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I.  SUMMARY AND CONCLUSIONS 

1.1 THE EXPERIMENT 

During the summer of 1964 a SOFAR velocity measurement experiment was 

conducted by GM Defense Research Laboratories between Hawaii and *he California 

coast and between Hawaii and certain islands in the North Central Pacific. Signals 

also were received and utilized for velocity computation from an independent, 

concurrent experiment in the Aleutians. GM DRL developed and used a depioya^ie 

acoustic monitoring buoy station to record signals. Additional fixed acoustic 

installations were used on the coast of California and on the islands of Eniwetok 

and Midway. The charges for the GM DRL Oahu shots were M-3 demolition 

blocks, equivalent to a few pounds of TNT. These were eJectrically fired at the 

approximate depth of the SOFAR axis from USS ARKARA (ATF 98), In the 

Aleutians, shots equivalent to about one ton of TNT were fired at shsllow depth 

by the RV SEA SCOPE, and 248-lb depth charges to be located acoustically were 

dropped by a Navy patrol aircraft. 

1.2 THE OBJECTIVES 

The principal objective of the experiment was to measure the average SOFAR 

velocity between widely spaced termini and to determine the fluctuations In this 

measurement. A secondary objective was to determine whether, over a period 

of five days, coherent temporal variations could be observed and, If so, to 

correlate them with possible causes. A knowledge of the SOFAR velocity and its 

fluctuations Is required for acoustical source-location systems. (T phase sources 

are now being located acoustically, and potential systems to locate the sources 

of nuclear events by means of their underwater acoustic slgn'J» are the subject 

of current research). In a program for computing acoustical source locations, 

4 the mean acoustic propagation velocity is an important parameter; also important 

are the fluctuations of the acoustic propagation velocity. These fluctuations, which 

■   I are a measure of the uncertainty in our knowledge of the propagation velocity, 

largely determine the obtainable precission in the location of source events. 
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1.3  RESULTS 

The average propagation velocity, computed and observed for various paths, 

together with fluctuations, are indicated below: 

Source 
Location 

Receiver 
Location 

Propagation Velocity (meters per seccn d) 

Computed 
Number of 
Observations Observeu 

Standard 
Deviation 

Oahu San Miguel Is. 
Calif, coast 
(buoy station) 

1480.87 50 1479.27 0.85 

Aleutian 
Trench Same 1472.37 7 1468.55 0.51 

Oahu Midway 1482.09 22 1480.66 0.31 

Oahu Eniwetok 1472.87 20 1482.69 0.51 

The predominant part of the standard deviations quoted above, particularly in the 

first two paths, must be attributed to experimental effects and not to the fluctuations 

of the properties of the medium. It was not possible to correlate the observed 

fluctuations in average propagation velocity with any geophysical effects; nor was 

it possible over a five day poriod to determine unambiguously any trends in the 

average propagation velocity. Hence, these fluctuations must be considered random 

and attributed to the statistical nature of the generation, propagation, and measure- 

ment process. 

A source location program was developed and applied in a real problem of locating 

the sources of signals from the 248-lb, air-dropped Aleutian charges. An rms 

ensemble residual of about 4 km was observed; the mean contradiction between 

GM DRL acoustic positioning and the navigational information from the aircraft 

w^as 11.9 km. 

1.4  CONCLUSIONS 

If the standard deviations reported above are combined with other data, the 

minimum uncertainty in range determination may be calculated for various 

propagation paths: 
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Paths 

Effective 
Std. Dev. 
(m/sec) 

a 
Average 
Range 
(km) 

Range 
Uncertainty 

(km) <c> 

Oahu to West Coast 0.775 5 238xlö'4 -3884 2.03 

Aleutians to West Coast 0.955 6.495xl0'4 4295 2.79 

Oahu to Midway 0.310 2.094xl0'4 2151 0.45 

Oahu to Eniwetok 0.350 2.361xnr4 
4344 0.47 



GM    DEFENSE    RESEARCH    LASORATORICS   ($     GENERAL    MOTORS    CORPORATION 

TRo5-28 

I.   INTRODUCTION 

2.1 STATEMENT OF PROBLEM 

The detection, classification, and location of underground or underwater nuclear 

explosions must utilize a portion of the energy of the detonation, generally after 

the energy has been propagated long distances (from the source of the blast to 

the location of the detection devices). Host systems for these purposes are 

seismic, i. e., they measure energy that has traveled through the earth's litho- 

logical material. Recently, however, there has been an increase in attention to 

underwater acoustical methods of detection. For land-based blasts these methods 

depend on the T  phase, a low-frequency, underwater acoustic signal seismically 
(1 2 3)* generated.   '   '    For in-water blasts the acoustical energy is generated directly 

by the blast mechanism and propagated long distances. One distinctive characteristic 

of the in-water blast is that it sometimes produces a pionounceu, closely-spaced 

line structure that is not seen in  T phases. Source localization depends on th<; 

stability of the ocean as a ^ong-range propagation medium. The two principal 

objectives of this experiment were   (1) to obtain a measurement of the average 

j^opagation velocity in the Northeast Pacific over various long path lengths 

based on a statistically significant number of readings and (2) a measurement of 

the stability of this velocity over a period of several days. 

2.2 STATEMENT OF WORK 

The contract statement of work provided for the following: 

" (5) conduct field experiments related to the generation, propaga ion, 

and detection of T phase signals, 

(6) at designated Stations the Contractor will monitor the 1964 

VELA UNIFORM Aleutian Shot Series , 

'  RaisecTnumBers in parentheses refer to list of references on page 51. 

;• 
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(7) provide technical personnel at the stations for the purpose of making 

the recordings; and 

(8) reduce the data to tubular form; and 

(9) perform special analysis on selected signals; and 

(10)   provide a copy or the original on magnetic tape of the recordings 

taken. " 

2.3  CONCEPT OF THE EXPERIMENT 

The SO FAR calibration experiment was an attempt to measure properties of the 

ocean. Shots were to be detonate 1 from a firing vessel near Oahu and received 

at stations along the California coast and in the North Central Pacific. To remove 

the masking effect of experimental error it was necessary to impose very precise 

control on both the generation and i ^ception of the acoustic signals - that is, a 

precise knowledge of both the time and location of the sound sources was demanded. 

Since a statistically significant sample size was sought, about 100 shots were 

planned. Economy and the required precise timing of the shots prompted the use 

of Navy M-3 demolition blocks (Composition C), electrically detonated and 

timed.   For the firing system it was necessary to design and construct an 

electrical firing box with special timing teiininals and to procure special seismic 

blasting caps, pressure rated for 1200 psi. The requirement for precise knowledge 

of the shot position meant that the firing vessel had to have a sophisticated navigation 

control system - this was Hydrodist, an electronic distence-measuring system, 

comprised of two shipboard units and two shore stations located accurately with 

respect to triangulation points. 

A self-recording acoustic buoy system was developed and used in the experiment. 

This system, cor listing of a submerged shallow buoy suspending a deep hydro- 

phone on its mooring line at the SOFAR axis, recorded signals for about two 

weeks. The system served two purposes:  (1) it backed up and supplemented data 

from the fixed stations, and (2) it tested the concept of a deployable recording 

buoy which could be implanted in strategically important but inhospitable 

geographic areas. 
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2.4  CHRONOLOGY 

The significant events in the conduct of this experiment are listed chronologically 

below (all dates 1964). 

4/20 Commenced ordering hardware for field experiment 

5/18 Commenced work as per task statement 

6, 22 Conducted site reconnaissance 

6/26 Liaison established with:   COMSERVPAC, CO ARKARA, 

US ARMY HAWAII, University of Hawaii, NAD OAHU, 

Eaves 6 Meredith 

7/1 Design firm on buoy and explosive source systems 

7/8 Pressure tested buoy (MS 15-64) 

7/14 Arrangements completed with OU/CWSF for manning site 

7/20 Conducted iiCBt major system sea tests (MS 16-64) 

7/22 Tested buoy installation, ship positioning with Hydrodist, 

explosive rigging and firing (recovery of buoy unsuccessful) 

7/23 Recovered buoy using support vessel to assist SWAN 

7/26 Naval Facility reconnaissance 
8/7 

8/10 Conducted shallow water release tests (MS 19-64) 
8/il 

8/17 Coordinated arrangements with NEL 

8/19 Group A NavFac field party on station 

8/21 First NavFac contingent recalled temporarily 

8/25 Hawaii field party departs for exercise 

8/27 Deployed buoy system for recording of firing runs 

8/31 ARKARA at sea 

Group B NavFac field party on station 

9/1 GM shots commence 

9/2 Alaskan shots commence 

9/5 GM shots complete 

ARKARA returns to port 

9/6 Group A NavFac field party returns GM DRL 

9/9 Buoy recovered (MS 26-64) 

Hawaii field crew returns 

9/21 Alaskan shots complete 

9/21 Group B NavFac field party returns 
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II. ACOUSTICAL SOURCE SYSTEM 

3.1  GENERAL 

Sources of the timed signals hai to be both safe and inexpensive, and information 

about the position and time of the source signal had to be accurate. Safety was a 

concern because the decision had been made to use available explosives as sound 

8G.\rces. Expense was im|X)rtant because of the large number of shots to be fired. 

Based upon all of these considerations, the sound source system was designed 

to use electrically-fired standard Navy M-3 demolition blocks. The explosive is 

Composition C, a stable plastic material capable of taking the 1200 psi of the 
(1) firing depth.    Also capable of withstanding the high ambient pressure were the 

special seismic blasting caps, manufactured by DuPont and designated "SSS, " 

3.2 ACCURACY LIMITS 

The overall design of the experiment dictated the precise knowledge required of 

charge location and detonation time. Variations in transit time due to uncertainties 

in the position of the charge and time of firing were to be kept below the point 

where they could mask the observable fluctuations in transit time caused by 

oceanic inhomogenieties. A limit to precision is set by the characteristics of the 

received signal itself. The time of the SOFAH axis arrival, indicated by an 

abrupt fall in signal level. Is measurable to about 100 ms. If uncertainties in 

source position and time were each to be held to about 20% of the signal uncertainty, 

then they should not measurably widen the statistical spread in the results. Hence, 

source time uncertainty was to be held to 20 ms, and position uncertainty to 100 

feet. Both of these were attainable. 

The time measurement required a firing circuit that would record at the same 

time it fired the charge. The position uncertainty requirement ltd to precise 

electronic equipment to locate the firing ship. An electronic distance-measurement 
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system known as "Hydrodldt" was employed; this navigation system requires two 

accurately determined land-based stations from which precision distance measure- 

ments can be made to the ship. With a specially prepared grid chart, the geo- 

graphical position of the ship can be determined to uncertainties of less than 10 

feet in ranges up to 14 miles from the shore stations. 

The charges were suspended on an electric cable with a 50-lb weight at the end 

to reduce wire angle at the moment of firing; 2,400 feet of cable was streamed. 

Correction of horizontal and vertical displacement depended on wire angle at the 

ship; the amount of change was arbitrarily fixed at one-half of the straight 

geometric correction. This procedure is based on the practice of oceanographers 

in correcting Na.isen bottle cast geometry: 

AX =   1/2 L   Sin 9 horizontal correction w 

Az  =   L   (1 - 1/2 Cos 6) vertical correction 

where  L   = length of wire 

6    - wire angle at surface, i.e., angle 

between vertical and tangent to wire. 

3.3 FIRING CIRCUIT 

The firing box was designed to operate from the ship's 120-vdc system. Safety 

interlocks of banana-plug jumpers that were part of the firing circuit prevented 

the firing circuit from closing accidentally. (If a technician keeps an interlock 

with him while working on the firing circuit, the circuit can be closed only with 

his knowledge and concurrence.) The firing box also provided a voltage tap on 

either side of a 1-ohm resistor to measure the firing current. Leeds from thi« 

point went to one channel of a two-channel Sanborn recorder to indicate the 

instant of switch closure; the other channel received time marks from radio 

station WWV. The firing circuit diagram is shown in Figure 1, and the firing 

box is illustrated in Figure 2. 
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CHANNEL 1 or 2 

120v 

2.5 K     ^ 

#1819 

250 (825 watt) 

5 amp 5B FUSE 

AHIi A 
6A 125v 
DT SWITCH 

Dl 
SI 

■ 

SAFE 

BANANA 
PLUG 

BAN^ifA 
PLUG 

i> + RECORDER 

10 

r 
d 

FIRING LEADS 
2 PIN CANNON FEMALE 

CHANNEL 1       CHANNEL 2 

\        / 
FIRING LEADS 

Figure 1   Firing Circuit Diagram 



OM OEfKNSK MISCARCH L A « O W A T O n I B • ®  O K N ■ II A L MO TOR* CORPORATION 

TR65-28 

Figure 2   Firing Box 

10 
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3.4 SOURCE LEVELS 

(4) 
Source levels and spectya, computed from Weston,  ' were 

P(t)      =       p o '^t w ^oo 
1.13 

PO      =     2.,e.^   [w^]p.i' 
where W = charge weight in pounds 

and  R   = distance from detonation center in feet 

The time constant,   t    is found to be 0.15 ms when calculated for a 5-lb charge, 
0 (A) 

a 10-ft horizontal displacement, and a depth of 2,400 feet; 'The first bubble- 
(5) 

pulse frequency will be 88.6 cps. From Cole,  'the diameter of the first bubble 

will be 6. 7 feet. In summary, t^e signal from these charges is very sharp, 

with rapid decay, a high bubble pulse frequency, and a small bubble. The receiving 

electronics was designed to be sensitive in the frequency range of the first bubble- 

pulse frequency. 

il 
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IV. ACOUSTICAL RECORDING SYSTEM (BUOY) 

4.1  MECHANICAL SYSTEM 

Figure 3 shows the configuration of the deployed acoustical recording buoy 

system. The hydrophone is located in the vicinity of the SO FAR axis, and the 

spherical buoy containing recording instruments and batteries is located about 

100 feet below the surface. Buoyancy of the submerged buoy provides tension 

to keep the system vertical and taut, conditions necessary for minimum horizontal 

excursion of the hydrophone. The clump anchor connects by means of a 3/8-in., 

I x 19 steel wire rope (IWRC*) to the hydrophone/release assembly, which in 

turn connects to the submerged buoy via a 3/8-in., 7-conductor, double-helical, 

armored well-logging cable. The submerged buoy ties to a surface marker 

through a 1-in. Dacron line containing three electrical conductors, one in each 

strand. The release mechanism is controlled by a pre-aet timer which discharges 

an explosive nut, dropping the eye-bolt in the lower mooring and freeing the rest 

of the system to surface under the upward pull of the submerged buoy. The 

anchor and mooring cable are not recovered. If the timing mechanism fails, or 

II premature recovery is desired, the explosive nut may be fired from the surface 

via one of the electrical conductors in the Dacron line. The other two conductors 

permit monitoring of the hydrophone. 

The water depth at the implantnent site was about 4,200 feet, and the SOFAR 

axis was found at about 2,400 feet. These dimensions required 1,800 feet of 

1 x 10 mooring cable and 2,300 feet of well-logging cable. The 60-inch-diameter 

submerged buoy, weighing 386 pounds, produced a net positive buoyancy of 

about 2,415 pounds when loaded with electronics and batteries. The anchor, 

consisting of nine discs and a nose cone, weighed about 5,300 pounds in water. 

Since the submerged buoy supported a suspended weight of 1,210 pounds, a net 

tension of 1,205 pounds remained in the mooring at the anchor. 

* Independent Wound Rosin Core 

12 
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SURFACE 
MARKER FLOAT 

1-ln. OACRON 
3-CONDÜCTOR 
SURFACE PENDANT 

60-ln. SUBMERGED 
RECORMNG BUOY 

3/8-ln. 7-CONDUCTOR 
EXTERNALLY ARMORED 
(DOUBLE HELICAL) 
INSTRUMENT CABLE 

HYDROPHONE RELEASE«. A 
ASSEMBLY X.   J 

3/8-ln. 1x19 WIRE 
(IWRC) MOORING LINE ■ 

FREE-7ALL CLUMP 
ANCHOR ASSEMBLY 
(5300 lb) 

1800' 

-*- 

4200' 

DRAWING 
NOT TO 
SCALE 

vJftä^-l v^TT-.- - 

Figure 3 Acoustic Recording baoy System Deployed 

13 
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The hydrophone, a BaTiCL ceramic cylinder resonant at 28 kc with a calculated 

sensitivity of about -96 dbv per Mbar and a capacitance of 0.0182 ß{, is shown 

in Figure 4. The hydrophone/release assembly housing is shown in Figure 5. 

The spherica) buoy, in position to be laid from the afterdeck of SWAN, Is shown 

in Figure 6. 

4.2  ELECTRONIC SYSTEM 

Figure 7  is a block diagram of the electronic system. The hydrophone drives 

a 40-db preamplifier which in turn drives the cable to the submerged instrument 

buoy. The frequency band at the output of the preamplifier is designed to lie 

between 50 cps and 500 cps, the lower cutoff being above the high-level natural 

T phase noise, and the upper cutoff above expected signal frequencies. 

At the submerged buoy the signal from the preamplifier is amplified further, 

and the detected output drives an optical galvanometer which marks light-sensitive 

paper carried on the drum of a helical recorder. The recorder advances at the 

rate of one turn every 15 minutes; at the end of 12 hours, on command from a 

crystal-controlled timer, the drum re-sets itself and advances its chart paper. 

Enough paper is carried for 15 days of continuous recording. The crystal- 

controlled timer also drives a separate optical galvanometer which places minute 

and hour marks on the record. 

Figures 8 and 9 show circuit schematics of the hydrophone preamplifier and 

the buoy amplifier. 

4.S   INSTALLATION AND RECOVERY 

Implantment of this single-taut-line buoy system utilizes the free-fall, baled- 

anchor technique developed at GM DRL. This procedure permits installation in 

a precise geographic spot, precludes the lengthy handling of heavy, pendulous 

weights, and may be accomplished smartly in very rough seas, 

34 
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RESONAITT FREQUENCY  28 KC 
CALCULATED SENSETSVITY-96 dbv/fib 
CAPACITANCE  0.0182^f 
PRESSURE CAPABIUTY   >2000 psi 

Figure 4 Hydrophone assembly 

15 
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Figure 6 Submersible Instrument Buoy Aboard R/V SWAK 

17 
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Figure 10 illustrates the Installation sequence. First into the sea goes the safety 
float which prevents loss of the system in case of trouble during implantment; 
the float is recovered after a satisfactory installation. Next to be streamed is 
the Dacron surface pennant which is supported along its length by plastic pneu- 
matic floats. Then the spherical instrument buoy goes over. At this point the 
buoy is floating; later it will be carried down by the anchor. Then with the ship 
proceeding at about one knot to keep the buoys separated and tension in the lines, 
the well-logging cable is streamed until it is payed out. The end of the cable 
attaches to the upper end of the hydrophone/release assembly, which is lashed 
to the transom »nd ready to be released. One end of the 1 x 19 mooring cable 
attaches to the underside of the hydrophone/release assembly, and the other to 
the bale on the anchor assembly, which is rigged outboard ready to drop. The 
mooring line is pre-cut to the known water depth at the installation site. Navigation 
of the ship at the point of drop must be very precise, especially If the bottom is 
uneven or steeply sloping. During this installation by the SWAN, the Hydrodist 
electronic survey instruments aboard ship were used in conjunction with associated 
instruments at shore stations of known position. When the ship is over the precise 
geographical point and the sight in the instrument cable is correct, the anchor is 
dropped. It proceeds straight down, paying out wire as it goes. The hydrophone/ 
release assembly is then cast overboard, thus freeing the entire system from the 
Installing ship. When the mooring wire is out of the bale, the spherical buoy 
begins to move toward the drop point and then abruptly submerges. Finally, the 
anchor strikes bottom and the system is configured as shown in Figure 3, except 
for the safety float which is cast free and recovered. After the hydrophone is 
monitored for proper output, the surface pennant is taken up and secured to a 
plastic marker float. The taut-line acoustic monitoring system is now deployed 
and operating. 

The helical recorder and timer are started before the installation, when initial 
time calibrations are inserted on the record using signals from radio station WWV. 
After recovery, a terminal time calibration will also be recorded. These time 
marks permit any long-term drift of the crystal-controlled oscillator to be 
measured so that timing corrections may be made in the data. 
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Normal recovery is effected by discharging the explosive nut mentioned in 

Section 4.1 through the circuitry described in Section 4. 2. The actuating signal 

may come either from a pre-set timer in the hydrophone/release assembly or 

from a manually thrown switch on the surface. When the explosive nut dischrages, 

the 1 x 19 mooring cable is released and the system from the hydrophone upward 

rises under the buoyant pull of the submerged buoy. Since the anchor and mooring 

are discarded, normal recovery does not involve the handling of large weights. 

The two methods of recovery provide redundancy, but during the 1964 SWAN 

operation both methods failed, forcing recourse to emergency dragging. Recovery 

was finally effected by fine seamanship abetted by good fortune. 

4.4 RECORDS 

A reproduction of a portion of the record recovered from the submerged instrument 

buoy is shown in Figure 11. This record is taken from the period of operation 

when GM DRL SOFAR shots were being fired hourly, and several of the signals 

from these shots are shown. This was also a period of low background ambient 

noise; the signal-to-noise ratio of these shots lies between 30 and 32 db. Duration 

of these signals ranges between 9 and 10 seconds; their typical sudden termination 

times the energy which has traveled along the SOFAR axis. Figure 12 shows the 

signal received from one of the TI Aleutian shots (No. 22). Since the recorder 

traces the detected output of the amplifier in the buoy within the dynamic range of 

the electronics, the area under the signal curve is related to the total energy 

received during the shot. The TI shot signal has a duration of about 19 seconds. 

The acoustic monitoring buoy was installed on 27 August 1964 in the following 

location, about 6 miles south of San Miguel Island off the coast of Southern 

California: 

Lat 33° 46' 15"  N 

Long 120° 22' 30" W 

The buoy was recovered on 9 September 1964. 
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Figure 11  GM DRL SO FAR Signai« Received by Acoustic Recording 
Buoy System 
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Figure 12 Signal from TI Aleutian 2376-lb Shot as 
Received by Acoustic Recording Buoy System 
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V.  THE FIELD OPERATION 

5.1  PARTICIPATING GROUPS 

Two ships and two field parties participated directly in this shot program, and 

one ship and field party participated indirectly. A navy fleet tug, USS ARKARA 

(ATF 98) (Fig. 13) served as firing vessel for the CM DHL Oahu SOFAR shots. 

Providing tactical support off the California coast, the GM Research Vessel 

SWAN (Fig. 14), in the course of several operations at sea, tested the charge 
firing system described in Section 3, and tested, installed, and recovered the 

acoustic recording buoy described In Section 4. One GM DRL field party 
coordinated the Hawaiian firing operation, with one section aboard ARKARA 

and another operating the shore-based navigation stations. The other GM DRL 

field party recorded signals received at fixed hydrophone arrays on the West 

Coast. A third ship and field party, RV SEA SCOPE, a converted navy AM under 

the control of Texas Instruments, Inc. (TI), although operating in a completely 

separate and independent program was involved indirectly in the SOFAR calibration 

experiment. (See Reference 6 for a description of the TI program.) The GM DRL 
recording field party detected both the small GM Oahu SOFAR shots (5 - 18 lb) 

and the large TI Aleutian shots (2376 and 248 lb). Personnel of the Tsunami 

Project, Hawaii Institute of Geophysics, University of Hawaii, also provided 
data collection services. They tabulated arrival times of the GM DRL Oahu shots 

at two of the Pacific Missile Impact Location System (MILS) stations and forwarded 
data together with recorded magnetic tape io GM DRL. 

5.2  PREPARATIONS 

The success of such an operation requires preparation. Not only was there hard- 

ware to be designed, ordered, assembled, and tested, but coordination had to be 

established among the groups involved and services provided through existing 

military orgasüzations. The Office of Naval Research provided the basic ship 

services. Details of schedule and logistics were then worked out directly with 
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Commander Service Force, Pacific Fleet, and the Commanding Officer of USS 

ARKARA, To establish the shore navigation stations, permission had to be 

obtained through Heaujiuarters, ü       Army, Hawaii. The M-3 demolition blocks 

were provided by the Naval Ammunition Depots, one at Oahu and the other at 

Seal Beach, Calif., after an official letter request by the Office of Naval Research 

and telephone contact by GM DRL. Communication arrangements were made and 

information exchanged with TI and Air Force Cambridge Re ,-arch Labs (AFCRL), 

the governmental control agency for the Aleutian shots. Contact was established 

also with the Navy Electronics Laboratory, San Diego, and their requirements 

were incorporated into the data recording method. 

5.3  SCHEDULE AND PERFORMANCE 

The GM Oahu SOFAR shots were to be fired once an hour for five days, which 

amounts to 120 detonations. Due to difficulties of one kind and another, only 

haT cf this number were actually iired. Figure 15 shows the actual firing times 

of these shots; note that good, around-the-clock coverage was provided with 

the exception oi one hour when a series of .nisüres thwarted efforts. 

The original schedule of the TI Aleutian shots and the actual performance are 

shown together in Figure 16. 
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Figure 16 TI Aleutian Shots  Scheduled and Actual Firing Times 
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VI.  DATA PROCESSING AND RESULTS 

6.1 GENERAL 

Appendices I and II contain data summaries of both the source events and recorded 
signal arrivals. Source data Included detonation time and position, charge depth 
and weight, shot number and qualitative performance. Received-signal data 
Included arrival times at two hydrophones, duration, signal level increase, 
background level, and amplifier gain. From source and arrival time information 
at a single receiver, the average propagation velocity was calculated for each 
shot; from this information at a group of receivers, source locations were 
computed; and from the Information provided by a large number of arrivals, 
statistics relating to the stability of the SOFAR velocity were derived. 

6.2 SOFAR VELOCITY COMPUTATIONS 

Computer Program 

Reduction of the observed source and received times was accomplished on an 
IBM 7040 digital computer In two principal stages. The first corresponds to the 
production of a source log deck. The second used this deck, plus rece   ed 
times, to compute average sound velocity. 

Source Log Program 

This first program Included bringing together several separate logs kept by the 
charge detonation field party and performing several simple calculations to 
yield a clear source deck. The principal steps were as follows: 

a) Assembling of shot number, date, time, charge weight, and 
performance from logs 

b) Reduction of ship geodetic position from recorded Hydrodist 
readings to degrees, minutes and nearest second 
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c) Correction of ship'« position to «hot position from logs of wire 

payed out, wire angle, and true bearing. (In an attempt to 

compensate for wire catenary, the depth and horizontal range 

of the shot from the ship were calculated using an effective 

wire vertical angle of one-half the recorded value.) 

d) Printing and punching of all these quantities (the resulting 

source log is presented in Appendix I). 

Sound Velocity Program 

The second stage step included going from this source log deck and receiver log 

decks to average sound velocity (listings of the receiver decks are printed in 

Appendix n). The principal data given for each shot are station and shot numbers, 

date, arrival times at one to four hydrophones, shot trace amplitude, and system 

amplitude calibration (a listing of the sound velocity program is given in Appendix 

m). The principal events are: 

a) Input of alpha-numeric constants used by the program 

b) Reading and storing of source deck - information is referenced 

by shot number , 

c) Conversion of geodetic source positions to geocentric coordinates 

in radians 

d) Reading of geodetic coordinates of centers of two receiving 

hydrophone arrays (in radians) and conversion to geocentric 

radians (in this program it was assumed that the first 

coordinate referred to the received times on channels 1 or 

3 on the Sanborn trace, or both, and the second coordinate 

refers to channels 7. and 4). 

e) Reading one receiver card corresponding to a particular 

shot number 
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f) Computation of great-circle distance In radians from shot source 
location to receiver (uses a subroutine entitled GCD). This is 
converted to a distance in meters using the radius of the earth 
at the mean of the source and station latitudes (see U. S. Nautical 
Almanac on International Ellipsoid of reference). 

g) Computation of average velocity from this range and the difference 
between source and received times 

h)      Taking of time differences in second* between the times from 
channels 1 and 2 or 3 and 4. This relates to the shot's apparent 
bearing. 

1)       Computation of approximate peak sound pressure level, according 
to the lormula 
SPL = R + B + A - G   -A   + M o       o 

where R is the rise (in db) of the Sanborn trace 
B is the background level or reference in db/ 1 volt 
A is the current system attenuator setting 
G0 is the system gain at some previous time 
AQ was the attenuator setting when G    was measured 
M  is the hydrophone sensitivity in db/ 1 voIt/Mbar 

All the above quantities are read in for each ; 'iot, except M, 
which was assumed to be -60 db/ 1 volt/mlcrobar at 100 cps. 
The sound levels thus computed should not be relied on for 
absolute value   or for relations between stations due to our 
ignorance of absolute calibration. They are Internally cu.isistent, 
however. 

])       Outputting of all calculated data In printed form and punched- 
card form for statistical analysis 

k)      Repetition of above steps e - j  for each shot at a station 

1)       Repetition of step« d - '   for each receiving station 
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The procedure above was repeated for each of the stations, but not for the buoy 

data. Since only one hydrophone channel was available and the recording medium 

different, the input format and calculations had slightly different forms from 

the above. 

A listing of the computed sound velocities, time differences, and sound pressure 

levels is given in Appendix IV for the GM shots received at various stations and 

for some TI shots received at fixed installations. 

6.3  SOFAR VELOCITY SUMMARY 

Average sound velocity results, computed for the indicated termini points, are 

discussed below. 

Source Receiver 

GM DHL Üahu Recording Buoy Station 

Midway MILS Station 

Eniwetok MILS Station 

TI Aleutian Recording Buoy Station 

These tin ? series data are plotted in Figures 17 thi jugh 20. Mean sound 

velocities for each pair of termini, together with standard deviations, are listed 

in Table I which also shows the calculated average sound velocity based on 

Johnron. 

Average expected sou id velocity over a total distance D, where the theoretical 

propagation velocity is known in N piecewise increments and assumed to be 

constant over the distance interval D, , is given by 

<C>   =    fl     p (1) 

j=i  cj 

where 
N 

D -z; D. (a) 
w   i 
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Figure 17 Average Sound Velocity GM DRL Oahu SOFAR Shots 
Received by Acoustic Recording Buoy Station 

36 



OM OirRNSK RSSKANCH LA•ORATOKICS Q    OtN8»AL MOTORS CORPORATION 

1484 

1483 

1482 

1481 

'i 

|    1480 

S 

1479 

§    1478 — 

1477 

1476 — 

1475 

1474 

TS65-28 

1 r—\—i—r—r—T—r—r 

J L j J _J. 
2 3 4 

DATS ft TUCK (SEPT. 1M4) 
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Shots Received by Midway MILS Station 
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DATE 6 TIME (SEPT, 1964) 

Figure 19 Average Sound Velocity GM DHL Oahu SO FAR 
Shots Received by Eniwetok MILS Station 
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If tiie total distance D is divided into N increments of equal length,   D. ,   in 

which the SOFAJR velocity is approximated by C. , Equation (1) reduces to 

<c> = 
N 

i=l 

T-l 
1 

(3) 

m 

The measured velocity from Oahu to the buoy and other west coast receivers is 

slightly less than the computed; the decrement is about 1 meter per second. 

Possible reasons for this effect are many. In the first place, Johnson's chart,' 

which served as the basis of the computation, was in rather small scale for 

these purposes; hence, the uncertainty of the computed velocity may be 1/2 

meter per second, or so. Another hypothesis assumes that the sound actually 

traveled farther than the strict geodesic calculation would indicate. Variations 

in path could be in the horizontal plane, due to horizontal velocity gradients or 

scattering, or in the vertical plane, due to changes in depth of the SOFAJR axis. 

Such an effect might occur if significant internal wave activity were present. To 

check the horizontal deviation hypothesis, statistical correlations were run at 

each West Coast installation between the sound velocity and azimuth of arrival. 

Results were negative, i.e., there was no significant correlation between 

deviations from the great circle, as received, and the average sound velocity. 

The effect of vertical variation in SO FAR axis depth seems to be in the right 

order of magnitude and could account for reductions in apparent sound velocity 

of the magnitudes observed. The table below indicates the relationship between 

wavelength and amplitude to produce a velocity decrement of one meter per 

second and ten meters per second, assuming a sinusoidal path. 

Table I 

PATH AMPLITUDE AND WAVELENGTH PRODUCING 
A GIVEN VELOCITY DECREMENT 

Velocity Decrement 
1 m/sec 

Velocity Decrement 
10 m/sec 

Amplitude 
(meters) 

Wavelength 
(meters) 

Wavelength 
(meters) 

10 
25 
50 

1200 
3000 
6000 

3 BO 
950 

1900 
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Based on the indicated results at the buoy station and others, the net standard 

deviation at a range of about 2115 nautical miles (3923 km) is about 0. G5 km 

per second.  This uncertainty in velocity oroduces a position uncertainty in the 

source nf about 2. 25 kilometers. This statemont of uncertainty is one of the 

main objectives of the experiment. The remaiwder of the receivers, particularly 

the MILS station, showed a smaller spread in the data, which would indicate a 

smaller position u    ertainty. 

6.4  SOURCE LOCATION 

General 

During the course of the Aleutian exp^-iment several 248-lb bombs were dropped 

by Navy P2V patrol planes. 

A   '.urate source locations were required for the TI seismic experiment; accord- 
(8) ingly ARPA requested CM DRL    to locate the source of these shots acoustically 

as a check and as a supplement to the navigational information provided by the 

aircraft. A similar request was sent to the Hawaii Institute of Geophysics, 

University of Hawaii. The receiving stations in the GM DRL source location 

computational net were spaced along the west coast uf the United States And 

throughout the North Central Pacific. Apprcxiniateiy six to eight station times 

were involved in each location computation. Stations used by the University of 

Hawaii included those in the North Central Pacific but only one on the west 

coast of the United States mainland. 

Scm'ce Location Program 

Given the arrival time of slgnali from an acoustic event at thref or more known 

locatijns on the earth's surface, source time and location are to be determined. 

Because signal wavcfarms become distorted during propagation it is difficult 

to measure arrival times precisely, and errors will appear in the measured 

data. FXirtheimoie, the average piopagation velocity between source and 

receiver may not be known exactly. Thus, for more than three receiving stations 

it is quite likel   that there is no source location on the earth's surface from 
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which the computed and observed arrJvals at all ataticns match precisely. This 

situation, as Is usual when attem Hing to match an analytic expression to the 

real world, required curve fitting with a least squares criterion. The source 

location aad time are chosen to minimize the rms deviation of the set measured 

arrival times from those predicted from the solution. 

Because of the non-linearity of the spherical geometry no exact analytical 

solution Is possible for the minimization problem. Good results may be obtained, 

however, by linearizing the equations through a perturbation approach, i. e., 

solving for small corrections to approximate solutions. With sufficient Iteration 

any degree of precision may be attained In finding the optimum point consistent 

with the data. Note that bad Input data may cause this point to be an Inaccurate 

solution. The only claim Is that the position is the best that the data supports. 

In the following analysis a good first guesa for source time and location will 

be assumed. The actual limitations on this first approximation for convergence 

will be discussed later. 

Basic Equations 

The j    station residual Is defined as the difference between the observed arrival 

time  T-. , and the computed arrival time  T . . 
Uj cj 

srT0.  .Tc.(L,X, T0) (4) 

where 

L  =  longitude 

X   =  latitude 

The computcu arrival time is a function of the source location and time. For a 

set of n stations the ensemble residual Is defined as the rms of the Individual 

station residuals. 

^ 

1/2 

(5) 

1=1 
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The source location problem la to find the geographical point and origin Urne 

that will minimize the enaemble reeldual   Thla is effected through maximising 

the negative change in 8 from the trial point, aaauming a planar geometry. 

The change in S may be expreaaed: 

Maximizing the series in parentheses will find an approximate solution to the 

optimum  AS. 

In Figure 21  the initial trial point is (L , X   , T0 ) and the new point is 

(L , X , TQ) . Plane geometry and long distances to receiving stations are 

assumed. With this assumption, we set 

AY  =  AL 

AX =  Cos  L AA 
(7) 

a, X, T0) 

Figure 21  Trial Location Geometry 
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It can be shown: 

aT, AYCosÄ 
(8) 

aT . AX Sin ^ 
_^i AX   = _^-i (9) 

T^LATO= ATO (10) 

The job is thus to find the AX , A Y , and A T0  which will minimize S  (»j - ^Sjl' 

with the set of equations 

AX Sin ^ + AY Cos ßl + C AT   = C ASj 

AXSin^S + AYCos/9.+ C AT0 = C As, (11) 

AX Sin ,9   +AYC08/3   +CAT- = CÄ8 n n 0 n 

If there are but three receivers, there are three equations in the set (11), and 

an exact solution to s. = 0  is possible, within certain geometric constraints. 

For four or more receivers a least squares criterion is required. After several 

iterations  Ax,   AY,   and AT»  approach zero as S approaches its minimum. 

A solution is considered reached when Ax  and   AY are both less than 10 meters. 

Program Mechanics 

Appendix III contains a listing of the GM DHL source location program specially 

configured to solve for the TI 248-lb shot locations using data largoly supplied 

by and in the format of the University of Hawaii epicenter location program. The 

principal steps in the program are as follows: 

a) Alpha-numeric constants are read in. 

b) Hydrophone station location data (in geodetic radians) and sound 

velocities in m/sec appropriate to each statisn srg res« in and fiied by number. 

Latitudes are converted to geocentric radians. (Average sound velocities to the 
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West Coast stations were measured from the TI 2376-lb shots. MILS station 

velocities were supplied by the University of Hawaii.) 

c) A common starting point for all iteration is read in and converted 

to radians. 

d) A reading of the time of day Is taken from the real-time 

computer clock. 

e) Arrival times of one shot at each station that received it are 

read in, and the corresponding stition locations are taken from general storage 

and placed in working arrays. Arrival times are converted to seconds. 

f) The variables L and X are given the initial values in radians read 

in at  c) above. The variable   T0 is given a starting value 1689 seconds, 

earlier than the first arrival time read in. 

g) The great-circle ranges from the trial point to each station are 

computed using a subroutine GCD. The subroutine also returns the values of 

the sine and cosine of the true bearing of each station from the trial point. 

h) A sound velocity in radians/sec is computed from the station sound 

velocity and the average radius of the earth over the path. 

i)       The station residuals are formed, Equation (4). 

j)       A subroutine LSTSQ3 is called. This solves the system of 

Equations (11) using the coefficients computed in g)  and h)  for the values of 

AX , AY , and AT to minimize the sum of the squares of the residuals. The 

subroutine also returns the resulting value of the rms residual, Equation (5). 

k) The coordinates L, X, and T0 are correctea with A X , Cos L , 

AY , and AT ; X and L are reduced modulo 2ff and to a reasonabl- latitude 

respectively. 

1)       If the correctiors  AX and  AY are greater than 10 meters tin. 

program repeats steps g) - k) until they are both 10 meters or less. 

m)     When the solution is finished, the locations are reduced to geodetic 

degrees, minutes, and seconds, and the time to hours, minutes, and seconds. 

Residuals are converted to maters. A heading, the final values of all residuals, 

and the source coordinates are printed out. The source coordinates are also 

punched out on cards. 
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n)      A second clock reading is taken and the total elapsed tii/.e is 

computed and printed out. 

o)      Steps d) - n)  are repeated for all shots. 

In the production runs for the TI 248-lb shots, the above calculations were 

run for 6-13 hydrophones at 4 - 5 stations to a solution precision of 10 meters 

in 7 - 12 iterations. The average time was about 2. 5 seconds for a complete 

solution, including all input-output operations. The results are listed in Appendix 

VI, together with the results of similar runs from the University of Hawaii (using 

MILS data only) and the radar fixes on the plane at the times of drop. 

Convergence Behavior 

The linear set (11) will always have a solution; however, this solution is not 

necessarily the solution to the geographical problem. Because the earth is 

spherical and finite, the assumptions leading to (11) are never exactly true. 

Thus when the  ^X ,   AY ,   AT are added to the trial parameters, the result 

Is still In geographical error (although usually an order of magnitude better), 

and the problem must be re-solved to get an even better answer. In the working 

version the Iteration Is cut off when AX and AY are both less than 10 meters. 

The number of Iterations necessary to achieve this precision varies according 

to the accuracy of the first guess. For a first guess within 5-10 degrees of 

the true location, 5-7 Iterations are adequate to reach the IG-meters precision. 

Allowing a first guess of nearly unlimited slopplness, this technique appears to 

have a very wide convergence range. The three probable reasons are as follows: 

1) The test of a successful Iteration Is whether it moves the trial 

point closer or farther away from the actual point, Thus, considerable error 

(in fact, ±90 ) Is still tolerable In the direction of movement from the true one. 

2) The earth's surface Is finite and closed. Thus, while some really 

wild A X and AL can arise (e.g., + 300   , -653  ), the trial point is reduced 

modulo 360   and stays on the surface. 

3) The third variable, time, is truly linear.   Thus, a really bad first 

guesa Is more readily corrected. 
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The following is an example of the latitude allowable. Received times appropriate 

to a source time of about 1800 hours and a source location in Hawaii were given 

to the program. The initial guess was zero hours, zero. Very occasionally, with 

a really bad first guess, the solution will converge to a local rather than a global 

minimum. The station residual as a function of position on the earth's surface Is 

very complicated and can have one or more local minima. As an example, the 

arrival times of TI shot 74 at the MILS and West Coast stations were taken, and 

for a lattice of points on the earth's surface the best possible source time was 

calculated and an rms station residual calculated. Iso-residual contours were 

then interpolated and plotted in (Fig. 22) for a 100-deg square in the Pacific Ocean. 

As may be seen, besides the absolute minimum of the real solution, there is one 

other local minimum near 9 N, 158 w. Viewed In this manner, the program 

solution becomes one of rolling to the lowest point on the map. The weak minimum 

did capture several test solutions. There is little danger of mistaking this solution 

for the true one, however, since the residual has a value of 750 km at this point. 

In a production version of the program some algorithm should be used to leap out 

of such false minima. One successful algorithm was to drop one hydrophone from 

the solution and resolve. This yielded the correct answer in every case tried but 

was expensive in terms of computer time. Perhaps merely solving the problem 

over from a different starting point would be best. 

The contours In Figure 22 are a very special case corresponding to one particular 

receiver configuration and one particular actual source location. The contours 

could cnange greatly by changing the numbers or locations of hydrophones or by 

changing the general source location. A study consisting of systematic variations 

of these parameters might prove valuable for optimizing patterns of receiving 

stations. 

Results of Computations 

Source locations for the 248-lb Aleutian shots by three agents and two methods 

(CM DRL acoustical. University of Hawaii acoustical, and the aircraft navigational) 

cue presented in Appendix VI. A measure of the goodness of fit of a source 
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location calculation to the data is the ensemble residual. For the GM DHL 

computation, the ensemble residual is the rms result of. the individual station 

residuals expressed in meters. The station residual is the distance the station 

would have to be moved toward or away from the assumed source location to 

match the computed and actual arrival time. University of Hawaii residuals are 

in seconds of time. The two are converiibie to one another through the nominal 

s'Hind velocity, 1480 meters per second. Another indicator in a positional 

calculation where more than one method is used is the geographical distance 

between locations, determined by separate means. The averages of this "distance 

contradiction" among the three location computation agents, together with mean 

ensemble residuals for the entire group of 248-lb shots, are indicated below. 

Average Ensemble Residuals 

GM DEL 4026 meters 2.72 seconds 

U of H 3049 meters 2.06 seconds 

Average Location Contradictions 

GM DHL Navigation 11.9 kilometers 

U of H Navigation 12.0 kilometers 
GM DHL U of H 7.79 kilometers 

'( 
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Table n 

AVERAGE SOUND VELOCITY 
COMPUTED AND OBSERVED 

Source Receiver 7p (m/sec) Ve (m/sec) V»-Vp S N 

1 3 1480.66 1482.09 1.43 0.31 22 

1 3 -- 1483. 32 .. -- -- 

I 10 1482.69 1484.11 1.42 0.35 20 

1 11 1479.27 1480.87 1.60 0.85 50 

2 11 1468.55 1472.87 4.32 0.51 7 

Legend.        Vp - determined from observed data and GM DRL program 

Ve - estimated from U of H contour plots 

S   - standard deviation fcsr Vp 

N   - number of points used to determine Vp 

Receiver; 8 - Midway 

9 - Wake Island 

10 - Eniwetok 

11 - GM DRL acoustic monitoring buoy 

Source: 1 - GM DRL Oahu shots 

2 - TI Aleutian Shots 

(■ 
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APPENDIX I 

SOURCE DATA SUMMARY 

This appendix includes the listings of the final source logs for the 11 2376-lb 
Aleutian shots as reported in Reference 9, and the GM DRL Oahu shots used 
in all calculations of sound velocity. These numbers were assembled from 
various logs kept at the time of the shots. The reduction is briefly described 
in Section 6. The column headings are self-explanatory. 

SOURCE TIMES AND LOCATIONS TI ^376 Ud SHü^ci 

SHOT DATE GCT LATi TUÜE LUNG 1TUDt OEPTM CHAHGc «ATtw 
MO OY YR HRMN bEC DG MN sc DUG MN SC METERS WT LÜJ DcPfrt 

d 23 9/ 2/64 231 1 00.00 bl 29 ION 175 52 30« 91 .  2376. JodO 
2 22 9/ 4/64 2336 5=». 75 51 2«: 15N 1 76 42 SäW 91 •  2376. 2104 
2 21 9/ b/64 0246 00.06 51 20 ION 177 20 S^.W 91 .  «:376. 2122 

5 20 9/ 5/64 0354 oo.o.-? bl I 7 43N I 77 49 bbW 91 .  2376. 1220 
2 1 1 9/ 7/64 0527 00.00 51 OJ 30N I 75 bi 30W 91 .  2376, 34 75 
'2 13 9/ 7/64 1624 00.02 51 14 4bN 174 19 00W 91. .  2 376. 4505 
2 26 9/ 7/64 230-3 00.35 51 45 50N 1 73 35 30W 91 •  2376. 2415 
2 25 9/ 8/64 0230 39.75 bl 41 30N 174 14 30W 91 •  2376. 3038 
2 21 9/ Ü/64 0557 00.17 51 35 b5N 1 75 00 4'JW 91 .  2376. 3075 
2 \i y/ 6/64 2J4 1 00.05 51 1 1 OiM 17a 2 7 20W 91 .  2376. 24 J3 
2 lb 9/ 9/64 0627 00.25 51 02 30N 17b 5i3 50W 91 .  2376. 3075 
2 32 9/10/64 0522 00.14 'Jl 46 42N 17b 33 4 5W 91 .  2376. 1S10 
2 f-,2 9/11/64 0^31 59.92 52 12 OON 178 05 4ÜW 61 .  2376. 31BS 
2 A3 9/12/64 01b5 59.89 ^2 OM OON 179 01 20W 61 .  2 376. 2V65 
2 42 9/ 2/64 034'j 00.00 51 51 15N 179 33 OBW 61 ,  2 376. 1737 
2 00 9/12/64 2030 '.v9,92 51 51 SON 1 78 34 56E 61 .  i376. 3d6 
2 41 9/13/64 0201 00.15 51 40 15N 179 29 15W 61 .  2376. 1244 
2 30 9/13/64 0605 59.97 51 21 55N 179 47 35\K 61 i  2376. 1538 
2 46 9/15/64 1906 00.20 52 20 22N 177 16 25W 91 ,  ^376. 3335 
2 47 9/17/64 2206 CO. 13 52 21 30N 176 42 55W 91 .  2376. 34 75 
2 59 9/10/64 0122 00.21 52 45 13N 176 «3 30W 9i .  2376. 3550 
2 54 9/1 a/64 1904 00.02 51 2t) 2 ON 179 23 iOW 91 .  2376. 1061 
2 17 9/IR/64 2256 00.23 -SI 0* '.2N 179 44 50W 91 .  2376. 3 755 
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SOURCE TIMES AND LOCATIONS GM/USL SHOTS 

SHOT DAfi GCT LATITOUL   LONGITUDt DEPTH CHAHLL LXPU0S1CN 
MO UY v:? MW.VN SEC DG MN i>C   DEG MN sc METt* ä WT LdJ STRENGTH 

1   1 V/ l/t>4 oaoi Ob. 00 21 4B t.'oH 58 0 I /w 720 •    4 .oO OOUO 
I        c )/ 1/64 1000 Jc 90 21 4tJ 00N Ob 0 JOW 720 >    4 .50 GUol) 
1   b 9/ 1/64 1600 50« 60 21 4 7 55N ob 3 28* 04y ,    4 .30 GOOD 
1   ü 9/ 1/64 1U00 4 /, 40 21 4 7 IVN -Jb 1 9W 732 .    4 .50 GOOD 
1   7 9/ 1/64 2003 26i no 21 47 39N 50 0 4dW 70 V .    4 .50 GOOD 
I   li 9/ 1 /64 2201 00. 70 21 47 2 7N 58 0 52W 676 .    4 .50 GUOD 
1   9 9/ £/«S4 "I0C2 54, BO 21 47 26N 58 1 4W 94 7 .    4 .50 GOOD 
i in 9/ 2/64 ^■O 0 00. 07 21 4 8 2N 58 0 42W 71 1 >    4 .50 GOOD 
i i i 9/ i'/54 nsno 32. 00 21 4H (IN 5b 0 55W 879 »    4 ̂ 50 DUD 
! Ir 9/ ^/6n 1 100 53. 70 21 47 56N 58 1 71«/ 8 72 •    4 .50 GUOD 
1  1J >/ 2/64 1 J03 tb. 20 21 4b 4N 58 1 JW 801 .    4 .bO GUOD 
I  1-b 9/ .-./64 1 700 35. 00 21 4b 1 IN 58 0 41 W 771 .    4 .50 ooou 
1  16 9/ 2/6" 190 0 30. 00 21 4b 2N 5 b 0 46W 744 .    4 • oO CAPS 
1  I / 9/ i./64 clOO c'7, 70 21 47 40N 5 b 1 7W 676 .    4 .50 CAPS 
1  Id -.'/ 2/64 2jo,; 54. /B 21 4 b ^N bb' 0 4cW 7bü >    4 .bO GOOD 
1 1 ? 9/ .3/64 0102 07. 30 21 4H 5N 58 0 42W 803 •    9 .00 GUÜD 

i ^o 9/ 3/64 0200 46. 00 21 48 6N 58 0 48W 843 >    4 .bO GUOD 
l    2i 9/ 3/6'4 0300 50. 00 21 48 ON 58 0 49W 850 .   9 .00 GOOD 
i  pa 9/ 3/6» 0904 1 1 i 40 21 47 57N 58 1 4W 881. .   9 .00 GOOD 
1 P2 9/ 3/64 1 100 44. 70 21 47 48N 58 1 2bW 854 •   4 .50 CAPS 
I 2<* 9/ 3/64 1304 42. 70 21 47 5dN 50 1 10W 663. >    4. .50 GOOD 
1 ^5 9/ 3/64 1500 40. 70 .21 47 J5N 5b 1 25W Ö54. 4 .50 GOOD 
I 26 9/ 3/64 1 700 29. 39 21 48 2N 58 0 44W 84b. 4 .50 GOOD 
1 27 9/ 3/64 1800 30. 40 21 47 ON 58 0 41 W 858. i    4 .50 GOOD 
1 2b 9/ 3/64 1900 4 7, 20 21 4b 7N 58 0 3bW 820 7 7a GOOD 
1 29 9/ 3/64 <;ooo 46. 29 21 4b 7N 58 0 J/W 761 t    4 .50 GUOD 
1 JO 9/ 3/64 2101 10. 00 21 47 ON 58 0 54 tf 730. .   13. .50 GOOD 
1 31 9/ 3/64 2200 3«. 60 21 47 b9N 58 0 50W 860< 4. 50 GOOD 

1 32 9/ 3/64 2300 38 40 21 4b 3N 58 0 45W 860 1 I 2b GOOD 
I 33 9/ 4/64 OOOO 26, 60 21 47 ON 58 0 46W 802. .    4. 50 GOOD 
1 34 9/ 4/64 0100 25, 40 21 48 IN 58 0 57W 774. 11. 23 GOOD 
1 35 9/ 4/64 0200 2S 4 5 21 48 VN 58 0 43W 802. 4. 50 GOOD 
1 36 9/ 4/64 0304 20, .50 21 4b 15N 58 0 3yw 788. 9. 00 GOOD 
1 37 9/ 4/64 0400 41 , 20 21 48 16N 58 0 59W 766, 13. 50 GOOD 

1 3B 9/ 4/64 0500 29. 00 21 4b 2N 58 0 53W 817, 4. 30 GOOD 
1 2'i )/ 4/64 0604 53, 40 21 47 22N 58 1 3 b'M 831« 9. 00 GOOD 

1 10 9/ 4/64 0702 03. 20 21 47 b3N 58 0 56W 729. 4. 50 GOOD 
I Al 9/ o  '64 ObOl 01 . 20 21 4b IN 58 1 0 24W 883, 9, 00 GOOD 

1 <*2 9/ 4/64 0900 00. 60 21 4b lOrM 58 1 0 34W 84 1, 4. 30 GOOD 

1 43 9/ 4/64 1000 34. 80 21 48 4N 58 1 0 42W 773, 13. 30 GUOD 

1  44 9/ 4/64 1 7C 1 14. 40 21 47 44N  1 58 I 0 «6W 801 . 9, 00 GOOD 
1  4'b 9/ 4/64 I HOI 49. 60 21 48 8N 58 9 ^O'V 831. 4. 50 GOOD 

1 46 9/ 4/64 1900 38 60 . \ 48 4N 58 0 26W 704, 4. 50 GOOD 

I  47 9/ 4/64 2000 37 .40 21 48 ION 5b 0 I6W- " 589. >    4, bO GOOD 

1  46 9/ 4/64 2101 36 .00 21 47 37N 58 0 29W b86. 9. 00 GOOD 

1 49 9/ 4/64 2200 19 .80 21 4b 6N 58 9 5oW 831 13 bO GOOD 

1  50 9/ 5/64 0103 57 .20 21 47 b7N 58 0 I9W 766 .   9. ,00 GOOD 

1  51 9/ 5/64 0300 49 .30 21 47 ZtiH 58 0 29W 784 i   9 00 GOOD 

1 52 9/ 5/64 0400 43 .10 21 47 3bN 58 0 I3W 659 .   9 .00 GOOD 

1  5J 9/ 5/64 0502 46 .80 21 47 49N 58 0 OW 624 ■   9 .00 GUOD 
1  54 9/ 5/64 0600 25 .60 21 47 «9N bb 0 26W 66J .  22 .00 GUOD 

1 55 9/ 5/64 0700 23 .65 21 47 JIN b8 0 bW 591 .  18 .00 GOOD 

1  56 9/ 5/64 tiOO 32 .00 21 47 4JN 58 0 4 3W 667 .   9 .00 GOOD 

I 57 9/ 5/64 1300 31 .20 2: 47 b5N 58 I 36W 684 .  16 .00 GOOD 

1 5d 9/ 5/64 1402 12 ,0 21 37 b2N bB 8 57W 671 >  18 • 00 DUO 

1 60 9/ 5/64 1600 48 .70 21 4/ SON 58 10 59W 61b .  18 • 00 GOOD 
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APPENDIX Ma 
GM BMOY LOG 

Gift OAHU SHOTS 

The following is a log taken from the GM DRL buoy roll chart. The column 

headings for station, date, and shot number are self-explanatory, as are those 

for hours and minutes. The fraction of a minute and amplitudes are all measured 

in hundredths of an inch. The last number is a calibration, the number of 

hundredths of inches per minute. Thus, the first return arrived at 0845 and 

(2 "57"") x 60 seconds> lasted for (ipyr ]x 69 seconds, and had an amplitude 
of 1.75 inches. 

ALEUTIAN TI SHOTS 

A rep Tduction of the receiver log is shown. In contradistinction to the Oahu 

shot log, the column labeled TIME indicates the nearest time fiduciary mark 

preceding the onset of the arrival signal. This time is given in hours, minuL s 

and millimeters. The column labeled DUR gives the duration time of the arrival 

signal in millimeters and SOFARR gives the time elapsed in hundredths of 

millimeters from the fiduciary mark to the arrival of the axial ray. The con- 

version factor is 60.5 millimeters per 60 seconds. Thus, for shot 23 the axial 

ray arrives at 2405 hours plus (60/60. 5) (03 + 30.00) seconds, and the duration 

is (60/60. 5) (73) seconds. 

ARRIVAL TIMES OF TI ALEUTIAN SHOTS AT GM/DRL BUOY 

Stn Date Shot 
No mo dy yr no 

090264 23 
090464 22 
090764 11 
090764 13 
090764 26 
090764 25 
090864 24 

Time Dur SOFARR 
hr mn mm mm mm 

240503 73 3000 
243154 76 7150 
062113 76 3200 
191700 74 1900 
235730 64 4650 
032400 64 1600 
065034 72 5250 

na-i 
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AWWIVAL   TIME«i   GM/DRL   OAMU   SHOTS   AT   G^/DHU   BUOY 

^TN DATK   SHOT 
NO MODYYPNO 
1 IfO^nvrilöaOlOl 

I \nmo )nif,40?o\ 
1 100 70 »0 1btO^Ol 
\10070^01600601 
110070^016*070l 

i ior.  O'joiftoouoi 
1 IOC ^0^60090 1 
1 100 'v J0260I001 
110070V02M0 1201 
1 1 0070=1026'» 1 301 

1 100 70si026-tl501 
1100 7090264 1801 
1100 7090360 1901 
I100 709036A2001 
1109709^J64?101 

110070903642201 
110070^03602401 
1S00"090360250 I 
I 100709036O260I 
110070903602701 

I 100 70903602301 
1100 70903602901 
110070903643001 
110070903643101 
110070903643201 
11^07090464330 1 
110070904643401 
!10070904603501 
110070904603601 
I 10070904643701 
110070904643801 
110070904643901 
110070^04644001 
I 10070904644 101 

110070^04644201 
I 10O70y046O4 3r.l 
1100 70V0460040I 
1 100 70904644'SOl 
110070904644601 
110070^04644701 
110070904644901 
1100 70^04644901 
11007090564b00J 
1I007090b60bl0l 
1I00 70y0564b201 
1100 70V0564530I 
1l00 70V056«b«0l 
1 100 7090S545,501 
110070905645601 
110070905645701 
1 I 007090364600 I 

TIME AMPDUW IN/ 
HRMN IN IN IN M|N 
O»10fi06ü 17b032 237 

IOOOIHS 10 )02b tJh 
160^0^0 1^ »029 238 
1Ö00238 175030 239 
200 r\?0 l'jH03l 237 
22450-)4 177033 238 

000 7030 18b030 23^ 
O'i4O0j6 179026 23H 
1 toboay 178028 23d 
1 JO/lötJ 16^031 230 
1700193 I3b02o Uti 
234 7030 1V2030 23/ 
01O60H5 173036 238 
0240237 172027 238 
03442ci3 170034 238 
0'>0809H I 10023 238 
1 <Obf;if'> I7H02 7 238 
1^00218 178033 238 
1744430 155026 605 
1844 17V 172030 238 
1V44203 1 /bOJ8 238 
2040238 179032 238 
214b09b 183034 238 
2244532 168026 60b 
2344210 190040 £38 
0044 162 178035 238 
0I4416P 182036 238 
0244 148 166030 238 
0 348141 172033 238 
0444234 174034 239 
0544 183 150025 239 
064904 0 180032 239 
0746071 165029 238 
0845061 180029 238 
0^44060 I6b028 238 
1044 194 17b030 238 
174b>10 062013 23(3 

184'i2b0 I3b028 238 
1944298 176030 238 
204420b 158030 239 
2145198 156030 239 
2244 134 1 /••I0J4 239 

0148050 184034 239 
034425b 173023 239 
04442J0 183026 239 
0546244 1920J2 239 
0644 157 132021 239 

0744J50 100025 239 
1244186 098025 239 
1344205 060019 23« 
1644234 I 78034 239 

na-2 



ION 

TR65-28 

APPENDIX Mb 

WILS STATION RECEIVED DATA LOG 

The following listing shows the recorded date at MILS stations Eniwetok and 

Midway of the GM DRL Oahu shots. 

The column headings are self-explanatory. 

ARCiIVAL.    TIMES   GM/ÜHL   OAHU   SHOTS   AT   MIDWAY 

^TN   DATF ^HOT 
NO    MJOYYQ NO 

'V 26t 18 
•j 364 19 
-i -!64 2n 
'■i 364 21 
y 364 22 
•i 364 24 
>> 364 ?b 
-> 364 26 
9 364 28 
y 364 29 
9 364 30 
o -<64 31 
9 164 32 
9 46« 46 
9 46« 47 

9 464 48 
9 «64 49 
9 r?64 ■if) 
9 56« 51 
y '=16« 56 
^ ■^6« •^7 
9 =16« 60 
t\ 26« 18 
9 36« 20 
9 36« 21 
9 36« 2? 
9 36« 24 
9 16« 25 
9 36« 26 
9 36« 28 
V 36« 29 
9 36« 32 
9 «6« «7 
9 464 «e 
9 46« «9 
V b6« 51 
9 56« 52 
9 56« 53 
9 *b* 5« 
9 56« 55 
9 56« 57 
9 56« 60 

TIME ÜUR S ^AR ARRIVAL SEC  SHOT RIS 8G 
HPMN SEC CHI CH2 CH3 CH« BRG 08 U8V 
12325 1274 377 
10124 1403 506 
10223 I 188 290 
10J2J 122H 331 
10926 1441 543 
I 1327 1 IbJ 255 
1 lb23 1 133 23 7 
I 1 723 1021 124 
1 1923 1201 304 
12023 i :uu 291 
12123 1428 530 
12223 1112 2!6 
12323 1113 216 
1 1923 1116 217 
12023 1 104 207 
1212« 1097 197 

12223 938 04 1 
10126 1296 398 
10323 122'J 331 
1 1223 1048 151 
1 1 323 102 7 128 
I 1623 1215 318 

I235I 420 4 76 342 04« 
102«R 952 1007 873 355 
103«b 992 IO'JO 91 J 596 
10952 610 669 536 215 
1 1 352 914 971 838 517 
1 15«8 BV9 957 820 503 
1 1748 788 844 706 391 
1 1948 965 1023 888 572 
I20«8 95b 1012 879 556 
12 348 876 935 798 46 i 
12048 869 924 792 4 75 
l£|4V B68 926 7a;j 4 75 
12248 704 /S8 624 304 
10348 988 1046 910 591 
1 04*8 928 984 849 532 

10550 969 1026 892 57 J 
1 0649 162 218 086 
10748 735 7VI 659 339 
1 1348 788 846 710 393 
11648 984 1040 90 r 587 

A   GOAO 

nb-i 
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APPENDIX iil 

SOFARVaOCITY PROGRAM 

The following is a listing of the program used to convert source and receiver 
logs into average sound velocities. The program mechanics are briefly described 
in Section 6. The coding is done in IBM 7040 Fortrati IV, and the program vm 
run on an IBM 7040 computer. 

C   ►JiVOG-Ay   To   COMPUTE   AVERAGE   SOUNO   VELOCITY   FHOM   SOURCE   ANÜ  1>TATI0N  LOGS 
:       vw   -TLrNNAN       1/16/65 

MANSION   I MO < 100 ) iSOAV( 100) <SKH} I 00 MbMNI I ÜC > «bbEC« (001 ibLAT« 100 9 
1 .SLNG( laOj.SOEPTH« 100)«SI*T (100) «SPEM (I 00 11 RbC (4 I »Nl (|0)>N2I60) 
r    .^CLAT(*),9CLNGC«).HDEPTM(«),LAOELI 56 I 

Z   FOPvAr ( 10A1 ,35A2/2?iA2) 
«r.AD   3,N,S.F.W.G00D 

T   FOtJviAT    («A I, A4) 
PTAO   P^.LAOFL 

^P    ^O^MAT ( 1 -»Aft. A2) 
A   r^AD   5. ISWC« I SHOT. IMOt I SHOT ).äL>AV( I SHOT ).SHH« 1SHOT ).SMN( (SHOT). 

1S?EC<I SHOT),SLATDG.SLATMN.SLATSC»SLATNS,SLMGOG»SLNG«NJSLNGSC« 
Z   SLNGE'V.SDEC»TH( ISHOT).S«(T« I SHO r )tbPE«( I SHOT» 

5   FORMAT (    I?,2r3. !X.F2e0.4X.«;F<;,O.F6.2» 1 X, JF3.0 . A I .2X . JF3»0 . Ai ,3X« 
1    F^.O.FT^?,!x.A«; 

|r<tSHOT.EQ.100)60   TO   10 
SUATrtD=. 1 7A53as>25E-l»(SLATrXi   ♦SLATMN/60.   ♦SLATSC/3o00» » 
SLAT( I SHOT ) = SLATR0":.337267^t-2*S|N(2,»SLATH0»'f»56B7E-b»S5N««,» 

)       SLATPO) 
iF(SLATNS.EQ.S)SLAT(1 SHOT)»-SLATtI SHOT) 
il.NG( 1SH0T) = , I74b32y25e-1*ISLNGDG   ■•■SLNGMN/60*   ♦aLNGitC/3600» » 
IF(5LNGEW.EO.mSLNGC I SHOT)«   -SLNG( I SHOT» 
GO   TC   A 

io    no I*   1 = 1.2 
R'AO   1 I ,RLAT.RCLNG(n«ROEPTH(I » 

11 FOPMATf^FlS.-'.FIO.O» 
RLAT=RLAT -.337267|2E-a*S|N«2.»KLAT» ♦.56a7E-5»SlN««.»RLAT> 
RCLATt|JsOLAT 
RCLAT!|*2)iRLAT 
RCLNG H +2)»RCLNG(I » 

14 RDEPTHf|+2)»P0EPTH«I) 
M«0 

15 MEAD 12«ISTNtRDAYiISHOT»JSRC»IbETUP«ICHAN«RHRtHMN«RbCSTiDUHMIN« 
I DURSec iRSC. I AMP.DeRISE«OödKGD. ATTEN.G2EW0«*T^}-.H0 

12 FORMAT«|2täX«F2«0<2X«I««12«14«I2«dF2*0«9F5»2,4X«I2«2F3*1.FÜ.0.F3.0 
I «F2,0» 

m-i 



,m   •er*««« • «•«»CICM   k *»0« ATOmi»   ®    •KNKWAI.   MOTOMS   C O it P O K A T I O N 

TR65-28 

;- ( i ^IN,--.!,?-) ir.o   ro  10 
■• - v H 

I' ISJSCST.r.T.CJbr t I CHAN) If-'UOOt =60. 
1 I ^r =    flf,«-«'), • (•*(.)Ay-bDAV( I hMOT I )    ObOO« • (»VKW-oMH ( I SHUT » ) 

I     ♦fe^.*(     WN-'j^Nt ISHO') )    ♦-fbC( ICHANI-SSKC ( ISHOT »    ♦KUUGt 
-"U A T B9CL*^ ' I'"HAN > 
^LN".= J'I.N.' ( I CHAN » 
-ALL  GO X-VLAT WLNGISLATC ibH^r). bLNG( iSHor j« HANGE «EM «EN ) 

'•VL«T=    .'-•I    .7LAT + SLATt ISHOT I ) 
WA^IU^-'SJ 'C'-!!tÜ.»l .9yyj<;00«7   ♦, l6UJ«V«E-e«C0SI2*«AVUAT)-t>3b«9e-S* 

1    *.*>« J«,»avi.ATI I 
.7/'AGr30AC lU'^WANGE 
v-tfi.<i   tJAN5-"/T|ME 

,->T5«<;r( ! )■ RSC(3 1 
i- (WSC ( 1 l.c;3.0».ANP«RSC«£ ).tU.O. )0T««SC ( 3 »-RSC «A ) 
>^L-=:X)-3|r.":*l~JJ<ND + ATTtN   -GZtHO-AT^EPO*aO« 
l-'AYr<-'iAy , iC-tOT )♦! , 
I v[^|^w^v^( | ^HOT)   ♦! . 
IH^    iiMD( I r>HTT )    •>! , 
:r(vrncw,AO),c'v'). i )PRINT 20 

?■)   F?-?WAT{ 1 Hi  ) 
I- ( vCOJM,Ar>),EO»l »PRINT   22.LAQEL 
P<7INr    J4, JSRCtlSTN« ISHOY.IMOI ISHOT )• Nc < I DAY J .N2 ( ! HM ) .N£ « ! M IN I « 

I -KM.^UA« « SDEPTH( I SHOT > < POEP tH( I CHAN >,DT.6PL 
PUNCH   24« JSRC.ISTNi IbHOT« IMO(lbHOT)« Nc'( IOAY ) .N2 C 1 HR M N2 U W IN > « 

I^KV.CüACJ.SDEPTH« 1SH0TI»RÜEPTK( t CHAN» «DT.SOL 
2«   FORS'ATC    «1 J. lH/«A2«4H/6«    « 2 42 «FV. 2 .F9.2 .2F6.0 «F7,2 .F6»0« J AÄ » 

GO   TO   I« 

m-2 
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APPENDIX IV 

AVERAGE SCIfAR VELOCITY LISTINGS 

Ttw following art listings of the output from the sound velocity program 

described in Section 6 and Appendix III. Average velocities are given for the 

GM DRL deployable monitoring buoy station for both the Gahu and TI1376- lb 

shots. The column headings are self-explanatory (ZSOURCE and ZRKC are 

depths in meters. 

AVERAGE SOUND VELOCITIES TI ALEUTIAN SHOTS IN GM/DRL BUOY 

SCR RC Shot Date Source Range   C Avg    ZSource ZRec 
No No No mo dy yr Time km      m/sec na 73 

2 23 090264 2311 4805.93   1469.70 91. 732. 
2 22 090464 2336 4863.44  1468.54 91. 732. 
2 11 090764 0527 4803.48  1468.06 91. 732. 
2 13 090764 1824 4696.37  1468.08 91. 732. 
2 26 090764 3305 4649.46 1468.49 91. 732. 
2 25 090864 0230 4693.80 1468.53 91. 732. 
2 1 1 24 090864 0557 4746.58  1468.47 91. 732. 

IV« 1 
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AVERAGE "s OUNO VtUOCITItS tt'M/DPL OAHU SHOTS TQ GM/OUL 

SPC WC SHOT OATE SOURCE Wi.NGc >- AVo ?SOUWC€ 2RiC 
NO NO NO M OV YW T|»£ <w ■«/OL .^ M X 

1 '/"l/O" OoOl -• ».:■>> 0«* Mol > J9 ••20. /Je* 

d J/Ol ^f5« 1000 j >.• -, 73 « ". .M«; 720. .   732. 
1 ^/31/b« 1600 3l'J0, J«. «'>0. ,3A 6'»9. >  732* 
t, J/0I/6A -JU00 392 7, 31 «on .0,9 732. .  >32. 
7 '/1|XbA 200 J 3V2b, rt9 «ÖO. .03 707. .   73c. 
H '/nl/6« «.20 i 3VJ6, 77 AbO .17 6 76. .  732. 
^ 9/02/bA 0002 3^2 7. 09 «7/, .b3 9A7 .  732. 

10 ^/oa/bA 0500 3V2b, 01 A7-*, .21 71 1 . .   732. 

13 v/02/6* J 100 3926, 73 « 7-y, 77 b7c( .   732. 
1 3 V/Oc/oA 1J0J J^efo« Jl AV9, .ül bOI . .   732. 
1b ^/02/bA 1 700 J-»«-3< 03 A 7*, ,A1 77|, .   Tot. 

18 V/02/6A 2 302 392'>< .'6 a /•*, Jl 7bP, .  732. 
1 y V/0J/6A 0102 39«; Jt 9b •» '*. JJ H03 7JC. 

20 V/03/6« 0200 39t-o, 10 A /9, «6 ri« -. '32. 

^\ ^/0 3/6A 0J00 3>20, 10 A /V, aA 850. •32. 

22 V/OJ/bA OVOA 3^20« b« A /*, 9U bHI . .   73^. 
3A 9/03/6A 130A 3926. 7a A7H, 99 863. .  732. 

2S 9/03/6A JbOO 3927, • 9 « '9. 69 85«. .  732. 

26 9/03/6A 1700 3^26. Ob «7v .66 8A^, .  732. 
27 9/03/6A IHOO 3926, Ott « 79, 20 Hb8. .  732* 
2« 9/OJ/bA IVOO J92t»i 76 A /9, .lb 820. .  732. 
2'-- ^/03/6A 2000 3923. .dl «7v, ,32 761. ,  732. 
JO 9/0J/bA 2101 392 ?. 21 A /9, . 7b 730. ,  732. 
Jl 9/33/6A 2c00 392 o, .2b A7y, ,28 860 .  732. 

J2 9/03/bA 2J00 J9cb. ,07 A/y, .00 t 60. .  73c. 
J3 V/QA/bA 0000 392 7. .01 « /9 .32 HC2 ,  732. 
3A 9/OA/bA 0100 3926 AO A 7«, .^1 77A ,  732. 

3b 9/0A/6A 0200 392'^. .96 A 7b, . 75 802. .  732. 

3t 9/0A/6A 030« 392^ .7A A 7b, .60 788. .  732. 

3 7 9/0A/6A 0A00 3926. 2A «77, .39 766. .  732. 

38 9/0A/6A 0500 3926. .29 A 7b, .19 81 7, .  732. 

39 V/0A/6A 060A 3930 .2« A/V, .AO 831. ,  732. 

AO 
,rf/0A/6A 0702 392b, .«9 A /9, ,Ü7 729, ,  732. 

Al i/OA/bA OaOl 3923 .07 •»79, .01 883. ,  732. 

A^ ^/0A/6A O'VOO 3923 .b9 A /ä, .87 8A1. .   .J2. 

A3 9/0A/6A 100 3 J92o. .90 A 79, >2J 7/3. ,  732. 
AA V/0A/6A 1701 392b. .37 « 79, . 7V 801 . ,  732. 

Ab V/QA/bA iBOl 392A. >60 «7^, ,07 H31. ,  732. 

A6 V/OA/bA ivoo J9«:3, .J7 A/V, 21 70« .  732. 

A7 9/0A/6A 2000 3925. .23 A 7b, ,93 589. .  732. 

AB 9/0A/6A 2101 3926. .OA A 79, «6 586. .  732. 

A<J 9/0A/6A 2200 392 A ,78 A 78 ,91 831 ,  732. 

50 V/OS/ÖA OIOJ 3925 .50 *7b, ,33 766. ,  732« 

51 V/05/6A OJOO 3926 .1 f « /«, ,9A 7ttA .  732. 

53 9/05/6A 0«00 3925. &2 «7b. .7b 659 .  732. 

5 3 9/0b/6A 0502 3923. .13 A /O , 70 62« .  732. 

5* y/0S/6A 0600 3925 .79 «79, .30 663 .  732. 
55 9/05/&A 0700 3925. ,b2 «7V, ,06 591. .  732. 

50 V/05/6A 1200 3926. .31 «79, .01 667. .  732, 

60 9/05/6A 8 600 3926. .61 • 76 ,91 615 »  732, 

MUOV 
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APPBiOtX V 

SOURCE LOCATION PffOGftAfM 

The following is a UaUng of Ute GM IML aoiirce toctftkm program configured 
especially for the Unirerslty of Hawaii MILS Atta format. The coding is an 
IBM 7040 Fortran IV, and the program was run m a HMO with a real-time 
storage clock. The program is described in greater detail in Section 6. 

C   P^OG-AM    TO   CO^PvjTt   SOUWCE   LOCATION   OF   ^MOt««*Tt«   ACOUSTIC   EVENTS 
C   äv   LiAST   SQUARES   CRITERIA 
C   MW   VCLFNN4VJ    JAN    196b 

OI-LNSION   HLAr(99>><<LNGIV9l«^CAv«9VI«SINuTA(2St>COatlTA(2SMTARI2S> 
1 «SL4T(;>b).SLNG<aii)»i>CAVI ^5 1« Jli-jJ «CMAOt^bl • JDAV(£«jJ « I MO «25» 
2 .N«;TN( ?¥)).RANGE«25» 

F:XT=PNAL   tPCL< 
3-Al_   M 

30^T(V)iV»,337267l2e-2»SlN<^.«y» -,56B7E-5»SIN«A,«V» 
GnCNCvJ=Y-,j;?7267l2E-2»SIN(2.»Y>*,b687E-b«SIN«^«»Y» 
lT|ME(T)=A096»M0DtINTCT/60. »t|0»    ♦2621*4»   MODS INT(T/600.).6» 

I    ♦I6777?S6»M00«lNTeT/3600.)«10>   ♦I0737AIÖ2«*   INTIT/36000*) 
^AC(V1=6376380.•(.9^tl3200«7>.Ib8349«E-2»C0S(2**V)-*39A9fc.-S«C0S(«** 

I v) ) 
■)T4r>   2,N<S«E«W 

?   FOPVÄT(4A|) 
C    INPUT   STATION   DATA 

«   -(=:AO  5. ISTN,RLAT( ISTNI.RLNGIISTNl.RCAVdSTN» 
=;   POtJ^AK I2,FI3.8.F15.8.FI0.2) 

Ic« I?T.M,CO.09)GO   TO   10 
^LATdSTNjsSIGNfGOCNIAaSCRLATCISTN) » l«RLAT( ISTN) J 
TO    TO   A 

C    INO^T   T»I4L   BAPAMETFRS 

12   FOPMAT(?F|0,2I 
X2^:po=.oi74s33»xzepo 
YZPPO« . 01 7«5-13»Y2e»0 
GOTIME=IABS<IdCL»» 

C INPUT STATION ARRIVAL TIKCS 
1*0 

1"! I«I*1 
I? FORMAT« I2«6X«I2«bX«l2*«X*l2«tJ*2>!«I2»3X<F3*0»2X«F5*3*9X*I2) 

W^AO I7.USH0T.|0AY(11«|MO(tI.IVR.IHR«|MM«TSC*TFACTiISTN 
IF(JSMOT,NE,|SMOT»GO TO 20 

V-l 
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">L Nf.» J > r Pt_'jr, ( I ST*j > 
-CAV «I )=PCaV( ISTNI 
N>TIM( | ,= ISTN 
t4m | »=    36C0. »FLOAT « l«^>+bO.«PLUAT t 1 NIN I ♦ T SC • f» AC ' *t t>400. «^LU« T < 

1        I^AV« | )-IDAVfI  ) ) 
I^MOTrJ^MQT 
0?    TO     t •; 

^^   tcJ t.--j.t »r-o  TO is 
;VAX-!-l 

v i v ■-;?"> 

:0»OUTC   Cn'-^e'tCIPNTS 
I T\-'0 

-^    -»T    (s|,|WAX 
^ALL   GCOISLAT« I )<SLNC( I > « ¥ .X.^JArseGE « I >«SIMSTA( I J.CO.SBTA» 1 J ) 
AVLAT = ."i»»V*.SLAT|| ,) 
'.«Ant I ixSCAVI I )/«An«AVLAY ) 

■»o D«n»cp«nin»«TAmi )-TI  -WANOCII) 
i-ALL   LSTbiQJCSINBTA.COböTA.LMAO, J.üK.JV,DT,^e^« I MAX ) 
XiX-DX 
v=v-r>v 
T=T*DT 
viAB^tAwond ,b707«*62-v,6«2ajlr"33) » 
I p > v , GT . •«, IA 1 5<?;?7 ) y »•, ,,283 J MT-v 

I^IAa'jix^r.T.a.lAJ «192 7 » X = i, I ON t 6 . 283 1 dbH-ABS I X > » -X I 
1^1 ITNO.'iT.aQjr.O    TO   32 
Ic,4BiS(rtX),r.T,,l5e«r-5.0R*    ABSOV ».r.T,l58e-5)G0   TO   2b 

:   OUTPUT   PPMILTS 
75   opiMT    ^■;,^S►■0T 
Jb FORMAT(JMl,     «IMLEAST SQUAWtb aOJPCt UOCATIOM OF T.l.äMOT.IJ •• 

127M  A^arvAl. TIMES AT STATIONS /«DM   STATION   DATE        GCT 
2 RFSirnjAL /39H   NUMBER *0  OY VW  HWMN  SEC   METEWS /  » 
po in    in, iwax 

^c-,;OuTs<S37ir<00i,»O« I » 
JT t>»c»!T ivif » TAP« I » » 
«;cr- tvnn (TAqt 1 ) «^n. ) 

3^ ^BIMT «n.N^TNlI I«INOII !•IDAVI I >«tVQ.JT|ME,SEC«RESOUT 

^ft P0CMAT(2I6«2<IH/«le}>2X«AA*F6*2* F8.0) 
OLATNSiN 
I^tV.LT.O. )05.ATNS»S 
Pl.AT«'57,2q^7795»G0DTCAöS«V J I 
ILATnG»o\.Air 
lLATMNa    60**AMOOIPL*T.I•) 

V-2 
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LONGITUDE      RMS 

OEG   MN   bC      REb 

ll  AT <=    AMODC 3600.»PLAI 16O. ) 

1 - t V ,(. T , A , ) DLNGFW = W 
O] Mr.=    ^^•„PT^T'J'SttftlS (X! 

li_vr-vKg=isr). »avion (PLNR. 1 . ) 
iLN'^^Crft^nni Tf,0O.»PLNG.6O. ) 
JTl'V-s JTIM«-(T) 

^cr -    Avin':(T.60» ) 

L)I:"SOUT = 6.',.7 1000.*RES 

DO I NIT   an 
40   F0RMAT(///6lH   3H0T DATE GCT LATITUDE 

1 NO. / 
2 'S^H       MO DY YR HRMN SEC     UG MN bC 
A ITERATIONS   ) 
P«|NT 41 ,ISMOT. IMOt J) . lüAY{1 ). IYW.JTlMt.bEC.ILATUGt 1 LAT »IN«ILATSC. 

I PLATNS.ILNGDG.ILNGMN.ILNGbC«PLNGEW.RESOUT»IT^O 
01 FORMAT [ZU   2,2I3.2(lH/.I2).lX.A4,Fü.<;.l4.<i|J.Al.Ib.<;l3.AItF6.0«lb) 

PUNCH 42. I SHOT. 1M0(I ) .IDAY(1 ) . IYM.JT1 ME.bEC•ILATüG« ILATMN,»LATSC« 
1 PL ATN<-,, ILNGOG. ILNGMN. I LNGSC.PLNGEW.RESCUT 

42 -Oi;MAT(2H 2.ai.'3«2MM/»I2)«JX»A'»,F6»2»I4-?l3»Al.ia»2I3»Al ,Fb>0«26X ) 
TLAPSE=(PLOATCIAaS(IBCLK)) -GOT 1 MEl/feO. 
GOT IM'-= I ABS( IRCLK I 
Pp.NT «'"nTL'^'SE 

44 F0^!/AT(//lBH COMPUTATION T|ME= .F7,3. 4H SEC ) 
S'üT Ui-- FOR NEXT SET 

inaY(i)=IPAY(iMAx+i> 
IMO(I)=|M0(|MAX*l) 
1 = 1 
r,n   TO   i 
ENO 
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APPENDIX VI 

SOURCE LOCATIONS OF 248-lb SHOTS 

The following is a tabulation of probable source locations for the 71 248-lb 
shots. Three sets of figures are given for each shot. 

a) The output of the GM DHL program 
b) The radar-derived position of the plane at the time of drop 
c) The output of the University of Hawaii epicenter location program 

Lines a) and c) differ only in that the University of Hawaii program used only 
the MILS data, while the GM program used additional data from two West 
Coast stations. 

In the column marked Res-RMS, the GM station residual is expressed as rms 
meters, whereas the University of Hawaii residual is apparently expressed as 
the mean of the absolute value of the res'' al in seconds. There is no residual 
expressed for the radar fixes. Since thet>f source cards are in the same format 
as the TI source logs, the extra three numbers refer respectively to shot depth 
(meters), charge weight (pounds), and local water depth (meters). 

VI-1 
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SOUBCE ^OölTrONS OP T.I. 248-LÖ ALtUTIAN SHOTS AS COMPUTtü BY 

l.GM/DHL PROGRAM USIJG U.OF H, DATA PLUb WF.ijT COAST HYOROPHONtS 
?.NAVIGATIONAL RADAR. AS REPORTED IN U.S.C+GS M^MO OATtO « OCT 1V64 
J.U.OF HAWAII PROGRAM USING MILS HVIXOPHÜNK DATA 

MO DY YR HRMN SEC 
SHOT   DATE      GCT 
2 6b  9/17/64 22^ bb,74 
2 6b  9/17/64 22Ty bl.00 

2259 54 

66 
66 

'»/I 7/64 2JI1 D  I »e>2 
9/17/6« ejl*   bV.OO 

2314 54 

DG MN SC 
LATITUÜt 
bl 27 22N 
bl Jb OON 
51 .b N 

bl U JtJN 
31 2b OON 
bl , J N 

2 67  SJ/17/64 23J1 41.05 b\        7   2 7N 
2 67  9/17/64 23J1 J4.00 bl  lb OON 

2331 36 bl.2 N 

2 6ö  V/IÖ/64 -014-JJ,20 bO Dti   2S»N 
2 68  V/17/64 2340 26.00 bl Ob OON 

2345 28 bl.O N 

2 69  9/18/64 0030 2 7.|ft h0 by  jN 

2 6V  9/lb/64 0030 37.00 bO ob OON 
0 30 29 51.0 N 

2 70  9/1H/64 0044 Jv,ö8 30 4-y  «JN 

2 70  9/18/64 0044 40.00 bO 4b OON 
0044 42 50.8 N 

2   71 
2   71 

2   72 
2   72 

2   73 
2   73 

9/18/64   0100      5,31       50   48    UN 
9/18/64   0100   13,00      50   35   OON 

0100   15 50,7   N 

9/18/64   0115   14,08 
9/18/64   0115   19,00 

0115   20 

9/20/64   2159   57.59 
9/20/64   2159   58,00 

2159   96 

5.J   28   39N 
50 2«; 51N 
50.4   N 

51 53 22N 
51 52 27N 
51.9   N 

DtG   MN   SC      RES 
LUNGITUOt      WM5 
176   39   12W   2154. 
176   38   24W 38. 
I  '5.6   W 1.3 

1 ft,   3«    13W   5061 * 
1 76   38   241K 38. 
176,6   W 3,5 

I 70   37   52W   4268, 
1 /O   38   24W 38, 
176,6   W 3.0 

I 76   36   4V*   4057. 
176   38   24* 38. 
176.6   tit 2.9 

176   31    50W   7039, 
1 fa   38   24W 38, 
I76t5   W 2,7 

1 /6   35   2JW   5192« 
1 ft>   38   24W 38, 
1 '6,6   W 2,2 

176   35      0*»1 1137, 
176   38   24« 38, 
1 76,6   W 2,9 

I 76   36   45W   3926, 
176   40   OOW 38, 
176,6   W 2,6 

I 74   46   1 1W   2813, 
I 74   43   1ÖW 38, 
174,8   W 1.1 

248.      183 

248.    1428 

248.    3480 

248.   3850 

248.   JJ80 

248.   43V5 

248,   6420 

248,   6960 

240,      |56 
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SOU' CE   POSITIONS   Ot-    T.I.   24U-LtJ   ALEUTIAN  SHOTS   AS   COMPUTbU  bY 

|,G"/n^L   PKOr.RAv   USING   U.OF   H,   DATA   PLUb   WEST   COAST   MYOWOPMONtS 
2,NAVI'.>AriONAL   «ADAH,    AS   WEPOMTtU   IN   U.S.C+Ö3   MEMO   DATED   1    OCT    IV6« 
3.U.Or   MA*AII   PPOGWAM   USING   MILS   MYDWOPMUNE   DATA 

SHOT 

2   7«. 

2   7b 
2   75 

MO  or  YQ 

OATt 

9/20/6« 
9/fc-0/6* 

MRMN   SEC 
GCT 

«.I'iO  ii.y9 
<;i!iO 
^I'iO 
tnL3f> 

lö.OO 
OH 
JO.J2 

23.00 
2236   JJ 

DO   MN   sc 

LATITUDE 
-)\     "JJ   SVN 
3l     o2   'J4N 
b2.0   N 
t»l    4 1    2JN 
bl    *3   I2N 
•j|«7   N 

ÜEG   MN   SC 

LONGITUDt 
1 /J  26   3 /W 
i /D   2J   2<»W 
I 7b.4   M 
I /J   bb   JV* 
I ?3   b5   OOW 
I7_,.9   W 

WES 
«Mb 
17IU. 

JO. 

1*3 
«941. 

JO, 
1.3 

24a.       145 

24a.    i (to 

76 
76 

9/20/64 
9/20/64 

2132 47.07 
2132 43.00 
2132   4 7 

51 36 2ÖN 
51 40 30N 
bl .6   N 

176   14    |7|»   3134. 
176    !■=>   24W 36. 
I '6.2   W 1.3 

248.  I6S 

2 77  9/20/64 2046 53,66  J! Jl   7N 
2 77  9/20/64 204O -46.00  51 40 JON 

2046 57     51.5 N 

177 13 t4W 1392. 
I 77 04 00»    JM. 
I 77.2 «    I.I 

240.  120 

2 
2 

7b 
7B 

9/20/64 
9/20/64 

2032 
20Jc' 
2032 

4 1 «59 

JO.00 
44 

bl 2d 46N 
51 40 I2N 
51 .4 N 

177 2« 41» 1070. 
I" 24 24«     J». 
177.5 V     1.' 

24«.  137 

2 ft      9/20/64 2P22 34,I 7  bl J9 JIN 
Z   79  9/20/64 2022 Jti.OO  bl Jb OON 

2023 08     51.2 N 

I 77 53 49» 3469. 
I // 47 48M     J«i 
I 77,9 W    0.9 

240.  147 

2 80  9/20/64 1943 56.75  bl J9 4JN  I "'U 18 17« 8654, 
2 80  9/20/64 194 3 59.00  51 JJ 42N  I 7t. 15 21»    38t 

1944 07      SI .b N      I 7»,3 W    4,8 
248.  210 

81 
81 

9/20/64 
9/20/64 

232 J 
2J2J 
2323 

19.35 
07,00 
23 

51 29 b9N 
bl 2H 4tN 
51 ,4 N 

I 7H 
I7Ö 

I 78, 

46 I UN 5619, 
37 21»    38, 
7 »     2.7 

248.  320 

62 
82 

9/21/64 
P/20/44 

-007-29.44 

21r>2 2I.O0 
2352   26 

51 6 49N 
51 12 24N 
51 .2   N 

I 79   22   16»   2571. 
179   15   00» 38. 
I 79.4   » I.8 

248.    1615 

2   83      9/21/64   001b   2b.JJ      bO   b6     JN      179   35  20E   2461. 
2   83     9/21/64 

84 
9/21/64 
9/21/64 

00 I H 
0018 

0040 
004 1 

0040 

07.00 
22 
57.33 
02.00 
35 

51    12   OCN 
51 .0   N 

51    27~2IN 
51    19   b4N 
31.5   N 

I 79  29   24E J(U 
17V.6  E 1.8 

178   57   I OK      623. 
I 78   59   OOE 38. 
170,9   C 0.5 

248* 1093 

248.  210 

2 16  9/21/64 0105 19.69  50 52 24N 
2 16  9/21/64 0105 10.00  50 59 30N 

0103 20     50*9 N 

179 13 S8e 3193. 
179 10 36C    30. 
179.3 E    2*3 

240, 3300 
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