32 

12 5+WN 11+95E 28.8 1u) 43 S 313 
SP2 6+WN 12+00E 

13 6+00N =+ME 29.8 130 4.6 s 30.1 

14 6+OlN 12+14E 31.6 140 129 15 29.6 
15 6+03N 12+24E 33.6 150 16.9 25 27.9 

16 6+MN 12+34E 34 160 17.9 35 26.7 
17 6+05N 12+44E 3.2 170 20.6 45 25.9 
18 6+07N 12+53E 35.9 180 Z1 55 23.6 

19 6+08N 12+63E 36.1 190 22.6 65 213 

20 6+10N 12+73E 37.1 200 23.8 75 18.4 

21 6-tllN 12+= 375 210 24.5 85 15.9 
22 6+13N 12+92E 38.8 220 25.8 95 14.2 
23 6+14N 13+02E 395 230 27.2 105 10.8 

24 6+16N 13+12E 40.2 240 28.2 11s 9.8 

SP3 6+17N 13+21E 
NOTES: Shot Point 1 Digital Field Fie: !XLdat Source: Hammer 

Shot Point 2 Digital Field Fie: 9l.dat Source: Hammer 
Shot Point 3 D inital Reld Rte: !Q&t Sou roe: Hammer 



D-30 

M s  Seismic Refraction S D m d  28 
Recorded: 9-30-91 Azimuth: W-E Geophone Spacing: 10 (ft) 

Center Point: A N S #  22=2+00E Surface Elevation: 923 (ft) 

AVERAGE VELOCITIES: 
v1 1200ft/sec 3 920 (ft) 

AVERAGE INTERFACE DEPTH & ELEVATION: 

V2 4297ft/sec 29 894 (ft) 

SP1 SP2 SP3 
First First First 
Break Distance Break Distance Break Distance 

Arrival FromSpl M v a l  From Sp2 Arrival FromSp3 
Geophone Station Times ToPhones Times ToPhones Times ToPhones 

8c Shot Coordinates (msec) fft) fmsed fft’) (msec’l fft) 

SP1 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 

12 

SP2 

13 

14 

1s 
16 

17 

18 

19 

20 

21 

22 
23 

24 

8+00N 

8+00N 

8+00N 

8+00N 

8+00N 
8+00N 

8+00N 
8+00N 

8 + O N  

8+00N 
8+00N 

8+00N 

8+00N 

8+00N 

8+00N 

8+00N 

8+00N 

8+00N 

8+WN 

8+00N 
8+00N 

8+00N 

8+00N 

8+OON 
8+00N 
8+00N 

8+75E 

8+85E 

8+95E 

9+05E 

9+ 15E 

9+25E 
9+3SE 
9+45E 

9+55E 

9+#E 
9+75E 

9+85E 

9+95E 
10+00E 

10+05E 

10+ 15E 

10+2SE 

10+35E 

10+45E 

10+55E 
10+#E 

10+75E 

10+85E 
10+95E 
11 +OSE 
11+15E 

8.8 10 
113 20 
13.9 30 

15.9 40 

17.9 50 

20.7 60 

222 70 

23.2 80 
24.6 90 

26.4 100 

26.9 110 

28.9 120 

30.3 130 

30.4 140 

31.4 150 

33.4 360 

335 170 

34.6 180 

35.6 190 

36.1 200 

36.4 210 

37.4 220 
38.6 230 

38.9 240 

273 115 

24.3 105 
235 95 

22.1 85 
21.1 75 

20.1 65 
193 55 
16.9 45 

14.8 35 

13 25 
9.2 15 
4.4 5 

5 5 

9.7 1s 
121 25 

15.1 3s 
17.7 45 

18.7 55 

20.7 65 
21.8 75 

224 85 
23.6 95 
25 105 
26 115 

37.7 

35.2 

33.8 

33 

335 

343 

33.4 

321 

31.5 

30.3 

27.7 

26.9 

25.3 
226 

21.6 

21.8 

19.9 

18.4 
17.8 

16.1 
13.4 

12 

9.8 

8.8 

240 

230 
220 
210 

200 
190 
180 
170 

16P 
150 

140 

130 

120 
110 

100 

90 

80 

70 

60 

50 

40 
30 

20 

10 

SP3 8+00N 11+25E 

NOTES: Shot Point 1 Digital Field File: 93.dat Souroe: Hammer 
Shot Point 2 Digital Field Fde: 94.dat Source: Hammer 

Shot Point 3 Dieital Field File: 95.dat Source: Hammer 



D-31 

ANS Seismic Refra d o n  Spread 29 

Recorded: 10-1-91 Azimuth: W-E Geophone Spacing: 10 {ft) 
Center Point: ANS# 16=2+00E Surface Elevation: 873 (ftl 

AVERAGE VELOCITES: 
v1 1200ft/sec 3 870 (ft) 

V2 2748ft/sec 15 858 (ft) 

V3 11701 fthw 

AVERAGE INTERFACE DEPTH & ELEVATION: 

SP1 SP2 SP3 
First Fmt First 

Break Distance Break Distance Break Distance 

Arrival From Spl Arrival From Sp2 Arrival From Sp3 

Geophone Station Times ToPhones Times To Phones Times ToPhones 
& Shot Coordinates (& fftl fxllsez.l (ftl fmsecl (ftl 

SP1 
1 

2 
3 

4 
5 
6 

7 
8 

9 

10 
11 

12 
SP2 
13 

14 
15 

16 

17 

18 
19 

20 
21 

22 

23 
24 

12+00N 
12+00N 

12+00N 
12+00N 

12+00N 
12+00N 
12+00N 
12+00N 

12+00N 
12+00N 
12+00N 

12+00N 
12+00N 
12+00N 
12+00N 

12+00N 
12+00N 
12+00N 

12+00N 
12+00N 
12+00N 

12+00N 

12+00N 

12+00N 
12+00N 
12+00N 

4 + 7 E  

4+85E 
4+95E 

5+05E 
5+ 15E 

5+2SE 

5+3m 
5+45E 

5+55E 
5+6SE 
5+75E 
5 + S E  
5+9m 
6+00E 
6+ME 

6+ 15E 
6+2sE 
6+3!% 

6+45E 

6+55E 
6+65E 

6+75E 

6+85E 

6+%E 

7+OSE 
7+1!E 

7.8 10 
11.2 20 

133 30 
15.6 40 

17 50 
18.1 M) 

19.6 70 
20.4 80 

215 90 
22.4 100 
23.4 110 
24.8 120 

25.2 130 
273 140 

27.7 150 
28.7 160 

28.9 170 

30.1 380 
313 190 

31.4 200 
329 210 

33.7 220 
33.4 230 

34.7 240 

24.5 115 

23.9 105 
226 95 
22.3 85 
21.1 75 
19.8 65 
18.3 55 

17.4 45 
16.3 35 
14.6 25 
121 15 
4.5 5 

4.3 5 
113 15 
143 25 
16.8 35 
18.5 45 

21.2 55 

23.2 65 
22.9 75 

2.43 85 
25.1 95 

25.1 105 
25.9 115 

34.8 

35 
328 
328 
32.1 
31.1 

30.4 
29.3 

28.5 
28.3 

27.5 

27 

26.9 
25.9 

25.3 
23.8 

226 

21.3 
19.7 

18 
17.3 

155 

13.2 
9.7 

240 
230 
220 

210 
200 
190 
180 
170 

160 

150 
140 

130 

120 

110 
1 0  

90 
80 
70 
60 
50 

40 
30 
20 

10 

- 

NOTES: Shot Point 1 Digitaf Field Fik %.dat Source: Hammer 
Shot Point 2 Digital Field File: 97.dat Source: Hammer 

- Shot Point 3 Dieital Field : 98.dat Source: Hammer 
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A N S  Seismic Refraction SDread 30 

Recorded: 10-1-91 Azimuth: W-E Geophone Spacing: 10 (ft) 
Center Point: ANSR 15=2+00E Surface Elevation: 863 (ft) 

AVERAGE VELOCITIES: AVERAGE INTERFACE DEPTH Br ELEVATION: 

v1 1200ft/sec 3 860 (fit) 
V2 3371 ft/sec 15 848 (ft) 

SPl SP2 SP3 
Fmt First First 

Break Distance Break DistanEe Break Distance 
Arrival FromSpl Arrival FromSp2 Arrival From Sp3 

Geophone Station Times ToPhones Times ToPhones Times ToPhones 
& Shot Coordinates (me& (ft) (rnsed tnj (rnsed Ift) 

SP1 

1 

2 

3 
4 

5 

6 
7 

8 

9 

10 

11 

12 

SP 2 
13 

14 

15 

16 

17 

18 

19 

20 
21 

22 
23 

24 

12+00N 
12+00N 

12+00N 

12+00N 

12+00N 

12+00N 

12+00N 

12+00N 

12+00N 

12+00N 

12+00N 
12+00N 

12+00N 

12+00N 
12+00N 

12+00N 

12+00N 

12+00N 

12+00N 

12+00N 

12+00N 
12+00N 
12+00N 

12+00N 
12+00N 
12+00N 

0+75E 

0+85E 

0+95E 

1 +05E 

1 + 15E 

1+25E 

1+35E 
1 +45E 

1+5% 

1+6E 
1+75E 

1 +8!E 

1 +95E 
2+00E 
2+05E 

2+ 15E 
2+25E 

2+35E 

2+45E 
2+55E 

2 + m  

2+75E 

2+85E 

2+95E 
3 + m  
3+15E 

85 

10.6 

126 

14.6 

155 

16.7 

19.7 

18.8 

19.4 
20.4 

21.4 
22.4 

23.4 

24.4 

25.4 
265 

27.2 

282 

30 
30.4 
31.6 

325 
324 
33.6 

10 

20 
30 
40 
50 

60 
70 

80 
90 

100 

110 
124) 

130 

140 

150 

160 

170 

1130 
190 

m 
210 

220 
230 
240 

23 115 

21.6 105 
21.2 95 

19.6 85 

18.8 ' 75 

18.3 65 

17.1 55 
15.1 45 

129 35 

11 25 

8.8 15 
4.5 5 

43 5 

10.7 15 

12 25 

14 35 
15.5 45 

16.9 55 

18.9 65 
20 75 

223 85 
22.5 95 

23.5 105 

245 115 

345 - 240 
33.2 230 
324 220 

3 15 210 

30.9 200 

313 190 
30.6 180 

29.1 170 

28 160 

27 150 
26.6 140 
26.9 130 

26.6 120 

25.4 110 

23.4 100 
224 90 
21.6 80 
20.7 70 

19.6 60 
17.7 50 

16.8 40 
14.8 30 

12 20 
9.6 10 

SP3 12+00N 3+25E 

NOTES: Shot Point 1 Digital Field Fie: 99.dat Source: Hammer 
Shot Point 2 Digital Field File: 100.dat Source: Hammer 
Shot Point 3 Dieital Field Rle: 1Ol.dat Source: Hammer 



D-33 

A N S  Seismic Reftaction Spread 31 

Recorded: 10-1-91 Azimuth: S-N Geophone Spacing: 10 (ft) 
Center Point: A N S #  20.. 2 +ooN Surface Elmtion: 870 (ftl 

AVERAGE VELOCITIES: AVERAGE INTERFACE DEPTH & ELEVATION: 

v1 1200fi/sec 3 a7 (A) 
v2 2253mec 12 858 (ft) 

SP1 SP2 SP3 
First Fmt First 

Break Distance Break Distance Break Distance 

Arrival From Spl Arrival From Sp2 Arrival From Sp3 

Geophone Station Times ToPhones Times ToPhones Times ToPhonw 

& Shot Coordinates (msecl (ftS tnsecl (€tS hlsecl (ftl 
SP1 
1 

2 

3 
4 
5 

6 

7 

8 

9 

10 
11 

12 

SP2 
13 

14 

15 

16 

17 

18 
19 

20 
21 

22 

23 

24 

- 

8+75N 
8+85N 

8+95N 
9+05N 
9+ 15N 

9+25N 
9+35N 
9+45N 

9+55N 
9+65N 

9+75N 
9+85N 

9+95N 
lO+OON 
10+05N 

10+lSN 

10+2SN 

10+35N 

10+4SN 

10+55N 
10+65N 
10+75N 
10+85N 
10+95N 

11+OSN 
ll+lSN 

O+OO 
O+OO 
O+OO 
O+OO 
O+OO 
O+OO 
O+OO 
O+OO 
O+OO 
O+OO 
O+OO 
O+OO 
O+OO 
O+OO 
O+OO 
O+oO 
O+OO 
O+OO 
O+OO 
O+OO 
O+OO 
O+OO 
O+OO 
O+OO 
O+OO 
O+OO 

3.9 10 

13.9 20 
15.1 30 
16.4 40 
17.7 50 
19.7 60 
21.1 70 
24.1 80 
25.6 90 
26.5 '100 
28.5 110 
305 im 

31.2 130 

326 140 
323 150 

328 160 

32.3 170 
33.5 180 

345 190 
35.2 200 
35.3 210 
362 220 
365 230 

36.5 240 

29.2 115 

28.4 105 
26.7 95 

25.7 85 
24.4 75 
23.9 65 

22.9 55 

213 45 

17.9 35 

13.9 25 
11.9 15 
4.8 5 

4.8 5 

13 15 
16.2 25 
18.4 35 

19 45 
21.9 55 
23.9 65 

24.9 75 
25.4 85 
26.6 95 
26.9 105 
27.4 115 

363 

36.2 
34.3 
33.9 

329 
327 

323 

321 

31.2 
29.6 

29.6 
29.6 

29.4 

29.1 

26.6 

25.1 
23.6 

22.6 
21.4 

19.7 

17.7 

16.3 

14 
8.9 

240 
230 

220 
210 
m 
190 
180 

170 
160 

150 

140 

130 

120 

1 10 

100 

90 
80 
70 

60 
50 

40 
30 
20 
10 

NOTES: Shot Point 1 Digital Field Fde; lO2.dat Source: Hammer 
Shot Point 2 DigitaI Field Fk 103.dat Source: Hammer 
Shot Po int 3 Dieitat Field File: 104.dat Sou rce: Hamme r 



D-34 

A N S  Seismic Refraction Suread 32 

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

Center Point: ANS# 25=2+00N Surface Elevation: 842 (A’) 

AVERAGE VELOCITIES: 
V l  1250ft/sec 3 839 (ft) 

v2 2582wSec 9 833 (ft) 

AVERAGE INTERFACE DEPTH & ELEVATION: 

SP1 SP2 SP3 

First First First 

Break Distance Break Distance Break Distance 
Arrival From Spl Arrival From Sp2 Arrival From Sp3 

Geophone Station Times ToPhones Times ToPhones Times ToPhones 
& Shot Coordinates hlsec’) fftl (msecl (ill (msec’) fftl 

SPl 
1 

2 
3 
4 

5 

6 
7 

8 

9 

10 

11 

12 

SP2 

13 

14 

15 
16 

17 

18 
19 

u) 

21 

22 

23 
24 

4+75N 

4+85N 

4+95N 
5+05N 

5+ 15N 

5+25N 

5+35N 

5 +45N 

5+55N 
5+65N 

5+75N 

5+85N 

5+95N 

6+#N 

6+05N 

6+ 15N 

6+25N 

6+35N 

6+45N 

6+55N 
6+65N 

6+75N 

6+8SN 
6+95N 
7+05N 
7+15N 

O+OO 
O+OO 
0+90 
O+OO 
O+OO 
O+OO 
0+# 
O+OO 
O+OO 
O+oO 
O+OO 
0+00 

O+OO 
O+OO 
O+OO 
O+OO 
O+OO 
O+OO 
0+00 

O+OO 
0+00 
O+OO 
O+OO 
0+# 
O+OO 
O+oO 

7 
10.6 

129 
14.4 

14.9 

16.4 

16.2 

18.2 

18 
20 
203 
221 

23 
26 

26.8 
26.4 
27.4 

287 
29.7 

30.9 

31.4 

31.2 
33.2 
34.9 

10 
20 

30 
40 
50 

M) 

70 

80 

90 
100 

110 

120 

wo 
140 

1% 
160 
170 

180 
190 

200 
210 

220 
230 
240 

21.7 115 

21 105 
19.9 95 

19.1 85 

17.8 75 

16.6 65 
14.4 55 

14.6 45 
128 35 
13.6 25 
9.8 15 

5.4 5 

4 5 
13 15 

14.7 25 
14.6 35 

15.9 45 
17.3 55 
18.4 65 
195 75 
19.8 85 
20.1 95 

222 105 

24 115 

34.5 240 
34.3 230 
33.2 2ul 

322 210 

31.2 200 
30.2 190 

28.2 180 
27.9 170 

26.9 160 

27.9 150 
25.2 140 

24.2 130 

23.6 120 

23.9 110 

23.2 100 
20 90 
19 80 

17.7 70 

17.1 60 
15.2 50 

15.2 40 
12.8 30 
125 20 

9 10 
SP3 7+ZN O+OO 
NOTES. Shot Point 1 Digital Field Fde: 105.dat Source: Hammer 

Shot Point 2 Digital Field File: lO6.dat Source: Hammer 
Shot Point 3 Dieital Field File: 1M.dat Source: Hammer 



D-35 

A N S  Seirm~c Refraction Swta  d 33 

Rec~rded: 10-1-91 Azimuth: W-E GCCJ@IOIX Spncing 10 (ft) 

Cmter Point: ANSY 21=1+15E Surface Elevation: 872 (ftl 

AVERAGE V E u ) C m :  AVERAGE INTERFACE DEPTH & ELEVATION: 

V 1 1 2 0 0 ~  2 870 (fl) 

v2 4390ftkec 17 855 (fi) 

~ _ _  - 

SP1 SP2 SP3 SP4 

Fmt Fit Fmt Fmt 

Break D W  Brcak Distuur: BnaL Distance Break Distance 

Arrival FromSpl Arrival FramSp2 Anival FromSp3 Arrival FrumSp4 

Gsophone Station T i  T o P h c s  Tics ToPhorrrs Tunes ToPhana Times ToPhollg 

& Shot fit) (msecj Ift\ 

SPl 8+WN 3 + W  

SP2 8+00N 3+90E 

1 8+WN 4+00E 19.7 100 8.1 10 zl.8 115 302 240 

2 8+00N 4+10E 19.9 110 113 20 19.9 105 29.1 230 

3 8+00N 4+20E 20.8 120 127 30 18.7 95 279 220 

4 8+WN 4+30E 22.6 130 14 40 18.6 85 27.7 210 

5 8+WN 4+40E 229 140 14.6 50 175 75 26.7 200 

6 8+00N 4+50E 24 150 16.4 60 17 65 263 190 

7 8+00N 4+60E 25 160 17.1 70 162 55 25.8 180 

8 B+boN 4+70E 26.4 170 18.5 80 155 45 253 170 

9 8+00N 4+80E 27.4 180 195 90 14.1 35 24.s 160 

10 8+00N 4+90E 27.8 190 198 lbo 109 25 23.4 150 

11 8+00N 5+00E 285 MO ma 110 8.6 15 224 140 

12 8+00N 5+1OE 29.2 210 215 im x 9  5 21.s 130 
SP3 8+ooN 5+15E 

u 8+OON 5+mE 313 220 23.1 130 5.7 5 2 2  120 

14 8+OON 5+3OE 30.7 230 227 140 95 15 195 110 

15 8+00N 5+4OE 32.6 240 245 150 124 25 19.4 100 

16 8+00N 5+= 335 250 25.2 160 u . 7  35 18.4 90 
17 8+WN 5+6oE 33.1 260 s5 170 14.7 45 17.1 80 

18 8+WN 5+7OE 34-1 no 26 180 162 55 163 70 

19 8+WN 5+8OE 35.l 2 8 0 2 7  190 17.1 65 14.7 60 

20 8+WN 5+90E 36 290 27.7 zr)o 18.1 75 13.1 50 

n 8+00N 6+WE 37 300 29A 210 19.4 85 11.4 40 

22 8+00N 6+10E 38 310 30.2 220 20.1 95 9.4 30 

23 8+OON 6+2OE 38.1 320 30.7 230 20.3 105 6 3  2o 

24 8 + W  6+30E 38.1 330 313 240 21 115 3.7 10 

SP4 8+00N 6+4OE 

SP5 

Fit 

Break Distance 

Arrival FromSpS 

Tia ToPhoncs 

frnsecl IPt) 

392 330 

37.7 320 

362 310 

36.2 300 

35.4 290 

352 280 

34.4 270 

34.6 260 

33.7 250 

325 240 

313 230 

303 220 

305 210 

282 200 

2B.l 190 

27.4 180 

26.2 170 

25.2 160 

u . 4  150 

23.6 140 

226 130 

21.6 im 
19.6 110 

18.5 100 

SPS 8+00N 7+NE 

NOTES: Shot Paint 1 Dirjt.1 F#ld Fk 1 l O h r  Sourrr: 8 Gauge BLnbp (300 Glain BLck Pawdc?) 

Shot Paint 2 Digital F a  FJr 1oBdu Saurcr Wunmrr 

Shot Point 3 Dml FW Fe 11-t Sourrx: Huarrra 
Sot Point 4 D@tal FKfd Fk 114dal Source H.mwr 
Shot Poiat 5 Digital Add Ne: 11-1 Source 8 Gauze Blanks 1300 Grain Black Puw&\ 



D-36 

A N S  Seismic Refraction Somd 34 
Rcmrded: 10-291 Azimuih: W-E Geophone Spacing: 10 (ft) 

Cmla Point: ANW 21=3+15E Surface Elmtion: 891 I f0  

AVERAGE VEu)CllES: 

V 1 1 2 O o f ~  1 890 (fi) 

v2 449ofrhcc 27 864 (fl) 

AVERAGE INTERFACE DEPTH L ELEVATION: 

V3 12378 fthm 

SP1 SP2 SP3 SP4 SP5 
Fmt Fmt Fit Fmt Fmt 

Break Diftancc Bmak Distance Break Distance B m k  Distana Break Distana 

Arrival F m S p l  -1 FmmSp2 Arrival FmmSp3 Arrival FrornSp4 Anival FmmSp5 

Geophone Station Tics ToPbona Tis ToPhoncs T i s  ToPhwa Tics ToPhonar Tma ToPhoncs 

&Shot Coordinates Imsec) (€0 fmseel (ftl ~mseCl (ftl i m s d  (ftl Imsec) (It’) 

SP1 

SP2 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

SP3 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 
24 

SP4 

8+00N 5+00E 

8+00N 5+90E 

8+00N 6+00E 

8+00N 6+10E 

8+00N 6+20E 

8+00N 6+30E 

8+00N 6+40E 

8+WN 6+50E 

8+00N 6+60E 

8+WN 6+70E 

8+00N 6+80E 

B+WN 6+90E 

8+00N 7+00E 

8+00N 7+10E 

8+00N 7+15E 
8+00N 7i20E 

8+WN 7i30E 

8+00N 7+40E 

8+OON 7+50E 
8+00N 7+60E 
8+00N 7+70E 

8+00N 7+80E 

8+00N 7+90E 

8+00N 8+WE 

8+00N 8+10E 

8+00N 8+20E 

8+00N 8+30E 

8+00N 8+40E 

185 

19.6 

19.6 

m5 
213 

226 

24 

2s 
z5 
27.4 

27.1 
29s 

30.8 

321 

328 
33.6 

sa  
34.9 

36.1 

375 

37s 
387 

39.3 

403 

100 

110 

im 
130 

140 

150 

160 

170 

180 

1#1 

200 

210 

220 

230 

240 
250 
260 
270 

280 

290 

300 

310 

320 

330 

4.8 

8.1 

9 8  

11.6 

13.1 

152 

17.1 

18.2 

192 

213 

m.8 

22.8 

23.8 

24.6 

z a  
n 

27.9 

29.4 

30.4 

31.4 

31.4 

32.4 

324 

33.6 

10 

20 

30 
40 

50 

60 

70 

80 

90 
100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 
210 

220 

230 

240 

232 

21.7 

193 

18 

173 

165 

15 

14 

129 

112 

7.8 

3.8 

5.1 

10.1 

113 

13.2 

14.8 

17.1 

18.7 

20.1 

ms 
225 
227 
23.9 

115 

105 

95 

85 

75 

65 
55 

45 

35 

25 

15 

5 

5 

15 

25 

35 

45 

55 

65 

75 

85 

95 

105 

115 

35.5 

342 

322 

31.4 

30.6 

30 

29.6 

28.8 

28 
271 
259 

25.9 

25 9 

25 

23.1 

21.8 

20.2 

19.1 

16.1 

14.8 

11.8 

9.9 

8 2  

6 3  

240 

230 
220 

210 

200 
190 

180 

170 

160 

150 

140 

130 

120 
110 

100 

90 
80 

70 

60 

50 

40 

30 

20 

10 

44.7 

43.9 

41.7 

41 

40 

39.8 

38.9 

37s 

38.2 

37.8 

35.8 

35.9 

35.8 

35.4 

33.9 

32.9 

321 

31.1 

30 

28.8 
262 

24.4 

23.4 

23.1 

330 

320 

310 

3m 
290 

280 

270 

260 

250 
240 

230 

2m 

210 

200 

190 

180 

170 

160 

150 

140 

130 

im 
110 

100 

SP5 8+00N 9+30E 

NOIES: Shot Point 1 Digital Fceld Fk 11-t Sourer 8 Gary  Blanks (300 Gram Black Pawder) 

Shot Point 2 Digital field Fe 119dat Souroc: Hammer 
Sbot Point 3 Digitaf F& Frle: 12Odat Source: Hamwr 
Shot Point 4 Digital Ftcld Fk 121.dat Souroe: Hnmma 

Shot Point 5 Digital Fdd Filc 1-1 Source 8 Gaur  Blanks 1300 Grain Black Powder) 



D-37 

A N S  Swmie Rcfrauion SDrepd 35 

Rccwdtd: 10-2-91 h m u t h :  S-N Geophone Spang: 10 (ft) 

Center Point: A N S #  26=3+15N Surface Elevation: 864 (ft) 

AVERAGE VELOCITIE!j: 

v1 lmoftkec 3 861 (€0 
V2 2763ftkec 12 852 (ft) 

AVERAGE INTERFACE DEPTH & ELEVATION: 

V3 %14fVsec 

SPI SP2 SP3 SP4 SP5 

Fmt Fnrt Fm Fit RISI 
Bnzak Diuamr Brcak Dis- Brak D w n a  Break Dlctancc Break Dlstance 

Arrivcll komSpl Amval F m S p 2  Arriwal FromSp3 Arrival FromSp4 Arrival FmmSp5 

Gtophone Station T- ToPhone~ Ttmes Tofhones Tims ToPhona Tmcs ToPhoncs Tmcs ToPhons 

&Shot coordinates hmx) fft, IQ?sec\ In) imrcc) m, fmsa9 I f 0  IRwcl fft’) 

SPI 

SP2 

1 

2 
3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

SP3 

13 

14 

15 

16 

17 

18 

19 

m 
21 

22 

23 

24 

SP4 

5+00N 4+00E 

S+#N 4+00E 

6+WN 4+00E 

6+10N 4+00E 

6+2ON 4+00E 

6+3ON 4+00E 

6+40N 4+00E 

6+50N 4+00E 

6+60N 4+00E 

6+70N 4+ME 

6+WN 4+00E 

6+#N 4+00E 

7+00N 4+WE 

7+10N 4+00E 

7+15N 4+WE 

7+20N 4+WE 

7+30N 4+00E 

7+40N 4+00E 

7+MN 4+00E 

7+60N 4+WE 

7+7ON 4+00E 
7+80N 4+WE 

7+9ON 4+00E 

8+WN 4+00E 

8+1ON 4+6oE 

8+2ON 4+WE 

8+WN 4+00E 

8+40N 4+00E 

205 

21.1 

23.4 

24.8 

25.4 

26.1 

26.9 

27.1 

28.1 

29.7 

30.9 

JU 

33.7 
349 
359 
36.2 

37.9 

39.6 

41.9 

40.6 

41.8 

428 
43.8 

46 

100 

110 

120 

130 

140 

1 s  

160 

170 

180 

190 

200 
210 

220 
230 

240 

Z O  
240 
270 

280 

290 
300 

310 

320 
330 

9.1 

121 
14.6 

16.4 

16.9 

17.7 

16.7 

18.8 

19.9 

213 

23.1 

24.4 

25.4 

273 

283 

2a.6 
30.3 

3.1 
33s 
323 

33.8 

34.9 

35.9 

37.7 

10 

m 
30 
40 

50 

60 

70 

80 

90 
100 

110 

1 3  

130 

140 

150 

160 

170 

180 

190 

U)o 

210 

220 

230 

240 

23.4 

215 

21.9 

2o5 
18.2 

175 

16 

1s 

14 

12.8 

10.5 

4.9 

4.8 

122 

13.8 

1411 

162 

17.1 

19.7 

18.8 

m.8 
22 

229 

24.9 

115 

105 

95 

85 
75 

65 

55 

45 

35 

25 
15 

5 

S 
15 

25 
35 

45 

55 

6s 

75 

85 
95 

105 

115 

37.1 

35.1 

36.1 
34.1 

322 
31.4 

30.4 

t9.1 

283 

27.4 

26.6 
26.9 

25.7 

24.6 

23.2 

21.8 

20.8 

19.4 

16.8 

16,8 

165 

148 

13.7 

9.3 

240 
230 

220 

210 

200 

190 

180 

170 

160 

150 

140 

130 

120 

110 

100 

90 

80 

70 

60 

so 
40 

30 

2o 

10 

42.6 

41 

415 

403 

38.2 

37.2 

36.6 

35.6 

34.6 

338 

33 

32.9 

313 

313 

303 

28.6 

26.8 

26.7 

26.1 

23.2 

23 

22.7 
22 

223 

340 

330 

320 

310 

300 

290 

280 

3 0  

260 

250 

240 

230 

220 

210 

200 

190 

180 

I70 

160 

1so 
140 

130 

im 
110 

SP5 9+40N 4 + 0 E  

NOTES: Shot Point 1 Digital F i  Fk lzzdst Saurae 8 Gauge Bhrrls (300 Grain Bladi. Paarder) 

Shot Point 2 Digital F i  Fdr 12dat Sourrr: Hamma 

Shot Point 3 Digtal F i  Nc: X25d.t  e Hammer 

Shot Point 4 Dwtal F i  Fdr l z d h t  Sourer Hirmma 

Shot Poi01 5 Digital Fidd Fdc 127dat Souror 8 Gaunt Blsnts 1300 Grain Bkck Paafdcr) 



D-38 

A N S  Seismic Refmaion S D m d  36 

Recorded: 10-3-91 Azimuth: S-N Geophone Spacing: 10 (ft) 
Cmter Point: ANS# 21 =1 +lSN Surface Elevation: 862 (ft) 

AVERAGE VELOCllW& AVERAGE INTERFACE DEPTH & ELEVATION: 

v1 lzooft/sac 2 860 (fi) 
v2 2695flkx 12 850 (ft) 

v3 10485fySec 

SPl SP2 SP3 SP4 SP5 

Fit Fust Fmt Fmt Fvst 

Break Distance Break Dislana Break Dmtancc Break Dictance B m k  Distana 

Anival FromSpl Anival FromSp2 Anival FromSp3 Arrival FromSp4 Arrival FromSpS 

Gaophme Station Tma ToPhoos lima ToPboas Tmer ToPhoner Tms ToPhones Tuna ToPhons 

& Shot coordinates fmscc) f ft) Imaec) fft) fmsec'l I f0  If0 hlscc) (ft) 

SPl 

SP2 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

SP3 

13 

14 

1s 

16 

17 

18 

19 

a 
21 

22 

23 

u 
SP4 

6+SON 4+00E 

7+WN 4+00E 

8+00N 4+00E 

8+1ON 4+00E 

8+mN 4+00E 

8+3ON 4+00E 
8+4ON 4+00E 

8+5ON 4+00E 

8+60N 4+00E 

8+70N 4+00E 

8+8ON 4+00E 

8+90N 4+00E 

9+00N 4+00E 

9+10N 4+00E 

9+15N 4+00E 

9+mN 4+00E 

9+30N 4+00E 

9+40N 4+WE 

9+50N 4+00E 

9+60N 4+WE 

9+70N 4+00E 

9+8ON 4+00E 

9+90N 4+00E 

10+00N 4+00E 

lO+lON 4+00E 

10+20N 4+00E 

10+3ON 4+00E 

10+40N 4+00E 

253 
268 

27.6 

29.6 

30.9 

315 

31.4 

318 

33.8 

35 9 

36.1 

36.9 

37.6 

38.4 

40.4 

39.1 

40.4 

42 

41.9 

41.6 

426 

43.6 

45.1 

46.7 

150 

160 

170 

180 

190 

200 

210 

220 
m 
240 

250 

260 

2-70 

280 
290 

300 
310 

320 
330 

340 
350 

360 

370 

380 

7 3  

11.9 

13.7 

155 

173 

17.7 

17.9 

18.1 

20.4 

224 

2z7 

23.7 

245 

24.8 

268 

265 

27s 
295 

W.2 

28.6 

29.1 

30.9 

3L1 

34 

10 

2o 
30 
40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

210 

2M 
230 
240 

21s 

21.1 

202 
19.6 

193 

17.1 

145 

128 
12.8 

122 

9.4 

2 7  

3 

7 9  

11.4 

121 

13.6 

15.6 

16 

15.7 

16.1 

17.7 

19.1 

21.1 

115 

105 

95 
85 
75 

65 

55 

45 

35 

25 

15 

5 

5 

1s 

25 

35 

45 

55 

65 

75 

85 

95 

105 

115 

35.1 

345 
33.7 

327 

329 

31.9 

29 

27.4 

27s 
28.4 

26.7 

255 

245 

233 

23.6 

21 

203 

19 

173 

1s 

13.8 

13.8 

123 

9 3  

240 

230 

220 
210 

#w) 

190 

180 

im 
160 

150 

140 

130 

im 
110 

100 

90 

80 

70 

60 

50 

40 

3J 

20 

10 

46.4 

46 

44.7 

445 

443 

43.6 

41.6 

40.1 

403 

40.4 

393 

38 

36.7 

36 

36.2 

34.2 

328 

326 

31 

28.8 

28 
28.1 

273 

26.9 

400 

390 

380 

370 

360 

350 

340 

330 

320 

310 

300 
290 

280 

270 

260 

210 

240 
230 
220 

210 

uw) 

190 

180 

170 

SPS 12+00N 4+WE 

NOTE3 Shot Point 1 Digital FKld Fk l32dat Source 8 Gauge Blanks (300 Omin Black P d a )  

Shot Point 2 Digital FKld Fk l 3 3 h t  Sourer Hunma 
Shot Point 3 Digital FA F k  134ht Source €isomer 
Shot Point 4 Didtal Flcld FUc 135ht Sourar Hammer 

Shot Point 5 Dilit.1 Edd Fik 136dat Sours: 8 Game Blanks 1300 Gram Black Powder1 



D-39 

ANS sclsmlc Refract ion Sonad 37 

R~corded: 104-91 tlzimutb: W-E Geophone SpaclOg: 10 (ft) 
Cater Point: ANSY 20=0+65E Surface Elmtion. 842 fft) 

AVERAGE VFXQCITIES: 

v1 l m f ~  1 841 
vz 3Oooft/Sec 12 830 (ft) 

v3 11140 fysoc 

AVERAGE IN’ERFACE DEPTH & ELEVATION: 

SPl SP2 SP3 SP4 SP5 

Fmt FUEL Fit  Fit  First 

Bnsk DLtssce B d  Distaafc Break Distance Bnak Dutance: 3- Distance 

Arrival FmmSpl AmVal F m S p 2  Amval F m S p 3  pvrinl FromSp4 Arrival FromSp5 

Geophone Station T- TOP~JOIKS Tics ToPhwes Tics ToPhmes T i  ToPboms Tis ToPhoacs 

& Shot C O M d i t s  fmslx) f . l  (lase4 (ftl I m S d  If11 ItnSeC’r If0 tmscc’r If0 

SPl 

SP2 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

SP3 

13 

14 

15 

16 

17 

18 

19 

m 
21 

22 
23 

24 

SP4 

8+00N 2+0W 
8+00N 0+60W 

8+00N O+SOW 
8+00N 0+40W 
8+WN 0+30W 

8+00N O+BW 

8+WN O+lOW 

8+00N O+OO 
8+00N O+lOE 

8+OON o+mE 

8+OON 0+30E 

8+OON O+4OE 

8+00N O+SOE 

8+00N 0+60E 

8+00N 0+6SE 

8+00N 0+7OE 

8+00N 0+80E 
8+00N 0+90E 

8+00N 1+OE 

8+00N l+lOE 

8+WN l+PDE 

8+OON l + S E  

8+OON l+40E 

8+00N 1+5OE 

8+OON 1+6oE 

8+OON 1+70E 

8+WN 1+BOE 

8+00N 1+WE 

23.9 

24.4 

24.9 

2S .6 

25.9 

27.2 

27.6 

26.4 

31.4 

33.4 

327 
33.7 

34.4 

34.6 

35.4 

35.6 
37 

37.6 

38.7 

39.7 

40.7 
41.7 

421 

41.8 

150 

160 

I70 

180 

190 

200 

210 

220 

230 

240 

250 

260 

270 

280 

290 

300 

3lO 
320 
330 
340 

350 

360 

370 

380 

8.4 

11.7 

13.1 

14.4 

15.1 

16.6 

17.7 

183 

2l3 
B.2 

Pl 

233 

243 

24.7 

25.7 

25.9 

26.9 

27.9 

293 

303 

31.1 

321 

U 6  

323 

10 

20 
30 
40 
50 
60 

70 

80 

90 
100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

m 
2 l O  
m 
230 

240 

23.8 115 

z2.3 105 

21.1 95 
19.9 85 

182 75 

172 65 

15.7 55 

142 45 

14.6 35 

15.1 25 

11.1 15 

4 5  5 

4.8 5 

10.1 15 

119 25 

12 35 

14 4s 

155 55 

17.2 65 

18.6 75 

19.6 85 
20.6 95 

2l.l 105 
21.1 115 

29.6 

28.4 
26.9 

263 

a.6 

23.6 

23 

22 
225 
22.9 

20.7 

m 

18.7 
18 

172 

153 

14.8 

13.6 

13.1 

127 

11.8 

105 

7.1 

2.4 

240 

230 

220 

210 

200 

190 

180 

170 

160 

l!50 

140 

330 

120 

110 

100 

90 
80 

70 

60 

50 

40 

30 

20 

10 

43.4 380 
42 310 

40.7 360 

40.4 350 
33.4 340 

37.8 330 
36.9 320 

35.9 310 

36.6 300 

36.6 290 

34.4 280 

33.4 270 

32 260 

31.6 250 

305 240 

29.2 230 
28.9 2m 

28.1 210 

275 200 

265 190 

26.4 180 

25.4 170 

24 160 

22.4 150 

SPS 6+00N 3+30E 

NMES: Shat Point 1 Dighl Fd F4c 137hl  Soumc: 8 Gauge BhnkE (300 Gain B W  Paarda) 

Shot Point 2 Digital F M  Fdr lU(Aat Sounr- HMMa 
Shot Point 3 Diital F i l d  Fi 139dat Sours: Hunmcr 

Shot Point 4 Digital Fieid Fk l40dat Sours: Hammer 

Shot Point 5 Digital Field Wlc: 141.dat Source: 8 G a m  Blaalrs 1500 Grain Black Puwder) 



D-40 

ANs Seismic Refraction S D m d  38 

Remrdcd: 104-91 Azimuth: S-N Geophone Spacing: 10 (ft) 

Center Point: ANSY 20=1+1SN Surface Elevation: 858 18) 

AVERAGE VELOCITIES: 
v1 lzoofvsec 4 854 (fl) 

v2 2597fVscc 12 846 (fl) 

v3 9588fvscc 

AVERAGE INTERFACE DEPTH & ELEVATION: 

SP1 SP2 SP3 SP4 SPS 
FUS! Fmt Furc Flrst F i t  

Break DLtancc Brtak Distnncc Brcak Dktaaa Break Distance Brcak D~stancr: 

Anival FmmSpl Arrival FromSp2 Arrival FmmSp3 Arrival FromSp4 Arrival FromSpS 

Gcophonc Station Ties ToPbma T i  ToPhona T i a  ToPhones Tmm ToPhones Tmcc ToPhones 

&Shot Coordinates fmsee) In) fmscc) ffil ~lu.?cc~ fro fmsac-l f f t )  (m&YA (f1) 

SP1 
SP2 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

SP3 
13 

14 

1s 

16 

17 

18 

19 

m 
21 

22 
23 

24 

SP4 

6+50N O+OO 

7+90N O+OO 
8+WN O+oO 
8+10N O+OO 
8+2ON O+OO 

8+mN O+OO 
8+40N O+OO 

8+50N O+OO 
8+60N O+oO 

8+70N O+W 
8+80N O+OO 
8+90N O+W 
9+OON O+OO 

9+10N O+OO 
9+15N O+OO 
9+2QN O+W 
9+30N O+OO 
9+40N O+OO 
9+50N O+W 
9+60N O+OO 
9+70N O+OO 
9+80N O+OO 
9+90N O+OO 

lO+OON O+OO 
10+1ON O+OO 
10+20N O+OO 
10+30N O+OO 

lO+qON O+OO 

21.1 

245 

24.8 

25.8 
28.8 

29.8 

30.4 

321 

33.1 

335 

345 

34.9 

35.7 

373 

38.3 
393 

423 

443 

44.2 

4s .4 

47.4 

48.4 

49.6 

49.9 

l50 

160 

170 

180 

190 

200 
210 

?a 
230 

240 

250 

260 

270 

280 

290 
300 

310 

320 
330 
?40 

350 

360 

370 

380 

8.1 

9.8 

10.6 

119 

153 

16.6 

16.9 

18-9 

m 
20.9 

221 

224 

2w 

24.5 

255 

235 

m.4 

31.6 

32 
33 

35 
36.2 

37.4 

38.4 

10 

20 
30 

40 

50 

60 

70 

80 

90 
100 

110 

120 

130 

140 

lso 
160 

170 

180 

190 

200 
210 

220 
230 
240 

21.8 

21.6 

21 

19.9 

193 

19.7 

17.8 

17.9 

17 

13.7 

122 

4.4 

4.4 

11.1 

1x9 

15.9 

19.4 

213 

228 
u3 
263 

27.6 

29.3 

29.1 

115 

105 

95 

85 

75 

65 

55 

45 

35 

25 
IS 
5 

5 

15 

25 

35 

45 

55 

65 
75 

8!5 
95 

105 

115 

38.8 
37.8 

37.2 

36.1 

36.6 

35.6 

34.8 

34.9 

34.8 

321 

313 

305 

30 

292 

27.8 

26.9 

26.1 

24.9 

232 

21.2 

19.7 

17.9 

15.1 

8.7 

240 

230 

220 

210 

200 

190 

180 

170 

160 

150 

140 

130 

120 

110 

100 

90 

80 

70 

60 

50 

40 

30 

m 
10 

43.6 

429 

41.9 

41.1 

41.9 

41.2 

40.6 

40.6 

10 

38 

37.7 
36.5 

35.7 

35.1 

34.4 

34.4 

34.6 

33.6 

32.3 

31.6 

31 

308 

31.1 

28.6 

380 

370 

360 

350 

340 

330 

320 

310 

300 
290 

280 

270 

2M) 

250 

240 

230 

220 

210 

200 

190 

180 

170 

14Q 

150 

SP5 11+8oN O+OO 

NOTES: Shot Point 1 Digital F d  F* 14-t Soyrcr 8 Gauge Blanks (300 Grain B k k  Powder) 

Sbot Point 2 Digid F a  Fde 14-1 Sours: Hamma 
Sbot Point 3 Digid Field Fdr l44dnt Souror Hamma 

Sbot Point 4 Digital Fnld Fk 145dal Souror Hamma 

Shot Point 5 Digital Fidd Fde: 14661 Source 8 Gauze Bhnkr 1300 Grain Black Powder) 



D-41 

A N S  Seismic Rc&:’ion S m d  39 
Ramrded: 104-91 Azimuth: W-E Gbopbonc Spang: 10 (H) 

Gmler Point: A N S #  U)=3+48E Surface Elevation: 861 {ftl 

AVERAGE VELOCITIES: 
VI 12Oof* 2 859 (ft) 

v2 3349fvsec 16 845 (ft) 

v3 11468 fL/scc 

AVERAGE “ERFACE DFPTH & ELEVATION. 

SPl SP2 SP3 SP4 SP5 

Fmt F i  Fmt first Fmt 

Brcpk Distancc Break Distance Break Dtstantx Bnrak Distmce Break D ~ a m  

Arrival FmmSpl &rival FromSp2 Arrivpl FromSp3 Arrinl FtomSp4 Arrival FromSp5 

Geophone Station T I  T o P ~ c s  T i  ToPbona T i  ToPhoacs Tics ToPhoncs Tuns Tophones 

8 Shot Cao&mts (msec) (frl (m8ecl fft) fmsecl fft) Imscc) f fll Imscc+l fft) 
SPl 

Spz 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

SP3 
13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

SP4 

8+00N 0+83E 
8+00N 2+%3E 

8+00N 2+33E 

8+00N 2+4= 

8+00N 2+53E 
8+00N 2+63E 

8+WN 2+73E 

8+00N 2+83E 

8+00N 2+93E 

8+00N 3+03E 

8+00N 3+13E 

8+00N 3+23E 

8+00N 3+33E 

8+00N 3+43E 

8+00N W48E 
8+00N 3+53E 

8+00N 3+63E 

6+00N 3+73E 

8+00N 3+83E 

8+00N 3+93E 

8+OON 4+03E 

6+00N 4+13E 

8+00N 4+23E 
8+WN 4+33E 

8+WN 4+43E 

8+i” 4+53E 
8 W N  4+63E 
8+WN 4+73E 

21.8 

23.2 

23.4 
2J5 

24.5 
27.6 

275 

27.8 

2&6 

29 

30 

31.1 

323 

33 
33.3 

33.6 

34 

355 
35.9 

36.9 

38.1 

39.1 

40 
0 

150 

160 
170 

180 

190 

200 

210 

220 

230 

240 
250 
260 

270 

280 

290 

300 
310 

320 

330 
340 
350 
360 
510 

380 

7 

10.6 

12.7 

16.2 

17.6 

l a 6  

19.8 

202 

a3 
21.5 
21.9 

a5 

23.7 

24.7 

253 

256 
26.6 

27.9 

26 
293 
303 

31.2 

31.7 

329 

10 

20 

30 

40 

50 

60 

70 
80 

90 
100 

110 

im 

130 

140 

1SO 

160 

170 

180 

190 

210 

2 a  

230 

240 

226 

z t 9  

21.1 

21.9 

21.9 

19.9 

18.2 

16.2 

14.6 

129 

9.9 

3.9 

3.9 

10.6 

12.8 

14.8 
152 

172 

17 

18.4 

19.4 

20.4 

21.4 

224 

115 

105 

95 

85 
75 

65 
55 

45 
35 

25 
15 
5 

5 

15 

25 
35 
45 
55 

65 

75 

8s 

95 

105 

115 

335 

33.7 

31.7 

32.7 

32.8 
30.8 

295 

27.8 

27 

25.4 

24.6 

24-6 

236 

22.6 

20.6 

19.7 

185 

17.9 

16.1 

153 

145 

13 

10 

7.7 

240 

230 
220 
210 

zoo 
190 

180 

170 

160 

150 

140 

130 

im 
110 

100 

90 
80 

70 

60 

So 

40 

30 

m 
10 

435 

42.9 

425 

425 

427 

41 

39.5 

38 

36.8 

363 

35.1 

34.4 

33.7 

33.1 

315 

30.2 

29.6 

293 

27.7 

26.7 

26.4 

25.7 

24.4 

24A 

380 

370 

360 

350 

340 

330 

320 

310 

300 
2!m 
280 
270 

260 

250 

240 

230 

220 

210 

200 
190 

180 

170 

160 

150 

SP5 8+00N 6+13E 

NOTES: Shot Point 1 Digital F i  Fk 1-1 SWCC: 8 Gauge Blanks (300 Grain Black Powder) 

shot Point 2 Digitd F a  Fk 149dal sburcc: Hamraa 
Shot Poin! 3 D@ml F d  Fik 15Odat SMVer Hsmrecr 
Shot Point 4 Digital Field Fk lSl.da1 Sourec Hsmma 
Shot Point 5 Diriral Fidd File: 152dat *roc: 8 GauPe Blanks (300 Grain Black Powder) 



D-42 

A N S  Seismic Refraction SDread 40 

Recorded: 10-7-91 Azimuth: S-N Geophone Spacing: 10 (ft) 
Center Point: ANS# 23=3+00E Surface Elevation: 894 fftl 

AVERAGE VELOCITLES: 

v1 1200ft/sec 3 891 (ft) 
V2 2279Akec 17 877 (ft) 

AVERAGE "J3WACE DEPTH & ELEVATION: 

SP1 SP2 SP3 
First First First 

Break Distance Break Distance Break Distance 
Arrival From Spl Arrival From Sp2 Arrival From Sp3 

Geophone Station Times ToPhones Times ToPhones Times To Phones 
& Shot Coordinates fmed Iftl ~msecl fft) ( I I l S e c )  fft) 

SPl 

1 
2 

3 
4 
5 

6 

7 

8 
9 

10 

11 

12 

SP2 
13 

14 

15 

16 

17 

18 

19 

20 

21 

22 
23 

24 

6+75N 

6+85N 
6+95N 

7+OSN 

7+15N 

7+ZN 

7+35N 

7+45N 

7+55N 

7+65N 

7+75N 

7+85N 
7+95N 
8+WN 

8+OSN 
8+ 15N 

8+25N 

8+35N 

8+45N 

8+55N 
8+65N 

8+75N 

8+85N 
8+95N 
9+OSN 
9+1m 

15+OOE 

15+OOE 
15+OOE 

15+OOE 

15+OOE 

15+OOE 

15+OOE 

15+OOE 

15+OOE 

15+OOE 

15+OOE 
15+OOE 
15+OOE 
15+OOE 

15+OOE 

15+OOE 

15+OOE 
15+00E 

15.tOOE 

15+OOE 
15+00E 

15+00E 

15+00E 

15+00E 
15+OOE 

15+00E 

7.5 

123 

16.3 
193 

19.6 

21.6 

233 
243 
24.6 

26,9 

27.9 
28.3 

29.8 

30.8 

31.2 

333 

33 

33.6 
343 

355 
36.5 

375 
37 

383 

10 

20 
30 
40 

50 
60 
70 

80 

90 
100 
110 
120 

130 

140 

150 

160 

170 
180 
190 
200 
210 

220 
230 
240 

28.7 115 

27.2 105 
26.5 9s 

26.9 85 

25.4 75 

24.7 65 
24.2 55 

23 45 

19.6 3s 
16.6 25 
13.6 15 
5.4 5 

4.8 5 

11.1 15 

15.1 25 

18.7 35 
20.2 45 

222 55 
23.2 65 
24.7 75 

26.7 85 

27.9 95 
27.7 105 

28.7 115 

38.7 
37.9 

37.4 
38.5 

36.4 

36.2 

35.6 
35.1 

33.7 

33 

32 
323 

30 

27.6 

26.1 

27.3 

26 
23.5 

23 

226 

213 

18.7 
13.4 

9.3 

240 
230 
220 
210 

200 

190 

180 

170 

160 

150 
140 
130 

120 
110 

100 

90 

80 
70 

60 
50 
40 
30 
20 
10 

SP3 9+ZN 15+OOE 

NOTES: Shot Point 1 Digital Field FAe: 154.dat Source: Hammer 
Shot Point 2 Digital Field Rle: 155.dat Source: Hammer 
Shot Point 3 Dinital Field File: 156.dat Source: Hammer 



D-43 

A N S  Seismic Refraction Spread 41 

Recorded: 10-7-91 Azimuth: W-E Geophone Spacing: 10 (fl) 
Center Point: A N S #  19=0+40N O + O E  Surface Elevation: 827 (ftl 

AVERAGE VELOCITIES: AVERAGE 1N"EFWACE DEPTH & ELEVATION: 

v1 1200ft/sec 2 825 (ft) 
v2 3897ftk 15 812 (ft) 

SPl SP2 SP3 

Fht First First 
Break Distance Break Distance Break DistanCJ2 

Arrival FromSpl Arrival FromSp2 Arrival From Sp3 

Geophone Station Times ToPhones Times ToPhones Times To Phones 
& Shot Coordinates ~msecl fftl (msec) Ift) Imsezl fftl 

SPl 
1 

2 

3 

4 

5 
6 

7 

8 
9 

10 
11 

12 

SP2 
13 

14 

15 

16 

17 

18 
19 

20 
21 
22 
23 
24 

12+32N 

12+33N 
12+33N 

12+34N 

12+35N 

12+35N 

12+36N 

12+36N 

12+37N 
12+37N 
12+38N 

12+39N 
12+39N 

12+40N 

12+40N 

12+40N 

12+41N 

12+42N 
12+42N 

12+43N 

12+43N 

12+44N 

12+45N 

12+45N 

12+46N 

12+47N 

14+81E 
14+91E 

15+01E 

15+11E 

15+21E 

15+31E 

15+41E 

15+51E 

15+61E 
15+72E 
15+82E 

15+92E 
16+02E 

16+07E 
16+12E 

16+22E 

16+32J3 

16+42E 

16+53E 

16+63E 

16+?3E 

16+83E 
16+93E 

17+03E 

17+13E 
17+24E 

8.9 10 
10.2 20 
12.3 30 

12 40 
13.2 50 

14.7 60 
163 70 

18.1 80 

19.4 90 
19.7 lo0 

20.8 110 

22.1 120 

22.6 130 

233 140 

243 150 

24.6 160 

2s 170 

26 380 

27.6 190 

28.1 200 
29.1 210 

28.8 220 
29.8 230 

30.8 240 

20.2 
19.8 

19 

16.8 
16 

14.9 

14.1 
13.7 

l3.1 

11.2 

9.9 

4.7 

4.8 

9.4 

11 

128 

14.2 
15.2 

17 

17.9 

19.3 

18.9 

19.6 

20.7 

115 

105 
95 

85 
75 

6s 
55 
4s 

35 

25 
15 
5 

5 

15 

25 
35 

45 

55 

65 

75 

85 
95 

105 

115 

30.1 
293 

28.1 
26.7 

26.2 

25.2 

25.6 

24.9 

24.3 
235 

23.8 

23.6 

22.0 

20.9 

19.9 

18.6 

18.6 
17.3 

16.0 

14.6 

14.8 

11.5 

9.8 

7.4 
SP3 12+47N 1 7+34F, 
NOTES: Shot Point 1 Digital Field Fie: 157.dat Source: Hammer 

Shot Point 2 Digital Field File: 15adat Source: Hammer 
Shot Po int 3 Dieital F ield File : 159.dat Source: Hammer - 



D-44 

A N S  Seismic Refraction Soread 42 

Recorded: 10-7-91 Azimuth: S-N Geophone Spacing: 10 (ft) 

Center Point: ANS# 29 Surface Elevation: m4 (€ IS  
AVERAGE VELOCITIES: 

v1 1200ft/sec 4 870 (ft) 
V2 3310ft/sec 23 851 (ft) 

AVERAGE INTERFACE DEPTH & ELEVATION: 

SP1 SP2 SP3 

First First First 
Break Distance Break Distance Break Distance 
Arrival From Spl Anival From Sp2 Arrival From Sp3 

Geophone Station Times ToPhones Times To Phones Times ToPhones 
& Shot Coordinates Imsecl (ftl (msec'l (ftl (msecl IftS 

SP1 
1 

2 

3 

4 

5 

6 
7 

8 

9 

10 
11 

12 
SP2 
13 

14 

15 

16 

17 

18 

19 

20 

21 
22 
23 
24 

2+70N 

2+8SN 

2+95N 
3+OSN 

3+15N 

3+25N 

3+35N 

3+45N 

3+55N 

3+65N 

3+75N 

3+85N 

3+95N 

4+00N 
4+MN 

4+ 15N 
4+ZN 

4+35N 

4+45N 

4+55N 

4+65N 

4+75N 

4+SN 

4+95N 
5+OSN 

5+ 15N 

16+00E 
16+00E 

16+00E 
16+00E 

16+00E 
16+00E 

16+00E 

16+00E 

16+00E 
16+00E 

16+M)E 

16+00E 

16+00E 
16+00E 

16+00E 

16+00E 

16+00E 

16+00E 

16+00E 

16+00E 

l6+WE 

16+00E 

16+00E 

16+00E 
16+00E 
16+00E 

11.4 

13.8 

16.2 

18.5 

20.5 

22 
23.7 
24.7 

26.6 

27.4 

28.4 
30.4 

323 
343 

33.7 
35.4 

33.8 

34.4 

35.4 

36.7 
37.7 

39.7 

42 
42.2 

15 

25 
35 
45 

55 

65 

75 

85 

95 
105 

115 

125 

135 

145 

155 
165 

175 
185 

195 

205 

215 

225 
235 

245 

31.8 
29.6 

28.1 
263 

26.1 

26 

26.4 

25.2 
22.8 
17.6 

13.7 
4.9 

4.9 
13.8 

20.8 

24.9 

24.7 

25.7 
28.3 

30.1 

31.1 

335 
35.5 
35.8 

115 
105 

95 
85 
75 

65 
55 

45 

35 

25 

15 
5 

5 

15 
2!5 
35 

45 

55 

65 
75 

85 
95 

105 

l lS 

40.4 
38.6 

37 

36 

36 
353 

36.1 
35.2 

35.6 

343 

33.7 

328 

323 

326 
30.3 

27.8 

25.7 
24.7 

25 
23.8 

20.2 

17.8 
15.1 
9.5 

SP3 5+m 1 6+WE 

NOTES: Shot Point 1 Digital Field File 160.dat Source: Hammer 
Shot Point 2 Digital Field File: 16l.dat Source: Hammer 
Shot Point 3 Dieital Field Hie: 162dar Source: Hamm er 



D-45 

A N S  Snsmic Refraction S m d  43 

Recorded: 10-8-91 Arimuth W-E Geophone Spang: 10 (ft) 
Center Point: ANSR 20=2+00N l+OSE Surface EImtion: 867 (It) 

AVERAGE VELOCITIES 

vl1moft /scc 2 E65 (ft) 

V2 3218fVsec 18 849 (€1) 

AVERAGE INTERFACE DEPTH & ELEVATION: 

V3 9149ft/sec 

SP1 SP2 SP3 SP4 SP5 
First Fit Fia Erst Erst 

Break Distance Break Distance Break Distance Break Detance Brcak Distance 

Amvel FnmSpl Arrival FramSp2 M FnnnSp3 Arrival FmmSp4 Anival FrornSpS 

Geophone Statim Times ToPhona Tics ToPhbna Tis T o P h o ~ a  Tis ToPhones Times ToPhona 

& Shot &ordinates Imscc) c ft’, fmseCl (ft) fntscc) f f t )  (mEtcl fftl fmsec‘l (ft) 

SPl 

SP2 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 
SP3 

13 

14 

15 

16 

17 

18 

19 

20 

21 
22 
23 
24 
SP4 

lO+OON 1+6OW 

lO+OON 0+20W 
lO+OON O+lOW 

lO+OON O+OO 
lO+OON O+lOE 

1O+OoN 0+20E 

lO+OON 0+30E 

1O+OoN W40E 

10+W O+%E 

10+OON 0+60E 

lO+OON O+HIE 

lO+OON O+WE 

lO+OON 0+90E 

lO+OON 1+OOE 

lO+OON l+OSE 

lO+OON l+lE 

lO+OON l+#IE 

lO+OON 1+30E 

lO+OON 1+40E 

lO+OON l+UIE 

lO+OON 1+6OE 

lO+OON 1+7OE 

lO+OON 1+%OE 

lO+OON 1+90E 

1O+OON 2+OOE 

lO+OON 2+10E 

l O + m  2+20E 
l O + m  2+30E 

26.4 

28.2 

27.9 

29.9 

30.4 

30.9 

32s 
32.9 

345 

352 
35.8 

36 

372 

38 

38 
3B.8 
385 

40.7 
403 
405 

415 

41.7 
421 

44.1 

150 

160 

im 
180 

190 

m 
210 

2#, 

230 

240 

250 

260 

270 

280 

290 

300 

310 

320 

330 

340 

350 

360 

370 

380 

7 3  

127 

14.1 

17.8 

20.8 
Pg 

249 

269 

27.9 

28.7 
29.7 

30.2 

315 
32 

32 

326 

32.6 

353 

35 
35 

35.6 

36 

37 

38.7 

10 

m 
30 

40 

50 

60 

70 

80 

90 
1Qo 

110 
120 

130 

140 

19 

160 

170 

180 

190 

200 

210 

2m 
230 

240 

31A 115 

30.7 105 

28.4 95 
28.2 85 

26.2 75 

24.6 6s 

2 9  55 
18.9 45 

17.9 35 
145 25 
10.8 u 
4 5  5 

4 5 

l33 15 

US 25 

15.9 35 
16.9 45 

20.4 s5 
21.2 65 

226 75 

24.6 85 
24.4 95 

24.9 105 

27.6 115 

35.9 

35 
33.7 

33.6 

321 

31.1 

303 

29.1 

289 
27.5 
273 
252 

25.4 

23.4 

213 

203 
179 
17.7 

153 

13.8 

125 

10.7 

8.9 

75 

240 

230 

220 

210 

too 
190 

180 
170 

160 

150 

140 

130 

im 
110 

100 

90 
80 

70 

60 

50 

40 

30 

m 
10 

45.1 380 

44.4 370 

433 360 

425 350 
41.4 340 

40.2 330 

393 320 

38.3 310 

383 300 

375 290 

36.8 280 

35.8 270 

35.4 260 

33.6 250 

31.6 240 

30.5 ;w) 

28.6 220 

29 210 

268 200 

253 190 

25.1 180 

23.1 170 

22.2 160 

23.1 150 

SPS lO+OON 3+7OE 

NOTES: Shot Pdat 1 Digital F i  FIK 164dat Somx 8 Gauge Blanks (300 Gram Biack Powder) 

Shot Point 2 Digital F a  W e  165dat Soura: Hunma 
Shot Point 3 Digital Fidd Fdt: 166dat So- Hammer 

Shot Point 4 Digital Fidd Fk 1676.1 Soumz Hammer 
Shot Point 5 Digital Reid File 166.dat Sou- 8 Gauge Blanks (300 Gram Black Powder) 



D46 

ANs Seismic Refraction S D m d  44 

Reanrded: 10-8-91 Aurnuth: W-E Geophone Spacing: 10 (ft) 

Center Point: ANS# 21 =2+00N 0+66E Surface Elevation: 864 fftl 

AVERAGE VELOCITIES: AVERAGE INTERFACE DEPTH k ELEVATION: 

v112oofvpec 3 861 (a) 
vz 3S7ftlwc 13 851 (ft) 

V3 10742 fvseC 

SPI SP2 SP3 SP4 SPS 

Fmt Fust FuSt Fmt Fmt 

Break Diruna  Break Distance Break Distance B m k  Distance Bnak Distance 

Arrival FmmSpl Arrival FrornSp2 Aniwl FmmSp3 Arrival FromSp4 Anival FmmSpS 

Gcophone Station Tms ToPhona Tms ToPbones T i s  ToPhona Tics ToPhooea Tma ToPhona 

& Shot Coordinates fm6eC.l ffll Imsec) m’r (ma) fnlsd fftl fmscc) fft’) 

SP1 

SP2 
1 

2 

3 

4 

5 
6 

7 
8 

9 

10 

11 

12 

SP3 

13 

14 

15 

16 

17 

18 

19 

a 
21 

22 

23 
24 

SP4 

lO+OON 2+01W 

10+OON 3+41E 

10+00N 3+51E 

lO+OON 3+61E 

lO+OON 3+71E 
lO+OON 3+81E 

lO+OON 3+91E 

lO+OON 4+01E 

lO+QON 4+11E 

lO+OON 4+21E 

lO+OON 4+31E 

lO+OON 4+41E 

lO+OON 4+51E 

10+00N 4+61E 

lO+OON 4+66E 
lO+OON 4+71E 

lO+OON 4+81E 

lO+OON 4+91E 

lO+OON 5+01E 

1Q+OON 5+11E 

lO+OON 5+21E 

lO+OON 5+31E 

lO+OON 5+41E 

10+OON S+SlE 

lO+OON 5+61E 

lO+OON 5+7lE 

lO+OON 5+81E 

lO+OON 5+91E 

222 
23.2 

23.7 
245 

253 
26.6 

27.8 

29.7 
30.7 
313 

328 
327 

34 

34.8 
35 
36 

36.8 
378 

3811 
(0 

41.6 

421 

43.1 

43.5 

150 

160 

170 

180 

190 

200 
210 

220 
230 
240 
250 
260 

270 

280 
290 
300 
310 

320 
330 
340 

350 
360 
37Q 

380 

8.2 

10.4 

11.4 

12.4 

13.6 

15.4 

16.4 

18.4 

18.4 

19.4 

20.4 
21.1 

22.2 

233 

227 
24.7 
255 

265 

27.7 
28.9 

31.6 

31.2 

32 
33 

10 

m 
30 

40 

50 

60 

70 

80 

90 

100 

110 

im 

130 

140 

150 

160 

170 

180 

190 

200 

210 

220 
230 
24Q 

225 

21.4 

19.8 

183 

17.1 

16.7 

16 

15.6 

14 

12 

9.4 

4.8 

4.6 

8.6 

10.4 

12.5 

14.6 

165 

iai 
19.8 

218 

a 
228 

235 

115 

105 
95 
85 

75 
65 
55 

45 

35 
25 
15 

5 

5 

15 
25 
35 
45 

55 

65 

75 
85 

9s 

105 

115 

34.7 
33.7 
32.1 

308 

29.8 

29.6 

293 

29 

282 

27.6 

26.4 

253 

255 

24.4 

23.7 
221 

20.4 

192 

18.2 

175 

172 

14.8 

11.9 

8.6 

240 

230 

220 
210 

2Qo 
190 

180 
170 

160 

150 

140 

130 

120 

110 

100 

90 
80 

70 

60 

50 

40 

30 
20 

10 

42.9 

421 

408 

395 

38.5 

38.7 
38.1 

38.6 

37.6 

363 

36.1 

343 

342 

33.5 

32.8 

321 

30 

295 

288 
28.4 

28.1 
27.1 
26.1 

25 A 

380 
370 

360 

3.50 

a40 

330 
no 
310 
300 

290 

280 

270 

260 

250 

240 

230 

22a 

210 

200 

190 

180 

170 

160 

150 

SP5 lO+OON 7+31E 

Nom. Shot Point 1 Ddtal F d  Fe l 6 9 b t  Sours: 8 Gauge BhDb (300 Grain Black Pawda) 

Shot Point 2 Digital F d  Fk 1706.1 Sours: H.mwr 
Shot Point 3 Digital Fdd Fdc 171.dat Sourar Hamma 

Sbot Point 4 Digital F& Fk 1-t Sours: Hamma 

Shot Point 5 Dinital Field Fde: 173dat Source: 8 Gnue Blanks 1300 Grain Black Powder) 



Appendix E 

SPREAD SUMMARY S " I S  FOR PROFILE DATA 





MARRICH INCORPORATED 
Geotechnical Consultants 

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

Page 1 

PROPOSED ANS SITE 
Line SPD 13 

Monday - October 28. 1991 

.... 

8 

... . .  

Top Of Rock Summary 

F i e l d  Date-. . . . . 9/27/91 C r e w  Id ...... MMES 
Instrument Id ... ES 2401 Source, * .. . . I-UMMER 
Sample Rate. - - - .  0.10 Rec .. Filter - - OmOUT' \250  
Geophone Spacing 10 Number of Geophones-, 24 

Forward Shot Station., 2+65 Forward Shot Depth ,_... 0 
Forward Shot Surf Elev 857 Forward Calc Rock Vel., 11520 
Reverse Shot Station.. 5+15 Reverse Shot Depth ..... 0 
Reverse Shot Surf Elev 872 Reverse C a l c  Rock Vel.. 10366 

Forward Rock Velocity Used In Model = 11520 
Reverse Rock Velocity Used In Model = 10366 

STATION 

2+75 
2+85 
2+95 
3+05 
3+15 
3+25 
3+35 
3+45 
3+55 
3+65 
3+75 
3+85 
3+95 
4+05 
4+15 
4+25 
4+35 
4+45 
4+55 
4+65 
4+75 
4+05 
4+95 
5+05 

SURF'ACI 
ELEV 
(ft) 

858 
859 
859 
860 
860 
861 
861 
861 
861 
862 
062 
862 
663 
863 
964 
965 
966 
967 
968 
368 
369 
370 
37 1 
37 1 

ROCK DEPTH 
ELEV TO ROC1 
(ft) 

840 17 
841 17 
841 18 
843 16 
843 17 
844 16 
845 16 
845 16 
844 17 
846 15 
846 16 
847 15 
847 16 
849 15 
850 14 
851 14 
852 14 
852 14 
853 15 
053 15 
655 14 
057 13 
058 13 
859 12 

ASSUMED 
OVB VEL 
(ft/sec 

1250 
1250 
1250 
1250 
1250 
1250 
1250 
1250 
1250 
1250 
1250 
1250 
1250 
1250 
1250 
1250 
1250 
1250 
1250 
1250 
1250 
1250 
1250 
1250 

TIME 
USED 

Auto-R 
Auto-R 
Auto-R 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
&ut0 
hut0 
gut0 
g u t 0  
$ut0 
9ut0 
4ut0 
9uto-F 
4uto-F 
Buto-F 
___I 



WICH INCORPORATED 
Geotechnicai Consultants 

6000 Kaywood Road * Knoxville. Tn 37920 * Telephone (615) 573-41P- 

Page 1 

PROPOSEP ANS SITE 
Line SPD 14 

Monday - October 28. 1991 

Top Of Rock Summary 

Field Date.. -. - .  9/27/91 Crew Id ...... MMES 
Instrument Id ... ES 2401 
Sample Rate ..... 0.10 Rec. Filter.. OUT\OUT\250 
Geophone Spacing 10 

Forward Shot Station.. 6+75 Forward Shot Depth.,,.. 0 
Forward Shot Surf Elev 840 Forward Calc Rock Vel., 9669 
Reverse Shot Station.. 9+25 Reverse Shot Depth ..... 0 
Reverse Shot Surf Elev 859 Reverse Calc Rock Vel.. 10505 

Forward Rock Velocity Ueed In Model = 9669 
Reverse Rock Velocity Used In Model = 10505 

Source I . . . . . . HAMMER 
Number of Geophones.. 24 

DEPTH 
TO ROC1 
(ft) 

13 
12 
13 
13 
13 
13 
13 
13 
15 
12 
14 
13 
13 
13 
13 
13 
14 
14 
14 
15 
L5 
15 
14 
14 

1000 
1007 
1013 
1020 
1026 
1033 
1039 
1046 
1052 
1059 
1065 
LO72 
LO78 
LO85 
1091 
LO98 
1104 
L l l l  
L117 
L 124 
1130 
L137 
-143 
. S O  



E-5 

MARRICH INCORPORATED 
Geotechnical Consultants 

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

Page 1 

PROPOSED ANS SITE 
Line SPD 15 

Monday - October 28. 1991 

1 1  Top O f  Rock Summary 1 7  

Field Date ....-. 9/27/91 Crew Id ...... MMES 
Instrument Id ... ES 2401 Source.. . I - - .  HAMMER 
Sample Rate -.... 0.1 Rec. F i l t e r -  - OUT/OUT/i250 
Geophone Spacing 10 Number of Geophones-. 24 

Forward Shot S ta t ion . ,  2+75 Forward Shot Depth ,.... 0 
Forward Shot Surf E l e v  852 Forward Calc Rack V e l . .  12807 
Reverse Shot Stat ion. .  5+25 Reverse Shot Depth..,., 0 
Reverse Shot Surf Elev 841 Reverse C a l c  Rock V e l , .  9513 

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

STATION I1 
1 (ft) 

2+85 852 
2+95 854 
3+05 856 
3+15 055 
3+25 854 
3+35 854 
3+45 854 
3+55 854 
3+65 054 
3+75 855 
3+85 855 
3+95 855 
4+05 855 
4+15 855 
4+25 854 
4+35 854 
4+45 853 
4+55 852 
4+65 851 
4+75 048 
4+85 846 
4+95 044 
5+05 843 
5+15 842 

ROCK 
ELeV 
( f t )  

838 
840 
840 
839 
837 
838 
838 
037 
836 
836 
037 
837 
8 39 
838 
838 
639 
840 
839 
838 
836 
834 
333 
330 
328 

- 
DEPTH 
To Roc: 
(ft) 

14 
14 
15 
16 
17 
16 
16 
17 
18 
18 
18 
18 
16 
16 
16 
14 
13 
13 
13 
12 
12 
11 
13 
13 - 

ASSUMED 
om VEL 
(ft/sec 

1000 
1000 
I000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 

TIME 
USED 

Auto-R 
Auto-R 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
auto 
Auto 
Auto 
Auto 
Auto 
Quto 
Quto 
rluto 
4uto 
Put0 
h t o - F  
h to -F  



Ed 

MARRICH INCORPORATEE 
Geotechnical Consultants 

6000 Kaywood Road * Knoxville. Tn 37930 * Telephone (615) 

PROPOSED ANS SITE 
Line SPD 31 

Monday - October 28. 1991 

Top Of Rock Summary 

Field Date.. . . - .  10/1/91 Crew Id ....,. M S  
Instrument Id ... ES 2401 
Sample Rate ..... 0.1 
Geophone Spacing 10 

Forward Shot Station.. 8+75 
Forward Shot Surf Elev 852 
Reverse Shot Station.. 11.~25 
Reverse Shot Surf Elev 852 

Forward Rock Velocity Uaed In Model = 9744 
Reverse Rock Velocity Used In Model = 11920 

Source. . -. - - - HAMMER 
Rec.  Filter.. OUT\OUT\250 
Number of Geophones.. 24 

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

573-418C 

Page 1 

0 
9744 
0 
11920 



E-7 

MARRICH INCORPORATED 
Geotechnical Consultants 

6000 Kaywood Road * Knoxville, Tn 37920 * Telephone (615) 

PROPOSED ANS SITE 
Line SPD 32 

Monday - October 28, 1991 

. .=. 

.._. 

Fie ld  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..-.. 
Forward Shot Surf Elsv 848 Forward Calc Rock Wel.. 
Reverse Shot Station.. 7+25 Reverse Shot Depth ...-- 
Reverse Shot Surf E l e v  840 Reveree Calc Rock Vel.. 

Forward Rock Velocity Used In Model = 9653 
Reverse Rock Velocity Used In Model = 9919 

STATION 

4+85 
4+95 
5+05 
5+15 
5+25 
5+35 
5+45 
5+55 
5+65 
5+75 
5+85 
5t95 
6-5 
6+15 
6+25 
6+35 
6+45 
6+55 
6+65 
6+75 
5+85 
5+95 
7+05 
7+15 

SURFACE ROCK' 
ELEV ELEV 
(ft) (ftl 

846 837 
844 834 
843 833 
042 831 
841 831 
840 829 
041 831 
842 831 
843 833 
844 833 
843 833 
842 831 
640 830 
840 828 
640 028 
840 830 
840 830 
940 830 
340 830 

340 829 
340 830 
340 829 
341 829 

340 a30 

-- 

9 
LO 
10 
10 
10 
10 
9 
10 
9 
11 
10 
10 
11 
12 
12 
11 
11 
10 
11 
10 
11 
10 
11 
11 

573-4ma 

Page 1 

0 
9653 
0 
99 19 



E-8 

MARRICH INCORPORATED 
Geotechnical Consultants 

6000 Kaywood Road * Knoxville. Tn 37920 * Telephone (615) 

PROPOSEP ANS SITE 
Line SPD 33 

Monday - October 28. 1991 

Field Date ..,... 10/01/91 Crew Id ,..... MMES 
Instrument I d . . -  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 ....- 
Forward Shot Surf Elev 859 Forward Calc Rock Vel.. 
Reverse Shot Station.. 7+27 Reverae Shot Depth ...-. 
Reverse Shot Surf Elev 892 Reverse Calc Rock Vel-- 

Forward Rock Velocity Used In Model = 11774 
Reverse Rock Velocity Used In Model = 11893 

STATION 

4+00 
4+10 
4+20 
4+30 
4+40 
4+50 
4+60 
4+70 
4+80 
4+90 
5+00 
5+10 
5+20 
5+30 
5+40 
5+50 
5+60 
5+70 
5+80 
5+90 
6+00 
6+ 10 
6+20 
6+30 

SURFACI 
ELEV 
(ft) 

863 
864 
865 
866 
866 
867 
868 
869 
869 
870 
071 
871 
874 
873 
874 
876 
877 
879 
879 
800 
881 
881 
882 
883 

ROCK 
ELEV 
( f t )  

8 49 
850 
851 
850 
851 
851 
851 
851 
851 
852 
852 
852 
853 
854 
853 
854 
856 
858 
858 
858 
858 
858 
861 
862 

DEPTH 
TO ROC 
[ft) 

14 
14 
14 
15 
15 
16 
17 
18 
19 
19 
19 
19 
21 
19 
21 
22 
21 
21 
22 
22 
22 
23 
21 
21 

ASSUMED 
ow3 VEL 
(ft/aec 

1250 
1283 
1315 
1348 
1380 
1413 
1446 
1478 
1511 
1543 
1576 
1609 
1641 
1674 
1707 
1739 
1772 
1804 
1837 
1870 
1902 
1935 
1967 
2000 

TIME 
USED 

Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 

573-41P 

Page 1 

2 
11774 
2 
11893 



E-9 

MARRICH INCORPORATED 
Geotechnical Consultants 

6000 KaPBod Road * b o x v i l l a .  Tn 37920 * Telephone (615) 573-4188 

Page I 

PROPOSED ANS SITE 
Line SPD 34 

Monday - October 20, 1991 

F i e l d  Date ...... 10/02/91 C r e w  I d - - - - - -  MMES 
Instrument Id..- ES 2401 Source.,,..,. BETSY (BP) 
Sample Rate ..... 0.10 R e c ,  Filter.- OUT\OUT\250 
Geophone Spacing 10 Number of Geophones.. 24 

Forward Shot Station., 5+00 Forward Shot Depth ..... 2 
Forward Shot Surf Elev 871 Forward Calc Rock V e l - .  10098 
Reverse Shot Sta t ion , .  9+30 Reverse Shot Depth,.,,, 2 
Reverse Shot Surf E l e v  913 Reverse Cet lc  Rock Vel-. 11506 

Forward Rock Velocity Used In Model = 10098 
Reverse Rock Velocity Used In Model = 11506 

STATION 

6+00 881 
6+10 881 
6+20 882 
6+30 883 
6+40 884 
6+50 884 
6+60 885 
-70 886 
6+80 887 
6+90 888 
7+00 889 
7+10 890 
7+20 892 
7+30 893 , 

7 .~40  894 
7+50 895 
7+60 896 
?+70 897 
7+80 898 
7+90 899 
3.~00 900 
3+10 900 
3+20 901 
3+30 902 

- 
ROCK 
EUIV 
(ft) - 

858 
858 
860 
861 
862 
861 
861 
862 
861 
861 
864 
062 
862 
862 
063 
364 
966 
966 
967 
367 
37  1 
373 
374 
373 - 

D E F m  
TO ROC 
(ft) - 

23 
24 
22 
22 
22 
23 
24 
24 
26 
27 
25 
28 
29 
31 
30 
30 
30 
30 
31 
31 
28 
28 
27 
29 - 

ASSUNED 
o m  VEL 
( ft/sec : 
2250 
2250 
2250 
2250 
2250 
2250 
2250 
2250 
2250 
2250 
2250 
2250 
2250 
2250 
2250 
2250 
2250 
2250 
2250 
2250 
2250 
2250 
2250 
2250 

TIME 
USED 

Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 



E-10 

MARRICH INCORPORATEI! 
Geotechnical Consultants 

6000 Raywood Road * Knoxville. Tn 37920 * Telephone (6151 573-418 

Page 1 

PROPOSED ANS SITE 
Line SPD 35 

Tuesday - October 29. 1991 

Top O f  Rock Summary 

F i e l d  Date ...... 10/02/91 Crew Id ...... MMES 
Instrument I d  ... ES 2401 Source ....... BETSY (BDPl 
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.. 9230 

Reverse Shot Surf Elev 858 Reverse Calc Rock Vel.. 10744 
Reverse Shot Station.. 9+40 Reverse Shot Depth ..... 2 

Forward Rock Velocity Used In Model = 9230 
Reverse Rock Velocity Used In Model = 10744 

I STATION 

6+00 

6+20 
6+30 
6+40 
6+50 
6+60 
6+70 
6+80 
6+90 
7+00 
?+lo 
7+20 
7+30 
7+40 
7+50 
7+60 
7+70 
7+80 
7+90 
8.~00 
8+10 
8+20 
8+30 

6+lO 
057 
856 
85Y 
858 
859 
860 
861 
862 
863 
864 
864 
864 
865 
864 
864 
864 
864 
863 
863 
863 
863 
864 

ROCK 
ELEV 
(ftl 

849 
847 
843 
842 
844 
846 
847 
848 
849 
850 
851 
850 
85 1 
851 
851 
852 
852 
851 
849 
051 
851 
850 
850 
849 



E-11 

MARRICH INCORPORATED 
Geotechnical Consultants 

6000 Kaywood Road * Knoxville. Tn 37920 * Telephone (615) 

PROPOSED ANS SITE 
Line SPD 36 

Tuesday - October 29. 1991 

TOP Of Rock Summary 

Field Date ...... 10/03/91 Crew Id ...... MMES 

Sample Rate. .... 0.10 Rec. Filter.. UUT\OUT\250 

Forward Shot Station. .  6+50 Forward Shot Depth ..... 
Reverse Shot Station.. 12+00 Reverse Shot Depth ..... 

Instrument Id ... ES 2401 Source ....... BETSY (BDPI 

Geophone Spacing 10 Number of Geophones., 24 

Forward Shot Surf Elev 857 Forward Calc Rock V e l . .  

Reverse Shot Surf Elev 864 Reverse Calc Rock Vel.. 

Forward Rock Velocity Uered In Model = 11744 
Reverse Rock Velocity Used In Model = 11095 

STATION 

8+00 
8+10 
8+20 
8+30 
8+40 
8+50 
8+60 
8+70 
8+80 
6+90 
9+00 
9+10 
9+20 
9+30 
9+40 
3+50 
3+60 
3+70 
3+80 
3+90 
LO+OO 
10+10 
10+20 
10+30 

SURF'ACEll ROCK 

863 
863 
863 
864 
864 
864 
865 
865 
866 
865 
864 
863 
860 
859 
858 
857 
856 
857 
057 
858 
858 
659 
660 
660 

051 
851 
851 
850 
850 
851 
852 
853 
853 
851 
850 
849 
847 
846 
844 
844 
844 
843 
845 
847 
047 
047 
848 
848 

DEP!W ASSUMED 
TO ROCK OVB VEL 
(ftl (ft/sec' 

12 
13 
12 
13 
14 
14 
13 
12 
13 
14 
14 
13 
13 
13 
14 
13 
12 
13 
12 
11 
11 
12 
12 
12 

1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 

TIME 
USED 

Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 

573-4188 

Page 1 

2 
11744 
2 
11095 



E-12 

MARRI CH INCORPORATED 
Geotechnical Consultants 

6000 Kaywood Road * Knoxville, Tn 37920 * Telephone (615) 573-41' 

PROPOSED ANS SITE 
Line SPD 37 

Monday - October 28. 1991 

TOP Of Rock Summary 

Field Date ...... 10/04/91 Crew Id ...... MMES 
Instrument Id ... ES 2401 
Sample Rate ..... 0.10 
Geophone Spacing 10 

Forward Shot Station.. -2+00 
Forward Shot Surf Elev 846 
Reverse Shot Station.. 3+27 
Reverse Shot Surf Elev 861 

Forward Rock Velocity Used In Model = 11801 
Reverse Rock Velocity Used In Model = 11716 

Source. . - . - . I BFTSY (BDP 1 
Rec. Filter. . OUT/OUT/250 
Number of Geophones.. 24 

Forward Shot Depth ..... 0 
Forward Calc Rock Vel.. 11801 
Reverse Shot Depth ..... 0 
Reverse Calc Rock Vel.. 11716 



E-13 

MARRICH INCORPORATED 
Geotechnical Consultants 

- 

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

Page 1 

PROPOSED ANS SITE 
Line SPD 38 

Monday - October 28. 1991 

Top Of Rock Summary 

Field Date. .) . - . . 10/04,/91 Crew Id ...... MMES 
Instrument I d  ... ES 2401 Source ....,-. BETSY (BDP) 
S a m p l e  Rate ..... 0.10 R e c .  F i l t e r - .  OUT\OUT\250 
Geophone Spacing 10 Number of Geophones-. 24 

Forward Shot Station.. 6+50 Forward Shot Depth -.... 2 
Forward Shot Surf Elev 841 Forward C a l c  Rock Vel.. 8466 
Reverse Shot Station.. 11+80 Reverse Shot Depth-,.., 2 
Reverse Shot Surf Elev 847 Reverse C a l c  R o c k  Vel.. 15946 

Forward R o c k  Velocity Used In Model = 8466 
Reverse R o c k  Velocity Used In Model = 15946 

STATION 

8+00 
8+10 
8+20 
8+30 
8+40 
8+50 
8+60 
8+70 
8+80 
8+90 
9+00 
9+1Q 
9+2Q 
9+30 
B+40 
B+50 
9+60 
B+70 
9+80 
B+90 
10+00 
10+10 
10+20 
10+30 

841 
842 
843 
844 
845 
847 
849 
851 
853 
855 
856 
857 
858 
859 
861 
863 
865 
867 
068 
869 
870 
87 1 
870 
87 1 

ROCK 
ELEV 
(ft) 

830 
830 
832 
833 
832 
833 
835 
836 
838 
841 
842 
843 
844 
845 
847 
847 
848 
850 
851 
852 
853 
853 
852 
854 

11 
12 
11 
11 
14 
14 
14 
15 
15 
14 
14 
14 
14 
14 
15 
15 
17 
17 
16 
17 
17 
17 
18 
17 

ASSUMED 
ow VEL 
( ft/sec ' 

1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 

TIME 
USED 

Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
A u t o  
Auto 
A u t o  
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
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MARRICH INCORPORATED 
Geotechnical Consultants 

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

Page 1 

PROPOSED ANS SITE 
Line SPD 39 

Monday - October 28. 1991 

Top Of Rock Summary 

Field Date ...... 10/04/91 
Instrument Id ... ES 2401 
Sample Rate ..... 0-10 
Geophone Spacing 10 

Forward Shot Station.. 0+83 
Forward Shot Surf Elev 843 
Reverse Shot Station.. 6+13 
Reverse Shot Surf Elev 882 

Crew Id ...... MMES 
Source. . - - . - BETSY BDP 1 
Rec. Filter,. OuT\OUT\250 
Number of Geophones.. 24 

Forward Shot Depth .,... 2 
Forward Calc Rock Vel.. 13041 
Reverse Shot Depth ..... 2 
Reverse Calc Rock Vel,. 10970 

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

STATION 

2+33 
2+43 
2+53 
2+63 
2+73 
2+83 
2+93 
3+03 
3+13 
3+23 
3+33 
3+43 
3+53 
3+63 
3+73 
3+83 
3+93 
4+03 
4+13 
4+23 
4+33 
4+43 
4+53 
4+63 

856 838 
856 838 
857 839 
857 838 
858 838 
859 839 
859 841 
860 843 
860 844 
861 845 
861 8 45 
861 , 845 
861 845 
862 845 
862 847 
862 848 
863 849 
863 849 
864 851 
865 852 
866 852 
867 853 
868 854 
868 854 

DEPTH 
'TO Roc1 
(ft) 

17 
18 
17 
19 
20 
19 
18 
17 
16 
16 
16 
16 
16 
16 
15 
14 
14 
15 
14 
13 
14 
14 
13 
14 
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MARRICH INCORPORATED 
Geotechnical Consultants 

- 6000 Hawood Road * Knoxville. Tn 37920 1: Telephone (615) 573-4188 

Page 1 

PROPOSED ANS SITE 
Line SPD 43 

Tuesday - October 29. 1991 

Top Of Rock Summary 

F i e l d  Date ...... 10/8/91 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 Stat ion. .  -1+OO Forward Shot Depth ..... 2 
Forward Shot Surf Elev 849 Forward Calc Rock V e l . .  14157 
Reverse Shot Station-, 3+70 Reverse Shot Depth .-... 2 
Reverse Shot Surf Elev 855 Reverse Calc Rock Vel.. 9737 

Forward Rock Velocity Uaed In Model = 14157 
Reverse Rock Velocity b e d  In Model = 9737 

STATION 

-0+10 
o+oo 
O+lO 
0+20 
0+30 
0+40 
0+50 
0+60 
0+70 
0+80 
0+90 
1+00 
1+10 
1+20 
1+30 
1+40 
1+50 
1+60 
1+70 
1+80 
1+90 
2+00 
2+10 
2+20 

870 
870 . 
870 
870 
870 
870 
869 
869 
669 
068 
068 
867 
B68 
365 
364 
363 
362 
362 
3 60 
360 
359 
358 
357 
356 

ROCK 
ELIEV 
(ftl 

852 
852 
853 
852 
852 

853 
853 
852 
051 
851 
851 
849 
849 
849 
848 
849 
848 
848 
848 
047 
047 
846 
644 

a53 

IIEPTH 
TO ROC: 
(ft) 

18 
18 
17 
18 
17 
17 
17 
16 
17 
17 
17 
16 
16 
16 
15 
14 
13 
14 
13 
12 
12 
11 
11 
12 

1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 

Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
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MAREZICH INCORPORATED 
Geotechnical Consultants 

6000 Kaywood Road * Knoxville. Tn 37920 * Telephone (615) 

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 I Filter. OUT/OUT/250 
Geophone Spacing 10 Number of Geophones.. 24 

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

Forward Rock Velocity Used In Model = 10628 
Reverse Rock Velocity Used In Model = 13461 

STATION 

3+51 
3+61 
3+7 1 
3+81 
3+91 
4+01 
4+11 
4+21 
4+31 
4+41 
4+51 
4+61 

4+81 
4+9 1 
5+01 
5+11 
5+21 
5+31 
5+41 
5+5 1 
5+61 
5+? 1 
5+8 1 

4+71 

SURFACE 
ELEV 
(ft) 

855 
856 
856 
857 
858 
859 
860 
861 
862 
863 
863 

866 
866 
866 
866 
867 
868 
868 
869 
869 
669 
870 
870 

864 . 

ROCK 
ELEV 
(ft) 

845 
845 
846 
847 
847 
847 
848 
848 
848 
850 
849 
851 
652 
852 
652 
852 
854 
854 
854 
954 
953 
954 
354 
354 

DEPTH 
TO ROC1 
(ft) 

10 
10 
10 
10 
10 
11 
12 
13 
13 
13 
14 
13 
14 
14 
14 
14 
13 
14 
14 
15 
16 
16 
16 
16 

ASSUMED 

(ft/sec 

1000 
1011 
1022 
1033 
1043 
1054 
1065 
1076 
1087 
1098 
1109 
1120 
1130 
1141 
1152 
1163 
1174 
1185 
1196 
1207 
1217 
1228 
1239 
1250 

TIME 
USED 

Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 
Auto 

573-418P 

Page 1 

2 
10628 
2 
13461 
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- ..... SCOPE OF SEISMIC REFRACTION SURVEY 
AT THE PROPOSED A N S  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 A N S  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 S M W W  takeouts at 10 foot intervals, 24 geophones( 10- 
14fIz), 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(l”=lOO’ horizontal scale, 5-foot contour interval) for the proposed A N S  site. The specific points 
of investigation will be the following: 

Borehole locations 10 through 34; 
16=200+OOE 17 =2OO+OOE; 21=200+00N; 2 1 = 200+OOE,200+ OON ; 
22 =200+00N; 22=200+0052OO+OON; 23=2oo+OON, 21 = 200 + OOE 
22 = 200+00E; 26=2OO+00N; 26=200+00E,200+00N; 27 = 200 + OON; 
272200 +00E,2OO+OON; 28 =2OO+OON; 26=2oo+00E; 27 =200 + WE. 

This will give 41 “seismic” top-of-rock elevation points. 

PROFILE METHOD: 

This method involves continuous geophone coverage over a straight line for a predefined distancc. 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(foward and reverse), and one shot between geophones 12 and 13. 
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SCOPE OF SEISMIC REFRACTION SURVEY 
AT THE PROPOSED A N S  SITE 

September 5, 1991 

FINAL REPORT 

1) Brief discussion of Geld methods 
2) Brief discussion of processing methods 
3) Brief discussion of results 
4) Contour map of top-of-rock (1”=100’ scale, 5-ft contour intend) 
5) Two top-of-rock profiles (1”=100’ horizontal scale) 
6) Tables of both, arrival times and calculation results 
7) TimeDistance plots of all spreads 
8) Procedures for data acquisition, processing and reducing 
9) Copies of raw field printouts 



Title: PROCEDURE FOR SEISMIC REFRACTION SURVEY 
AT THE PROPOSED A N S  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. 

P u m s e  of Seismic Refraction Survev 

To obtain general bedrock topographic configuration over the 2OOO x 2000-foot site area. The survey 
will be performed in two phases. Phase 1 - depth to bedrock will be performed nominally on a 4W-fOOt 
grid over the entire site, with 200-foot grid interval in area projected to site structures. Phase I1 will consist 
of 2 each 800-foot seismic profile lines providing detailed top-of-rock information in area immediately 
adjacent to borehole #22. 

Anticbated Results of Seismic Refraction Survey 

Data to 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. 
2 Required equipment 
3. Pre-survey preparation 
4. 
5. 
6. Data Reduction 
7. Data Presentation 
8. Quality Assurance 

Background - purpose, anticipated results 

Field set up - Station or Sounding Mode 
Field set up - Profiling Mode 

EuuiDment 

Betsy Downhole Percussion Firing Rod and 300-grain encapsulated shells; 2-foot x 2-fcrot x 1/2 inch 
plywood shieid; operating manuaL 

EG&G Geometria ES2AO1 Digital Seismograph - 24 channel; operating manual. 

One each 24-takeout, 10-foot centers seismic land 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 =feet of trigger cable - compatible with EG&G ES2401 
Seismograph and Betsy Firing Rod (and additional 500-foot trigger cable may be requited for 
profiling mode). 

Title: PROCEDURE FOR SEISMIC REFRACIlON SURVEY 
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AT THE PROPOSED ANS Sl3E 

Auger with 1-1D 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. 

2. 

3. 

4. 

5. 

1. 

2. 

3. 

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 @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 #I3 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 connectom 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 minim& air shock 

Title: PROCEDURE FOR SEISMIC REFRACTION SURVEY 
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AT THE PROPOSED A N S  SITE 

4. 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 Geld work - may have to be modified as required. 

5. Measure 10 feet off end to the first shot point, deploy Betsy equipment and shot cord. Shot 
cord should tie away from seismic land cable to minimize chance of intederence 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 fii 

6. 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 i €  the 
entire field crew is not visible due to line length, e h t i o n  or vegetation. 

7. 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 crronmus 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 reshooting. 

8. 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 8 at each shot iocation - 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. 

9. 

10. 

Title: PROCEDURE FOR SEISMIC REFRACflON 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 suryeys 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 parametexs. 

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 OW). 

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

4. The seismic data will be processed using an industry-accepted method (Generalized Reciprocal 
Method - GRM; Tme/Intercept - 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 FUTRACX'ION SURVEY 
AT THE PROPOSED A N S  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 TimeDistance 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 manually 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. 

2. 

Contour map of top-of-rock surface based on the sounding data: 1 inch = 100 fmt scale and 
5-foot contour intervaL 
Two top-of-rock profile plots at 1 inch = 100 feet horizontal scale. 

Oualitv 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 appIied. 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 discwed, 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 equipmentltechnique 
variations. 
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BETSY DOWNHOLE SEISOUN SOURCES (Patent Pending) 

Betsy downbole seismic energy souroes use common shot shells 
in disposable, inexpensive plastic capsule8 t o  a C b i B V 8  d- 
mum energy output of these shells whioh are safe, ocollOm;lcal, 
unrestricted, packaged power in  a variety o f  sizes and loads, 
readily available and we'l l  suited f o r  many types of seismic 
surveys with objectives do= to seveml thousand feet. 

i 
.% 

. ... >. 

Energy efficiency of encapsulated and exploded ahot &ells 
approaches loo$, compared to as l i t t l e  as 20% for dome gun- 
f ired  projectiles and even less  for no-barrel devices in 
which the ahell prber blows projectile, wad and propellant 
out of the shell casing with near total  wastage of the pro- 
pellant, which wrst be severely confined, as in a long gun 
bamel or  strong-walled tapaule, to induce heat and psessure 
required for complete propellant burn and energy release. 

she11 capsules a m  4 inahns/io cm in ~engfb; 1.5 in~11es/4 cm 
ln  diameter; can be loaded down a 8U.m dzot hole; w i l l  acco- 
modate the Remington RUMM 8-gauge seisxuie electric shell o r  
percussion shells of Btgaruge, =-gauge end &O oaliber. 

Electric and percwaion firing mthods include sleeve, holder 
and seal accessoriss uhlch permit open muzzle d0wnhd.e she11 
f i re  without capsules; wimd capsules which can be lasered to  
any hole depth; threaded eonnectars w i t b  which multiple csp- 
'sules may be fsoupled togetfier and fired in sequence, w i t h  
shot i n i t i a t i o n  by electric blaster or percuaslon ha;lmner. 

Assemblies of other lengths can be provided for sequential 
shot firing at gmpagatisn velocities frcna below 500 ft/sec, 
152 'IIJsec, up. m r t e n c e  to tiate indicates optimum 
r 8 S u l t 8  are obtained Lf sequential shot propagat€on velocity 
is about 4/5's the velocity or the surrounding medium. 

Winchester uIJ12BL U-gauge percussion black powder blank i s  
she11 of choice for mast energy at least G o s t ,  plus usually 
apparent wider 8eiamZc bandwidth, believed due to highly 
efficient energy transfer into elastic radiation from black 
powder explosion at a velocity of 1800 ft/aec, 549 m/sec. 

(918) 622-6865 Teiex: 796374 HQTUL 
BElsY S€lS6ff!i iff& 
P.O. Box 471143 Tulsa, OK 74147-1143 U.S.A, 
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Load-: / 
/ l e  S l i p  8-gauge percussion shell, head up, 

into capsule. 
(12-gauge or . U O  percussion sheUs, 
with bushings, can be used w i t h  a BDP rGu.! 

2, Screw capsule firmly onto rod; s h e l l  head 
be 5n fim contact with mrjl hn*f-- must 

_-- --- 
striker head, top of rods with rubber 
mallet. 

5. Retrieve rod. 
BI 

1 

---- --- -"""-e 
3. Lower loaded rod into hole; tamp hole. 
&e Fire bs vigorous hit downward on rad 

/ 

SAFETY FIRST 

1. NEVER &tonate a loaded 
crapsule above ground. 

2. IVEVER leave a-loaded eapsule 
on an anattended rod that is 
not in a shot hole. 

3. EBVEZl leave a loaded oapsule 
on 8 rad that is being trans- 
ported or Stored, 

4. HEvER retrieve or  remove a 
capsule that did not fire 
until ai ter  cr-tw rtrom 
one to ten, elowly. 

s* EIs;vw drop or s t r i k e  a loaded percussion oapsula 
on rod bottom, 
spring-held plunger rod amd firing pin. 

A severe jo l t  oan activate the 
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Firina; Method NO. 3 - Betsy Dawnhole Pereusaion (BDP) Fir- Rod 

Loading 12-p;auRe shell: 

1. Slip bushing ring up t o  r b  of shell head. 
(SheUa are shipped w i t h  ring in  place.) 

2. Insert ahell h t o  t e n i t 8  sleeve and into 
4-inch oapsule. 

3. Screw capsule fimaly onto BDP rod. 
Shell head must be in rim contact 
With rod bottom. 

Tenite 

bottom 

Shell 
head 

CAUTION 

end 

Winchester WZ2BL l2-gauge blank: 
165 &rains or  blaok powder ulth 
30,622 30nla/22,600 ft-lbs energy. 

/- . 
Reoamended far Dw12BL shots: 
M h i a m n  hple depth 2.s-it/7f;-cm0 

/ 
/ 

/ 

11010 crover o r  thick cooo mat 
or similar material, Af needed. 

sAm?rYm 
NEVER detonate a loaded aapsule above ground, 
NEVER leave a loaded capsule on an unattended 

rod that i8 not in a shot hole. 
. NEVER leave a loaded ca$sule on a rod that I s  

being tr~ansported or stored. 
“w re t r ieve  or re1~)ve a c~psule Wt did 

not fire -til after a mirnrte or more. 
XETER drop or strike a loaded percussion cap- 

sule on m d  bottom, because a 8808333 
jolt  can activate the apring-held 
plunger rod and firing pin, 

/ 



A Open Muzzle F i r i n g  - Holder and Sleeve Assemblies - BDP Rod 
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Betsy Dawnhole Percusslon (mp) Fir ing  Rod Assenblr 

a 

Neoprene cap - 
striker head 
cover 

Hand grips / 
to lower and lift 

firing rod 

\ Scale 

3 lQrmJbera show 
D c dept;h of shot 

in feet ,  one side; 
in  meters, other I side, at  10 cm 
intervals . .i 

Striker head 

. 4  OPERATION 

1. Check atr&er head spring action 
t o  make w e  firing pin is 
retracted just lns ide plunger 
housing at bottom of rod, 

2, Screw capsule containing percus- 
sion shell onto battam of rod. . buer rod b t o  .hole; tamp hole. . H i t  douninaf.d, wit21 vigor, on 
top of striker head w i t h  rubber 
headed malzet t o  fire shell. 

5, W i t h b r a w  rqd Prom shot hole, 

Spatter shiel 
of flexible 

t 

Plunger 
housing 

0-p- 

Shell oapsule 
is screwed o 

bottom end Pin 
plunger 

neoprene 
Scale : Washer, 0 1 2  9 

r’! 1 I 



Betsy Downbole Percussion (BDP) Firing Rod 
HEumner and Switch Recommendations 

I 

Bore a hole o f  suitable s ize  
Into o r  through the rubber head 
of the striker mallet or hammer. 

Insert the hftmmer switch into t h e  
hole and secure with sealant or 
several wraps of tape. . 

Tape t h e  switch wire t o  the hRnAla 
of the mallet o r  hammer, 

H i t  the BDP striker head w i t h  a 
vigorous heavy blow of t h e  mallet. 
A weak light blow w i l l  only dent 
the percussion shell primer, after 
which, dented, t h e  shell cannot 
usually be detonated. 

i 

f 

It is  not necessary to hold 
onto the rod hand grips, 
percussion or electric rods, 
when detonating a ahot, 
although recoi l  I s  sUght 
in a w e l l  tamped hole because 
the encapsulated shells 
exploae spherically divergent, 

in E gun barrel. 
not directionally dosJnward as ! 

shots h Very n h n . l l Q W  OF lzard 
rock holes w i l l ,  of course, 
esult in more rod recoil, 
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Betsy Damhole Rods and Capsules - General  Recommendations 

Meters I Feet 

. 09- 

00- 

07- 

04 

... .... 

.4- 

.4- 

. 0 3 3 -  

02 - 

A -  

0 
Meters 

... 

3.5 

1.0’ 7 
- 3*0 

Minlmun depth of 18 inches/44 cm recommended 

If additional holddawn weight is needed f o r  rod8, 

Multiple ED2 mds, to  P l m  in unison, require paral le l  
connectloas; 50 VDC per. rod; 50 Ohm, 5 Watt resiator 

t o  top of charge In w e l l  tamped hole, the wetter 

shell bag on the hand grip T-bar. 

I I  

- 2.5 

E a t  hoolrtq, of each rod reconrmended. 

2.0 -- 

- 1.5 

. 

1.0 

- .5 

PTUng 

0 
Feet 

hous 

. -  



SHALLOW SHOT HOXDDOWNS: 

Capsule shots at hole depths of one foot or less, because of 
rocks s o i l ,  f rozen ground, etc. ,  may result in w a n t e d  blow 
out and blast noise. . - _  

A\ coco fiber door mat, usually available at any discount store, 
i s  an eff ic ient  and economical and long wearing hole cover, 
holddown and muffler. 

For u8e with a firing rod: Cut a 2-Inch diameter hole in the 
center of the mat; i n s e r t  the rod thru t h e  mat and i n to  the 
shot hole; tamp the hole; slide the m a t  and spatter s h i e l d  
down the rod, w i t h  the mat on the ground, t h e  spatter shield 
on top of the  mat. 

For use with wired capsules: P l a n t  the wired oapeule In the 
shot hole; tamp the  hole; place the mat over the shot hale; 
place a heavy object, if avallable, on top of the mat.  The 
best mat weight is  a s tee l  plate, 1-ft diameter sufficient, 
on w h i c h  a helper oan stand. - - .  . .  

. " . - p  cr - r .  . -  .I. 
c 

.C 

.-  . . ,  - -  

CHARGE TAMPING: - .  
I _  . . . .  . . ,  .- 

_-a. . . .  

Detonation of any m e  explosive charge in a void lessens 
energy propagation because of poor ground couple. 

The mner  diamster of thi h o t  hole, the better for 
good 50und ooqle .  A 2-hch diameter shot hole l a  recam- 
mended. for Betsy capsules. 

Fins dlrt  tamp abwe the capsule Sa essential, 
dowbholo onto the tamped capmle w i l l  inqprom holddown, 

.. 
.I 

Water poured 

ground rrouple an8 energy propagation. . 4 .  

f 

G-18 



sop 30, 1901 

Bill Doll 

Kim Davis a & e L r i w A v , u d  rcid.vetjng the 
work he 

recenter his activities given this change? 

NS .hiddings relative io the 
is doing in the fiaid. The attachment shows thc mo3t probabio 

. focatlvrl of ttie fur;ililitu tu Jalu.  DUG^ i t  iirrrho aemse to him o r  to you to 

Please cafl 

Dick Brown 
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