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ABSTRACT

On Mike shot of Operation vy measurement of underwater pressures was attempted at
four locations near the floor of the lagoon. Gauges were installed at distances ranging from
approximately 5700 to 112,000 {t {rom ground zero and about 1 mile from the ree{. The single
usable record showed sharp pressure spikes at 0.3 and 0.6 sec after zero time. Although the
later spike corresponded with the time of arrival of the air shock at the surface of the lagoon
above the gauge, no satisfactory explanation for the first spike has been found. Because two
of the four gauges used were apparently faulty in their operation and the recorder to which a
third was connected {ailed to start at all, it was impossible to draw any conclusions regar
the nature or magnitude of the underwater shock. i
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UNDERWATER PRESSURE MEASUREMENTS
IN THE LAGOON

1 PURPOSE AND SCOPE

Pressures produced by the underwater shock {romn surface bursts of atomic weapons are
ol particular interest because of thetr possible damaging effect on underwater structures such
as submarine pens, boat hulls, pter foundations, and dama. In {act, a surface burst over m
micht do a muximum of damage because it is capable of destroying underwater and surf{ 3
tarcets simultanevusty. It is possidle also that, for th? sume quantity of nuclear materi
pended, a surface burst with its much greater yield migni produce more underwater da
than an underwater penetrating !un-type) weapon with its low yleld.®

Since data have been taken’ on the underwater shock from an atomic explosion under water
ta a shallow lagoon, it was considered highly desirable to obtain similar information on the
underwater shock from a surface burst under analogous circumstances. Thus Mike shot of
Operation Ivy seemed to present an unprecedented opportunity to make meascrements of this
type even though Mike shot was td be burst on the surface of an island rather than on the water
surface. It was recognized, of course, that any eneryy going into water shock would not enter
the water directly but would be transmitted through the suil to the water. Consequently some
reflection would be anticipated at the soil-water boundary, Nevertheless 1t was believed that
enouch information was forthcomirg to make 1t worth while to undertake a small provram of
underwater shock pressure instrumentation on the lagoon side of the shot 1sland. Because of
its planned recordiny facilities on nearby 1slands, the Sandia Laboratory was asked to under-
take these measurements.

2 INSTRUMENTATION

Underwater pressure gauges’ were placed at four locatiuns near the floor of the lagoon,
approxtmately 100 {t below the surface. Distances from ground zero ranged from 5698 to
112,232 ft, and the distance {rom the edge of the reef {orming the lagoon was approximately [
mile. Detailed information regarding placement of the gauges is presented 1n Fig. 1 and
Table 1.

* Clearly an unoerwater burst of an imploston-type weapon would be far more effective
under water than at the surface.
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Table 1 — LOCATIONS OF UNDERWATER GAUGES

Distance {rom Approximate
Station ground zero, depth, Set ramye, Shelter No. and
Island* No. 1t 1t psa recorder

Bogairikk  670.01 5,688 100 3600 600(B)
Engebi 670.02 15,940 80 50 601(B)
Aomon 670.03 46,720 90 100 604(B)
Parry 670.04 112,232 100 n 606(A)

*Actually these installations were in the lagoon near these islands,

Set rances for these gauges were scaled from the results of underwater shock pressure
measurements on the underwater explosion at Bikini,' on the assumption that the {raction of
the total enercy going Into underwater shock would be half as great {rom a surface burst as

{rom an underwater burst, Thus the distances at which given underwater pressure levels were

observed un the Bikin shot were scaled by means of the cube root scaling law to a yield of 2.5
Mt (half the predicted yteld of 5 Mt). Whereas the assumption of half the yield going in
water shock mayv be quite valid for a burst on the surface of the water, this fraction w
bly too great in this particuiar instance because the shock energy had first to be trans
throuch the soil of the shot island an€ then acruss the soll-water interface before it w
lated into underwater shock eneryy. Also, no attempt was made to estimate the effects

flection from the {loor of the 1ayzoon or of nonlinear cutoff of reflectxon {rom the surface of the

water.
The gauges used (Fig. 2) were manufactured by the Wiancko Entineering Company (type
3PHY0B) and were similar \n operation to the alr pressure gauges used by Sandia Laboratory

on a number of operations.’ A complete description of these gauxes and of the Ampex recording

system used In conjunction with them {s presented by the Field Test Organization of Sandia
Corporation in a special operational report.’ The gauges were mounted on a pylon (Fig. 3)
which suspended them about 10 {t off the {loor of the lagoon.

3 RESULTS

Of the four recorders to which the underwater gacges were connected, one faiied to start,
and cunsequently no record was obtained for the gauge at Station 673.03. Only one of the re-
maining three magnetic tapes, that for the gauge at Station 670.01. appears to have recorded
any signal from the gauge. Oricinally nonreceipt of sicnals from the cauges at Stations 670.02
and 670.04 was thoucht to have been attributable cither to the low maimitude of the pressure
pulses received or to a duration so short that the gauces failed to deflect.

that were based upon possible malfunction of the gauge, It was fourd {or instance, that an air

effectively increases the rise ime of the gauge from approximately 0.5 to 2 msec at 15 psi,
although this tncrease 15 probably a maximum. Such 3 condition would increase the req-
ulsite duration of the s gnal received, and it is probable that any pressure pulse having a

Examinatton of two gdutes that were recovered, however, revealed alternative explanatinns

bubble is invariably trapped tn the Bourdon tube during installatica of the gauge unless a wetting
agent is used, Since no wetting acent was used, !t must be assumed that each of the gauges had
in air bubble trapped in s Bourdon tube, Laboratory control tests indicate that this air bubble

duration less than 5 wsec would rot be “seen” by the gauge. A reccad source of gauge malfunc-
tion was the burasting of the air bubble in the back of the gauge; the air bubble (n the bark of the
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gauge at Station 670.02, one uf the two recm-ered. had bursl and had been absorbed by the oil,
with the result that the back-leak tithe had been reduced essentiaily to zero and the gauge could
not respond to any si,inal. Since there s no way of determining when this matfunctinn occurred,
it must be assumed that the cuuve was inuperative at the time of the shat. The gauye at Station
670.C4 was nout recovered; therefore it ix not known whether it tos was defective. The cauce at
Station 670.01 was sealed at the bacx. h..wever, and w.uld have been unalfected by & burst air
bubble. .

It was from this gauge at Station €70.01, in fact, that the only usable recnrd wasr recelved,
and a pressure-time profile for this cauce i~ presented as Fig. 4. It is seen that the cables
picked up a larce viectromaymetic transient signal at zerv ttme which resulted ta a zer. set
of the gauge at about =200 psi, While this sel was in the process of recovering toward zer.,
the first siznal was received at 0.303 sec. This sigral, if 1t was a pressure siznal, had a
magnitude of 1035 psi and a duration o only 3 to 4 msec. The second stimal, provided again
that it was a pressure symal, was rece.ved at 0.604 sec and reached a peak pressure of 771
psi.

Interpretation of these two sumais s hificult because of their times of arvival and ex-
tremely short durations. First of ali_ it s dficult to understand how any energy could have
been transmitted to a distance «f 5433 21 un 0,305 sec. Calculations from the record of the air
shock tndicate that it had traveled ¢~ . 4336 {t in the suame lenucth of time, and its speed at this
point was 6720 ft sec. For the water ~nock to have attained a distance of 5698 {t 1! would have
had to travel at a speed greatly in excess of that of the air shock, Moreover, had it had a speed
equal to that of the air shock, the ungerwater shock would have had to be of the order of 73,
psi.' a magmitude which seems entire!s at variance with the record obtained. e

The second pip at 0.604 sec coinc:ded ir arrivul time with the air shock at the same dl‘i-
tance. Huwever, the overpressure of the surface air shock at this distance was about 259 psi,
whereas the sitnal recorded by the uaderwater gauge was 771 psi. Too, the length of the signal
was rather short for it to have been an air-shock-induced water shock.

4+ CONCLUSIONS AND RECOMMENDATIONS

No conclusions can be reached ab wt the magnitude of the underwater shoch from Mige
shot in view of the confusing nature f tre winygle record obtained {rom these measurements,
It ix sugoested that considerable woera be done to improve the rebiatity of the Wiancso under-
water pressure gause if its use on futere measurements of this type is contemplated, it 1s
understood that 2 more complete procram of underwater pressure medsurements is to be
undertaken on Operatiorn Castle.
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served as Project Officer of Project 6.1. Other members of the Sandia personnel force were
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J. H. Scott, Project Engineer
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E. F. Cox, M. Cowan, Jr., ana G. W. Rollosson of the Weapons Effects Department of
Sandia Corporation participated in the field operations. Cox also served as Co-Director, with
F. Porzel, Los Alamos Scientific Laboratory, of Scientific Program 6 of Operation lvy. Under
his direction the {ollowing personne! from the Weapons Effects Department assisted in the
analysis of the data obtained on these measurements:

M. Cowan, Jr. G. W. Rollosson
B. F. Murphey J. D. Shreve, Jr,

All data were reduced by the Mathematical Services Division, 5242, of Sandia Corporation.
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Commuandant, The Artiliery School, Ft. Sill, Okla.

Commandant, The AALGM Branch., The Artillery School, Ft. Ri:ss, Tex.

Commandant, The Armared School, Ft. Knox, Ky. ATTN: ClassuSied
Document Section Evaluation and Res. Divisioa

Commanding General, Medical Field Service School. Brooke Army
Medical Center, Ft Sam Houston, Tex.

Director of Special Weapons Develupments, OCAFF. . Bliss, Tex.
ATTN: Major Hale Mason, Jr.

Commandant, Army Medical Service Graduate School. Walter Rewd Army
Medical Center, Washington 25, D. C. ATTN: Dept. of Blophrsacs

Commanding General, The Tranaportation Center and Ft. Eust.s. Ft. Eusus,
Va. ATTN: Asst. Commandant, Military Science and Tactics Rd.

The Superintendent, U. S. Mulitary Academy, Wes: Pount, N. Y ATTN:
Professor of Ordnance

Commandant, Chemical Corps Schocl, Chemical Corps Trainwng
Command, Ft. McClellan, Ala.

Tommanding General, Research and Engineering Command. Arzav Chemucal
Center, Md ATTN: Speciai Prujects Officer

Commarding General, The Engineer Center, Ft Belvoir, Va. ATTN: Asst.
Cummandant, Engineer School

Chief of Research and Development, D ‘A, Washingtoa 25, D. C.

Copy

32-3
34
35
36
37

38-39

40 -42
43

4“4

43

47
48 -49
50 -51
52-53
54-55

56

57

58 - 59

81
62
63
6465
66
67

6870
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Copy
Commanding Officer, Engineer Reaearch and Development Laborsiory,

Ft Belvuir, Va. ATTN: Chief, Technical Intelligence Branch 1
Commanding Officer, Picatinny Arsenal, Dover. N. J. ATTN: ORDBB-TK 7
Commanding Officer, Army Medical Research Laboratory, Ft. Knux, Ky. 7
Commandnx Officer, Chemical Corps Chemical and Radiological

Laboratory, Army Chenucal Center, Md. ATTN: Technical Library 15-16
Commanding Oflicer, Transpurtation RLD Kation, Ft. Eustis, Va. n
Commanding Oflicer, P Psychological Warlare Center, FU. Brags. N C.

ATTN: Library 7
Asst. Chief, Military Plans Division, Rm 516. Bidg. 7. Army Map Bervices,

6500 Brooks Lane, Washington 25, D. C. ATTN: Operations §ians Branch ::

Director. Technical Documents Center, Evans Swcnal Laboratory, teimar, N. J.
Director, Waterways Experiment Station, P. O. Box 631, Vicksturg, Miss.

ATTN: Library 81
Director, Operations Research Office, Johns Hopkins Univeraity, 8410

Connecticut Ave., Chevy Chase, Md. ATTN: Library L
NAVY ACTIVITIES
Chief of Naval Operations, D/N, Washington 25. D. C. ATTN: Op-38 83-84
Chief of Navail Operations, D 'N, Washington 25, D. C. ATTN: Op-81 é
Chief of Nava: Operations, D N, Washington 25. D. C. ATTN: Op-374 (OEG) »n
Chief, Bureau of Medic:ne and Surgery, D N, Washington 25, D. C,

ATTN: Special Weapons Defense Division 87-88
Chief. Burcau of Ordnance, D 'N, Washington 25, D. C. 89
Chuief of Naval Personnel, D N, Washingtun 25, D. C. ATTN: Pers C 20
Chief of Naval Personnel, D N, Washington 25. D. C. ATTN: Pern 15 _ 91
Chief, Bureau of Ships, D 'N, Washington 25, D. C. ATTN: Code 348 w2
Chief, Bureau of Supplies and Accounts, D N, Washington 25, D. C. bt
Chief, Bureau of Yards and Docks, D N. Washington 25, D. C. ATTN: P-312 94
Chief, Bureau of Aeronautics, D 'N, Washington 25, D. C. 95 -08
Chief of Naval Research, Code 219, Rm 1807, Bidg. T-3, Washington 25,

D. C. ATTN: RD Control Officer 1
Commander-in-Chief, U. S Atlantic Fleet, U. S Naval Base, Norfolk-11, va. LU
Commander-in-Chief, U. 8. Pacuic Flect, Fleet Post Office,

100- 101

San Francisco, Calif.
Commander, Operational Development Force. U. S Atlantic Flest, U. 8.
Naval Base, Norfolk 11, Va. ATTN: Tactical Development Group 102
Commander, Operational Development Force, U. S. Atlantic Fleet, U. 8.

Naval Base, Norfolk 11, Va. ATTN: Air Department 103
Commandant, U. S. Marine Corps, Washington 25, D. C. ATTN: Code AO3H 104 - 107
President, U. §. Naval War College, Newport, R. L. 108
Superintendent, U. S. Naval Pustgraduate School, Monterey, Calif. 109
Commanding Officer, 1. S. Naval Schools Command, U. 8. Naval ftatton,

Treasure Island, San Francisco, Calif. 110-111
Directc:, USMC Development Center, USMC Schools, Quantico, V8.

ATTN: Tactics Board 112
Director, USMC Development Center, USMC Schools, Quantico, V8.

ATTN: Equipment Board 113
Commanding Officer, U. S. Fleet Training Center, Naval Base, Norfulk 11, o118

Va. ATTN: Special Weapons School
Commanding Officer, U. S. Fleet Training Center, Naval Station, San Diego 38,
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Calif ATTN' {SPWP School)

Commanding Oflicer U S Naval Damage Cuntrol Training Center,
Navas Base. Philadelphia 12, Pa. ATTN: ABC Deicnse Course

Commanding Mficer, U. S Naval Unit. Chemical Corps School, Army
Chenucal Tramng Center, U McClellan, Ala.

Joint Landing Force Board, Marine Rarracks, Camp iejeune, N. C.

Comrmander, U 8§ Maval Ordnance Laburatory, Silver Spring 19, M
ATTN: Alas

Commander, U 8 Naval Ordnance lLaboratory, Silver Spring 19, dMd.
ATTN: Aliex

Commander, U. 8 Naval Ordnance Laboratory, Silver Spring 19, Md.
ATTN. EH

Commander, U §. Naval Ordnance Test Station, Invokern, China Lake,
Calf.

Officer-in-Charge, U. 8. Naval Civil Engineering Research and Evaluation
Laboratory, Construction Battalion Center, Port Hueneme, Caluf.
ATTN: Code T53

Commanding; Officer, U. S. Naval Medical Research Institute, Naticeal
Nuaval Medical Center. Bethesda 14, Md.

Director, L. 8. Naval Rescarch Laboratory, Washington 23, D. C.

Commuanding Officer and Director, U. S. Navy Electroaics Laboratary,
San Dicgo 52, Calif. ATTN: Code 210

Commanding Officer, U, 8. Naval Radiological Defense Laboratory, San
Francisco 24, Calif. ATTN: Technical Information Division

Commuanding Officer and Director, David W. Taylor Model Basin,
Washington 7, D. C. ATTN: Library

Commander, U. § Navai Air Development Center, Johnsville, Pa.

Director, Otfice of Naval Research Branch Office, 1000 Geary Street,
San Francisco 9, Cal.

Commanding Officer and Director, 'U. S. Naval Engineering Experniment
Statton, Annapohs. Md ATTN: Code 705

AIR FORCE ACTIVITIES

Asst. for Atomic Energy, Headquarters, USAF, Washington 25, D. C.
ATTN: DCS O

Asst. for Development Planning, Headquarters, USAF, Washingtoa 23, D. C.

Director of Operations. Headquarters, USAF, Wash:ngton 25, D. C.

Director of Operations, Headquarters, USAF, Wasaington 25, D. C.
ATTN. Operations Analysis Division

Director of Plans, Headquarters, USAF, Washigtoa 25, D. C.
ATTN: War Plans Division

Directorate of Requirements, Headquarters, USAF, Washington 25 D. C.
ATTN: AFDRQ-SA'M

Directorate of Hesearch and Development, Armament Division, DCS D,
Headquarters, USAF, Washinton 25, D. C.

Directorate of Intellizence, Headquarters, USAF, Washington 25, D. C
ATTN: AFOIN-182 )

The Surgeon General, Headquarters, USAF, Washington 25, D. C.
ATTN: B:o. Def. Br., Pre. Med. Div.

Commanding General, U. S. Aitr Forces Europe, APO 633, ¢/o P,
New York, N. Y.
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Copy
116-111

18

119
120

1831

122

123

124

125-~126

127
128

129

130-111

132-133
134

135-13¢

137

138
139- 14C
141
142
143
144
143
146 - 147

148

149
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Commanding General, Far East Aur Fueces, APO 928, c/0 PM,
San Francisco, Calif. 150
Commanding General, Alasan Air Command, APO 942, c/0 PM,
Seattle, Wash ATTN: AADTN
Commanding General, Northeast A:r Chenmand, APO 862, ¢/0 PM,
New York. N. Y. ATTN: Def Divisam D'OQ 153 -154
Commanding General, Xratrgic Air T-ammand, Olfutt AFB, Omaha,
Neb. ATTN: Chicf, Operations Asa vsig 188
Commanding General, Tactical Air Crzmmand, Langley AFB, Va.
ATTN Documents Secunity Brasch

151 -152

1561
Commanding General, Air Detense Coanmand, Ent AFB, Colo. 1595.
Commanding General, Air Materie! U -mmand, Wright - Patterson AFB,

Dayton, Ohio ATTN: MCALDS 180161
Commanding General, Air Trainng Coanmand, Scott AFB, Belleville, L. 162-163
Commanding General, Air Resedrcs ant Development Command, P. O.

Box 1395, Balumore, Md. ATTN: RDDN - 164 - 166
Commanding General, Air Proving Grvwnds Command, Eglin AFB, Fia.

ATTN: AG TRB . 167
Commanding General, Air Universaix, Maxwell AFR, Ala. 168-169
Commandant, Air Command and Ra2: Xchool, Maxwe.l AFB, Ala. 170-171
Commandant, Air Force School of Ax.ation Medicine, Randolph AFB, Tex. 172-173
Commanding General, Wright Air Deveiopment Center, Wright-Patterson

AFB, Davton, Ohio ATTN: WCOESP 174-179
Commanding General, Air Force Caxdeidge Rescarch Center, 230 Albany :

Street, Cambridge 39, Mass ATTN  Atomic Warfare Directorate 180.
Commanding General, Air Force Ca=zr.dge Rescarch Center, 230 Albany

Strect. Cambridge 39, Mass. ATTN CRTSL-2 181
Commandirg General, Air Force Spex.al Weapons Center, Kirtland AFB,

N. Mcx. ATTN: Chie!l, Technical L.>rary Branch 182 - 184
Commandant. USAF Institute of Tevxsology, Wright-Patterson AFB,

Dayton. Ohto ATTN: Resident Coliepe 185
Commanding General, Lowry AFB, Deever, Colo. ATTN: Dept. of

Armament Tratning 186 - 190
Commanding General, 1009th Spec:al Weapons Squadron, Tempo *T,®

14th and Constitution Sts., N. W._ Washington 25, D. C. 191 - 193
The RAND Corporaticn, 1700 Ma:z 8 . Santa Monica, Calf.

ATTN: Nuclear Energy Divisioma 194 - 138
OTHER DEPARTMENT OF DEFENSE ACTIVITIES
Executive Secretary, Joint Chiefs ¢! RXaff, Washington 25, D. C. 19¢
Director. Weapons Systems Evaluat.oe Group, OSD, Rm 2E1008,

Pentagen, Washington 25, D. C 197
Asst. for Civil Defense, OSD. Wasdowtan 25, D. C. 198
Chairman, Armed Services Explos.ves Safety Board, D/D, Rm 2408,

Barton Hall, Washington 25, D. € 199
Chairman, Research and Developmest Board, D D, Washington 25, D. C. .

i ATTN: Techrical Library 200
Executive Secretary, Military Lia:son Committee, P. O. Box 1814,
Waahington 25, D. C. 201
' Commandant, National War College. Washington 28, D. C.
ATTN: Classified Records Sectzva. Lidrary 201
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Commandant, Armed Forces Staff College, Norfolk 11, Va.
ATTN: Secretary

Commanding General, Fiedd Command, Armed Forces Special Weapons
Fivject, P. O. Box 5100, Altuquerque. N. Mex.

Chief. Armed Forces Special Weapons Project, P. O. Box 2610,
Washington 13, D. C.

ATOMIC ENERGY COMMISSION ACTIVITIES

U. § Atomic Energy Commussion, Classified Document Room, 1908
Constitution Ave., Washigton 25, D. C. ATTN: Mrs. J. M.
O'Leary (for DMA)

Los Alamos Scientific Laboratory. Report Library, P. O. Box 1883, Los
Alamos. N Mex. ATTN: Helen Redman

Sandia Corporation, Classu:ed Document Division, Sandia Base,
Albuquerque, N. Mex. ATTN: Martin Lucero

University of Californ‘a Rad:ation Laboratory, P. O. Box 808,
Livermore. Calif. ATTN. Margaret Folden

Special Projecte Branch, Technical Information Service, Oak Ridge

Technical Information Service, Oak Ridge (surplus)
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203
204 - 209

210- 218

n9-221
222 -1
232 - 281
252-2%)

N4
255-280
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PLEASE DO NOT RETURN
THIS DOCUMENT TO DTIC

EACH ACTIVITY IS RESPONSIBLE FOR DESTRUCTION OF THIS
DOCUMENT ACCORDING TO APPLICABLE REGULATIONS.
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