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INTRODUCTION 

The U.S. Geological Survey conducted a seiemic-refraction survey in 
south-central Alaska in June and July, 1984, in order to develop velocity 
models along tranaeats (1) In the Chugach Mountains, wlthin the Chugach 
terrene, (2) on the Glean Highway west of Glenallen, within the 
Peninsular-Wrangellia composite terrane (see Jones and others, 1981 for a 
description of tectoncrstratigraphic terranes in Alaska), and (3)  along the 
Richardson Highway from a point east of Valdee to the Denali fault crossing 
the Border Ranges fault terrane boundary (fig. 1). This experiment is part of 
a continuing investigation designed to characterize deep crustal structure 
along a transect extending north from the Gulf of Alaska to Prudhoc Bay. 

T N s  report is a compilation of the seismic-refraction data obtained 
perpendicular to structural trend from the South and North Richardson Highway 
deployments. Seismic-refraction data parallel to structural trend from the 
Chugach Mountains and Glenn Highway deployments were presented by Daley and 
others, 1985. An interpretation of the seismic-refraction data along strike 
has been published by Fuis and others (1984) and Page and others (in press). 

DESCRIPTION OF SURPEP 

The South and North Richardson Highway deployments run roughly from a 
point east of Valdez in the south to the Denali fault; each was approximately 
140 km long. The South Richardson Highway profile extended south from 
shotpoint 7, near Glennallen, to shotpoint 19, In the Tasnuna River valley at 
Woodworth Glacier Lake; it recorded shots 1-8. The North Richardson Highway 
profile extended south from shotpoint 1 at the Denali fault to shotpoint 7 
(Plate 1) and recorded shots 14 - 22. Shotpoints 1, 7, 8, and 19 were used 
for both profiles. Average spacing for seismic recorders on both deployments 
was approximately one km. A total of 17 shots, approximately 25 km apart, 
loaded with 1100-6000 pounds (500-2727 kg) of ammonium nitrate explosive were 
fired in 8 inch (20 cm) diameter, 160 feet (50 m) deep holes. The 
southernmost 18 stations on the South Richardson Highway profile were deployed 
by helicopter over Mt. Billy Mitchell, between shotpoint 12 on the Richardson 
Highway and shotpoint 19 in Woodworth Glacier lake. Recorder and ehotpoint 
locations are listed (Tables 1, 2) and shown on Plate 1. 

We present record sections for shots 1 - 2 (shotpoints 8 and 11) and 4 - 8 
(shotpoints 7, 9, 12, 19) in figures 2 - 5 and record sections for shota 14 - 
20 (shotpoints 1, 3, 5, 7, 2, 4 and 6 )  and 22 (shotpoint 8) in figures 6 - 9. 
Shots 5 and 8 were weak due to incomplete detonation of explosives resulting 
in seismic energy near or below ambient noise levels. Data beyond 30 km range 
for shot 8 are not presented because of this problem. Shot 3, shotpoint 1 
(fig. 10) and shot 21, shotpoint 19 (fig. 11) were offset shots extending the 
profiles to approximately 240 km; the time scales on these record sections are 
extended to accommmodate phases with high apparent velocities at these 
distances. 



(terrane divisions and descriptions 
taken from Jones and others, 1981) 
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Figure 2: A geologic map o f  southern Alaska w i t h  recorder 

and shot locations. 



XNSTRUMFNTATION AND DATA REDUCTION 

Seismic Recorders 

Field operatl&s involved the deployment of 120 seismic recorders by six 
observers, each of whom was responsible for 20 instruments. The seismic 
recorders (Healy and others, 1982) are portable, weigh approximately 40 
pounds, are powered by mo 6-volt rechargeable batteries, and contain 
30-minute cassette tapes to record data. Packaged with each seismic recorder 
is a single vertical-component 2-Hz geophone, which is removed, oriented, and 
buried when the seismograph is deployed. Each recorder also includes a 
chronometer, three independent amplifiers with pre-set attenuation settings, a 
calibrator, a tape deck, and a tape-speed-compensation tone generator (fig. 
12). Ten minutes prior to the expected seismic energy arrival time, a 
pre-programmed microprocessor in the seismic recorder performs a geophone 
release test, an amplification check, and a calibration sequence of 1, 10, 
100, and 1000 mv at a frequency of 10-Hz. The response curve for the system 
peaks at about 20-Hz (fig. 13). 

Observers are responsible, before shots are fired, for synchronzing the 
clock in the seismic recorders, preprogramming the microprocessors with up to 
10 distinct recording times, and establishing accurate site locations. For 
this experiment recording locations were eurveyed prior to deployment of 
seismic recorders. 

After shots have been fired obsemers retrieve the seismic recorders, 
record chronometer drifts, and remove the tapes. 

Data Reduction 

Shot times are picked from a paper record on which WWVB, the master clock 
time code, and the detonation pulse are recorded. Shot times are accurate to 
+ - 2 milliseconds. Recorder locations and elevations were determined with an 
accuracy of 2 25 meters uaing 1~63,360 orthophoto maps, topographic maps 
'and/or color infrared aerial photos. 

Information pertaining to the performance of the seismic recorders is 
summarized in the Field Data Tables (Appendix A). After checking for errors 
in time and site locations the field observers digitize the analog data from 
the cassette tapes for a total of 20 seconds at a rate of 200 samples/sec. 
Digititation begins at time shot time - 2.0 sec. + distance/6.0 km/s. For 
offset shots 3 and 21 digititation begins at time = shot time - 4.0 sec. + 
distancel8.0 kmls. 

The record scctioas are plotted with maximum trace amplitudes normalized 
to a common value and a reducing velocity of 6 km/s. 



TAPE - 
Data included in this report is available on SEGY format tapes recorded at 

1600 BPI (Appendix B) from the following: 

National Geophysical Data Center 
NOAA/EGCI 
325 Broadway 
Boulder, CO 80303 

Telephone: (303) 497-6123 
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T CC = TIME CODE CEKEUTOR 
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Figure 12: Schematic diagram of eeiemic recorders 



FREQUENCY (HZ) 

Figure 13: System response curve for cassette 
recording units with 2-Hz seismometers 
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Table 1: The Master Shot Ltat includes the shot number, shotpoint number, 
date (calendar and Sultan), and &hot time (GMT), latitude and 
longttude, charge size, and notes pertaining to  each shot. Shots 9 
through 21 and 23 through 29 were shots from the Chugach Mountains 
and Weet Glenn Highway profiles (Daley and others, 1985). 

Shot Shot 
Numkr P o i n t  

Date 
Shot Time 

Lat S tude 
Longi tude 

S i z e  
( lbs)  Notes 

2000 MOOWORTH GLACI ER 
LAKE 

JUL 8, 1984 
191 10 10 0.010 

JUL 8, 1984 
191 10 1 2  0.009 

JUL 8, 1984 
191 10 1 4  0.011 

JUL 8, 1984 
191 10 15  S9.010 

JUL 8, 1984 
191 1 2  0 0.011 

JUL 8, 1984 
191 1 2  2 0,010 

JUL 8, 1984 
191 12 4 0.012 

JUL 8, 1984 
191 12 6 0.000 

JUL 8, 1984 
191 12 7 59.811 

MOOWORTH OLACI ER 
LAKE - 2 HOLES 



Table 2: Seisaaic Recorder locations. Includea location number (see Plate l), 
latitude, longitude, and elevation. 

South Richardson Highway 

Longitude 
) (d.g,ntn,s.f) 

145 25 5 .5  
145 25 36.6 
145 27 1.9 
145 28 24.6 
145 28 36.5 
145 28 34.3 
145 26 42.7 
145 28 30.5 
14s 28 24.8 
145 27 42.0 
145 26 56.2 
145 26 0.4 
145 25 45.2 
145 25 43.1 
145 2s 34.9 
145 25 56.8 
145 2 4  50.0 
145 23 30 .7  
145 23 4.6 
145 21 42.3 
145 20 33.5 
143 20 16.2 
145 19 57.0 
145 19 43.9 
145 10 58.2 
145 18 43.11 
145 17 46.1 
145 18 8.7 
145 16 44.9 
145 18 2.3 
145 17 42.8 
I45 17 9.4 
145 16 39.9 
145 16 9.2 
145 13 45.4 
145 15 26.1 
145 14 51.1 
145 14 36.6 
145 14 17. i  
145 13 52.4 
145 13 21.7 
143 13 1.0 
145 12 52.0 
145 12 32.9 
145 11 43.2 
145 11 17.7 
145 11 23.0 
145 10 39.0 
Z45 10 6.2 
145 9 21.6 

~0c.t ton 
n u d e r  

L.t 1 tud* 
<deg.ntn18ec 

Longl tudc 
) (deg,nln,sbc) 



North Richardson Highway 

Longitude 
(&g,mln,sec) 

Location LatLtude Longi tud+ E1.v 
number (d.g,nln,see) (deg,min,sec) (n) 

L 8 t i  tude Longi cud@ 
<deg,ntn,s.E) (deg,rain,sec) 



APPENDIX A 

Field Data Tables. These include information related to the seismic 
recorders. Each set of 20 recorders is given a team number under which data 
is stored and referenced. Each table contains shot number, shotpoint numbers, 
team number, and shot time given In Julian day, hour, minute, and second. 
Column headings for the table are explained below: 

h c  - location number from the seiamic recorder location 
(see Table 2) 

Dist (km) - distance in kilometers from the shotpoint to the 
recorder 

- azimuth from the shotpoint to the recorder 
(in degrees clockwise from north) 

Unit - I.D. number of the recording unit 

Chrm - chronometer correction for the recorder at shot time 
(interpolated from the total clock drift) 

- chamel number (1, 2, or 3) which was selected to be 
digltleed by the computer. 1 "  high gain; 2 - low gain; 
3 = medium gain 

C1, C2, C3 - amplifier attenuation setting (db) for each 
data-recording channel 

Tape Grade - value used to rate the performance of the 
seismic recorder (see Tape Grade Scale) 



TAPE GRADE SCALE 

Tape Grade Scale is a listing of all tape grade numbers used on the Field 
Data Tables. Each number corresponds to a specific problem with the recording 
unit. - - 

0 Good 

1 Tape did not run 

2 Tape ran, no signal 

3 Skipped record time 

6 Weak signal - low record level 
9 Noise, spike (6) 

12 Noise, random 

17 Bad time code 

21 Geophone disconnected or shorted 

25 Bad geophone test 

26 One or more channels missing 

30 Digitized without calibrations 

31 Amplifier out of balance 
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SHOT TIME1 1761101 0 1  0.011 
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142 
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139 
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136 
133 
134 
133 
132 
131 
130 
129 
120 
127 
t 26 
125 
1 24 

ALASKA - 8-R 1984 
SHW M E U  2 SHOT POlNT 8 TEM 6 
SHOT Tl-I 1768101 0 1  0.011 

AUISI(II - SCI+IEII 1-4 
SHOT W E R  2 SHDf POINT I f  TGW 1 
SrmT TIME$ 1761lOt 3~57.594 

FIELD I#?@ 7-E. 

IIUISIIA - S M R  1984 
SHOT MWBER 2 SHOT r0fm 11 T W  2 
SMOT T t m r  1761101 3~57.594 
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FIELD WTA TCleLE 

& L A W  - SCEmR 1984 
SHOT N L H S R  S SHUT POlNT 12 T€#l 1 
SHOT TIME1 176rl2r 3t37.009 

U S W  - -R 1984 
SHOT NII*BER 5 SHOT POtNT 9 
SHOT TIMI 176rl2t 21 0.010 

LOC 
1 151 
2 142 
3 141 
4 140 
S 139 
6 138 
7 137 
8 136 
9 135 
10 in 
11 133 
12 132 
13 131 
14 130 
15 129 
16 128 
17 127 
18 126 
19 In 
20 124 

W I T  
81 
82 
03 
94 
95 
W 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
9a 
99 
100 

U S K n  - SLmEI 1984 
SHOT W E R  5 SHOT POINT 9 T m  6 
SHOT TIMES 1711121 21 0.010 

T w E  
WADE 

0 
0 
0 
0 
0 
0 
0 
6 
0 
e 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 



U S M  - OCCWI 1984 
SHDT W C U  6 SHOT POIM 12 
S m T  T l m t  1 7 6 1 1 2 ~  3~57 .009  

FIELD M T h  TLWCE 

TAPE 
W P E  

0 
0 
0 
0 

0/12 
0 
0 
6 
D 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 

TAPE 
BRADE 

0 
0 
0 
e 

011 2 
0 
0 
0 
0 
0 
0 

I 
0/12 

0 
0 
0 

0/12 
0/12 
0/12 

CILCISM - 6-R 1-4 
SHOT NtHBER 6 S W  POIN? 12 
SHOT T t l E l  1761121 3157.009 

FIELD mTa TABLE 

U S M A  - S W R  1-4 
O H M  N W E U  6 SHOT POlHT 12 TEPPl 6 
SMUT TIME1 176112: 3157.009 

TACC 
LOC D I ~ ( K H )  nzln W I T  CHilDN QCaN Cl  C2 C3 

1 101 101.396 356.0 to1 19 2 SO I 2  88 O/12 
2 102 100.748 355.7 102 10 2 m 1 2 e e  o / iz  
3 103 100.621 3SS.0 103 0 2 30 12 68 O/12 
4 104 99.935 3 9 . 3  104 0 2 3 0 1 2 4 9  0/12 
5 105 98.927 354.1 105 24 2 3 0 1 2 4 B  0 
6 106 97.730 354.1 106 -9 2 3 0 1 2 4 8  ON12 
7 106 96.064 354.0 107 -59 2 3 0 1 2 4 8  O/lZ 
8 109 95.220 354.0 108 1 2 3 0 1 2 4 a  3 
9 110 94.268 354.3 109 -- 30 H 48 1 

10 181 93.356 334.7 110 21 2 3 0 1 2 4 0  0/12 
11 113 91.307 355.2 I l t  13 2 30 12 49 0 
1 2  114 90.240 355.2 112 I 2  2 30 12 48 0 
13 11s 89.034 355.2 113 -12 2 30 12 46 1WZl  
14 116 88.167 334.9 4 -- 1 0 1 2 4 e  1 
I 5  117 86.607 355.5 I l S  4 2 30 t 2  48 O/L2 
16  119 85.602 336.5 116 21 2 30 12 M 0112 
17 120 84.690 357.3 I 1 7  3 2 3 0 3 2 4 9  Off2 
18 I 2 1  84.004 357.9 118 12 2 30 12 46 0 
1 9  12P 82.806 3S6.1 119 4 2 30 12 48 Of12 
20 123 81.940 350.2 120 2 2 30 12 4 8  0 U 
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FIELD WTA TABLE FIELO MTA T A K E  

- S t m E R  1984 
SHOT WBER 18 SHOT MINT 2 
WDT TIME* 191:lZr 01 0.011 

TAPE 
OMIOE 

1 
o/ 9 

0 
0/12 

17 
1/12 

0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 

17 

TAPE 
OltnOE 

17 
0 
0 
z 
2 
I 
0 
0 
0 
0 

17 
6 
0 
1 

17 
0 
0 
0 
0 
0 

ALASUA - SU+TR 1984 
S W T  MPl9ER 16 SHOT W I M  2 TLPIl 3 
SMOT T I M j  1911121 01 0.011 

DISI(M) urn 
23.410 176.4 
24.449 177.1 
25.861 176.2 
W.90Z 176.1 
27.198 176.1 
10.101 176.1 
a . 4 1 7  1 n . o  
30.385 174.9 
31.384 171.1 
32.283 174.5 
33.392 174.5 
34.541 174.5 
35.CC8 174.4 
36.654 174.9 
37.305 176.Q 
39.350 177.0 
40.575 176.5 
41.872 173.7 
42.817 175.3 
44.184 175.2 

CYLISUA - SU+IER 1984 
SHOT N l l s E R  18 SHOT POINT 2 T E M  4 
SHOT TIME# l S l t 1 2 1  O t  0.011 
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FIELD WTfi TfiBLE 

CKCIS* - SUmEll 1904 
SHOT N W R  19 SHOT POIM 4 
SHOT TIME1 1911121 21 0.010 

ALASKA - SWER 1984 
SHOT NUlBER 19 SHOT POlNl 4 
SHOT TI-I 191t121 21 0.010 

W I T  cmm 
41 -4 
42 10 
43 -13 
44 43 
45 1 
46 0 
47 15 
48 10 
49 13 
50 -11 
S I  19 
52 22 
33 e 
54 -12 
55 7 
16 13 
57 12 
58 1s 
59 -2 
60 -7 

W I T  CHRm c w  CI  C i  C3 
61 -- 30 12 60 
62 4 3 3 0 1 2 4 8  
63 8 I 3 0 1 2 4 8  
64 16 3 3 0 1 2 4 %  
65 -13 1 3 0 1 2 4 0  
66 1 1 JO 12 49 
67 - 4  S 3 0 1 2 4 0  
68 -6 2 30 12 48 
69 5 30 12 46 
70 33 1 30 12 48 
71 5 2 3 0 1 2 4 9  
72 I 6  2 30 12 48 
73 -17 2 3 0 1 2 4 %  
74 -2 2 3 0 1 2 4 8  
75 14 2 3 0 1 2 4 0  
76 4 2 30 12 68 
77 9 2 3 0 1 2 6 8  
70 -9 2 30 12 88 
79 6 2 3 0 1 2 8 8  
60 11 30 12 68 

IlLASKA - SU+TR 1984 
SmTl W R  19 S W T  POINT 4 
SHOT T t M r  1 9 1 t 1 2 ~  2 t  0.010 

FIELO DllTA TABLE 

LKASW - s m n  1984 
SHOT W E I I  1 9  SHOT POINT 4 TEM 6 
WOT TlMEt 191112t 21 0.010 
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Z O l  
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llNl 
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66 
a6 
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9 6  
S 6  
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26 
16 
06 
6 8  
00 
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9 8  
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te 
E 8  
EB 
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1 l rn 
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C' CEt 
S'SSE 
t 'SSE 
S'SSE 
Q'SSE 
6'ESE 
~ 1 m  

0'9SE CLE'ZLI  
9'9SE I b B ' Z L I  
b'9SL EBS'Et I  
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8'9SC 109'SLK 
6'9CC EB9 '9L I  
L'9SE 166'LLK 
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t 'LSE 9 B t m t 6 1  
6'9SE I E b ' Z 6 I  
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06s 
6 8 s  
8 8 5  
Les 
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bes 
EBE 
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I 8 5  
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8 9 Z f O E  E 2 1  LS 
8 9 Z 1 O E -  1 E f  K 
B t Z I O E  Z L SS 
B b Z I O E  z ?!I- CS 
8 b 2 I O E  Z 8 €5  
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6% 
8% 
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IKASIIA - S W R  1904 
SHOT NWBER 22 SHOT WIM? 0 
SHOT flP#m 191112t 7159.Blf 

FIELD WTA TCIBLE 

ALASKB - SUflEl l  1964 
SHOT W E R  22 SMOT POINT 8 T W  2 
SHOT T I M t  f9Ill21 71S9.811 

'I- 
LW Dl  ST( M) M l M  W I T  CHRON CWW C1 C2 C3 M 

1 521 136.#1 354.5 21 -9 1 301288 0 
2 522 135.866 354.1 22 -13 30 12 08 Z 
3 523 134.7 3 4  23 -42 1 301260 0 
4 524 133.530 355.0 24 -3 30 12 48 2 
5 525 132.506 355.3 25 -2 301248 2 
1 526 131.061 353.3 26 1 2 301240 0 
7 527 130.107 355.2 27 11 1 301248 0 
0 528 129.006 313.0 28 -35 30 12 48 2 
9 529 127.871 354.9 13 2 301248 0 
10 530 126.770 334.6 30 7 2 301240 0 
11 532 124.4% 354.8 3I 7 301248 2 
12 133 123.608 354.9 32 22 1 301248 0 
13 534 122.474 354.9 33 44 2 301248 0 
14 535 121.lM 354.8 34 8 30.12 48 1 
IS 536 120.191 354.9 35 -32 30 12 *0 2 
I6 537 11S.058 354.7 36 t Z 301248 0 
17 530 110.100 354.6 37 0 2 30 12 48 0 
18 539 117.028 354.4 38 1 2 SO1248 0 
19 M O  115.877 354.2 39 0 2 301248 0 
20 551 114.076 354.1 40 7 2 Z 1 2 4 8  0 

IILASWI - E U U E R  1904 
SHUT NUneER 22 SWLT POIW 8 TEAn 4 
SHOT T f r Y t  1911121 7159.011 
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APPENDIX B 

Archive Tape Data Format 
-------I---------------- 

- .  

Archive data tapes are written in SEGY standard format 
(Barry et el, 1975). Recording density ie 1600 bpi, phase 
encoded (PE). In order to accamodata aeiemic refraction data, 
rome minor changes have been made to the tepe header fields. A 
complete list of header f i e l d r  Sr provided in the card image 
portion of the reel identification header, mhown below: 

REEL IDENTIFICATION HEADER BYTES : 
3217 -3218 SAMPLING INTERVAL (MICROSECS). 
3221 -3222 NUMBER O F  SAMPLES PER TRACE. 
3225 -3226 DATA SAHPLE FORMAT CODE. 
3255 -3256 HEASUREHENT SYSTEH (1  = RETERS; 2 = FEET) 

TRACE IDENTIFICATION HEADER BYTES : 
1 -  4 TRACE SEQUENCE NUMBER WITHIN REEL. 
9 -  8 TRACE SEQUENCE NUHBER WITHIN REEL. 
9 - 12 STATION LOCATION NUMBER. 
29 - 30 TRACE ID CODE (1 = SEISHIC DATA). 
37 - 40 SHOTPOINT-RECEIVER DISTANCE tM). 
41 - 44 STATION ELEVATION (M). 
45 - 48 SHOTPOINT ELEVATION (MI. 
49 - 52 SOURCE DEPTH (MI. 
69 - 70 SCALAR TO BE APPLIED TO ALL ELEVATIONS. 
71 - 72 SCALAR TO BE APPLIED TO ALL COORDINATES. 
73 - 76 SHOTPOINT COORDINATE - X. 
77 - 00 SHOTPOINT COORDINATE - Y. 
81 - 84 RECEIVER COORDINATE - X. 
85 - 88 RECEIVER COORDINATE - Y. 
89 - 90 COORDINATE UNITS (1 o HETERS; 2 a SECONDS OF ARC). 
115 - 116 NUMBER OF SAMPLES IN THIS TRACE. 
117 - 118 SAMPLE INTERVAL IN MICROSECONDS FOR THIS TRACE, 
121 - 122 INSTRUMENT ATTENUATION IN DB. 
157 - 158 SHOT TIME - YEAR. 
159 - 160 SHOT TIME - DAY OF YEAR. 
161 - 162 SHOT TIME - HOUR OF DAY (24 HOUR CLOCK). 
163 - 164 SHOT TIME - MINUTE OF HOUR. 
165 - 166 SHOT TIME - SECOND OF MINUTE. 
167 - 168 TIHE BASIS CODE (2 = GMT). 
181 - 182 SHOT TIHE - HILLXSECONDS. 
183 - 184 SHOTPOINT LOCATION NUMBER. 
185 - 186 RECORDING INSTRUMENT UNIT NUMBER. 
191 - 192 DISTANCE WEIGHTING EXPONENT (HUNDREDTHS). 
193 - 194 SHOT SEQUENCE NUMBER (SHOT NUMBER). 
195 - 196 SHOT SIZE (KG). 
197 - 200 SHOTPOINT - STATION AZIMUTH (SEC OF ARC). 
201 - 204 TIME OF FIRST POINT MINUS SHOT TfHE (MSEC) 



The data point format is "32 bit floating pointw, and the 
appropriate bytes (3225-3226) of the binary reel id header 
contain a value of 1. The trace amplitudes have not been 
a d j u s t e d  for instrument gain, but the gain correction factor can 
be estimated from the instrument attenuation value (att) 
epecified in byteas 121-122. To correct for gain, the data should 
be demeaned and then multiplied by 

The measurement system (byte@ 3255-3256 of the binary reel 
header) is set to 1, meters. 

Shotpoint and receiver coordinates are in mrconds of arc (byte 
field 89-90), The coordinate scaler multiplier (bytes 71-72) is 
set to -100, no the coordinateo (bytes 73-88) are in hundredths 
of a eaoond of arc. 

Bytes 157-166 and bytes 181-182 refer to the rhot detonation 
time. The t i m e  of the first data sample ia found by adding the 
shot detonation tima to the time specified in bytes 201-204. 

Since there ir no weighting of amplitudes with distance for 
archive tapea, the dimtance weighting exponent (bytes 191-192) is 
not used. 

Shot sequence number (bytes 193-1941 refers to the order in which 
shots were fired during the field campaign. 
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