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ABSTRACT 

h 
On Mike shot of Operation Iq’ measurement of underwater pressures was attempted a 

four locattons near the floor of the lagoon. Gauges were tnstalled at distances rvlging from 

approximately 5700 to 112.000 ft from ground zero and about 1 mile from the reef. The Single 

usable record showed sharp pressure spikes at 0.3 and 0.6 set 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 sauce. no satisfactory explanation for the first spike has been found. Because ta0 

of the four gauges used were apparently faulty in their operation and the recorder to whit 

third was connected failed to start at all, It was impossible to draw any conclusions reg 

the nature or magnitude of the underwater shock. 
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UNDERWATER PRESSURE MEASUREMENTS 

IN THE LAGOON 

1 PL’RPO5E ASD SCOPE 

Pressures prtduced b the underwater shock from surface bursts cd atomic weapons ace 

d prrtlrulrr \n:ereht becau>r 4 thetr possible damacmi: tffcct on underwater structures such 

AZ rubmarine pens. boat hull*. purr foundatlcms, and damh. In fact. a surface burs: over 

e:& d<I a m.uulmum 01 drmacr because it Is capable of dehtroylng underwater and s 

tar:r:s ~imultane~1usly. It IS p~s*ihle also that, for th? hone quanllty of nuclear mate 

p-.Ard. a surf~cv bursf rrfh ~1s much greater yield mlK:h: produce more underwater d 

t,L.azz an underwarrr penetratm 5 SL%n-Qpe) weapon ~lth Its low yLeld.* 
Since drlr bar-r been taken’ c,n the underwater shock from an atomic explosion under water 

~7 a shdllo* Iag:cwn. II was considered highly dealrable to &tam slmllar mformatton on the 

urAcrwater sh~~ck from a surface bur>t under analwous ctrcumst;Lnces. Thus Mtkr shot of 

O:xrrtion I\? sermcd to present an unprecedented oppertunlty to make mersGrrmcnts uf this 

t)-;re even lhou<h b(lkc shot ~‘45 1~1 br bur>t m the surface uf an island rather lhdn rrn the uater 

s;r!rcr. It W;L~ reroKn;zed. (4 c(lursr. IhJ any encr~~ g$bin:: mtu water ah)uk uLPu:d not enter 

the vAter dlrertly bill wwld be transm~tled through lhe ~011 to the water. Cilnscqucntly some 

:c!lection w*uld be an~~c~p.~ted .\I thr s,.>il -udtrr Lkwnd.irv. Sevcr!ht*less II ~3s bellevcd that 

enouch tnf~~rm~tion was f,~rlhr<~mlrg to in.lkr II w>rlh uhilr IO undertake a small prnr:ram of 

underwater shcwk pressure i~strumrnt~Ii~~n on the lagucv! hi& nf the shot Island. Because of 

Lts planned rccordmr lacllitles on nearby Islands. thr Sandra Laboratory was aakcd tc. under- 

take these measurements. 

2 I~5tRUMENTAfION 

Underwater pressure ~.Iu+T.’ were plarrd at four !oc-n!l~~~s near the floor of the Iqoon, 

approximately 100 ft below the hurfrcr. DIstancea from ground zero ranged from 5698 to 

r 112,232 ft. and lht‘ dlrt.inrc fr<~rn the rdw (4 the reef I~wrnlng the I~~CDOI W.W appronlmately I 
m11c. Detailed tnlormation regarding placem@nt of the gaugro ks presented In Fig. I and 

L 
Table 1. 

*. 

& 

‘Clrarty an unof~atrr burst of an lmploston-type weapon would be far more cffcctlve 

under water than at the rurfacc. 
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CO? iTlEN JIAL 

Table l- x&CATIONS OF UP;DERWATER GA- 

Distance from Approxtmate 

StatloO prurnd LCFO. dep(h. Set WC, Sbeltcr No. and 

lslsnd. NO. It I1 psi recorder 

Bob&rikk 610.01 5.686 100 JW 6oOfB) 

Engebk 670.02 15.940 60 3 601 (B) 

Aomon 670.03 46.720 90 100 604(B) 

Parry 670.04 ll2.2S2 100 22 606(A) 

*Actually there tnstallatlons were in the lwjioon near these lslti 

Set ranges for these gauges mere scaled from the results of Mrrater shock pressure 

measurements on the undrrwatrr explosion at BIkinl.’ on the PssumWon that the fraction d 

thr total rncrh? ~tl~n< into underwater shock would be half as great fn?m a surface burst as 

from an underwater burst. Thus the &stances at which given undern:er pressure levels were 

o,Lservtad ~qn the Blkml shot were scaled by means of the cube root k.dmg law to a vieId of 2.5 

hit (half the predlctrd yield of 5 Mt). Whereas the assumption of h& the yield gamg i 

water shock mav be quite v&Id for a burst on the surface of the water. this fraction x’ 

bly (MI grr;lt In 1hIs particular ~ns:ancc bccausc the shmk ener&Ky hd Ilrst to be (ran 

through the so11 d the shot rslrnd ~nl then across the Ml]-water mtctiace before it u 
latrd into underwater *hock enerhT. Also, no attempt *as made to estimate the effect 

flecllun from the fluor of the lagoon or of nonltnear cutoff of reflcctkm from the surface of the 

Water. 

The yauces used (FIG. 2) were manufactured by the Wiancko Erprunertnc Cumpany (type 

3PH90B) and %cre slmllar In operation to the air pressure jiautzes SM by Stidla Laboratory 

on a number of opcratlons.’ A complete descrlptlon of these gauges ~4 of the Ampex recording 

system used in con)unctlon with them Is presented by the Field Tes: Orrznlzarlon of Sandra 

Corporatlnn In a sprrlal operatIona report. ’ The gauges were mourrtcd On a pylon (Fig. 2) 

which suspended them about 10 It off the floor of the lagoon. 

3 RESULTS 

Of Ihe four rerorders to which the underwater gae&~s were comcctedd. one faiied to start, 

and cb~~arquently no record **a5 obtained for the gauce at Station 67Z.03. Only one of the re- 

mainlny three ma<:ncfIc tames. that f:lr the f.?nuce at Slatlun 670.01. rp,uars to have recorded 

any signal from thr gauqr. Orrcnally nonrecclpt of ZilWals from the cau~s at Statlons 6iO.02 

and 670.04 was thoucht to hr\e &rn attributable clther to the 10~ m+z.?Uude of the pressure 

pulses rcrelved or to a duratlc>r. so short that the fzauaes falled t0 &flect. 

Exarnmatlon of tuo rduce> that were recovered. however:rereAled altercatlve explanations 

that were based upon p>s3lble malfunction of the Fauge. ft Was four4 f@r lnatancr. thrt an llr 

Pp 
bubblt Is InvarIably trrpped In the Bourdon tube durlne Installarlon d Ihe gauge unless a wetting 

agent Is used. Slnrc* no wrtclnc *<rnt was used. It must be assumed tfut crch 01 the gaucvs had 

* rn air bubble trajlln*d In its Bourdon lube. Lnborrtory control tests rnd,crtr that this air bubble 
-m;.t l flpctlvcly incrclw? th.’ rise llrnc of the gauge from approxtmate:Y 0.5 to 2 mart at 15 pal. 

although this increase I : probah!y a maximum. Such a condltlon m%:d Increase the req- 

ulslte duration of the s.hTal rrcrivvd. and It la probable that any pmsure pulse having a 
duration less than 5 n-scr would r.u( be “seen” by thr gauf3. A WCC~ taurcr d FauCr mrlfunc- 

tlon wax the burrtlng ti the air bubble In the back of the gauge; the am bubble tn the bark J( the 
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APPENDIX 

Personnel of the SandIa Corporation Field Test Organization, under the directlon of G. A. 

Fowler. performrd the tleld Installalton and calibration of the pressure gauges and auxiliary 

InstrumrntatIon for these measurements. H. E. Lenander of the Proving Ground Department 

served as Project Officer of Project 6.1. Other members of the Sandia Personnel farce were 

R. S. Mllllcan, DlvIsIon Supervlror of the Pacific Provlng Ground Dlvislon 

J. H. Scott, Prolect Engtneer 

Bell, H. E. 
Beyeler, J. A. 

Bollnger. N. C. 

Bunker, R. B. 

CovInflon, M. B.. Jr. 

Csmnjlnnl, C. 

Gross, W. 

Hampson. E. P. 

Landes, G. N- 

List, D. B. ’ 

Mooney, T. C. 

Mewnard, 1. X. 

Mlnck. J. L. 

Morrlson, I. H. 
Nell. 8. D. 

Prltchett, R. E. 

Rels. G. E. 

RIchardson, ?I. M. 

Shannon, E. V. 

Smith, J. W., Xl 

Spllker, R. E. 

Svarttbaugh, H. 5. 

Thompson, R. Ii. 

Thornbrough, A. D. 

Valentine, J. W. 

Wlstor, J. W. 

Witt, L. J. 

Wood, E. E. 

Yearout. R. M. 

The folIowIng mllltary personnel were assigned temporarily to the Field l’est Organln- 

tion for assistance on Operatlon 1Vy: 

Bonham. W. D. Greenleaf, D. E. 

Daniel. V. H.,.Jr. Kelso, C. J. 

Gobble, D. E. Korbe, A. J. 

Green, J. R. Mandrell, W. L. 

MrInert, R. E. 

Payne, W. C 

Vaughn, J. P. 

E. F. Cox. M. Cowan, Jr., and G. W. Rollosson of the Weapons Effects Department of 

Sandla Corporation partlclpated In the field operations. Cox also served as Co-DIrector, with 

F. Porzel, Los Alamos SclenlUIc Laboralory. of Sclentlfic Program 6 of Operation Ivy. t’nder 

his dtrectlon the folloulnp personne! from the Weapons Effects Department assisted In the 

analysis of the data obtained on these measurements: 

M. Cowan, Jr. 

B. F. Murphey 

G. W. Rollossoa 

J. D. Shreve, Jr. 

All data were reduced by the hlathematicai Servtces DIvIsion, 5241, of Sandla Corporation. 
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Asst. C.h.?t’f. hlllltary Plans Dtvtslon, Hm 516. Bi&. 7, Army Map &rvJCe& 

6500 Brwks Lane. \V;rshinfiton 25, D. c ADS. -rations f’lrns Brrncb 

DIrector. fechmral Doccmenta Center, EIM~ ~_cnal Laboratory, Irclmar. N. J. 

Dtrec-tar. W-:rrways Experiment Batton, P 0. &,I 631, Vtck&urg, MM. 

ATTN: Ltbrary 

Director. Owraliona Research Offtee. Johns H+mr Utivrr*Ity, 8410 

Connecllcut Ave.. Chevy Chase, Md. ATTS: Lbrarp 

NAVY ACTIV’ITIEES 

Chief Of Xival Operations. D/N, Wanhmyh,n 25. 0. C. ATTN: OP-26 

Chief of Kavr; Operattons. D ‘N. U’ashln@<>n 25. D. C. ATTS: OY*6J 

Chief of Lava; 0pzra:ions. D N. W~shwgt~~n 25. D. C. ATTN: OJ*-J74 (OEG) 

Chief. Bureau of Mcdic:ne and Surgery, D $. \VashirUton 25. D. C, 

ATTN: Spwla.1 Weapons Defense Dlvtr~tott 

Chief. Burr-au o! Ordnance. D ‘S. U’ashmpton 25, 0. C. 

Chief of Kayal Personnel, D S, U’ashtngl<bn 25, 0. C. ATTN: Per@ C 

Chief of Kayal Personnel, D S, Washingl,m 25, 0. C. A’f’TSs: Per* 16 

Chief, Bureau of Ships. D ‘N, \vashlngnn 25. 0. C. ATTN: Code 148 

ChJef. Bureau of Supplies and A~~OUJII~. D S. Washlnfiton 25. D C. 

Chtef. Bureau of Yards and Dwks. D $. U’ash;q?on 25. 0. C. ATTN: P-312 

Chief. Bureau 01 Aerm.Wlrb. D ‘N. Wa.*h~nk?on 25, D. C. 

Chjef of Saval Restsarch. Code 219, &I, IHO;. Bldg. T-S, Wa#hJnut’,n 25, 

0. C. ATTS: RD Control Officer 

Commander-In-Chief. U. S Atlantic sleet, L:. S. Naval Bane. Norhlk-11, Va. 

Conlnlander-ln-Ct1lef. U. S. Pacrltc Flwl. Fleet Post Offlcc, 

San Francisco, CalIf. 

17 

on 99 

loo- 101 

Commander, Operational Development Force. U. S Atlantic Flrti, u. 8. 
kaval Bar. Norfolk I. 1. )‘a. ATTS, Tarticrl &velopment Grnup 

Commander, Operattonal Detelopmrnt Force. L’. S. Atlantic Fleet, I.!. s. 

Naval Base, Sorfolk 11. Va. ATTS: Atr Department 

Commandant. U. S. Marine Corps, WashIngton 25. D. C. ATTN: Cd@ AOJH 

Presldcnt, U S. Sayal War Cq!!qc, Newport. R 1. 

Supertntendrnt. U S Naval P,jst<r;lduate Schx)l. Monterey. Caltf. 

Commandtng Officer. I!. S. tiaval Schools Command. U. 5. Nav8l #atJo% 

Treasure Island. Sin Francisco. Caltf. 

Dlrectcr. USMC Development Center, USMC Srtnols, QuantJco. Va. 

ATTN: Tactics Board 

102 

10) 

JO4 - 107 

108 

109 

llO- 111 

111 

Dtrertw. USMC Dewlopment Center, USMC School& Quantlco. VI, 

ATT%: Equipment Board 113 

Commanding Oiftrrr, U. S. Fleet TratnJrq Center. Naval Base. Nclrfulk 11. 

VP. ATTS: Spcclal Weaponr Schaol 

Commanding Officer. U. S. Fleet TraJnJng Cmter. Naval StntJOtt, tin DJWO 3% 

114 - 116 
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Caltf ATTN. !SPWP School) 

Commrndrr, C S tiavrl Ordnance Trrt antron. lnyobrrn, Chw bb. 
&Id. 

Cummud~tp: Ofliccr. U. S. Naval Mrdrral Rcrcucb InstRutc. Nauap1 
N;lr~l h11dc;lI Crntrr. Bethesda 14. Md. 

Dlrcctr>r. L. S S.IVA! flvsvrrch bhoratory. Washwon 25. D. C. 

CI:mmandl:+! Of!ircr and Dlrwtur. U. S. Navy Elarcm~cr bbora~. 

San DI~.EO 52. Calif. ATTS: Code 210 
Comm~nd~nc: Ofllrvr. U S. Naval R~d~ol~~cal Defccu Laboratory. Sra 

Franclnctr 21. Cal11 ATTS: TechnIcal lnformatron DI\?O:OO 

Comnwdlnc: Ofllwr and Dtrector, David W. Taylor &xlcl Ba.8~8. 

Washlngt<jn 7. D. C. ATTS: Library 
Cummandrr. I’ S Sava; Atr Devrlopment Center. Johnsv~llc. Pr 

Dlrectclr. Olfrrr uf %\-a1 Hrsrrrch Branch Off~cc. 1000 Gtarf m 
San Franclaccj 9, Calif. 

Commandmf Offlrcr and Dlrector.‘U S. Naval E~aaccrmng Ewr~arat 
Strtlr)n. Anndp,lj@. Md ATTS: Code 705 

AIR FORCE ACTIVITIES 

Asst. for Atomk- Energy. Headquarters. USAF. Wastur@oa 2% D. C 
ATTX: DCS 0 

Asst. f+lr Drvclc)pmc~nt Plannlntz. Headquarters. L‘SAF. Wastu~oo 2% 0. C. 

Dlwctclr III Opvratlons. Headquarters. USAF. U’ashzr@on 25. D. C. 

Director of Opcr*tltms. Headquarters. USAF, Wasmn$ton 25. D. C 

ATTS. Op’rati.v;s Analysis DIVISION 
Director (If Plans. Headquarters. USAF, Washl.wca 25. D. C. 

ATT%‘: War Pirns D~vlslon 

Dlrrrtoratr of Ilcwarch and Drvclopment. Armament DIV~~~UL. DCS D, 
Headquartcrb. CZAR. U’ashvwton 25. D. C. 

Dlrrctorntc of lntvli~~:c*nrc. Hndqurrtcrr. USAF. Washlrqtat 2% 0. C. 

AI-TN: AFOIS- 1 I*2 
The Surge-tan Grwral. Headquarters, USAF, \Vastw@~ 25. 0. C. 

ATTS: B:o. Drl. Dr.. Prr. Mrd. DIV. 

Commanding Guwral. U. S. Air Furcer Europe. APO 622. C/O m 

New York, N. Y. 
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I 

Com~1n( Gcnrnl. Far East Au Peres. APO WI. c/o Px@ 
Su, Franctwo. Cailf. 

Commmdtn,: Gtwral. Air Tralnu\lf C.=mand. Scott AFB, ~llevtllc, ~1. 
Con,mrndln(: General. Air Hcwuc 2 A* De*elopment Cornma~& p. 0. 

&rx 1393. BJltrmore. Md. ATTS. FSDS . 

Commandln,: General. &r Provlq G.%wnds Command, &glm AT& Fb. 
ATTH: AG ‘TRE 

ComnlawiiIu: Gvnrral. Air Unlrers.:x _ ~~c~~ AFT, &. 

Commandrnt. Air Command and Sk: &-kw>l. ~axre.1 AFB, Ah. 

Command~nl. Air Force School of Al 21i.w Hrdlcuw. Randolph AFB, T,X. 
Commandin): Gt*nt.rd. Wright Ax Dr*r:.yuxwnt Cedrr, U’rlght-P~ttcr~ 

AFB, Davt~m. Ohto AT-: Wmfs3 

Commrrki.~~ General. hr Force Cti.~Mge Research Center, 220 a&y 
Strcrt. Cambrtee 39. WRS Am Atclmlc Warfare Directorate 

Con,m,trrdlts General, Air Forct CA-: &e Rcserrch Center, 230 Albany 
arrrt. t.‘ambrl&e 39, Mass. AT3 CRTSl.,-2 

Comm;ln\firy: General. Air Force &w-a: Weapons Center, hrtld AFB, 

N. Mcx ATTS: Ctiel. Technxi L=.zrry Branch 
Conlmanii-int. USAF LNtltulC of Th.%%~l.~y. Wrl&ht-pattcrmn AFB, 

Da)?*ln. Ohio ATT%: Resident CO- 

ComrnanJity: General. brry AFB. krtr. Cola. AI-TN: Depl. d 
Arm.inta*llt Trrtning 

Comm.atdn(: Gcncral. 1009th SprcA ~crpons Squadron, ~cmpo l T,. 
14th ad Constltutlon StS., N. Y’.. Xa8htngton 25. D. C. 

The AA% Corporation. 1X0 Ma:n Y . h&a hhnrca, Caiu. 
AnN: Nuclra; Energy Divrwu 

OTHER DEPARTMENT Df DSFESSZ ACllVITt~S 

Exrcuttvr SccrCIary. Joint Chiefs c: 8af1. Wahuryron 25, 0. C. 
Dlrcclnr. Weapons System* &vatwt..-t Group, 09). Rm 2ElOO6, 

pentrglln. WashIngton 25. 0. C 

Aawt for Clvll D&vu. am). Wzrpl;ytcan 25, D. C. 

Chalrmrft. Armed *rvlce~ Expl@s*rr Safety Board, D/D, I&I 240s. 
Barton Hrll. Waahtnpton 25. D C 

ChaIrman, Rrsearch and DeV*lUPPKIl brd. D 0. Wa8htngton 2S, D. C. 
~~fpt Tcchnlcal LLbrary 

Exrrutlv@ Secretary. Hilttory b*= Cc~mmrttee.p. 0. t-So1 1614, 
Wa~htn~lon 25. 0. C. 

Command*nI. Nattonrl War Colleee. m.arhmgton 2S, D. C. 
ATTN, ChSmlfld Record8 srcthrr, Library 

153-134 

15s 

154- 1s 
159 

160-161 
162- 163 

164 - 166 

167 
166-169 
1:0-171 
172-I?3 

1i4-17g 

160. 

181 

182 - 184 

186 

166 - 190 

191-19s 

194-135 

196 

197 
198 

199 

200 

201 

202 

. . . 

!yR 1 Y INFORMATION / 



comlTun&nr. Armed Forces sun College. Norfolk 11. va. 
ATTS: Secretary 

CommawAng General. FIC‘~ Command. Armed Forces Spcul Wm 

r‘r~jc~t. P. 0 &>x 5100. ~U~.MJUVWW. N. Lbe~. 
Chtrf. Armtd Forces Spud Xr~purx Pro~ecl. P. 0. Bax 2610. 

Washhwton 13. D. C. 

AfOLllC ESERGY COMIlI~lON ACTIVITIES 

U. S AtomLc Enrrgy Com=sswn. Class~fwd Document Room, 1901 
Constttutl,ln Ave.. Wash:rz~)o 25. D. C. ATTN: Mrr. J. M. 

O’Leary (lur DMA) 
LOIS Alam~ut Scwntlftc Lak>ratory. Report Library. P. 0. Box 1666). Loa 

Alames. N MCX. ATTS: Helen R&a 
&n&a Curp,rattun. Classil:cd Document Dtvtrlon. Sandlr EUW, 

Albuquerque. S. hlex. AITS: Martln Luccro 
Cnrversiry (4 Caltforn-a k&atlon Laboratory. P. 0. Box 808, 

LIvermore. CallI. ATTS. Margarrt Foldcn 
Sp-r~al Pru]ecte Branch. Tec.hn~cnl InIormXton Service, Oak RICH 
Techntcal Information Ser\lcc. Oak &dgC trurplur) 
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