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Suly g, Frojuects GROME and SEDAN, The FLOWEHARE Fropram

The Atomic Energ¥ Caormission (AEC)Y wstahlished the PLOWSHARE
program in June 1H5Y ) under the techpical direction of the
Lawrense RHadietion lahoratory {LHLY.* The propgram consisted of
27 nuclear detonatians conducied at thoe deveda Test Site (8TS)
angd other sites in Colorsdo and Hew Mexico from 18961 1o 1993,
The nuclear les1s, identilicd in the [irst of the accompanying
rabics, wore all uwndergrcuand, elthey shaft or creicring shots,
ana thoy had yiclds of rf more tkan 200 kilnatons. The PLOWSHARE
npucriedr delonationns wore designed Lo gelermine nonmilitarcy
pppltertions of oerleswr explosives, The primary poefentiial use
Fovixioned was in large-rcale geographic sogineercing, in such
projeoets s cendl, havrbor, and dem aopstroction, tue Stimelation
ef 0il and gas wells, anc minlng. Considerling the peaceflr]
chiyectlives ot FLOWSHAWE, tne AEC took the name ol rhe program
from the Bikle: "And ithey =hell beat their swords into
plowsbares” [1saiah 2:4),

Frojuects GhOME apd SEOAN the first two nuclear detonetions of
the PLIWSHARE program, %i¢roe Selected for discussion because they
were conducted during Thee period of LS. simospleserics ke lear
weapons testing, had documented {ealthongh Jimlted) 0 participa-
tiom, and had surftcicont documentaticon far a discussalon of the
delonallons and asscolatad activitiies,

—_——

The bDepartment af Defepse {MOD) did not onnduct military exor-
ciscs during the PLAMWMEHARE progrem and had limated dinvolwement din
the shots, The npimary ~ole of the military wes o provide
lagistical sapport. Howewer , technicAl parttloipwtion was
allowed, proevided that 10 d3d noet snterfcre with AEC sctavities,

gurmaries of Frojects GhomME apd SEDAN

Projoect UGNOME, & shaft detondatlon, was fiped at 1200 hours
Wountaino Standerd Time a7 10 Doecomber 1596: a2t a4 s3boe A0 kilo-
meters southerst of Cartsbed, Hew Mexinon. The first of the
weoonjenying liguires shoss the S3be lovation.  The devleo was
buricd 1,184 foot onderground In bedded sack sr]t at the end af

_————— e ———

*LZow known as the Llewsren-~o Livermnore Merticpael]l Teboratory.




1,116-foor noaked Apd sel1f-serling tunnel,. A sbhaft 1,216 foef 1n
depth and ten feet in diemetor onded in R staticon room aonnsetod
Lt the tunmel. The detonatlon, which had 8 ¥ield of threee kilo-
tons, resulted in an wundorground dome-chaptrd chamber &0 to KO
feet high and 160 Lo 190 foet in diameter.

Altheugk t1 had beon planned a5 B contalned explasion, GNOME
yenloed to the atmosplbiers, & cloud of steam sLeFPted to appear st
the ftop nf the shaft twa to three minutes after the detonetion.
ibrhay smoko and %tedsm, WwWith dassnclated radipactivity, emanatedd
Trom the skatt opening BRbout Scven minutes sfter the detomrtion.
Badicactive materigls vented 1o the atrosphere ahout dad meters
sounthwest of grountd wero. The highest mewnsured onsile gumma
intensity wus 1 roentigen per hoar (Efhd.  This intenpsity wes
recarded 1,300 moetors porthecst of the shaft openinpg at 1934
howrs on shet=day., The hRighost offsite reading was 1.4 R/MR,
cncountered 5.0 kilarctors west o! thee Conteol Point on Highway
126 une houwr after the detonation.  Undoerground oecovetry Opera-
tionz were delayed, in part boecauss of high radiation joevels /it
The shaft opening (for expmpde, o Hibh at OP08 hours on the duay
aftcer the detopation). 31x deys aftler Lhe shol, am initield
radinlogical and toxleclngical survey was conducted tTa the hettom
af the shaft. After the survey weas complitod, undoergrownd
recovery operatlions worn permibted,

An pxlenzive progrem of scientitic and technical projeots was
condacted to abtatn leformation on 1the cheractTerctstics of &
nuclerr delonation in an undergroeend rock salr formation end to
explore the feasibility af cnergy recovery, redicisntope
recovery, and generated-peatron utilization, T emphazize the
peaceful aims ol Project GROME, the AFD conducted an obseeveor
Pragram 1hvelving, amoeng others, Government offleiols, repre-
senratyves of scicenlllfice wnd Indeslrial groups, and news medie
PHTsonne] .

DAL personne] took pact at GROME ip the VELA UNIFOEM progrom,
conducted by the DOD Lo develpp .5, capakililies in detecting
und identifyipg wndevground nuclear detanations.  The Advenced
Heserreoh Projects Agency nf the UOD sdewlalstered the program,
Y“hich ¢onsisted of 19 prajrcis. The AT Force Technioal
Applitgtinne Ceontoer formulated teckeicn] reguirements for the
brojocts, and the NMetence Atomle Support Agency developed and
ditrocted the Activitices., DOD personnel olss croanducted at least
one ather praject: Degign, Testaog, amd Field Pomping of Oroot
Mixturecs, In pddition, the &ir Foree Speclal Weapons Centar
(AFSWCY conducrted photography, claud-semplaneg, and olovl-trrekling
missions at the shot.

Froject SEDAR, & nurlegr cratering oxperiment, was detongtod with
2 yield 0f 104 kalotons sy OY00 hours Vacifie J3tanderd Time on

& July 1462, The shot was rired in Area 10 0f the NTH, shown in
the mé¢cond OF the acoompanying figures. The device %as bopled
#16 feel undergronnd in desert alluvium, and the ddetonation



resyltoed lp oa crater with g volume o abont F.H midlion cubde
vYEMIS. The rcrater rad:us was 607 fert and the depth ARHE Fernt .
The 1ip nf the crater ranged ip height frem 18 to 895 fert zhove
the proshor surface, Tuir hd one=nalf hnnrs #frer the detos
mittiean, 1l 10 UHfR Jine nxlended 3.4 kilomecters to the west and
d.1 kilemeters Yo the scouth, apd thee 1 Bfin Jine pxtended

3.5 kilometers ta the west and 2.3 kilometers to The gouth, Thae
Ttadiation iscintensity contours weerr not aompletely plotted 10
Lie: morth and rAaxt, the Jdirection of the Twllout. Teo dawvs
later, imtensities of 1 i/h were ¢ofinedt to withim 3.2 kilto-
Tt Ers of gEround Zoroa.

The purpnses of Project SEDAN were 1o extend koowleadge ol
CrAlering oftcels Prom detopations with waelds of 100 ta
200 kijotons and to provide safety dotn colated to puclear

aretering diefonatinns. 'a eoldlect information, the LEL ronducied

AN extenslyve prograd of zelenptifle and technical praject=.

DUOE personnel toock part in four projects studylng peacern] usos
ol nuelear gaetonalicns, In addltinn, they prrtitcipatiegd in five
WELA LFMIFOEM projgects. Ferticipeting LOHY agenciess woers!

# lefonege Atomic Support ARONCY
Army Eppinerr MHuclear Qratering Groule

w Army Engineer falerwhyE& Fxpeeriment Sfmtion
# HNaval Hadwyolaogical) Defense Laborztory
« Aiy Foree Toehnical Applications Centor,

AFSWL pnd oofher Avyr Forcoe personnel conduacted rloud-sempling,
claoud-tracking, wnd support miesiorns &f The =hot.

safoty Btanderds rnd Procedures

Tz minimize the exposur:is aof PLOWSHAHRE personne] to iopizing
ragiptlian, i1l AFD establizhed an individusl ecxpnzare limii of
3 roentgrn cguivalents wman (rem) of pawma and AFutron radiation
per guarter calendser vear angd not more thas » rem anneal ty.  The
radictogical sefety progrems for Projects GNOME and SERAN
apsrated wWithin Lhese eaposure goidelines. The ARD provided
cnsyte ragaalngavel support, which ipc)wudegd:

« [ssulng encicentamination claothing and cguipment to
porsonnel enlering radlation aress

# Monitoricg rediction arcas and contral ling Arcoss
intiy Lhiese wren!:

¢ Plottipng vsaiptensity coptonr maps of radiatior
areds amdl providing rediavion informuetlon 10
persoannrl ~Anter neg rediation eTRAR



# Decontaminating perscnnel, vehicles, ang efQuilpment

 Melntalning falm badge rpd oxposure rocopds to
delermine tHe exposure oF each parlicipant Lo ghome
radyaticn.

Meutron expoRtres were to he sssessed on 8 caRe-hy-rese hesis.
Such expoSures woubld occur, howevor, only 1f personne] wereo
positioned close-in 2t shot-time. DPersonnel were not permitted
inta areps of M) A/h or preater unless they had specis] per-
mission from the ARC.

U.%. Mikliec Heglth Sepvice (USPHRY persconnel condictod of fgito
monitoring. Their sctivitles involved:

- Monitoring tor offsite roadlation

4 Conducting environmental monitoring of airv, water,
and milk

m Collecting datsa on fellout pEtteres.

USPHS personne]l propaped reports, maps, angd records doseribing
results of the monitoring and daty oollection.

Hadietion ¥xposures at Projects GHOME and SERAN

Avaurlehle docomentetion indicswtes that two radistion exposures
cAceeded the S rem limit. Tho accompanying table summarizing
dasimetry intarmation presents tilm beadege expo=ure data For
FLIYsEHAKF purticipants by service.
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Event e te location Type Fleln (kalntons)
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three oewicies)
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SUMMARY OF DOSIMETRY FOR PLOWSHARE
PROGRAM AS OF DECEMBER 1982
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PREFACH

From 18945 to Y962, the U.3. Government, throagh the
Munhettan kngincor THstrict end its suceossscor ggensy, the Atomic
Energy Commission [AWCY, texted puclaar deviees aL sales In the
ity States and ipn the Atlantice pod Facifie Ocoane., In rI11, AN
gstimaled 220,000 Nepartment of Detense (DDR} participrats, brth

mrlytary apd civijian, wrere prescent 4t the Tests.

In 19477, 15 years &iter The Vast above-ground noelegr
wieapons lesl, Lhe Conler for Discase Controel® aoted A possible
leukemia cluster among a group of zsoldiers present at Shot BEMOKY,
g tesl of Operstion FLUMBREOR, the MNevude test series conducied in
toaly, Sipeo that 1nitixg) repoart by the Centerr for [Hsease
Contral , the Yetorenrs Administratigon has reccived B onumbher of
cloims tor medical bepeofits from former military perconnesl who
believe Their healrh mey dave boeen affecTed by theit partic:z-

pATiun an The wedpars TEsting progran.

[n late 147, the NGD bopan & Study to provide dates on the
potential exposupre to darizing radistion among the HH military
ang civyldan martacipants wn o atmospherie nucloeayr (estings Thoe
DOD orpsniced Aan el fort 1o

@ Jdwentifty [HM perzeonnel who had taken part io atmospheric
pucledr weApons 1ests and other nucleoar testx

# Daotermine 1The exlent of the participunts' eraposuare to
ioaleing rediation

 Frovide peblic disclosure of information concereing
parttcelpation by DOD porsaonre] in the atmospheric poclear
voupans tesis and athob AUclenr testo,

*The Copter Jar izense Control is part of the .S, Lepartmenl of
llealik and Human Serwviees {formerly the N5, Department of

Herlth, kRducavion, and ¥eoltare).

10



METILDS AKD SOLHECES LSED TO PREPAKF TELS WOLUME

The Detense dueleer Agency complled information 1o THIS
voolume from available doecoments That record sebeontlIie o
techpical activities comdurted generally during thee PLOWSHARE
program, the xeries of nuelear tests conducted from 1898] to 18773,
and spocifyerl]lly during Projects GHOME apd SEDAN, the First? tweo
puclear detanrations of tle progrem. These revards, most of which
wire dovelopoed by 1ndividuals and organizations participatirg in
PILOWHHARE, pre kept Ing namergus document cepositoricrs theoowghont
the Hniten Siates. lon rompiling inforration for 1his repnrt,
teums of bhistorians, heslth physicists, roadipllon Specinlls=sts,
and iwformation anal¥vsis canvasced Che dovument rPepositories,
ingluding armed Services Jibrarcies, Sovepnment ageney sarchives
and libhrarios, Fedoral ranositories, and librarie= of scientiftiare
wrid Licchnical laborsfarl. =. The Leams oxurmined clagsificd and
unclassified doecunents contalndng infaraantion an MDD particing-
tion irn PLOWSHAWE wotivities, recorded relevant inforention
concaTalng the involyveoent of DOD porsone] , and catalagued toe
data sourcos. Many of Lhe docsuments pertaining specifieally o
Db pactycipation woere tound Iin the Dofense Suclear AEeNcy
Trchrical _ibhrary. In most cases, howowver, tThe suerviving
hazstoricul dovamentation ol activities conductod ot Projects
GMOME pind ZEIMAN addroesses test specilicarions arnd technical
intormaiion ratlur thapn perzanncel Jdata.

For soveral of the activities discussaed 1n this vodwure, Yhe
anly documents avatlabl:e are the schedules of evenls for Projects
rMIME and BZEDAN, the "[kepartment of Defense Techniceal Opecationnl
Flan For ¥YER1A GNIFOKM Participaticon in Progect GROME,” and he
"Technicel Director's lpwratdion Flan, Progect HEDAN." Thesr
sourses detail the plans developed by AEREC anpd 10N personne] priatr
to GHMOME ana SEDAN the goeuments do not veport on the expoeri-
ments as sciluelly condueted. Plans and qgperations arders should,

howover, provide & Feasonedly accuratie kocount of personacl

11



avtivitlicoy siftce Accomplishment of Projecls GNOME and SEDAN
objeralives rogquired detarled plonnaing and adheorenor o operations
arders.  The relcvecices andlcate sheiher the descraption §s
ACcording To spocitleations given an the schodules of cvents,

cperrational plasns, or scientllic ceporis.

CHGAN T EAT UM OF THIS YOLUME

This volume deseribss toe PLOWISHARE progrem and discuss=es
Projects GHNOME apo SFRAN,  These two shots were scleefod far
descussion becatese theyY werr eofducted during Yhe perriod of .8,
atmospheric Auclear weApons tesling, bad documenled fulthough
Limiterdd O participetion, snd kAve heen sufficicoptly documentiod
Lo permit a discussion of the detonations end assocoieted

nefivities,

Chupler 1 Gl This voelane provides background information,
1 ludl g summarics of the histarical rontrxt, abjoctTives, and
orgacization ot the PLOWSENAHY propram.  Chepter 2 discussss
Froject GHOME, consiactiaeg at p locrtiaon southeast af Carlshad, wew
Mex s, apd chapter 4 discusses Leogjrectl SFDAN, condoctied st 1he
Hiewnda Trxt Site (RT3, In addition to identifving the
[FEticnjar Tesil 3t dpch chapter doezobribes the sceaeni e and
Lochmiocgl anctivlties condurted Dy militeey Ang WD ciavilian
prerrEunne ] wnd 1he padiologiesel] zafety criteria acrd proesdoares in
¢c*bledsl AL The sholx,  The w0 Chepters alsa present the jpformas=

tieeh Acesssible on DOD persoone] dosimetry.

The informution In thls report i supplomentoed by the
Hetsrence Manual: Hackpround Materials far the DONGE Volumes.

—_— r—mr— - - -— - e ———— —_—

The manwie] surmirizes iaformatieon on radisticn physiecs, rodialicoh
biealih cupeepls, expesurs or11erias, Bng meesuarement terhniques.
It alse lists voeranyms ant 4 plossary nl teaers baedd o The OB

repnrls RGdressing test events n the continental Unived States,
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CHAFTEIL
[NTHORUICT 140

The invalvwement of the Ul3, Gavernment sn nuelealr rescarch
cdatex lraom the beoginning of ¥orld wWar I1[0. At the cutbreak of the
wilr, Luigre Scientists from Europe urged Proesident Franklino D.
Haosevell to bhuildd a nugclear weapon fopr use Inp the confltict
buoilore the Govmans did. The U8, nuelesr %wespons Pesl program,
begun 4uring the- war, ¢volvwed througoout the 153405 and into the
19505, Indluenecd by it post-World War [I relatsons with Lthe
Sovict Lnion and antlcipoilng Soviel advances in nuelear wenpons,
the Umided States eontineed o expend its nuclrar wreapons test

;rgTAm angd its nurlears rRrsenal to Malntain an edvantnge over its
FOOR E

Etentoxst pnptontiel sdverrary (8, 20).=

kven I1n the eariiest days af nuelear Peseafeh and naelear
wed s tesbing, however, selentlses were aware of the patrntan]
ler pruceful]l applicatlion: of oucliear enerrg¥, Including nueledr
detonetions. Witn the tcunding of the United Natiops (ol lowing
the Second woerld Yar, wneld leaders wstablished as thely gnal anrd
mist b5 1he twltiallment nf lseisk's preophecy, "Acd they shell best
Thelr swards hto plowshaees.™  Kuelear poser goneration roscaren
wir recitoblyshod as ap important priorily, eod nueleoar wouspons
roscarehers ngein conside rod peaceiul applications of 1he envergy

relrased hy & doetongtion {923,

The opportunity tor Armerlican sScicnbtistis Y Appldy e lear
artenatioms to poedccilme problems in Jerge-seale cnginneeripng ®aS
de-lared By sevetal fTacicors, dncludi-g ke gri-ater priorily of

duevelopiop oflicient wenpons applivations, eoncedn over

*A1l sourcees cited 1o The text are ligied alphobeviconlly and
numbcreed ko the Neferencore List ar the ond of this valume.



radioactive contdrznafiloen, poelitical uneertainty, and intcop-
neticonel suxpicion of the intent of the rescarch ond the
applications being congidersrd,.  Novertheless, the AEC altimatoly
succesiod in initiating the PLOWSHAKRE progrem, designed 1o
explore the fessihnilily of peuwceful applications of the caploslys
power veloased by nuelesr detonal ions. PLOWSHARE was plannecd :n
the 1retl yeatrs of the 12580 wnd condwcted intermiftent]ly
throughout the 19605 and un*il 14976, Toe purticipatinon of Ehe
Lepgriment of Urfense in PLOWHEHAKY acvivitics wsgs limaterd,

ibvelving primeri]y Jogistic support $o0 the AFC (120 4493,

1.1 HISTOHICAL BACKGHOUND

The peraceful wuses of puerlosr fission were o low priority for
The I.%. Govornment belore Ghd durlag World Wae 11, The rise af
fasiism in karope and 1he emigraticon of Furnpean sciernfists 10
the Unated Stales in The mid-18I0s encobragesd Lthe iovolsement of
the 5. Gowvernment an nuelspre researceh,  TReose sclentists, who
woerc awdre of important desveloprents In nuelear physics rescedrch
in Gukmbany ., were concereed thet Cermény might put The ator 1o
militlury use. Their fears decpenod whren it was revealed in 193H
that two Derman serentisls had sorcessfully spltt 1he aranium
atom, thux proving thal o Artifleinlly induaed nueclear chein
rescbion wds nssEibhle. [n 193%, the omigre s=clcntists drafteod g
letter Lo Presidect PFraoklin [, Hoosewelt, Flgned hy Albhert
brastwin, the icliter informed the Pregsident aboot Sorman nuolear
cxperiments and The pogzibilitics of a dermnn nuelenr wrupon.
The letter, and Vhe extensive planning and prepgration 1hat
tollowed, Ted #vertually Lo the creation 1m 3942 of the Manhaitan

Fnginenr DRistrict.

Establlshed uoder the Arey Cotps of Enginecrs, the Manhoasian
Ergineor District oversse Lthe Manhatiwn Project, the American
Loverament's oI fort fo construct a auclear weepon Bofore the

Goermans Jid. The Manhatoan #roject proved successtul, First with
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the detonatinn of TEINITY, the worlad's first nyelesr explosive
deviee, &t Alamoparde, hew Mexloo, on 16 July 1045, #nn then with
1he delonation of two pul lesar wesapnns oved Jepan the Tollowing
nmonth, which brought abont the ond of Woeldd Ware 1T 7200,

After the wur, and having wilnessed the destractive power of
nueleapy detonfAtions, sScipoptists and laymen desired 10 harpess
nuelear energy for poecetul mapplications. The recegnition that
ndelvar cerrgy had both ;ilitary and peseetul applications Became
L+%. policy ir the Atemis Foergy Act of 1946, which stated that
"alomic energy as capabise of appllostion for peacefal sx well os
miiatary purposes.”™  The act specilled that (1) &3¢

A.  The development . uwse, and controel of atomic encegy

shall be directid 50 a5 1o meeke the maxlmum
caiributiaon 1o the general welfxre, =ubjoct ot £11
Times To the pa-amount aobjective af wmaking the

madximum ¢conftribition to the common decfense qnd
SFCUTITY . un.

3. The Qevelopment, wvwse, Bpd conlrgl of atomie enurgy

shall be direct.-d S0 as to promoto world oeRce,

improve Ahoe genctal welfare, dncreass the stapderd

ot living, and :trengthen Iiroe competition in

private enlerprise,
The extahlishment of thr Atomic Energy {ommizsion sx a civilian
Agency, separate [rom the Nepariment of hefonse, underscored the
Lo¥, Goverpment's poagsirtioan that pracetime uses of atomlce cpoegy
wonld be B omejor enphesis apd that even weppons=related research
would remain under fhe onntral of ciwvilian administerators gt &l
times (427.

len thee late 19405, the mathematiclan Jforhh wom Heumahb againb
propascdd USsihg nuelear explosives tar peacrful purposoes (427%.
Howevor, At that 1ime the avalleble technolegy Mad soveral draw-
Backe, including the Righ ot of fFliss1onable moterials, the
limits on the folwnl wield, and the high lewvel of radiooeiive
et g, Theeze fActarzs, coupled with the Inoceasing tension

b+t weewn Lher Noviet Lnion and the West, led the lpited Stutes to
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coptinge to direct most of its nuclerr ressarach toward wmeepon=

dovelaproent and defonse (42,

In tdm Tall ol 1H5Y. 1he Upited STates copdoctod the irsd
thermonuclear or fusion deteonstion at Encwetak Atall In the
Marshall lslands. The achievement af 8 fuston detanation was
signiticant for theee refsons (10 251

& Fuxion tuels are fur mhoree abunduant and, berce

cheapepr thnan fission furls.

#  The radioactivity generated by the ower rolatlien
fizsion yvyicvld iz greatlvy vreduncd.

& The poteptial exists for mucrk higher yields.

Theto FAacrars wore also impartant considerafions for the peaceful

EII:-].':-] seratirme s el detpAalT sOME .

In the fall of 14UREG, Ur. Harnld Brown, then dirertor of {he
lLawrenee Badyation laboratary (LHL} in Liveermore, CRI1forria,
studasd thee possibhilily of using nueclear explosivieos to BxEsisY in
cECavaling an alterppte sca-level coanpl acroass lsrael (lH;) 42,
b serond, simylar propossal] o adadpessoad The use o0f neolenr deviens
o fEcuwslEe @ Hveong oanal betwiaon the Atleotie and Facitie
OQoeans, eithéer feross the [sthmus of Hanamy or throuph Micarzpgus
ar ColomBia {15, Alzo 1o 1HSE, Camille Haugerao, a Frenoh
engineer whe hed long sdvecefed the gse of thormanuc leare
explosives 1ar peacefu] purprses, poblished o book on e

subjert, Les Applications do J'kxplesion Fheeranuclegire (424,

In Frehrdary 1957, A5 the ecanstreeiion of the Tyrst
commeTeia] nuelodar—pnoweTial @l elTicel Eenerslor ways Nearing
completiar =0 Shoappingport, Fennzsylvarnisy, Dr, Hrown organiven B
svmpaElum dnvalving The joint paeticlpaclon nt the los Aleros
Srlenlifae Laboratary fLANSLY, the Sandra Carporaticn labheralory,
and the LHEL te dizouss peaceful nses of nuelear cxplosives.,

Cnder the leadership of Lbr. Hrown, & group was lTorme-d oot the LIFL

20



im the zummer of 1857 to explore (he range of polential
coglnecring Uses of niclear gxplesives. The sygposiup ard thia
subsenquent mestings ot this group, togelher with the inavguration
ot the Ghippingport nuclowr power redcior by President Twight [
Fisenahower later in 1856%, stimuletod scipptific and publiic

inte-resi i [he nommilitary usEes of puelear eoergy (2370 -

Il o scparate Fine of developmient that would Jager prove
signiticvant and fGllowing the Ruggesticns ot several [LHE
scientists, the ARC had -mbhearked upon R program of undergreonund
nuclesr weapobys tesilng. Shot BALWIERE, the flrst contalneal
nkderpraund nieelear deteqption, weas tired ar the MNovada Test Sitae
ir Septonbey 1947 as papr of Qpersiaon PLIWMHROR,  The suceecssfol
contaipment af the BALNIEN event and some gpdersroungd tosts
copducted 1n 1HEE edded 140 the gpesulatiaons oncerntng
engineering and other oisil]l epplications of econtained nucivar

devepnricns (153,

ldvas s1imoluted by these expociments were torsy repocted of
Thi second Atoms for Poeeoe Conference held in fenewn | Switzertand,
in the foll ol 1958, Ar this conference, howeyer, the Soviot
Iniar attacked L3, proposile to Use nuclear datonstions far
industrik] and civil purposes and mectled of ke dded of aueleer

Wit NS HiE 4 prdcetime engineering resaource (1857,

Im Twhe 10358, Vhe pucledar test moretoeriom caousnced g
pastponement abF the puclear weapons devr ] opmenl DEOETET. Thi-
UsEsHE suggested The moretoriaom when, sn Marech of 18958, i1
unanimonsly pdopted & rFezoelation calling for the unilnteral
tormanatinn o fissyae and fusglon weapors testing by foe Snvicot
Unton andi the initiotice of a internatlonal conferepce dimoed a0
bhaenning turthere te-sts.  Fwven though they had not secnred an
ggreement on the marstoriom «with 1he Soviets, the Rlted States
and Oreul lritoin suzpended nuclesr woeanpons Yests oo A1 fweteher

1964, the opening day ot The Genewvdy Conlforence on the
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Disconlinuunce of Kuoleoae Weapons Tests.  The Sovicols susponded
nuitlear testing 8 few davs laler, Bfter o detonarion on

4 hovember 1M85RH, huring fthe Lext Six months, 1he Snoviet and
¥estern governments conducted nogntitations o ond nueleer WORAONRS

rerting (3; LY.

Fowow:fyl ppplicaticns of peclesr detonptions became o
gomplicating fagtar ot Yhe maelesr fest han Tred Ty pegotialions
in Gohuva . On 30 JaRruecy 1939, the Mnited Siates introdocesd a
propasgl far the development of podcelime applications of nucleapr
#xplosives undnr internatianal contrals. The Soviets opposaod
this mation end ¢harged the Urited Stetes with desirlng o
conplinue lission and tusion weapopsd texTs opdor Che guisc ol
#xplaring the use of puclesr explosives Yor peencefu] porposmes
{9 18,

The test ban teerty talks continued itntermittently until
they woere suspended in May 106, Pointing to coneerns raised by
the Berlin crilsis, the Sovicl Lnyan gppeuncsad on 30 Angust 1061
it® unilateral grrisraon to PosuUmeE nucilscer weANOons teEting, thux
crnding its selt-impescd morsteoriom,.  The piled States rosumed
undergring testing at the MTS on LS Berptember 10851, after the
soviet Union hagd detoneted threvr nuclerr weapons abhove ground.
The Onited StAables resumed atmoaspheric nuclear weepions tests in

the Facific &t the orot of April [962 (9 19:.

(N 5 AYgust 1Y63, two ¥YeArs alter the eescmption of weapons
test:ng., A limited test! ban trenty was signed in Moscow.  For o the
gignutopry states, this treply ended The testing of nuclear
explasive aevicae-s5 10 the prtmosphers, on Jand, &nd undrrwatsr, but
ookl wnderground. Article 1 of che limited Llext ban fTroeaty reads
(16

(13 Each of the partirs Lo this treaty undertakes to
probitat . to prevent, and acl to carey out o any
nuclenr weapon test eaplosicon, or any olher

23
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nucicar ciplosiaon, &t 8ny placae unger jts
Jurisdiction or centrol:

fal [n the aimosphers, bevond its limits,
includling owter &pave; or undecwd boep,
Ineluding roerritoriel watees or Nigh sess; or

iby in sny athoy eavirarment if sueh eeplosinn
causey TAEdicactive debris to he present
oltslde the territoclal limils of T3 Slatae
under whos- jurlsdicilon or contral Suckh
ceplogion s conducted. ..
The Eoviet [pion insisterd on the inserticn of the phrase "or oany
ctheer nucloaer cxplasion,” which preeluded atmospheric noeslear
detonrationes for peacefal purposes. In additien, 1he treagy
prohigitea tne use of nuclear explosives for popcetire projocis
at or within the territorie] limits of other countrie= or at

underwator Jovceatlons (249 42,

1.2 THE PRACRFUL POTRENTLAL OF NUCLEAR DFTORNATLORS

The primavy praceful]l potential for nuclear detonetions was
Thail af Fargo-seale pragraphic enginreriog,.  The AKD copductad
Mmany experiments with high explosives during e test rorotorium,
trom 195H o M1, 1o aid refSsArch in Lhis sren. Trr exirapaldle
resules to nucloar detonatione, BEcientists studied the relation-
ship of the exploasive yiedd to the denth at which the explosive
s bubrivd and the dimensaoprgs of ther resyllunt craters to the
kimg of rock in the shot #res, Thus, ronsiderab]o data wiere
wvailablee tor Lhe I'LOYWSUEHE program sbhen nuclonre tosting wis

rosumed #t the oend of the: moratorium in 1981 (15}).

Ancther Application considered lor nuclear cxplof)ves ®as
Lhie devalopment of water resources. It wus thought THaL duclear
explosives might inprove 1resh wateT sUpplies by greally
expanding the gndergrognd! storege nf watoer, by srsuring hetler
distribution nf surfece werter, by constrocting rarthfill dems,

and by making possiblo ecoogomical water desalinization. Projects
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Wi propoesed for pedirPecting rlvel courses oF diverting one
river syxLem into another, droining =wamps and elimirgling sadt
Inkes, blasting deep lake basinzs, building landslide dams and
creating chanmels thyaugh patural carih?sll daes, Andd Ccroatling

EBnd chhancing underground oguifcrs (427,

Nucloear seicptists and planpers Relieved That auclear
excavylior tEchnigues would prove functionel in mining,
particularly in the rrecuvery of lowrr grade ores. They
contemplated wusing nuelone blastimg for three kimdds of surtoces
mLNeng; %icip, npen pit, And querry. They thaught the w=e of
nucliar eriplogives in surface mining would produce larges
quuntiftics of fragmentad ore, thus reducing the number of
dArilling and blasting operations needed to mine the ore.  MNuclear
Blosting was considersd owen more atlractive tor subsaefegoc
miniong, bklack caviog, and especially in-situ ITeaching. Th
Bdvhantage Ln bBlovk-cavibigg miting was that the puclear Blazst would
shattor are not otherwise regovereble and would obliterate

structures detrimental fto bhlack raving (427,

It was hoprd That mining terbnigues using cuclear explsives
Tt extract il from (AT Sands and shele might providse a =0lutiar
kbt the lTamg—term petealoum problem. Furthermoges, sclientists
#evrsioned nuclear fechnigues thet would gllow fhe Maniag 0f
lavgr deposits of hard teconile acd thas resclve some af the

ditticudtics in sreeld produsilor (427,

Cne pf the more novel applications suggestaad forr nuclesr
cRplogives wns PRARAEIAE TAWwW matarials very decp in the ofarth to
chemicals irportant (o seiencs and Indnstey,. Scicntists alen
reyod PLOWSHARY as a toal [or improving a&-lsreelapl, SO0 on
undi=rground nuclear oloazt is sctuyslly » conteexbhlen Sebsmle
drsturpener. There woere evep fonsiderstions of using nuelrowr
Llasrs tor wesiher confrol. Im prditivon, redientific rxperlmer s
werr: SUggrsted usIiRg nuclear explonsives o poRer Cehicles fop the

vrplaratiaon ot devp =pace (42500

z4



Thi- reseurethh pragram proposed included nlans foar more
Speciltic nwecisar prajecis.  Among tne projects ovnder oan-
Sedieration were thase thal would use nuelesr cxplogives To (150

&  fxcavnbe n SeA-lewve] canal woerass the Centrel
boreericen lsthmis ~ither through Panzme or Colombia

# {reate cunals to inin the Dutars Depression andg
Chnotts Depression in Eg¥ypt with the Hed Sen

# Lxcavate FaThors along the wost copsts of Africe,
Australia, wund Sonth Americsn, snd in northern Aloskha
(hFerojuect CHAREOT )

# Heoover 011 beom the Athabasko Tar Sands in Alberta,
Canpdn {Frnject S1LNARD).

L.x Thy PLOWSHARY PHOGHAY

I the mld-1959%0Gs, riler ararly 20 Years ol reseatbceh, the
poacetine benetrrs of the controlled oucleatl ecaction wore boing
demorzstrated. Do, policy-makers ond rescarchers alike wero
AR Ly HApply the massiso onergy roleassd by oa ouclesr
detanuiion to civil vngieeeriag. Howewer, concebn Was JRcreasing
o the redicactive fallout produceod by nuelear detanAations in
Ll atpespbere ., When fhe United States syceessiolly contalned o
smal] nuclrar detonutann in 2 sesaled tunnel]l at Shot HAINIEH in
Niewpan tn Jete 1837, B sitfer Rlternative miaing of conliniing
Pa-Sidpal o Teabh e Tedr WeapaRs ) chedilian rRpplloeATions was

drmonsi ra b

Although the FLIWSHARFE program was delaved daring fhe
naclear tostlng moratoriam, detailed planoing sludles werrne
conduc by Jor severa] PLOWSEABE progjocts=. in nddsfion, President
Fireenhower hed autharized the preparation of o site- poeoor
Curlsbad, New Mexicn, o rooducting A nucliesar twst gdeeply buried
in a bestded salt Lormation.  Ameong othder purpoges, the detonation
was 1nbended 10 enehle srwilies af peower progduc-tion and :antopre

[ RIS T N i In (-tobe-r 1931, Presidesr Keanedy authorized the
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first PLAWSHARE project, Shot GHOME, at the Carlshad =site, The
ORiME vt was conductied on 10 Pecember 1898) (4523,

By the ¢hd o! 14983, after five PLOWSHAKE cxperimenls snd
mEny weapons fosts, the program 0 contaln radicocetivity had mede
A successiul stert.  Hesules showed thal projeeted fallouwl e
racavation projects woruld he 100 Vimes lexs Lhan Thet forerss!t At
the srabtt of the moratoclom in 1998 (249).

AFter the signing of fthe 1drited test han tpeaty, anofher 22
HLOWShARR expiraments were condirciod anderground. Table 1-1
lists these cxporiments aend the others within the progtam.  The
FLOWSHARY progeam was concioded o §9740, two yoears after the last
dirbonation (&Y,

The major goals of the PLOWSHANF cxperiments condocted after
the 1963 treaty, s stEted at the Thirog PLOWSIARE Symposium,
Englnecring wilth Kucdesr BEixpliosives, wooe [0 meke nuclent explio-
Giwves ¢oleaner and cheaprr and bt asgure their performance and
relifbrlily in proguction protoctyepes. Srientists Bnd plenners
responsible taopr the program bolicved that these goads could and
“*ould b met. They throopght that PLORSHARE presontod o pow toch-
nalogy that wouwld eventually contribute to the rconomice growth of

the Limitend atiates and of many other naticns.

The ultimatse goal af PIAWSHARE, poaceful applirations ot
nyclear pAplOSIYOS, ®ES never realized.  The 1993 gimo=spkeric
nuclear *est ban treaty causced cancelladlons of many of the
pilans, such as those for dredging canals and exeavaTting harhaors,
(Mther feetors contribkuting tao the failore of PLOWSHAKE 1o fulfill
its gra] %erc changes in nationul] priorities, Goveroment and
industry's disicterest in the program, publie caecern aver the
health and safety pepects of wusing nuelcpr power tTor civil
applications, swnd shovrtages in fupdimrg. Al thaungh the program

remained alivie within the 31omic Epergy Commission until 1976H, 6t
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wis clear 1hiat the moxl prectical peuceful applications of
neclear gpergy had becn achieved in the further development and
construction of pnuclear power generators durimg the 12605 and
1270x. The enormous encergy releaze provided hy nuclesr detona-
tiaps remAined within the domeln of #cRpons research end nRtTional
dolense.

1.4 PLOWSHARE PRUGHAM QFGANTIZATION AND DEPARTMENT )Y [DEFENSE

FARETICLHATION

Luring FLUWSHARE s plunnipg stages and duripg periods of
testing, the General] Mansger ol the AED in Washipngtion, B.C.,
provided overall supervision of the PLOWSHARE program. He was
dided by his staflf office, the Puacelul Nuclear Fraplosions
Mvision. The ALY Revagn Operations Office administered most
fiela activities, while ~he AEC Albuquergte dperations Office
EXveE Support and constractinon assistanne. The AEC San Frarncison
Operations Office was respon&lble far adminlistretion and pragram
development, including industriel] participation {15, 42%.

The AEREC General Menager reported tao the AEC Commilssioners,
wha were respoisible for policy decisions.  The PLOWSHAHE
Advisory Cammittee, chaired by an AFC Commissioner and composed
af @minent scientisis, industriallists, and other promipent
Individuals, BSsisted thz Comlgslon.

The LKL, under contract to the AEC, desigoed and supervised
the technicrl aspects of the PLOWSHARE progrem. For certain
tasks, such &8 research eod development activitieos, speciallized
Support services, and conrsSultation on the zafety or teehniceal
aspocts of the sexperiments, LBL usfd the services of other AEC
labnoratorives, other contractors, Goveroment sgencles, or private
individuels. Since the PLONSHARE program spanned a8 period of
more than 13 yuars, the organizetinme] structurese for Rpecific
detonations varjoed eccatding to the date of Lhe detonntion,. the
location of the event, and the particlpating agenclies 15 43%.
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The vole of the military in the PIOWSHARE progrem was
Eramatrily one of providing logistical support.  Technicoa!
participation was also allowed i The inwolwvement dtd oot
interfere with ABRD aActivitlics. The Manager of the San Francisoo
Dperations Offlice specified oriteria to be Used in determining

mililary participation in FLOWSHARE. Among these goidelines mere
(18, 443

A, The bRgsie Scientilic aed teohnirel design of each
FlLLMEHARE ~xperiment must be directed to perceaful
objeotives and Shoeuld consfltuTe o palentianlly
exeful contribution to the smcoiencor of peeaceful uses
af muclear eaplaozives.

E. Assistaprce of fthe militery in the erea of
logistiral-nperaticne] support angd the use of
military cqulprent sololy for this purpose 1s
crdorsed whore ccanomics] ang where the mitlrary iz
willitng to formish such sapport.

C. Technical pariticipetion of the Niepartment of
Defense or its coniractors, es distinguished from
SGlepprrrl , dn vy given exporiment muxt be approved
By DMA (Divaision of Militury Applicetion) on an
individual besis,.
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FEOJECT GHNOMFE

SYNOPZ1S

AEL TEST SERIEN: PLOWSHANE

NATETIME: 10 Drecembper 14R1, 120G haurs
¥ I1FLD: 3.1 kiletons
HEIGHT OF BURST: 1,184 fre-t unpdergraund
I il B I I carisbacd, hew Meoxion
Furposce of Tost: To obhtein Iaformation on the chrRracteristics

af &Rn LRAdergrouwmt neclear detoratron in A 5418
medium and to esplore the frasihility of
ENCTRY recovery, radiolsatope recovery, and
Erneraled—oneutron utiliszatinn.,

Wedllier! AL shov-time, the temperaiure was T.4° Colaius,
apd thr surface atmospheric pressure wis
i rillibars. ¥Windx=s were four knots from the
southe: 51 at the surfece and 14 knot:s froer tho
Cautherat ot 100 teaest.

Radietion UDeta: Hadioactive materials vented to the ptmosphere
about $40 meters sowthweost of ground ~oro, On
shot-duy, the hlghest measyred nngite gamhe
inteus . Ly wag 1 roentgen per hour ¢ESN7,
recubcid 1,300 meters northwest of the chafr
apenlniy a4t 1838 howurs, The highest affsite
roeadlay was 1,4 Reiw, measured 5.5 Kilometers
wost o the Control Point ofe howr after the
detenaiion. Undergrourd recovery aperalions
were deJayed o pRrt bocsusy of high radiation
levels at the shaft opening (9 KfR wt T50HK
bhours on the day aftoer the detonationd.

Participants: srmy Esglneer Waterwaws Experimenl Station
Bofenss Atomic Support sgoency) Air Foroo
Special Weapouns {{enter; Air Foroe Tactical
Applicitions Center; lasrroce Hadiation
luboratory; Oak Hidge dational Laborstorics;
Sandla Carporaticon,; Stanfrrd Research
Institate; U,.S5. Toast and GQeodolic Survoey
U.%. Wagther Purenuw; Holmes snd Narver, lhe.;
Fdgerton, Germeshaasen, and Grice, Tnc.; ElL5.
Publlce llealth Scrvivce: Hoynolds Flecteics] and
Enginvvering Company; Federal Aviatior Agency
.5, Geologiesd Survey; Space Tochpolapy
[eboratories; Texaz Instruments;, Geotechnieal
Corporution: other contractars; AED clvillans.
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ChHapPTER 2
PROJEDT GNOME

The Project GHOME derikonation st 1200 hours Mounteln Stendard
Time an 13 Decomber 18961 was the fivrst nuclear tost of the
BL{(MWSHARE program. It was also the first continentze]l noucleaer
test conducted vutgide the Nevada Test Site singe TRINITY wasxs
dotaonaled near Alamogordo, Now Mexloo, an 168 July J945.  On
1 July 135K, the Atomie Energy Commizsion solected an arca
40 kilometars® soautheast of Carishad, New Mexico, a5 the locatian
for GRiME., The AED originelly scheduled the detonpation for
1 July 18549. The nuclear devlos, to be emplaced at s doepth ot
1,200 [eet, wags initially plaénocd to have & vield of ten kilotons
{14, 27).

In August 1953, the AEC made & public wnnouncement of its
plons for Project GHOME. Shorilly efter the Announcement, the
carlsbad potash industry objected to the plans becaguse of the
possihle effects of the detonption on mines and refineries in the
arga, on gas wells located newrby, on farmlands, on ground watoer,
and on the Carlsbad Caverns. In response to these objections,
the AEC capvened A panel of experts recommended by Che Naticnal
Acadeny of Scirnces,. The experts studicd potentlal health ang
tufely issues apspxoiated with the uze of the projecied site for
GNUWME. They reviewed the geclogy of the region, appralced ground
wihter conditions, and evalunted the sxpected selsmic ffcets.
They conoluded that the areda was switahle for the GHOME
dutopntion {4; 1h; 27; 43413,

In lute 1958, the nuielesr test morgiorium caused A

postponement of PFraject GHORME.  In antlicipation of the ovenptual

*Throughout this report, surface distsnces are given lm metrie
umits. The metric conwversion factiors include: 1 meter = 3A.2H
fect; 1 meter = 1,049 yvards, 1 Kilometer = 0.2 miles. Altltudes
and pther wertical distanggs are given ino fest.



end af the moratorium, hicwewer, the AEC continued developing
plans for the deronation,  a Herck 1960, Preslideat Elsenphower
directed the AR to procerd wilith design Rnd construction plans.
The AEL then reschedoled the shot for 1 May 1961 angd, later, for
10 Decowmber 186810 [E reslsed 1ts plans for o detonAclon of ten
kilotuns ta one of tive Lileotons., Om 25 Dotober 1861, Presidond
Ernoedy authorized the experiment, describing it gs & "further
cxariploc aof thls country's desicre to Turn the power of the atom 1o
mén'= wellare ralher than his destrouction" (421. To preparce for
GHOMRE and olher PLOWSHARL vzperimenis, lhe AEC coodycted & Righ-
explasive detonetion program from 1858 to 19681 at the NT3 and
other sltes, includiag the Carlebad locetion (15 36; 421.

Since one of the purpoges of GHOME was to abtain information
on the cherActeristics o) underground detonftlons Lh another
medium-—-sa8lt--The device was te be fired tn 4o beddoed salt
formation. In Selecting the gite, selentisls enpapged W the ARC
specified that they waatnd o relativeldy pure Salt Formation that
hod a4 low water content, the top of which was lexss tham 5 Fect
below the surfarce. T additlion, they wunted an aces of low
population that wss on Government lamd. Assisted by the U.S.
Goological Survey, the soicpntlets eventually selecteod the site
44 kilomevterrs sovutheast oo Carlsbad, 1n Edday County. Figure 2-1
shows the site lovcation. The site was in the 3alede Tormetion of
the Dolawdre BAsin, Thisz geologlc formalion conxistys pringipally
ef halite {rock salt}, with mipgr traces of anhydrite, poly-
haiite, 51l1t, and claystne, The taop 0f the salt formation was
approximately 710 feet Dolow the site surface.  The GNOME zlite
was dbout ten kilometers from the nearesi il well, 14 kilometers
from the nerrest underground potash mine inm operation, wund
oo kilometers from the nearest edge of the (Carlshad Caverns.
Atter this location had been gelected, the land surrounding the
§ite was withdrawn fram the public domrin and placed under AR
control (182 153,
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Heveral] contractors hegan the planning Rnd construciion work
aL the Caplsbad site 1g the summer of T9R1.  Hoimes and Narver,
Incerporated, propured Lhe engiaeering snd constract:on plias,
for which the lawrepes Hadirtlion Laboratoery had developed
technical speciticeticons. HMany compenics constructod 13 shaft
and the emplacement tunnel thet went From The bottor of the shafl
ro the detwfulion point. The Heynolds Rleolrical snd Engineering
Company (HERDD) and several hew Mexico contractaors per Formes!

gencral support and other construecion tasks (157,

LRT, axsemblenn and coplieced the nunlear devioe, which was
armed by the Sandia Corpecration. Fdperinon, Lerresheusen, and
CGrive, Incorporatod (EGRECY degslgned ond osiadled the timing and
tiring esquipment.  Under the technical oircetion of tRI., many
Agencics pertformen resedrch apd deseloapment sxpErimenls. These
agencies included the Laos Alamos Scientific Leboratoary, Sandia
lLibaratory, storford Heseareh Inctiftuate, Ook Hidge Natioral
laboratory, the Uos. Maceso of Mioos, end Lhe Do, Coswste gt
Ueadelic Survey,  The LRE #lsc conduycted vxperiments 133,

The GHNONME gevice wali emplaced 1,184 feet underground in
bodéed rock saThk At the ond of & 1. 126-1oal hooked Lunhel meant
to b selfeserlipw. &4 shAft E,216 foot doeop and Leon fool wide
ended dn oo seerion oom connected te the Lupnel. Figure 2-2
shows Lhe GROME detonation slte, 1neluding groumd gero angd the

ghaft aopening.

GROME wpe dotonnted with & vield af 3 kiloatans, At =shot -
timg, thr surfece temperature was 7.4 degroes Celsius, and rthe
surface atmoapiierts Presinte was 906 millibars. winds werre four
knots 1rvom Thie soutbh-seutheast At the surface apd 14 kEnots from
Lhe southrest &t 100 feet.  Although tt hed been plaoned os oo
eonthined cxplosion, OX0OME vented to the stmosprere, A cloud of

sleim slarted to apptar at thoe top of the shafl two Lo throe
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minute#s after the rdetonalilen. Gray smoke, steam, epd RARssccieced
radiopctivity cmanated trom the shaft opebhing about seven minutes
pfter the detonation., Withie 11 minutes sfter shot-time, both

the shaft and ventilation lines were issulng lurge quantities of
stegm. LDuring the next 30 minutes, the large flow continucd and
Lhen began to decreese graduslly. The zsurface radiosctivity
regulting from the escape of steéeam deceyed rapidly. Om the fol-
lowing day, & small flow of steam was still detectehle (B 145 17},

The detonaticon produced & nonspherichl cAvity with & velome
of sbout 2960, {00} cublc f<et and melted about 2,400 tons of rock.
Fressure produced in the subrounding rock Imploded about 13,000
tons ot sait rock into the cavity. The crvity roaf and walls
gubsequenily collapsed, 1esulting in an additaonel 15 (M) tons of
solid rack H5alt being dunped into thoe cwevity. The chamber was
Lhen 80 Lo BO fewt hlgh rad 180 to 170 [ool wide. Tho cavlty
flocr was at about the lovel of the originel detapation pelint.
The matoerial originally melted by the decaonation and that whioh
fell trom the raof end wills ol the cavity comprised the Jower
periion of the cEViItyY., Most of the pongazenus rrdicaective
Fesidue oas trapped i the mixture of rFrubble and once-molten sall
thaet rede up the floor o the chambeis,. Wher workers reentered
the cavity an 17 May 861, they found toemperatures sround &0
degrees Uelsius but only smaell emounts of residuyal rediation,

The rerlier loftense radiatlon had colored the salt of the caviry

willy vArlous shades of 2lye, green, and violet (15; 17).

2.1 ORJECTIVES OF PHOJEZT GNOME

GNUOME wag the first nuclemr dotonation with the objootive of
developing nuclear explasives for peaceful appllcations. Along
with expanding data obn an uaderground nucloar doetonation in oo
srlt medium, the primary cbjestives were to 312 153

« 3Study the posslibility of convertiag the heat

produced by A nuclefr explosion into steam for the
producticon of ¢loctrice power
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# FEiplore the feasihility of recovering rRdicisatopres
o solenmlilio and indestelal applicatinns

# Use ‘he Bigh flux af npoateons prodaced by the
detaonation for & weriety of measurements thet wolld
contribute to sciertific knowledge in general and to
the redctor develapment progfam in pariiculat.

Mrasurements GFf Aap Al ler yndergroutd detanaf ion, Shot
RAINIFER, had indicated that roughly one=third ot the cnergy was
depasited in the melted ook &t temperatueres shove 1 D90 dogress
Celsius, This information encourazged hopes thet B nualear
detonaticon in 4 dry medium might caRuse heat to be s5tored long
CROEN to poermifc elliclent rFecoavery, ONOME was devoeloped w1 th
the iders thet a8 nuclear debnnation in 4 s8lt deposet wioruld oreate
& lorvge Yolume of heot melted sualt from which heat might bBe
vrxtracted.  The possibilities to be investlignted for the
productiorn ot power wers Lhe tApping of the sbeam created by the
dorfuvnantiien itseld and Lhi- generation e high-slengity | nigh-
prossurve eteam by the circalation of some et -abasorbing 11uwad,
like wHter, aver the heated su2lt, This generated stear wouald be
ixed Lo deive & sHlewm or bl gas turhings ooupled with sn e lecstrice

guaeratar (17, A2

Broeause of the widely dnereasoed owse of radioisctopes in
gEvrivntific cxpeerimenls, medica]l disnpgnosis and therepy,
apricolture, apd industrisl prodosiion, PLONSHAHL scorentists
sought to frnd new means for manvfacturing and recovering
radinisotapes,  Shot HATNLEH had demcnsieated thatl large
gquantitics of radinoouc)ides bhecome ontrapped in the malten rack
formod by «n wupderground nuelear cxplasion.  Since rocouery is
cbiltacult when tThe vock soligifles, o new modiomn of trapsport Tore
Loy rudinnuelides wasd sought. it was bhopeo thoat szt , beving
water so.ubkle, could ke arcoessed to recover the radiconomclides
mere chesply Bpd simpuy than from an insolable, low-grede ore
f23; 42).
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duc]rar detenstions produce neutrens in such high quantlty
und density that it was rhought they would make possible new and
wignificunt scvientific erperiments that kad been oszentinl )y
impoassibkle with conventioma)l spurces. To alktiin information on
Lk structure and propoert ies aof the artome nuelewus, scicntists al
GhOME designed and insto. led eguipment in the tonne) so that
warious sample materials would be irradiated by different
jartions ol e neutron ooefgy spectrun (15 420,

2.2 THEEHWRE PHOGHRAM

Tor emphasyee the peacefal aims of The GROME cxperiment, 1he
ALU welcomed obhservers f-om interested countries of the Unitled
Gations, Bs W]l as roeprcscntatives of the proess apd scnentifie
communily, and made gl]l information, excepl “hal perlalniteg to
the design ot the recloar explogive, grvailabhle to the publace. In

dadition the Commissicn vndertonk an rxtensive nformatinon

pragram pricer ta the detznetion (11; 15, 42).

Bricefings wor held in Caprlstind op 29 mred 26 Ravembiedr 19681,
Afrer the latier bricfing, participants made a surfsace and
underground visit fa the test 3ite,  The following Tistbing

identifies the fumber of purticipants and ikbebr afteliatlane 1000

Brieling Tour
Internpticonal observerTs 1A 14
hews megia Tl 5
Governmentl 27 2E
acience Rod tndostey i i 40
Crrlsbad vigilors _4d A1
1w 7 20l

[nitegd Mations represeniatives were amuong thye participant s, Th
offrcial Carlsonad visitlors loelgded representalives Drom 1he city
and county government., 1he state legi=slaturse, the potash industicy

and ather lorel husimestes, the Chambor of fDommerce, and



education and labor groups. BHews media perszonnel were from ARC
und CHES radio and lelevision, Movietlonse Hows and Telenoews,

Aesociatued Press and United Press Internatlonal . Life, Time.

Businoess Woeek, (,5. Woews and World Beport(, Few York Times, Son

Francisco Chronicle, and thie Jocal medis €10,

Another briefing was held on 9 Decembear 1961 in the CAarlshad
High Schoaol ruditoarium. ©On 10 Doecember, many scitentists apd some
1530 other observers sgw the GHNOME detapation from a8 site 7.2
kblometerys from ground cors [ 140; 423,

¢33 PHOJECT GNOME ORGANIZATION

The ARC established the Praject GNOME {Organization ta plan
and caonduct the detonatinn. The orgenization consisted primerily

of AKC, KM}, Bnrd coptractar perscnncl.

The Director of the Division of Military Application, who
custamarily supervised nuclear Lest operations from ARG
hesdquerters in Washiogton, [.C., shared rezsponsibhility for
Projoct GROME with the Director of the Division of Hiology wnd
Medicine and the Rirector of the Pivision of Peaceful Nuclcar
Explosions. The AEC assignend owverall control of GNOME planoning
Lo the AERED JBan Franoeiseo OperAtions 0 flcee. The BAan Francison
Office sighad wn agreement with the ARD Alhuguergue Operations
Office giving the Albuguerque Office responsibility for GHNOME
field operaticns. The Assistant Manager for Field Operations,
Albuquergque Operations Office, was the CROME DProject Mansger
{12, 33).

The principal DUD agencics coordinatirg military activities
wite the ALlc Folve Techhleal Applications Ceoler {(AFTAC) and the
Detense Atomic Support Agency (DASAY, Thesr two REEMCIES
participated 1p the ¥YELA UNIFORM progrem, developed by TOD to
improve 0,5, cepabillities in detecilng and ldentirving
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undergraund nuelesr detaonations. AFTAC formulated the tochnical
requirements for the VELA UNIFOHRW progrem, conducted offsite
medsuremants, &ngd developed onsite inspection teckaigues.

korking with these requirements, DASA develaperd and directed the
projects. The Advancod kResearch Projects Agency, a DOD office
edministering the VELA UNFORM program, supeeyized NASA and AFTAC
aetivilies {(12%, Figure 2=3 shows the ling of suthority from “he
Frezident through the AFRC and IOD 1o the Project GHOWM]E Organiza-
Ltion. Figure 2-4 shows the ProJect GHOME Organization.

The GHAME FProject Menager was in charge of the averall
planning and condact of lield aperatlions. He was axslsted by the
Militrry Deputy Uratect Manager, abh oFffleer from Fleld (ommand,
DASA, who was responsibls for mll VELA UNIFOHM matters and DOD
participatiaon in GHOME, The Sciemtific Advisor end a bourd of
consultants from the Governmont aond scoientific community &ided
the Projoect Mansager in deciding #whether cobditions were safe for
the detonaticn (12). The Project Manrger, Scientific Advisor,
and cemisultunts bosed thedir deelsion on findings of 1he Weather
and Radiation Prediction Ueit, The chief metesrologlist of tho
V.S, %eather Purery S1ation i Les Yegons, Nevaduw, mas direcior of
the unkt. The Wehither Buread provided perscenne] and techoical
equlpmaent (497,

Inm Addinion too hiz othe® duties, the Project Monagor was
responsible fop digsemfpacing {pformation aboue GNOME, To
acooamplish this, he established the Offiec of Intarmatlen in
Carlsbad. This office lssued all press releases to the publie
and oversaw the flow of information through GHOME participents ko

the media (443,

The Techpnlcel Group was responsible for implementing
cxperiments at GNOME that were not part of VELA UMIFDRM and far
implementing opsite radiologlerl zafety proceduares,  The
Techpnical Group Cirector, &an LBL scientist, hewded this
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preanidatian. The DO Test Greoup, consistiog of the TASA Program
Uroup acd the AFTAC Progream Grokp, conducted the VELAD LINLEFORM
viperiments.  The Support Group, sdmirnistered by the [Sappori
Director, proveded technrcpl and dogistaeal =snpport to both the
Trechnicai Group and WL Test Group, This inetuded the manRgoment
ol conbractor s=uppoert, cngineer supplel, cOnsbraeteon support,

aft:l tagfictaogica] satety Reliviticos (12,

2.4 SHCIRMTIFLIC AKD TECHMICAL PROJECTES CORMICTED AT PHROJECT OGX0ME

Fxtensive selentific and technics] Sxporimebts weres ofb-
ducted pr OGHOME. HMosT of The prajects cavalving RDOD particrli-

pation were part af tho VLA USTEDENM program.

2.4,10  %wELAN DN]EBFRM Projects

Corcern owerr thee abhility of foreign powers to conduct
Buslear wrapong 1osts undeterled 1od fa the establishment of
the V0ELA program, direcbed roward impraving oS, ahility fo
der ezt snd identaby underground and high-altitude nuricar
dertomat bans, SR CIMEECH!M wus the phase sancerren with distocling
undergtround deropactions. The progtamn onsisied Q! conbimaing
rofeeleoh ) SYSTemny devVeoidmtent | and oan eXperimental tisld pragkam
conductied by various prescarch ageRcies. Bocdauss YT A LMTELRY had
e telabsun 54 the primoecy PLORGIARE goul= ol GNOME . "he program

wis ocrerndueled sLrictly oo poninioartorensee hasas,

The primary VELA I'STFODRE ohreetive in GME was to detirmingee
how tho signals and cifects aof o fuclear dovice of fives kiletans
adctonatea in bedeed salt dif Fered feom 1her signels and e f Foerly of
auc bear odetomalions onf diffeornem yicolds aod i defO-rent medla,
Thi- specs i poals werqas to {12):

& EHEtudy the origin, developmoent, anod transmissiocn of

grismic gighals by courpariAg data dron shots of
varloug ¥icles st dipths and ir various media
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apEainst #urthoual e Aeta fto determine the dififerenoes
botwren artifici: 13y and naturelly generated Rignals

# otudy 1he vharacieristice of eloctroragnelioc and
wEgecinled sipnats Lo determines their potential nese
in the dicte:pticen end idenatiticatiocon of underground
nuclesa detonabions

® Study onsite tnspection techmigues, 1neluding
surveys b the shot avea before and after {he
dertoanretion 1o ceivrmine any chiings

# Identrfy eey other types of date or effects
postentially nsetal in the dotectsaon and
st i focation o undergreund nuclear fosts,

Tabple -1 1rvsts the VELA UNIFORM proJects contdaeled ol GROME.

Fecject 1.1, darticle Motion Studics near Sourae, was

cofauctled Ly Lhe Yandia orporotion. The b jeetives were 1o
Chsorve Free—Ffic1d parti-le motlion do ook [rom ground sern 1o
the region of elagtic respange gnd 10 compar; data nbtaioed wilh
méasuremnents fron ofher underground shotsr, A Air Force orow
mecning an U-21 helicopt:r participatesnd in the project. Ten
ninutey hetors the geconation, the orew and kelleopter Yorse OR
standby at the Contrnt Poirt, ghown ik figuroe 2-32, for reeovery
izt ivilies, Five hours Blter the detonation, the keliecopler
transpuried six projeal personnel o the Bondia lrailsr park, T&E0
arters southwesT al groubd Fero,  The Ha21 fhien participated in
L L., Publice Heplth qervice (UEMHEY rediclogical safetw
misslon, As Indicated e sectilon 2.5, Thi six project persocned
stayod ol the Troiler park for the cersinder of the dur,
ﬂ'l-:.':l!‘-l'i-'l.ﬁl‘lr'lg cavily templratdee and presscre, tupne] pressiIre, and
tavity rollapss,  dlipon enmpletion of thedirt assignment, they

returted ic o a Lrurk to fhe Comtral Proint (R; 23,

Frojoect 3.3, Surface Motlon Study, #a3s conducted by FGRG,

Th+ objective was to stody vertical surface mation by wvsing a
e 1, 280 meleors sputheast of pround zeso 0 photogedphe:
# Two arruvs of tirpets Buetweoon 20 and 2R0 meters rom

Ercuna fera o cwe TRAis]l Lines poerthbeast and
sputheast of ground zero



Table 3-1:

Frogret
Number
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YEEA INTFOHM TECHNIOAL EXFERIMENTS AT PROLMECT GONIME

Title

— —

DASA-SPONIORED PROJECTS

Tarticte MoTion Sludics
NeBtT SoGOTcH

Sulrlace MaTlon SHiudy

Shock Spectrur Measure-—
mentxs——Heed Qmuge
ITnocavperatad

Hicroharographic Measure-
mynts

AFTAC-S1GNSORND PROSECTS

Study o Electric and
Magnatio Effecte

Electromapnet te Wowves From
Lrderground refonpetlaons

Subsurluace Rlecicomugnetic
Waves

Earih Currents Ifrom
Cnderptound Delonations

Eeflectunece Studics of
Yegotplion [amagge

VYisuil wnd Photogrephia
{imsite [nspectinn

Bpismic hoisr Monitoring

end Surfhroe Subsidenoo
Mpasurement

46

Apency

Aoanddin Carpdoration
Edgrerton, {dermeshsuson,

and Orier, 'noorporeted
Spuie Teohnirlogy

[abaratories,

Santdia (orporation

U.®. rolegical Survew

Saedioa Corveportation

Fdgerton, Germeshait=en,
and Grier, Incorporated

Space General
Corrporation

Engineer Heseerch snd
wevelopment
Liahoratoriesx
(ATmy )

S*4nford Hesearch
Insritutes

Stunford Hesenrch
Inastitnts-



Pricject
humberr
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Tabls 23

VETL.A UNTFORM TECHs1CAER BEXPEHIMENTS

AT PEGJECT GMNOMLE {Cant bnacd)

Title

Goil Nensity Hltudies
Laborytories

Geoehemiceonal wrd Radlation
Ei"l.l!"-.-'l.‘l'}' 5

solid Stute Changes
in Rocek

Padar, Studies
AceromEEgnetic dnd AeTo=
radiomelteric Surveys

(nsite Hesist-vity and Belf
Potlteniinl Mrasuremenls

intoerediate |[[Ange
arismic Meoasurements

lafp HREAEe Se smic
Miogsurementis

| supspart phobtngraphy )
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‘!'E Loy

Engipeer Roescebkrobh sod
Nevelopment labnratorioy

Texas Tnsterumenls,
1 ACoYrpara T

.5, Oenlogical Survey
E<lgerton, Gormeeshausen,
and Grice, II'IC‘UI‘|]E!'!‘HII."-T|
V. 5. Genlogice]l Enrvery
Allivd Hesearch
Assnoig Ley

[f,.5, Corst and Geodetlic
Survoey

Googtechnice] Corporatlon

lawrencs RAdIaELIOR
Lebaratory



 Thres inertial weight target systems abont 20, 140,
prd Z2B0 molers northeast of grhound wera.

From aboul 0300 to 1800 nhowrs an the day betore the
detaonsation, three personnel rehearsced project activities and
performed final instrumentation al the inerlial weighl Largel
statians., After the sbot, wboen precavery hour was doclared, the
same Throo persoonel left the Control Point in rwe vobkleles to
roetreyeve film from fhesde stutions. They spiol shout ALK minutes
in rertovery wotivities and then eetoerned to the Contral BPoial.
Anolher three partleipants Also lelt the Cantrol Point afder 1he
anfnouncoenen b of recoavery haout and drove din one vebicloe ta CThe
canerd sxbation 1, 2HO meters soulinasi ol groood z2oro. Thoey spont
abont 0 minukes recovering fiidm and then returned to the Jontrol

Point (S 149,

Fraoject 1.7, Shack Spectenm Mepsurement s—-=Hecod Gaugo, was

copaustean by Space Technoliogy Lehoratoricos, [noorpornatod, to
measure Lhee displacement specirs of the- ground shock in osalt, O
the day Lecleary The cdebondaTiaok, trom QBQ to 1A00 hGurs, project
porsannel placed four gpuges sl lwo Slaticns i the tunnel finor
dhogtl Zs0 pnd AZ0 moters Ivoer Che paint of detanation,.  Popsanme)
iz placed soven ROore gRUEeE a0t tour surtfaco statisns about 30,
410, &l0, and 10 mebers morth af ground zero, In additiaonm, thoy
pasitianed A EROEe underproung abaoul 03 kilomelers awav, At
about 1415 hoeurs on shot-day, thres participants traveled fraom
The Canbeal Fojnl o The sgrface stations, whore Chey spent about
Lout hours collecting dats angd instruments.  They then retuarned
tTo the Conteo. Point 05; 12, 1057,

Frorpol I.B, Migrobiarpgrapnie Medsucements, wis conducted by

thie Sandia Corporation to study acoustice signals in ke

atmosphere penereten bey oan underground detoneficn. Ty ohtoin
data,. proaect participints condacted o calibrution shol, En he
Tireed 45 closa in tire Bnd spARce Lo thoe puclear 2actenkRtion as
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possible. A callbhratlion shot af 1,090 kilograms of high
crnlosives was tared trom a3 tower ¥.5 kilometers north-northwest

ot the GHUME ground gero (121,

AL 13y bhionrs on the day bhefore the detoneticon, sScven
presonne] finisied Tnuding high cxplosives onto the Toser Hord
reboarsed the detonation, anm activity that took akout fouor hoors.
Ar abowt 1515 hours o shol-day, the Same three participsnbs
praoceenied trnm the Cantrel Poedpt teo the shot-tower tTa inspect fhe
4Tvva tor small rires and caburned high cxplosiers,  They then
rerurned To Lhes Conlroel loint. In additinn to Theese goelivilies,
puTlicipants tonk messurements of the calibration shot and the
nuweclear detopulion from instrumented stations 2, 310, and TAO
morers ar o radigl line from grownd &oro BRS &t two statlops in

i springs and Abilens, Texas (5.

Progeet H.1, Study «f Electric and Megnetic Effocts, wes

congluctee by the Lod. Goologleal HSurvey., Thi- nhjectives were o
slugdy fluctustions in «lectrig and magnefic fiolds ceaesed by an
Lidergroeuna detonation vod to svaluple thoese o feots 1o doedermiae
Lhedr polential ase Do detecting nerlear detonal ions. Mgl e -
i by were anades a1 ostations edght wed 1% kKilometlers noelh of

ground =oeo (127,

Progee) Dad, Llegtrnmugnetlic Wueves {rom Loderground

Dirtonations, was conducted by the Sppdia Corporeticn tao charec-

terize ivctromApeetya whves and T delerrmine fhoir mode of
pirapaga tian.  Dn the doy hiefare the detanralion, %o personnsl 527
up cguipmertl and conductod a rehearsoal of the prodect in oo
trailer approximately 2.5 kilometers north of ground =eco. Frm
Gaiiy to 1000 Lhoubs on sbhot-gayY, tewo personnpe] rade final calibra-
toons of the instruments ynd hooked them up for remote contenl.
At dpuroxdimately 1308 hoars, pArticipants retuened ta tThe teaslor

ped spent sevieerael]l hours alaying back preliminary data (5; 1327.
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Projpect B.3, Sgbsurface Flectromappetic Waves, was conducted

by RGAG. The abjective wes 1o chargoterige the electiromagnetic
ficlds generated by an undorground nuclesar delonftion ond o
detoermine the myitipolar cheracter of the source,  Teo deteatar
Sites wore ostablishod: wne: oan the sotface about 50 peters from
ground zero and the other im the horizontal tuonel about 1350

melers from the point of deteonation. Signals were recorded at oA

surfeee stRrtion neoar the plevabor shafr,

From D800 te 2400 hoaurs oa the doawy befare the detosation,
twp persanocl calibreted cguipment in the surface station and in
The tunnerl. AT Bboawut 1515 hours an short-day, throo participenis,
Including wone moanitar, traveled In ane vehicle from the Cantrol
Poent fes v Ehis]lter abouwt 4100 mefers sovthwes? of ground gzero,
whiere They piokoed up o second moenbtar,  The fower personne] then
weeht t Lhe Sarlace station o recover data, a8 process: Laklihg
ghout 20 winutes.  After collecting the data, the scecond monttor
relurned 1o the sheller 410 purEers sourhwest aof ground zero, anrd
the mther rhreee participents returned to the Control Point

(5, 127,

Froject 6.4, Ferth Corrents from Underground Tetonations,

was oondue ted by the Space denetal {orporation. A5 for Projeect
B.d, 1he objective waxs fta characterize the electromugnetic wawes
ctegated by an anderground duclear debtonalfion Aapd Lo defermione
their modes of propergation. AT 0800 hours on the Jay o the
drtonrtion, four project personnel proceeded to an iostrumested
Eaticon F.2 kilameterrs southesst of provnd zoera, whore tRey
remained duting the shot epd for several hours after,  Also ot
OXid) hours on shot-gay, another three participants ftraveled to oA
shcolter 410 metcrs southwest ofF ground 2oro Lo check instruments.
Thay left the shelter at 140060 sod returned to tke Conlrol Point,
AL abouet 1315 howrs, they reluroed to the shelter to rtollect
4aly, tahicg abhowut A0 minutes, Thew 1hem went Dack To the

‘nntral Point (B, 132%.
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Frogect ¥.3, Refleciance Studirs of Vegetation DNamagr, was

conducted by the Enginccr Regesrch and Devolopment Laboratorics,

Army.  The objective of 1his project woas Lo obtain in situ

refloctancys deta of the vegetatlon as sgffected by an underground
vxplosion. Furticipanis rollected daty nn vegelkidtion before and
atter the detonation. PFersoaonel RlIso conducted pre- and postshot

surveys tn determine the tatal displacement af the surface (127,

Frojeat. 7.5, VWigsual and Photopraphic Ongite [nspeation, was

conguetyd by Lhey Stantori Besearch Tostinufe, The cth e Tlve was
Lo deltormine the presonodss of wbdusual terrain features and
aritivity sssactatend wirthk the saplasicon by corducting zerizl
photography studies and risnal ground inspections of the area
both kefogre and after thir 5hot, From O8O o 1200 kours on the
diy preceding the detonatiaon, four project personnel made vizual
inspections of the shaot ares 2t B distance of AR meters Trom
grognd 2ira. They glso conducted 8 fionpl icmpectinon of fhe
tuneel leading ta the poeint of delonstion. At about 13LE bours
en shot-day, three poril -ipants travelod rom the Control Point
to the ground zero wicinity to gbhserve and photograph the effocls
of the detonation. Im additicn, in suppart of both Penjeers 7.3
and 7.5, twn phetopraphérs 1eft the Control Point heliporl in e
securilby helicopler A1 about 1345 hours to photogeaph Lthe ground
zoro Hren. They vompleted thedr mizsion in spproximdtely one

houwr [(E; 12},

rojoct 7.6, Scismloc Nolee Morniteriog and Surfece Substidoncde

Measurement., was conpducted By the Stantard HEezearsh [netitute.
The oklecpive wis 1o pecoerd the soisnle disturbRnoes after the

detopsatian =0 that the {casibllity nof using such records for
unfite inapecticns could he determined, At (RO hour= on the dav
ol detonstion, Four personnel left the Control Poinl to establish
A stulion RGO meters north of graynd zero, They veturned to the
Contral Faint at EQOD hours. Five minutes after the detonstion,

the four perzoonel] returned to the station to monitor pgeophones

ol



son supply imformation Lo the Tochnicel Director. They remeinod
4t the stuation theoughout the dov. About the same aurber of
participants mecoesd soather station approxirately £ight

kilometsrs northwest of graund zevro duriog the shab (D, 127.

Project 7.7, Boil Densily Sludies, was cordyciod by Che

kngineer Hiescarch anct peveloprent Leborsacoryes. The objicetive
was Lo determine Lhe patential faor debecting soi] density changos
cansed by gn undorgraund nuclenr explosran usang groungd ialrared
eguipment . PBoth pre- and postshat therms]l irgges wore t&ken of

verglebation pad s0il AT wariaows locxtions im the terxt! azrenr,

Projoect 7.8, Seochemics) pnd Badlation Scrveys, was

condualed by Texas Trxiruments, incorporated. Thi objrolivie was
to &stublish the presence ol chemical] tndicetolrs and fission
produetys an Lthe skl s #x= 1o determine theric poetontial use far
locating underground nuclent explagions. After the chot, poerson-
nel drilled SD-toot holes in B tadial priioers conteeed at gragnd

ZETD (12,

Project .9, Solid Srate Changes fn Bock, was conduried Ey

The U5, Geanlogical Survey, assisted by the Naval Hodiodogical
Di-fense laboratary . The ahjrciive was L0 debermife Thee protentiel]
af using thormolumipescence 8as & detoctiaon device fTor undergrounad
P lasdr oxelosioms. Atter the shat, parligipants geilled haolex

of warious depths ®t varinus distances Pram grouned #epro (1271,

Progect 7,17, Hedon Studics, wes vondocted by RGEL to

dotermine the patential of using radon-sampl ipg praceduras Lo

astecT undetpiaund huyclear cxplos.ons. FFortae i pants wdral Ll

hote-s may wpriouws disrwnecss teom giround 7oro witer the shot 1200,

Prosvet 7,135, Aceromugnetic and Avrorsdiometric Surveys, wos

condue bed oy the LS. deological Surwvew., The obierbive wex to

=3



determine Lthe deterntabil. ty Of suhstantial rRmounts of ferro-
mapnetyr material iep the area by the use nf Acrial mapneftometer
Glhrvoys pnd MAgaetie detecting eguipment, specifically o reegre-
Lomebler ord & radiome:ter, v the day hefore the detoraticn, two
porscnne] canducted an acrial survey aver an Arca about cight
kalometers o tadics in he wigirnily ot ground rera. After the
flyover, a ground survey teem mads 3 visual inspectinn af 1he
sren. AU mboul 115 bou s on shot-day, Pive persconnel ino B O3
girtcrall murveyed Three same: area,.  Subseguent to this flyover, a
pround saevey Team made 4 visual inspeerlion of the aree.  The

inspectinns taak xebaod Faree QoUrs §3; 177,

PFraljeat Y.l4, Onsit e Lhegigtivity and Splt Patentinl

Meosurevmoenls, wux comklueted by Allied Research Asgociilos tao

determine ditlerences in potentiel oreated Ry wn undoerground
nuclewr explosion. Fersunnel buriod cercamic probes a fuw bnnhoes
bencoth Ther scrfacs sLarticg approsimotely 150 meters Trom ground
2er0 oand continazng at HW-meter intervals fo o digtanes nof Three
kiloemetees.  Thee installed three oF Tour probes on oo portherly
lige irem graound corao and ope on e lipge at rlght engles to the
Others, Al paprs of probes were Coondotod to oA contrat
recording stetion near Che Control Foint. On the day befors Lhe
avtotution, from Q%00 to 2400 hours, sls persuanacl recorded
ditltlerencees in potentlad gl the stations 1R meters Lo fThieo
kilaometers trom pround reroa.  After 1315 bours on shnt-day,

four persoonel spent throwot two bBours checking eleclrodes in lhe

grouand (3 121}.

Projoet .1, Intermediate Bangr Sejsmic Mresuremenly |, was

conducted by the U5, Oraxt and Geodetic Soevew, The obhjective
whs ot roecard Sedismice odigtla At Six locebtions A0 Lo LEQ K Liomelors

from growmd xero (127,

Froject #.4, [ong Fenge Gelsmic Meazuremenls, was condgstoed

by the Geentechnical Covrporatldon. The objeeties way to recoard wnd



Aanalyze long- And short-poriod scismle Signals &Y JISTATCCS
Tenging TS Lo o4 000 Kilorwoetwrs fraom ground zero. Approesimittelw
ql selsmic toams [ielded thig experiment. Voluntoerz Yrom

severa] ocommereidl] geophysicel compunies also participated (L3

Available docementation indicates that Project &.3 | support
photograpby | was alsio eonducted at GNOME.  The LRL canducted The

projeclt, the objecbive of wlhich was Lo pholegeaph The groend zero
iR, Thirty minctrs belore Che delonstion, sia At Forowy
personne)l flew from the Cantecl Point beliport in oan H-212
helicgpter.  The holicopter orboiteg at 00 feel about R meters
sixuthwest of ground gera fram one micuats before tan |G minutes
plter Lhes detonation. Afrer vompleting the misxion, l1he H-Z21

returned bt the Cantral Point heliport {(&6).

Z2.4.2 [ther HBeientifig Aod Technical Projects

In saditinn to the ¥YR1L.A DNIFOEM projgects, many other
scientific and technical experiments were condected Bt GHOME.
These oxperiments were part of four programs develaped to meet
the primery obijectives of 1he detonsation. Participants ccndiucled
g physical offects peoprar to documepnt hotlh dynaric mesazsurements
and canditrons in the ground zerd drea after the detoration,
They poetlormed power geaebelion studies fo Lext the theory thaet
several Llmes The civrgy of thne detonetion wculd bbe recowvered
trom Lhe ot rock, or from the pressarized steoam thyat was
grneTated, ar trom hoth, An :ralapes PEORTAm soupht 10 Freoower
radicisotopes OT use vE lracers, A poOwer Sources, 4and as
verification of lhe wvield of the nuelesr epxplosive.  Two physios
and radiochemistrey rescarch programs serc ipncluded that used the
high-intensity pulse ot nectrons to pecform neutron mMeosurement
GERirEriments, O personnel participated in anly one of these

studivs, discussed below 120 15y,

=



Nerign, Testing, arnd Field Purping of Grout Mistures was

conducted by the prmy Coris of Enginenrs Watrrwavs ExXperliment
atatian, whaiech provided o variety of laboratory and Gield suppnet
activities at GHNODME., The laboratory work consisted of performing
physicel tests o extractzd ssalt cores and deviloping 4 variety
af grout mistures for wse in gtructural work and Tor othor
miscellaneous purposes. 4 conpsyultant assasted i the dralling ol
lipe—of-S5ight and lnsteumsnt holées at The tubinel arens ond in
pumpitbg the groar mixtutkes 1o wAaricus heles at the gite. The
Fnles were drilled for embedding scientifie ingtrurents and as
pustshot recowvery holdes. Personnel grouted 25 horisontad ond
vertical inslrument hoeless in the Tunnel, nine Surface hkales, and

pine holes for specilal use [(31).

2.2 ALIH FORCE SPECIAL WREARME CEMTER ACTIVITIES AT PROVMECT GROME

The pAir Forces conducted meveral suppnrt missions at Shat
GNOME..  Available documents suggest thoat various Alir Foroe unils
under the aperaticnal contral of the Air Forece Special Weepoms
Conter conducted 4 securily Swepp, clouwd-smampling misshon,
aloud-trucking and radiolagical safety sweep, and rupport

risuians,

Security Swoeh

An Air Iores H-21 he licopter with 4 two—men oTew Mmads b
secUrily swoep of the area in an eight—-Riloneter redings of groand
ziro.  The helicopter began the sweep two hours before the
detoneticen and coneluded it 80 minules Juwter. The helivcopter
1nen moved 1o 8 poxition over Hew Mexico Highway 12H, omorclh of
thi Coantrol Point, to observe {fraffic and to ensure that oo

wpauthor: aed woebhicles woepe in the shot arcea.
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Cloud Tracking and Radiclogical Satety Sweep

An Alr BForuo H=-21 helicoptor and eres, Jikely the Same Ghe
tttal conduated the security swoen, copducied o cloud-lrackiog atrd
raninlapgiarl spfety sweep boginning one mingte gfter the

detonation and conlinging For two or Lhroee hours (37 20],

Suppert Mligsidcns

AFSwC proavided suppart tao Projects 1.1, 7.4, 7.5, T.14, and
O.%, wy diggusse] in gpatiaon A,49.1. Tm addition, the H-21
bl icopter lhat purticipated in Projoct 1.1 alse sepportead the
U.%. Fublia Health Servioe radiwvlogaical HSalety misslon (5.

2.8 RADIATION PHOTECTION AT PHROJECT GHOME

Tor minimixe the xnposures of PLOWSHARE personnel 40 innizing
radiation, the Atomic Epurey Commlssion ioplomedtod radiolugicnl
safoety provedures.  In pddition, tho ARC recomronded AR indi-
videal erEposere limit of 3 rem o of gamma apd nentreon radiatinn per
quartor calendar woear and net rore than 5 rom annwally,.  This was
thir goeonprtiaonal oxpoesarse limit rooommendasd for radiation workers
by the Xaricnal OCommiltes oo Badeation Peotection and Monsure-
ments.  Thee GMIIME rediclogical] selcty progrem operiatesd withie

this reocommendea 1imit.,

L T | trganirzatinon of Hadinlocgiral Saiety PPerogram

The Project Manidger hivd oversll responzibkility far Lhe
radlalogical satery of participants in Project GHOME. Within his
arpsiization, b wias assistied by the ARD Suppoart Dircectar anag The
Tochinical Hrecoor, fros [EL. Th- Support [ reec Lok wids s pin-—
sikle for the cnndirt of the radialogical srfety program. Tiiri nge
the preparatian fTor and complottor of chee avionerinn, beginning
1he day bodors oo detonetion angd ending whén postshot sxper-

iments Ana recovery opelations wers finished, the Teckpical



Mrector was responsible for dmplementing radinlogical salfety
procegures,.  The Hadiologicael Sefety Division of Wevnolds
Eicclrical ang kngineering Company provided sl1 onsita
tadialogienl support. The Oasite Radiological Safcey DEFicer was
i HEE{n Hadiglogical Sufety Division supetvisar.  Thee USPPHE
provivged ol fsite radinlogieal Safery sappert. an (OFUste
Hadioltogical Bafety Officer from the AEC superviscd Lthoso
Aebiviiios (4, &U)., Figure 25 shivws The arpganizeticon aof the

racdlulopical salety program.

2obB.d Lnsite perations

The ansjife raniclopical safety program was destned to
pravide radralopleal safete for all test pacCicipents wathin en
erght-kilomeser rodius o ground zero. The peogram eaps 1o
minimyze the radistion erposures of paRrticipating pecsoonel vnd
obseryvers, to provent the spread of radiouetlee material to
wooontrolled areoas, Lo arsist in security, Lo provide health and
Sulety supporl, Ane to conlrol poesonme]l acceis inta tadiarinn
areas. Io twelirlling :ts respoasibililies, the REFOD

Hadialogical Safory Divisien (393):
# Troined racicleg:cal gafety manitars

% Enmusd AALicontarination cluthing, radiatiaon
dgorbection eyguipment, film badges, and pocket
dogzimeters to al. personnydl entoring raciatinn AreRs

m Collecrnsl biody 1 gid samples, performed analyses,
aod as5sipgned imloernal dosocs

&« Maintaimed film Tadge and cxporure rooords Lo
doetermice the acoumulated exposute ofF cach
parTicipant to gamma radlatinon

# Took sir samples snd monitored the Togr sttt
prepared isointensity gontour maps of radiation
aredas, aAnd providled radiscion information 1n
persaenel onteriag radtatior kreas

e DoconCaringCed perzobfnel, vehicles, and cguipment os
nedvded ,
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Protective Equipment _und Personfel Mosioneiry

Hadiological sefety personnel procarsgd, issaed, meintsioed,
reppaired, angd stored prEotectlve eguipment snd supplies Foar
miati Lors and peesonmel vn[ering The {iM(HME [#5f AT4A. The
cgulprment included rediation detection instroments, environmental
sumpling cquipment , and ontlcontamingtlion clething. This
clothkipg whs issued to perticipants &3 they paznsed through the
main Contral Point, showr in flgure Z-2 (49},

ach individwal entering the tost aresa received a film bhadpge
and 3 powket aosimeter. The film hadge was attached to theo
paurticipant's security hedge, and both the film badge and packet
dosimetar wirre woren oo tre shirt pookel. Whenewer paurticipents
lgdL the text aroe, Lhey toerned in their pocket dozimelers Lo
radiclagical satety persaonnel at thoe {ontral Poiat.  Film badgecs
wer” cmhangvd WHal BN v pOSUFe of 0.1 rem was suspes Tod and at
Lhe end of prch month. “he film badges were transporhed by adr
to the WNTS For developing, and processing. Film hadge resuallbs
wore thon tolephoned to radleolaglcal safoty peorscenncl ot the
Carlshad site {d; 391, asreangements for alp transpariation of
cexpofed film were made w th Eherlione ITnstrumecnt Corporation oaf
Sunta Fe, Now Mexico, tao provide smergendy dosimetry processing,

if necessEry (393,

A lizst of personnel goterliog and leaving the test ares wis
maintaincd at fthe maion Conlrol Peint. There, radiologicel safety
personnel logpged dosimetry informetion 2ar cach particlipent,
indivnling provious zoeumalated expaosure for the year and for the
gquarter. As each pevson left the rrdiation arce. his pockel
fdesimeler Meading was enftered I the register, If the dosimeter
tesding was 0.1 Toe@ ar gare, the porsan’s film badege sas
exthanged. The dosimeter readling was added to the cummlebive
eXposure: until the next o day’'s eXposure Fepdrt wAs Poceiwved, whick
reflected tThe actwal 1iln bedge rewding for each pactigipAant in
the neew cumy ative chkposare toetal (3899,



The REECo "Dnsite RadGlologlce]l Satety Heport®™ lists egpro-
gate radiztion dogses far GHOME persannel,  The expazutres ol six
participants exceeded 1 rem, Fanging up to 2.7 vem, There i 110
indleation, however, thot any of thefe participunts were TIOD
petsontiel (B,

Table =2 presenls the gemma exposueres deta aAvallable from
film badge recordzs for Air Foree participants io GHOME. Tehle

-3 presentks gamma exposure infoarmation available from film bhadge
records for scientrfic persaonnel, contractors, and Affiliates who
took part 1n tho PLOWSHARE Program. The documentaticn used far
table 2-3 did not identify Lhe participants according to speoific
PLAYMMSHARE event, Tahles 222 end 2<% tndicate the following
infoermation by unit (7]

# The number of personnpel identified by name

a The number of poersonnel idencificed by borh pame and f1lm
badge

4 The average gammie expasuire 1o rem

& The dizstribution of theSe EXpOEUTFE.

Avgegs Contirol

Heiore the detonetion, radiclogical safety perszonnel cleared
the teost g&rea, closed and barricaded aAl1ll incoming rosds, and
grected warning signs to prevent entrey into the grea,. They alsa
barricadrd the main acoess roed and csteblished a check stRbion
t<o nsute tThet perscanel cntoering the test arcva had the proper
identification hadges and authorization forms. Thiz station,
called the Text Nirectar's Barricedi, was ob the Bpoeoess road
gbowpt 5iz kilometers north of ground zero.  Hesides functioning
as p check siation, the Test Director's Barricade served as the
base of operatlions for rodiation monltaring teams ann as a
decontamination frcality for wvehicles and personncl leaving the

Lest LreA.
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Table 2.2: DISTRIBUTION OF GAMMA RADIATION EXPOSLIAES FOR AIR FORCE
PEASONNEL AND AFFILIATES AT PROJECT GNOME, PLOWSHARE PROGRAM
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Tabhle 2-3: DISTRIHUTION OF GAMMA RADIATION EXPOSURES FOR SCIENTIFIC

PERSONMNEL, CONTRACTORS, AND AFFILIATES, PLOWSHARE PROGRAM®
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Eadiclopgical satety personnel established analher ghesk
statyon at the Coptred Point. The Control Paint housod
gadmanistrative, technical, aog securtty persononel during Projeoet
LMUME . [T wops awlse: o checkpolnt for recovelry partics antering
the tost #rea in venicles angd helicopteors. A helicopter pad wasx
pernss the road from the Contreol Point, as indierted in figieos
A= In Radition, the olservers witnessed the doetonabion fron
Lhe UControl Point.,

After The detannlicor, Hadiologicnl Ssfety Diwvislon persontee]
al the Controel Poblnt sod the Test Director's Burricesde checked
eaih groun of enteriog prrscnnel tor sn mBcoess permit. Autho-
rized by Che Froject Man ger, the pormit geve =uch infarmaltion s
the names and numbers of those permitted fto opter, the parpnse nf
their miasion, and the eutimated time requicsd fo compliete the
mission., Audinlopical sntfely persopnsl] al e checged Lo eansaree
that cach individuoal was wearing antlcontaminption clothing, a

Palm bavdge, dod o pocket dosimeler (5, 397,

Monitoring
nsite ronitoring acilvities of che Hoadiolagloal Sazely
Fivisiopn were limited Ta an elght-kbtlometer pndivns af grownd

by, Thege aclivities included (3, 383:

« Performing initbinl surveys gng poespeveys of areas
4ToLRd Eround Zo o o after the detonaticon

& EstRbRlishing and operating checkpaints

@ Muarking and rsta~lizhing thi radiaticon rxclusion
4TCAR

" SoeTvIing as monitars for personne] whe o wers o pooquid ced
tey onter radiali »n exclusion aceas.

Botare the detonntion, the Onsitle Bodiologlenl Sp1ety
Oificer brivfed the Ipitial radlation surwvey term on the pettorn
o b {ollowd.,  AFler the detonation, the Proicol Manoger

delayved thaes survoey because of the unexpeatsd venting of
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rodicoaetive materialy from the shaft opening, aboul 340 meters
southwest of ground zero. At 1258 hours, s group of men left the
Tegt Director’s Barricade to begin the initisl survey. They
travieled along the maln access road towdrd ground era, uslng
vehicle aodometers to detcermine how far fontensitics of O.01, 0.1,
and 1 BK/h were from previously established referchor sLakes.

They then radioed this informatinn to radialogical safety
personnel wi the Control Paint, where the iscintensity lines were
ploetted andt mapped.  The meps woere made avallabhle Eo praoject
persannel planning to enter the radiatieon ereas to retricve

eguid pment and date, The tram canilnued the I1nttial survey until
thay rowched stake AZ, abnut I,100 melars north of the shaff
opening. There, they wvacouniercd a gamma intensity of 0,025 Rfh,
At 1315 howrs, they returned to the Test Divectar's Barricaéde to
begin monitoring assignments. Gamma intenszities were MAeat
brckeround Llevel at the barticade (393, The mip tesulting from

the impitial survey has not boeon found.

A subsequent survey canducted hetween sbout 1500 and 1AGO
hours on sEhot-day found gamme 1lntensities up to .12 Bfh at s5tAake
Al, abowut 20 meters north of the shafe cpening. The highwest
gammg intersity [found by a later suprwvey was 1 B/Sh, encountered
about 1,300 meters northwest of the shaft opening st 19356 hours
on shot-dey., Surveys of the actus]l shaft opepling were not mede
on shot-dny. A survey of the shaft opening and the surrounding
a4 was poerformed an 11 December, the day after the detanatlon.
The bighest gamms reedling of 5 KA was recorded at the shei€
apening at QY0P hours. Iower gamme iontensities (as low s .3
Bin} were encountered xbout 30 meters west pf the shaft gpenlng,
Hrdiation readings of less than 9.1 R/h were regilistered in the
ares Arcuntd ground zerao, which was abowt 340 metebrs northeast of
the rRhaft opening r39%.

Kadicloglical safety personnel were responsible for monitore

ing activities after the detonation, A mejor ectivity wezs the

AT )



Eadiologichal Chemistey Core drilling aperation. On the day sfier
the detonution, personnel positloned two drill rigs at gieound
Zer: Lo obtain deep-garth core gamples. Orilling befFan two days
afcer the detonptlion And continued for about Beven wecks,
kerdinlagical safety monitoring for thi=z operation wias prowided
cimtinuonsly (3%,

Another major postshat activity was the survey of the shatt
and recovery of cxperimental equlipment bn the zhaft and stetlion
reom.  Underground recovesry Operations were delayed until six
days after the detonatiosn. AL this time, 4 radlation survey of
the shuft was performed, and 1t war determiaed thact it was sefo

for recovery operdtions to begin (39).

Fach grogp entering areas with radiation iptensities greater
then .1 ESDh was aocompaticd by A radiological safcty wmonitor,
The Hedialogicel 3atety Tivision supplied the monitors from
personnel Stationed at tre Control Point or At the Test

Directar's Barrilcade (3; 39).

Necontamination

The Radicloglceal Saiety TMyvigion operated 2 decontamination
facility at the main Conleol Point. At this =tation, they
morilgred persaonnal | vehicles, aond equipment leaving the test
arepa, Doecontamionatlon wes reguieed [f radioactivity excecded the
Toldlawing limits (3; 593}

& Hersenoel OL.00% Efh {beta and gemmad or 1,000 counts
per minute (Alphal oo anticontamiasation
clothing and shoes 0.001 Rfh (gammebl or
200 counte per minute falpha)] an surfece
ot skin or underclathing

& Vehlicles and 0.007 R/h (gamma} an outer surfaces
Equipment
0.n0%Y Bfh (beta Bnd gammal or 10,000
conunts per minute falpka) on loner
sufaceE.
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The First step in decontaminatinog personoel returniog from
Lhe radinlian xrow wns 1o Cloan Lhem 0f sarface contwmingbion by
vacuuming the dust and dire frofm their garments. HeLtarning
persanns]l thep turned 1o their respirators, fila badpes, aod
pocEet dosifnefars. Radiologionl safety personnel pext monitored
cAach apdlviduad., §1 the redloactlivicy rvading excoerded the
lirit, the peorson was requirsd to remoys contaminated olnthing
and, tf the reading wes still taon high, teke 85 shower. Radico-
logical safeby nersonpel monitared the individuw? sguwin Rfter the
shower, 1f *the radisticon rradinpg was 1ess than 4,801 KHih an the
surface of the skin, the iodiwidual covcived frosh clothing ano

wog relensed ¢3; 38},

Yohiclers roturping from redigticn Breas were pARCcked in
desigrated areasz adjacent t3 The Coptral Point. Mombors aof the
Hadialogival Spicety Divigsion mon:tored the vehlicles, 1 thew
racordoed readings of G.00T7 Rfh or grester, the vehicles bad tao be
geooantaminnted. Radiclogical safeiy personoel first vacaumed all
surtaces, incteding runniog boards, loochohrds, and the urder-
sides of fenders.  ‘They then rosorveyed the wohiclos and, 1f the
vehiclas were 5til) conteminated, spraved and washed them with @
ligquyd detergent and rinsed them with water, Onee meassured gamma
radieticon intensities were Yoss then 0,007 Kk, rediclogical
sutrpty personpel roturned the vwhicles to sorvico (&) 390,

Buildings snod rquipment Iin *ho shop areqa rdjaeent to the
shatt opining and the deilling cygutpment wsed in the BRdiologleal
Chemistry Core drilling aperation »ere 4lso deconlaminited.,
Teohniques ineluded remeowval and bBurinl of contaminabod scrap,
YAEChWnIhE, high=proessure water wasnhing with added detergents, mnd

mAEhing with solwents (3.
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2. H,a CHFfsite Dhperralicane:

The Project MapnagetT wias responsible for aff=site rediolugicnl
safety, but the Offslte Hadiologicpl Ssgfety (ffreor had
operalinnal conttol of fthee program, USPHS persoane] gprovided
aperational suppart servoes, and REECo provided film badges and
radisgtion deteation sguipment, Offsite operatlioos were io ocftocd

within & radiug of eight Lo 160 kilometelrs fror ground 2ora.

The abjectives of Lhe offsite rediclogical safety progtam
we e to {0 3R

*  Axcass Lhe off5ice Feadiatiaon resalting from e
g Lexna Ui

e Uollect data on tollout pattetns

& Tonduct environme:natiel monitoring of adr, wiater, nnd
milhk

e« Froaus roports, ma&ps, and rocords desorihinpp the
tindimgs of the nonitoring and Jdata caollection

& Lutablish and muintalinm public relations aelivilies.

hnﬁimptrE

MM isite mopitors conducted 8 Lilm badge program o ohtein
datly on radiatlon exposures of the civiliaon populatioh. Tl
placed 34N film badgrs on individusls and structures within s
lgd-kilometer radius of the test arva. They issued the hedges on
T, B, Aand ¥ December and collested them 30 days Ister.  The
highast film badge readipg wasg D.14 roontgens nhtaiped from a
resident at Euwdson Farem, 29 kilometors north-nortbsest of ground
zera, Al)l otker film bedges had zora readings {(380).

Nonitorling

Be-tore 1he detonsation, 1] monitoring teams in radi o-requipped
voehzales went Lo Offs:te areas within KO kilometers of ground
FTEra. These teams wiere then 1n |'|{;|$'|T1-|_"|I!‘| T ]"!-l"l‘l'(‘lr‘l'l": ET"-I‘lHn-:_'I
survevs if the GMIME clcpg drifted over their lorations. Ino

&



additrion, tThe ULPHE pericrmed acridl monitoring in an Adir Foroe
H-21 fiwvlilcaptar (3, 30].

Hezults of the perial survey indicated that the 2loud
drifted 10 the narthwest toward Artesis, Now Mexica. Thils
intormation was reported to the ground syreesy teamns, whe bogan
reporting radiation readings withino 40 mioutes 0f the detonation.
The teams performed monitoring alang A)1 highways and popolated
ureas ap the path of the cloud, The highest gemma intengsity was
1.4 K/h, regigstered gt 1310 haurs on shate-davy S5 Eflometors west
of the Control Polac.  Hy t345 hours, the Inteasity at thils
Yoeation had deorcpsed L0 0,19 Beh) by 13455 haurs, it had
decreasesd to 0.0 RSh. All other offsite Arwas murveyed had
gomme intensitiers of less than D.15 Hfh., The highest gomma
intensity recorded in any polulatoed Erea was LGB D

encountered At 1400 hours on shot-day near Hugdsaon Farm (300,

Other Activities

AR ArEY Yeierinary fTicer assighed tn the AEQ QOffice of
Fivld Operalions, Las Yepns, provided support Lo the offsite
redialogicel program, He assisied i A study aof redicrctivity
levels in apimal tissdoe kofore and after the detaonation (400,
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Purpose of Test:

Woather:

Hedintion DRt

Participunls:

PRILTECT SE[RAK

SYROPELS

AR TEST SERIES - LiMwERARFE

NATE/ " IME : & Julvy 19/%7 04830 hours
Y1ELD 104 kiletons

HEIGH™ OF BUOEST: 635 {fect below ground

To erriend knowlcdge of cratering effects and
phoenanenology to the 100-kiloton range of yvields
and t. provide Qats on the genoral neture of the
shlety proablems creptrd by nuclear cratering
detnnat ions.

At shat-time, the temperature was 28 .07 Celsius,
and L= atmaspheric pressarae w85 H6H sillibars.
Winds were ten knots from the sowth-soolhes=! at
surtaze level end 16 knots from thie sowth-
southeest at 10,000 feet,

The 1nilial ground survey wag complotod by
Epptoximately 1LIA0D haowurs.  The 1) BB 110
extonded 3.3 REilometers to the wost and 4.1
Rilomevers tao the sorth, and The 1 HSh line
cxtended 3.5 Kllometers to the west and 3.3
Eilometersg to the south, These Cconfnurs were
not alosed ta the north &nd eust, the diroection
of the falloput. Twe: days later, 1 REFfh intern-
slties were ronflined to within 3.2 kilometers of
Eround zerd,

Army Englneer Wwaterways Fxperimen? Statiocrd;
NWaval Raediological Defeose labpratary; Army
Ernglnaeesr Nuelewr Crulering Group; Air Foroce
Special Weapons Conter; Lawrenoe Badiation
Leboratory; Sandia Corporation; Space Technology
Laboratories, Incorporated; Coast and Geodetic
Ssurvey,; BEoelag Caompany,; Goeologicnl Sabvew;
Ergerton, Germeshewsen, and Groier, Incorpoaratod,
Hrigtam ¥Young lUnivermzity, LA Schonl of
Medicyne) Publlc Health Sorvice; Wenther Buoreoo;
Biurefu of Miavs; Federel Aviatiaon Agency;
Beynrlds Electrichl and Enginvering Compaby;

O tine] CONErACEOrS; AED civilidnxs.
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CHAPTEH &

HELOOEST SEMAN

Froject HEDAN, 8 nuclear-cralerlnog experipent, wgs detonefod
wikh R Yiedd e! 104 kKiloton= at OH00 hoers Pacifico Standard Time
an G oJily 18Ed,. Flguro -1 =hoews the detooation 313, The
project was tired in Ares 10 of the Nevkaa Tese S1te, desorlbed
10 section 3.1. At ground #cre, UTH coordlnates 847147 ,% The
desert alltuvium was 1,410 feet deep,  The device was placed an a
cabed hole with & diameter of 91 gcentimetyrs {36 inchesy At oA
deptn of 846 feet, The nestron-ansarhing mineral colomanitse was
Pleceed pround the devicds, ard the pest of the hale was Filled to

the surtacao with dew Sand (&%),

In the first throe sivonds after the detorntion, a roughly
htmisphericse] dome of farth 180 to £90 meters in dlametor pose to
a height of abowt Hiwy feet. large quantities oF incandess+nt
FHzes weere Lhen wenled, Furth murerials gnd gases continued o
rise o oabepat 2 TI00 Bert, Thas Jueger particulafe earth materials
thirp fel]l bark to varth, A hase surge was creatoed that oxpanded
Tadiaidly oo o cixstance of Hpproximetely foor ki lometoers crosswsind
and 4.2 Rijometers npwind,  Figure 3-2 shows the Base sutrge and
Lhoe Clagd (51, The main c]oud, composecd ol pescous prodoec s and
fing particulate mutter, ro=e to B height of aboont 12,000 foet
eboeve the grouwnda, where thetye wes an inversion in the atmoEphers
{2a; 483). This cloud grifted north-northesst from the Cext sjite
{13; &9)].

*lniversal TeExnverse Mercaoor (UTM) goormiioates are used in this
repart. The first three digitzs refer to w polnkt on o eodst-west
axis, ang The socond throo refor ta o paint on s Aorth-south
axiz. The point so desigRated iz the souihwest corner of an
wrTern Il mELlers NQUUTE.
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Figure 3-1: PROJECT SEDAN, DETONATED AT 0900 HOURS
ON 6 JULY 1962
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The dust cliud rose higher than hed hecesn nxpected bhecanse of
atmaspheric eonditions anl the lerge volume of gaseous vapors
resulting from the moigture content of the alluvium, which was
higher than had beep thaought. The cloud deposited nearly five
times &5 much fallout on and Rear the tesl site than had bewn
predicted,  Some fallout was deaposited in Frenchman Flat and
ceeaslonally triggered scnsicive projoct instruments caplacoed for
Shot H5RALL. ROY, detonstsed on 14 July 18RE 4as part of tlperution
LOMINLIC I (bul. dOnly A small frection of the redioactivity
ezcaped in the cloud, The remeinder was retalped in the crater.
The terrain effected the low=level winds med, hipece, the Jower-

¢loud patkh and more concentrated feilout pattern (28, 20).

The AEL PLOMSHARFE program for the industrial angd ciwvil
aprlicetions of nuclear Frploslves sponsoreqda Project SEDAW.,
Copducted under the technical direceion of the Lawrenos Radiation
Latarabory, SKEDAN was planned ag the fierst of a serieg ol noaelear
tesls fo develop bueled? eoxcavation techoloues wpplloable to
cunals, harbors, and similar digging proejects.  The specifla
pubposes of the project were To)

4 Provide sAafety gty related to the release and

distributicon of radioretivity, selsmic of Focts, and
sirblost

a EbExtend kpowledge of cratering cffects to detonetions
with yiclas gn the FaRge of TD (o 200 kilatons

m Detaermine if sceling models copcerning crater depth
wersus yield were valld for detonations with yiclds
of 1 to 200 ki atons,
Singe prevaious nuttlear creteripg eEperlience had been limited 1o
detonstions of about one kiloton, the wolidily of using thosoe
dati to predict resolts oY detonutions in the 100-to-200 kiloton
TATEE Was UTICETLain.

Figure J«3 shows the crater formed by the detonetion. This

crater nad & volume of aliocut 8.5 milllion cubic yards. The oratfer
redius was BOT7 feel and the deptn 223 fert. The lip aof the
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Figure 3-3: PROJECT SEDAN CRATER
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crater raged in beight from 1B to 95 fesol ghove bhe preshol

Furkepoe [)o].

3.1 THE KEYADA TLEST ZITE

The NTS, aoriginrlly established by the ARD in Decomber YWED,
is located in 1he routhe: slern part of Kevada, 100 kiloemeters
northweslt ol Las Veges, iS5 shown dp tigure 4-4. Tho KIS 3= in em
arer aof high drsert and mpuntaipn terrain in kve, lincoln, mng
Claevk fCounties, On 1ts castern, Bubthern, sod wesern Bourd-
aries, the N13 adjoins the Mellls Aipr Foreoe RBange, of which it
was ariginally s part., “he HTS brRs bern the Jocation for rmost of
the nuclear weapons testt. conducted within the coptinenta]l [Iniied
Sbates from 1451 to the present.

Plgure: -5 shows the: location O the HEDNAN ground aeto.
AreR 10, site of the SREDAN detonetion, i5 part of Yoeres Flat, &
G2-sgquare-kiloretor des«rt valley surrounded by mountsins io the
mnorithern pari of the NTS, Camp Mirvwaey, Situsted gt The SouCheyn
boundary of 1he WNTH, wex tne hase of the hevada Test Rite
DrFganizatian fXTEGY,  Cawen Mercury provided office and living
quarters, as weil as labhoratory facilities snd warehouses, for

prrsonne]l parlleipaling in variouws LTest daobivilios,

Incyan Springs Aipe Foroce BAaSe j5 30 kiJometers oast o of Carp
Mercury. Thols base sorved a4 the principal staplng ond decontam-
INRTiGn Brea Jor Air Porse alreraft participsting ie The

stmospheric nuclear kegst:ing programs.

3.2 WEVADA TEST S1'TR QHLANTZATIOR FUOE PHROJELST SELAN

Thi Atomic Epebey Commission delogoiled responsibility Lo the
NS0 0 plae, merage, and canpduct Operation STORAX, the zoeries of
atmospheric nuclesar tests conducted frorm 1 o July 1962 to 30 .lune

1HEIS . Ginec the purposes of the progoct wrre ogsentially
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nonmllitary, the Director of the Division of Military Applica-
lion, ®ho custamerily supervisoed nuclear fest aperatirens brom AEC
hewdguaerters in Wwashington, DL.O., shared responsibility far
Peciocl SENAN wilh thy bDireclor of the Division of BRiology and
Medieine una the Director of the DRivisiop of FPeacofnl Muelear
Ext:losions. The Manager of the AEC Kevads Operations Office Ln
Las Vipas wes fthe Progecl Mapsger o SEIDAM.  Be supervised
AoTlivities ol the two principal sectioons of the NTE0, the 'rojoct
MAanager's arganization And the Techoleal Grgunization, and he

assipgned the chief officials to direct the huclede fesl serics,

The princinpat WD agency conpdinating activities comluctod
by Lhe military at Project SEDAN was the Dofonsce dtomic Support
Agency. The Chiwef, 13ASA, sssigned responsibility faor the DOND
Lest preparations to the {ommander, Fieold Commend, DASA, 1o
Jituguerguy, Mew Mexico. This roesponsibitity included the
planning snd funding of Tl test activities annd the assignment of
LI personihe] Ta The NTHIN. Figure J-6 shaws tThe line of guthor-
ity Llrom the PPrezident threough the AR end D00 o the NTRG (227,

Ji2e Peogect Macager®s Orgarization

The Fruject Meppager's Organizeticon edministered Project
HEMNAN antd provided support. services En the Techpical Qrpaniza-
taon, which coenducied *he selenlitic and techolicwl experiments
srsocialod with Lhe projeck.  The Project Manuger was assisted by
the Mitzrary Doputy, on olficer from Fieldd Command, DASA, wha
supcrviscd all DOD particolpemts 1o Mrojret SEDAN.  Filguvre -7
shows the stracture of the Projoect Mapagerr"s Organizatiar (22}F.

The Pre]ect Menager capsylted & trear of seientifle adeisors
and an Adwiscry Pande] for matters eotrbing tao the scientifis angd
techonical AsEperots of SERAN. He recetved wdvice from thke Adwisory
Fane-l o the sehvdulitg of Lhe debonalinn, The Adwisnry Pange]

and the Project Menager eeaeived information from the Predictiaon
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Group, who dezoribed expoctations foF the westhor on the
sclvsdualed shnf-day ang fhe rallout and klast that would resalt
froem the detonetion, The group wes stRFfed by perzonne]l from the
L.o. Weather Huiveay, for westher apd dalleuwt peediction, and the
Sandia Corporatiorn, for blasgst prodiction,

Four statis sdvised Lthe Project Hankgor:

SdminasLerabive
Test Tntormation

[.ial=an

Teehpical.

The Administrative Htaff conslsted ot ARC erployee= who handled
cle-rical and paminizirative mattetrs for the Praoject Managoer,
including vourdirgtion with the Friderda]l Aviaticon Administratinn
wnd Che Eod, Public Heewlth Sepvioe,  The Test [nformalion StairT
intormed the public of activities AL the Yeveda Text S51te.  The
[iaison Stalf ma.otained contact bertwern fhe BTED rod Fiwieral
Hpenaios, conlraclors, and Lhe Leéwreneo Hadiation [aboratory, the
deveTrper nl tThe SETDAN nuelear device.  This stRED Lne Tudesd
prereonnel trom the ARL San Frencisco Operatinms OfFfice and from
thr Bivigions o) Mi:litary Application, Brolnpy ard Miedicine, and
Pedicefir] Nucloar Explesleas.  The Technical 5taff, consisting of
AEC and contractor ecrplosess, bad responsibiiity for the safoty,

sre-lndsbrg the onsyee radialogleal salety, of ftrst participanTts.,

Thies Pruject Munager appolpted coonrnlinators amang The NTSO
paTticipants {1 bass su]vport zervicss, opctrations, and
vepineeringE and constreacd ion. The titles ol 1the coordipdlors,
wilh the esxception aof thee Coopdloator for Operations, indicate
Thueir goeceral rosponsibi iLisk, The Coordinefor {or (perat ians
arbdngin air =appaert, aneluading the u=seo nof Naww gieraorell, for

Project SEDNAR.

Thee Techpica]l Suppn ) Group gided the Techpical ODeganlzation
in matbers relating to wcather proedicliiaons, radiolopical salety
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procedures, devitcre assombly and arming, and the timirg and firing
ol the deviaeg. Thia group alse pravided services, Such A5 prPacec
dures for offsite radiglogical =safety, far the Project MARRPFRT.

The proup was steffed Ry the following capbpaotors abnd Government

agencies (227

w  ROAG

# FARECO

& HZandip Corpcraticon

e V.3, Couast angd Geodetic Survey
# [D.5. Publir Health Service

# Lati. Yeather bureau.

The: Engimicring and Construction Gronp beilt and assemhled
the fapliities and installations pecesgary for The acientitic
EXpeEriments. Tne Support Group provided ftranzportetion,
coemupunications, medical, Bnd maintepAnce SerdicrRs, Hath proups
were Stabfoed by AEL and contractors, particularly Halomes and

Narver, Incorporated, and REECD.

The Uopartment of [erfense dig not have any speeifio graups
within the Praojecl MARBRger™s Organizatlion, excopl far ihe
Military [éputy ana bLis stalf. Thi= Functblan ol the MlY:raky
Deputy wes to coordlaante the sotiviticos of Lhe M) parlicipanls
in the woepiows groupsd ond =tutfs oaf rthe NTED.

d.2.2 Technicuel Organizuation

Tke Techaircal {Organizetlon assomblaed and armwed i1he SEDAN
ruclear device, In addition, 1t conductoed p onomber o Scijaontific
BEnd toochmical cxperiments.  The grodp was bkeaded by the Techaicog]
Nirecrwar, an [WR[. seientist, He wps assisted hy 5 Deputy

Teconical Niecvotlor feom LEL and two seientific sdvisors, one from
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IHI. and the othoer from the AEC Division of Biology apd Modicine.
The Techpical Director was supportoed by five sectiops (227

& Uperations

@ FErpgineering and (onsTruct inn
* SRIcty

& Axxembly snd Arming

» Timing und Firing.

The Operations Sectiop coprdinated the operrticnal reoguitve-
ments af all Tochniecel Organlzatlon parcticipants. The Englnecring
png Construction Sectlon wag the chiver Tigison botwoon the
Te-hinieal Orgpepization ard the Engineerlng A Conztbuction Group
ot 1lhe Praject Manager's (rgenjzetion, The HZatftety Section weEs
roespoensible for poersonne] zafety, lnoluding radiclogical safety,
betor and alter the shor, Hadiological satety tesponsibylitles
were coordinated with thosse of the Toechnical Section, Projeod
Meogpor's Organlaspticn. The Assombly and Avinang and the Timlng
and Firing Sectinns prepl red the SEDAN devieo for detonastion.
With the exceptiaon of the Timipg nmnd Firing Seciticn, mapned by
EGEG porsonbel, LEL persopne] supervised the support staffs. T
sctrortifie and tochnicr]l cxperiments aere copdoctoed by individoal
groups, superviscd by the Technlical Dircctor nmd supported by the

Goeotions of the techoicn, organizations (23).

3.3 DEPARTWEST OF DEFENGE PARTICIPATION IN SCIENTIFIC ANWD
SUPPOHT ACTIVITLES AT PROJECT SEDIaAN
Nepartmens of efense pereonnel tnook pert in aore of the
golentific agod techoical experiments conducted at Projoect FEDAN.
Most of these cxperiments wore doegsipgned 1o study poaccofual eppla-
ratfions of nuelear detonitions, The atbher exprriments were VELA

DMITORM projocts, develoacd fto detect uncderpround detonations.

A¥frer the detonmtion, some projost persoanel went into the

shot Brea to reoowor ogulpment and dsfe. Roecovery hour probalbly
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acourred at about L2000, or wkout threse hours afler the deto-

rAEticon, The inibial suevesy of the shor arecAa had boeen corplered

by thisx 11mi-,

d.E. b SoicnelFic Testws

The Teobhnicwel Orgunizstion conducted 8 number ot progroms At
Project SEDAN to docmmerc The effocts af o puclear cratering
drtonsticon,  These programs included (17, 2H93):

& Fallout collectinn snd weasurement, o=ing Telleoul

TTEYE &Ml callectors positioned throughaout fthe
planned fallout sectar

* lic-fnvironmental offeets, usang matertals arranged
Shitoughonl 1he test Abpa

* draund shock {sei=smic mopltoring)] epd girklast, ke h
apELTe o and ot sty

& Closecin gronng matasan ang olowud dimensinns, nsing
Bigh-mpeed photogeaphy and ondergrouns pregssube
TTRANEAUCLTE

* Tolal ress distribution, osing facpealinz, irays,
A meaxuring rods

w Forlaole trajeertory, Uxing radionctier pucllels
empleced rn holes near ground 2oTo.
Acearding To Availmble docrumentuatiaon, lwpactment of [eifepse
pa-rsonnd-] partiicapnted in faowr prajects, desrrite-d Delow, that
W pukttl ol fteechnica]l pregrans =cadvaog pecscefuwdl users sf onuelear
Ao L ions . In Aaddetiaon, thry participasied io sopport

activities tor Thesir stndlyae=s.,

stakility O Cretored Slopes wis condueTirg by the 501l

Lhiviminn «of the Army Tngererr Waterwarys Eixperiment Station,
Vickebyry , Misgiszippi. The stndy was sponsored by thae Army
Engaioncet kuerlenr Craforctng fSeouap, Livermaroe, Onliforniv, and Lhe
i.El.. The- prubtpeaia-s weeds Lo glerekmine Thae et baa-ism ol 1 ahern—

autioa on Lhe propertics of thoe subsurtace =il adjecent o the
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cralee &nd the stability 0 the resuliant crater slopes. Cettan on
Lhe vtfects were needed if cuclear detonntions were to he used in
excavation for such structuree as cansls, buwildings., bridegrs,
pirrs, und docks.  The Hucltear Cratering Group provided overall
technical direction for this study. The ¥utrrways:s Experiment
Sstatlan Supe-tvilised the riploratory 1eenechling, oomdunted
viaploratory crilling, etd analyzed the drill samplios.  The LHL
pertarmaed 1aillal geological mapping., provided continundng
Fealogical consuttation and phatograplky spprort, and cnordiowm fed
Fadiolopion]l safely activities {163, Proshet ficld werk,
conduetea in June 1888, consisted of fleld repping cxposod
Arolegae unils, boriog in ihe vicknily of giraund zoPfo, g
physiaal logging ot the arill holes, and labaretory testing (AR,

e 13 Juoaary 1963, {he Tast Manager southorized the Nuclear
ratering Grogpe ta begin postehot fxplarations of the SEDAN
Lrater., Hi gavi- suthorizwtion with the understanding lhat
wtitte-n pernission ta onter the SENAN arca sould b obtained {com
Lkl, arrd thei explovetions f the arvi-r wouwld neot interfore with
c:thioe MEPY Rotivities (357, An estimated six porsonne] from the
hutlenr Cratering Group aod the Waterways Exporiment Station wote
in resydence at Vi NTS, starting aboal 149 Janueeary 1363, The
cEDIerLtions wepe conclated 1o August 1963, These postohot field
tnvestipatians invoalyed meapping the caposzced ¢rafier ppd Throwout
surfgocs, mapping an inzacetign trench exeavated thraugh tho
crater 1ip, and making varltous other borings, geapbhysaical Jogs,
and tield densaty deterrinatliong (16; 453, Flgure 3-H shiows the

slogne ob thoe SEDAN craler.

Auwbl Aerind Photographic Anelyris was conduocted &y the

kevel Hadiologicat Defense Leboretory CHRLTY. Fecaus~ this
activity was schedoled anly a few davs hifare the shot, the

objerutives were not formally steted or docamented. Te 15
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Figure 3-8: PROJECT SEDAN CRATER SLOPE
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trlicved, howwewir, lthat The progject parblicipants wers 1o oSe

highepertaormane photagraphy alrereft to (477,
# Photograph Lhe preshot groong zero ored
w FMap the cratler

# Evialunte thee gove ntuages of 1his trpe of acrinl

prorerapbiy or lJuture PLOWSHAHE domonstreatfions.

A1 the Lime oxf Project SEDAM, NEDL was providing arrial
phuotogtaphy Suppoaret (or ¢ number of progects ol Dperation [KIMTNIC
[1, alge crmdpeied AL the NTS during Jnly P4R2,  The Militarwe
Fiold Upercation itices o1 KRN, which was rraponsible for Lheswe
missions, supervised sim-lar gerial phobkogrephy coveragre of
HEDNAN.  MEDL reyguested serial phorto suppurt bor Projoeotl SF0aw
tram thes Cormacder, Flect Air, Sabk Diceo, who then autharlecd 1he
Ligint Phatographic Sguadran Sixty=Throe VFP-63)] to provide that
suppert . The pheto Ssyuiclron was based al the Maval alr Biatyan
in Mitremar, Californis., Lpen XRD['S rrouest for o s=gquedraon
ropresepbotiave, o Mastlor Chiefl Petly OILiver aeeived ol Lhes WTE
a4 Lduly oas The WEP-6G3 _ialson olfloer to The Mililawy El:e1d
fperratian {01 ive., He remneined at Lhe BTS For Chroe secks o
eoordieate the acrial phatngraphy missions av SEDAKN and nther
shots (47 ).

Twer Fuli-l pirvealr, the phata version of e Pociltare
Sleet's supersanic Crgseder Jet airecafil ) condneded Four
photography Missions at Sroject SEDAN. The wnircralt fles 1he
ipitie) tYwo missiocns {5,710 [eet over tho immediate ground zero
arca. Thoy bogan the tirst mission At 1205 hours oo 85 Julwy and
The segond a1 (815 howrs on 8 July, abhavt sewen hours aftor the
Grtrnantian, hering thres: rwo flignts, the gircpepews also tonk
proshot photopraphs of thee ground sore sreas Por two OpepraTinn
151 EI sbhots, SMALL WOY and JOHNYE BOY. On 7 and 9 July,
teginnlpg at 1125 and [O20 hours, respeoctively, the aircraft Flew
ta«o additiane] sorcies tao photograph the oXtensivo upwined and

crosswind bass surge depositlon aren (177,
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ratering Kxpeoriment in Desert Alluvium, wes aonducted hy Lhe

ok, Uoast and Lieodetic Hurvey, with assictance from [LRL, Firld
Command DAS4s, and the air tarer Technical Applicetions Center,
The abjective was to obtein defte for improving empiriral scoeling
lorculas 1ar warth particle motion predictions.  The nroiecr was
dees ipmesd b doetormios the magnibude and distal alLfenrtation of the
penk earth paerticle vwelovizles, accelerations, and isplrermonts
angd tn campare the results with thore obtained froem studies of

nuturel earthguake phenomens snd undecground detonstions (26).

Hrojuecl perscennel obtained dats from 11 Proajrect 1.4 B0 S X
drojrct 2.1 stations,  Thoe Project 1.4 stations ranged fram ons
ta 29 kilometers from ground 2era.  Eight of tThese strtifins wore
in eonerets Funkers eod ynstalletionas construebed for purposes
alhierr Chan srcizspopgraphic sTodies, T GtTiesl thive StRLIONE Wit
19 seisEmoEraphice Slpelkers loceted ot of rhe dohpris fallowr
range.  The Frojecet Bl station: were mobile sand weee localod
wafisite, 150 1o 1,700 kilaometers From gravnd sevc.  Theoees ol the
wlations wore hartheast cfF poound zera at approxiapie distances
ot Ladér, Hey, wang 250 kilomelters. (f the Foffoaning =tatinns, one
was at Teyon, UDklanoma, and the aother o weres peart Suffisid,
Alboerta, CRnadn (263, Projects 1.4 Rod 3.1 we-roe WELA UMIPFLOHM

studies, apd Lhey are disvussed i seclion 30308,

Projoecl Bd.40, Some Hedioehemicsl s#nd Physical Mensurerents

nf hehris from wn linderground duclear REplosion, was condigted hv
the Lh.o&, haval BEerdiaological efrnse [abkoraiory, The phinctives
vere o eallect fallogtr samples in order (0 detrrmine mass per
unit grew, mass: and adetiwiby gistribhution as a5 functinn af
parbicle sixe, ionizalian decay rale and gamms speatra, and
ragdioczhemiral rompoesiticn ot the tallnout, sagdirione]l obhaerbives
weyre tor perform legehing and FXxchanpe studies of radiouctive
debris and to measore the release of paseans iafine fissioe

prodoetls (217,
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on 4 snd 5 July, prejoeet pecrsonnel placed busic callociors
at 20 stkations rorging 740 to & B30 reters from ground zero. AL
Q0 hopurs on 6 Juolw, they placed an icdine gas samplor &b &
Etation abour 3 00 metees foom groungd mero and starctisd the
motor. At 17y bours on H JJuly, participentls recovered
colloctors from stations 1,850 to S,HB0 meters from ground zero.,
At 1306 huurs on 149 July, pervsonnel retrieved collectors from

stoticns 1,360 o B 200 meters from groumnd sera (317,

d.3.d VELA ODNTEFORM Projects

Nepartment of Defense persgnnel parficipanted in several YELLA
LNIFONY projools at SEDAH.  The oripgin and purposce ol The VELA
LEIEFODHM progpram are discussed 1In chapter 2.

Proacct 1.4, 3trong Motion Sedsmic Mepsurcnprnis, was

conducted ay the [efeese Atomic Sapport Adgecney and the Cowes=1 And
Gevcnlpbic Surwew, Feoar [IHIQ 1o 2300 howurs o 5 July, peojerT
persnnpe-l made fipal Adynssments to Seismic ipstenmecntys AR
sratlens une to 259 kiloemeters Lror ground zera,  Thege stanlons,
al=o ke tor Projoet 62,90, were in Arvox 2, 04, H o9, 19, 12,
gna 14 Qb the MTS.  To make the adjpusimehis, persenme] divided
inte throe patrtics, ol of two men. The same partics made fineld
wd justments 1o the instroarents on shet-day, op to thras hoars
petore the dirtonation. ifter the detanatiorn, those parties
remained AP the furward checkpolnt until the apposbcemont of
roesavieery hiour, wwhen they proceeded into the shot Aben to ool lea:
aata {377).

Prajoct B.1, Intermodiste Hango Scisric Meoasurerrnts, was

conductedl Ly 1he Air Forss Techaical applicatiobs Confoer pad the
Lanst and Geodeile Survey. The objective woes to ool leet dalo 10
ad1d in improving moethaods of detectiog Rl idvntitvying undgerground
nucirer explasians,. TeREa abtained freom statiops 120 ta 1, Tog

Eylnmetors teom Frodbnd zebo ware also nsced for Praject 2,03 0377,



Froject H.4, [.ong Range Seismic Mexsurements, wes aonducted

by the pir Foree Technical Applicetions Center and tThe Coast and
Laptemd- e SUIrvEY, Its obiwss Liwves wils 0 s bbhiecr seismic data Eram

wariaus atfsite lagatwans (3A7).

Cepariment of Defonse peesonne] slso participated in Preject
9.2 [suppurt photography] and 5.3 | support photagrapby]. Tre
objectlives of these tTwo projoects wero to provide phatographs lar

purticipating agencies and fof publle inforention purposcs (377,

Seven DASA phvrto unit pecsonne] operdated s station i the
shol aren Teom 07040 to 1100 Eours oo shot—dey .  They took s011]
angd macianR picturecs ai the detoDrRtion, From 16 miputes beforo to
45 minutes after Lhe delonalicon, two additional personne]
phoiographed the ground zerd wres from s H-21 e dcopter
cireling upwind from ground zviro. Another DAZA phato unit
pArticipunt joined an EGRG groap at the Cantrol pPoape. When
The ared wags apenesg For eeoovery petiviticos, this participant

wirnt to the graund zera ares to Eake photopraphs (370,

3.4.2 Air ¥Force Special Wespons DUenler Activitios

Gpecific winfarmeticn on AFSWD activilies at Froject SFDAR is
limited, prlmacily beceuse SEDRDAN was conduacted withio the periad
ul Dperratican RDOMINIC I Rhd pacrticipant=s in ERDBEAN wers mlso
Lhwlyed in [MHOMINIC I, Documentalicon does not #lweys distip-
Euizsh hetwsaen the activities condurted st SEDRAN Rnd those
conducled atl DOMINIC TT. I1 iz known, however, thal AFSWO and

sther Air roroe porsonne] conducted cloud-sampling, oleouard-

tracking, and suppoert misslons during SEDAN.

{loud Sampiiog

Fyve B-5Y Rircratt, epch with a <orew af two, conduoeted

clotd-sampltag missions &t Projeat SEDAN,  The aleoraft stoped
from [ndian Spriags AFB 737}, The fir=t B-37 {s5crial oumbar Z24.4)
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sampled the HEDAN clowd four minptss uFrer the detonuation. This
pirerett was zandblasted by suspendsd narticulales, cansing some
dimage fa ils skin ampd frostlinog itxs windscreen., After completing
its missinn, the ajrcraft returned to Indian Springs AFR, Janding
atl 1420,

Al ceeew members albcard the Tive cloud-samplicg aircraft
word I10m badges. The highest film bodge rending sas 1.445 rem
{4417 . Threwr Yilm hedg:s wore tapoed icside the five airocafr, but
the readipgs tror thise hadges are not kRnown, In edditian, the
clutzsides of The alreealt were monitored. The highest radiatiomn
intinxity found oo these sircrafl was B.5 H b, cecorcded on the

lelo wing of Lhe tirst sappler (scrisl number 2443 (38R,

Ly Ry Traching

The ffsite Hudinlogieal Safely Organization asod two Adr
Force aiveraft and crows for clouwd tranking at SEDAN.  dOne 34
ITew a high-altitude apd the other &8 low-nltitode migsslan.

USPHS radinlogical suboety team, probably of two peersonnel,
Gocompnnied Che crew of eseh UIA, estimaled a0 Pour personhnel.

At LU31, one ol the aircesft left Indifan Springs AFB for the 5T35,
where it wus bo orbit over Yoeocs lake until] clesared hy ALr
coelral to fly over the shot srea, At 1040, this eircraft nassed
over the cloud at 21, %00 fret, reglstering R vreading of 0,00
Kine  The sceand U3ZA, wihidch both cracked and ponetrefoed the
cloud, flew Yrom lndian Springe AFR pfter the dotapation.  The
airecreft made iks tnitial ¢loud proretration at about 1450H) hours.
At 17y, it tiew a west-to—easY pess through the clnad tno chtain
an intensily profile, This alrereft fended its missiaon ot 17230
hours, efcer the legding odge of the cloud hed boed located g
kilometers south of Elv, Seveda (249 350,

A ®A-HB} Rircrate wos 'O pertorm oleuad tracking LY The cioud
rose to re #l1titude sbove the panpgoe of the Uda alyrereft, This
aircrafr tlew from Jrdisan Sprlngs AFE at 0930 but aprarenbly was

not necned for che ression (397,
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SHEEﬂrt

I addition to ane H=2] helicopter providing support to
Projeols 2.2 and 8.3, foeur other helicoptels participatlsed in
support acrivities, Two of these Relicoptoers rergincd at fhe
Contral Polnt 1 helweopter pad, prepared to perform rescue
cpergtions in Tthe forward arcea 10 necded.  The other two
helicapters were on standby to alrlift cxperimental s2piwals,
handlers, apd gumples that were pert of & LEPFHS project {59,

4.0 HADLATION PREOTECTION AT PROJELCT SEDAN

To minimize the pxposures of FPLOWSHARE personnal to donizing
rafdiation, tThe Atomic Energy Commission directed the Project
Matuger to implement radiclagical safety procedares. In
addition, the AEC cecommended an oandividual capasure 1imit of
d rem of gamma gnd newteoon radiation pec quarlter crlendar year
ahd naet more than 5 Fem Annually. The SERAN radiologleal safety

program oparatad wilthin lhese exposure guldelines (5.

d.4.1 Jdrganization of the Hadiclogical Satety Progrkem

The Project Mapager had oversll responsiblility for the
radioloegicnl safety of participunts in Projeot SEDAN. He weS
advised by the Technionl Staff and assisted Ry the Technical
Support Group. Korking with the Techrical Bupport Lroup, the
Radinlogical Sefety Division of HEECS provided Bll onsite
rudinlogical support, The Onzite RRAiIOIogical Safety Dificer
heaged Lhis divigsion, The USPHY provided of F5lte rARdlOlOglaeal
Saleky support. The Offsiie Bedlologionl Safety OFFficer
supcrvlsed these sctivities (29, 407,
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3.49.,2 HRadiuztion Prortection Activitias

The radiolopicel szfety program wes designed to mieimize the
radiatian expasures of particelpeting personnel]l and aobservers, Lo
prevent ihe zpread of radicactlve contamination to uncantrolled
Dreas, andg to essist In securdty and controel of personnel ACoess
inta radistion areax. I fFulfilling its responsibllitles, the
EtlCo Radiologleal Safety Divigion dld the following (40):

& Iss5uerd anticontaninatlion clothing ead eguipment to
personnel enteriog radietion aress

# Maintaiped crxposure regords ta determine the

acrumulared sxposure ofF each particlipant to garnk
radiation

a Providen radiatricon detectionr iastruments

- I=sued, exchacged, processed, And evalueted film
bRdge dosimeters

& Took eir =samples and monlifored radiatiaon Areas and
contralled aceess Iptoe these arces

® Plotted isnintensity contour maps of rediatioan areas
bnd provided rediatlion informaticon fo personnel
entering radiation areas

# [Doecontaminaied personnel, webleles, and egquipment.

Hadiclogical satety personnel were Stationed at the TesT
Dirvctor's Forward Control Point. This building served ws Lhe
base vperations statiopn for the radiclogica] monitaring teams,
In addition, the bulldirg wes used as 4 check station to ensure
thet pebrsooncel eotering the test ared had proper ldentificaticon
budges and muthorizatior pupers. The Test Director's Forward
Control Paint also fusciioned ke B decoptamination facility for
personnel end vehlicles Ileaving the test area. Another
radiologicnl =afuaty =actiion pt Todian Springs AFH provided
mopitoeriog and decaontamlination services for the cloud-ssmpliog
progeam (40).



Protective Bguipmen! and Personnel Dpsimetry

Hooiclngical s&fsly prreonnel proocouresd, issued, maintnined,
repakren, and Stored protective egulpnent and supplies fore
pUrrsonncl cbhteriog thy SEUAN test etrea. This egquipkent inmcluded
iilm beR4ges, radiae instrements, copvirvopmental sampling cquip-
meat, eod anticontamination clothing. Wilh the edeeption of
AFsw: partiaipanes, NTSEO persopacl Freoedved this ogunipmenc and
clothing &z they passced thicugh the Testr Hlrecior's Forwvard
contral Pownt.  AFSWC personnel Peccived the cgulpment and o clath-
ang «t ithe lodian Springs AFH rediological sately faceility (40).

From & July thraugn 13 August J98Z, 378 personnel ertered
Thi tosl Arei. Each individaal recoived & Film bedge ond a
srlf-reading pocket doslmebler.  The pockeot dosimetors were read
when Lhis dingdiwvidinls Te-FL the tesE o sren, mod #xpusur-Sowiere
wmritton down snd used o5 a scpplemenlal) daily record to Lhe Lilf
hadge recards,  Twa personnel, ane fror the Havel gadialogicud
Drfense Laboratory and the other fror the keval Mahile
fmstructinn Hattalinn-kE[LEVEN, cvxoredod the 3 o rem limit.  The
MA%inum persannol eXprsule Wwas 5.7 rem, and the pvertge
ERHIHUTE was OB ED rem (40 . In gadition to the dpEgreaEginhe
eRpnRLre infomAation in The "Onrslte Badionlogiral Satety Heport,©
tRBle 5~} prosents the gaRrme exposurds dats availehle from fFilm
badge rocords for OO patlicipants at SERAK.  Table 3-2 ppesonts
Eammy cxposure information evailahle from Film hedge records for
sctentific perscnnel, contractoers, and affilistes wno took peri
In the PLOWEHARE DPreograe.  The documentation used far takle 53-2
did net idertify the particlpants acecording to sproafic PLOWSHARE
wyenl (7 25 41; 4é3,
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Monitor1ng

Site moniloring sctivities of the Hodioldogics]l Safety
Nivisinon ncluded $37; 40;:

& berforming ipitital survers end rosurveys ol the toest
aren

¢ Marking snd exstablishing radiation areas withir
ikointensity lines

& Lstablizhing and aporating monltoring checkpoints

& Saerving Ax monitors for personnel who were reguired
tox vnter radietion ARTRRGS.

At 110M) hours, two hours after the detnonetion, four ftweo=
perscn monitoring teams in redlio-cguipped vehicles left the Test
Birector’s Forward Controel Point %o conduet the rpitial graund
survoey of the shot serea. Badigption intepsiticns hefore this time,
as recorded hy remote monitoring stations, woere too Righ to
pormil Catey inloe this ores, The subvoey Leams§ procecded along
Freaesighated routes anta the shot area taking radiatyon peadinps
ux Lhey progressed. They redinprg the readings to radiolagical
gafccy personne]l at the hace statisp, wheres 15aintensiTy maps
vore prepated. The maps wore thes made gvnilable To praject
persannel who eotered tThe shot arca 0o recover eguipment and
data.

The teams completed the initial] suewvey at 1200 bhoars,
Figurc 3«9 presents B copy of the radlation L&ointonsity map
resulting from this survey, Resurveys werpe periarmed Five hours
aftey the detonation and on variows deys up to 34 devs atter the
detonetiomn. Figurrs 3-10 snogd 4-11 show oopies of rediation
ixnintensity maps resulting from sarvews conduacted five hours nnd
two drys airer the detonotion. RAdliolaglieal survevs wers also
conducted &t speclitfie locations in additlon te Area 10, including
Frogoliman Filagt, Papoocse Laze, Control Point Boeilding 1, and Arcva
T o).
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Crlsite monktoring, providged By USPHE persopnel, was al=so
conducted during the SEDAK cvent. Before the dotonation, IH
twa-persan tonifkarsng taBms in radic-eguipped Yehlicoles went to
selecied offsite areas within sbout 350 kilometers of grogna
LT, Thoese Leanms woere Lhea in gositlion o conduct goound
surveys as the SR0DAN olowd deifted over theirc locwtiors=.  The
Lesame mond Lorred dlong some bighways and in pnpulabed arcys in the
path i ehoo o alowad, The highest gasme intenslty they coooattered
2 shot-day tn unpopilated arens was 1,968 HSh, rocorded abouor
2 kelometors nrocth of grocod zero. The haghest gommo iotenzily
encountered by teoams in 8 popuisted arca on shot-day was
0,324 Bfn, reecorded in ablo, wWevada. The next highe=st

tatenslioy oan shot-day whs L0532 Heb st Poaoyer, Noewvada (297,

Offsite moanytoring feams resurveyoed the Lowns and other
populatsd arzas opelk day For Pour devys wfler the detpnation. The
hyighest gamma tntensity recorded was O.011 HAh in Diabio the day
dafter thoe detonation (293,

Lecontarination

Badinlogical safoty poersonnse] operated A& diecontamination
farility from the Test Mrectar's Forwerd Controal Polnl. Al this
SLaficn, they mop:tored perseonoed, vehbeles, sbd egquipment
1reEving the EBest area. lrgesntamitnetion wes ool ded 11 1ed) -
gotivity exceeded the KTH limits of:

® [Porsonnel: Q.00 B (bhetn and gaminad or 1,000

counTsE por minuote falpha) o
soptimrontamination clothing Aand shores

U0kl /0 (gammal) ar 200 caunts por
minute (alphe) on surface of zkin or
underclothing

&« VYehicles ana G.unt HSh fpamrald on oUTter surfaces
caipment :
.07 Bfh {hetls and gaemora) ac 10,0040
aomnts per minute (atphal) on inner
surfaces.
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The first step inp derontamipating persopoe] returning from
the rediation aree wias Lo clesan them of surface contarination by
wacyuming The dust and dict {rom thelr garments. FetioeToing
personmsl then turned in theirv regpirators, film hadges, eodl
pocket dosimeliers. Hadinlopgical sufety personnel pext monitoPod
cach jodiviauwal. TIf the :»adicactivity reading cxcocded the
limit, 1he person was reg: ired to remove contar:bated clothing
dnd, if tho rmoaeging was 51131711 oo high, take 8 shower,
Hadialoglical satoety porsenmel monltoerced the Individurl agrin
gitoer the showoer., 1f the radlation roadiog wis loss tharn 0.00]
Efbh an the surfeer of the skin, the ipdividual recedwved fresh

clothing and w3y released.

Yoepicles relurning f ~om radietion areas sore perked in
dosignated aroas Adiecent to the Confrold TWmint.  M¥emhers nf The
Bndiciogical Satety Division monpltared the viokhicloes, 1€ thew
recorded roadinges of 0.007 BfMh or greater, the vehicles had to Bre
decontemion b, Hodiological safety pereonnsl tirsl vacuumed xll
surfaces, itnrluding running boards, floorboerds, and the undaer-
Sides 0¥ tepdors.  They taen resurveyed the vehleles ppd, % the
vehiales wers still econtaningted, spraved ang wished thom with &
liguya deterpgent and rinscd them with water, When porsurcd pamna
radietion intensities were less then 0,007 Rfh, radiclogicel

Shlety prrsonnecl returned The wehicles 1o sorvice,

Aodiologlcal safely personnel]l Llso opecated A decontamipg-
Lion Loxility ww Endsan Ffprings a4k, After completing thelr
misstaors, AFERD aircraft returened to thi base, There, the
Rircrait snd crews woerte nopifered For redionorivity oand
ducoentamiagdtod as necessery (4070

To allaw natura! deoay of radiation fntensities, decontame-
ination arews whited umtal 1300 howurs an shat-day ta begin
devopiaminating the five clond-sampling aireraft,. There crews,

wearing anticontamination olathing, film hadpges, and pocket
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dppsimeters, used 1 mixture of citric acid, sodium borate, s0RpD,
«ri water tao ageconteminate the gircraft, tnoluding the pilot
arpas, the engines, and the semple pods. To decantaminabe
crogines, Lhe crowys spriéyed the running enginpes with s twe-inch

sfrvam of water from a fire hoses (2R},

Im addition Lo decontaminatiog personnel and wehicles, a
major decoptamination activity during SERAN was cloaniag about
11 kilometers of the highway leading tao Oroom 1'Aass.  This bhlghwhey
had become ¢contaminated with fellout debris from the ¢ loud, By
11 July, the maximum radiatiop levels hed docuavoed to sabhoot
1.2 Brhe Hediologlocal sAREvly persoonnel washod the conbtaminated
materjal from the road with water from high-pressure hoses.  They
used several tanker Lrucks and fhire trucks for this operation.
Al ber washing, the highwdy was roesucwveysd, and phee highest
radlation level wias found to be 0015 Afhe AT 1I(H) hours on

11 July, the highway was reaponed for tral Fie {407,
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REFERENCE [LIST

The follcowing lizt of rofovceoces reprezents
nly Llhofe docvuments cited in the PLOWSHAHRE
FProgram valumea, When B WT dacument is
Ifeellownd By wn EX, thg latest vwerslon has heen

el ted,

Many of the PLOWSHARE Progras documeants were
made availahle for public sale viea the Hifice
of Techpical Services (OTE), the predecesgor
ot the Metiona]l Technical Iaformation Scryio
¢®%T15)1. Thus, zome OFf these documents were
cntered anta the HTIS Butompted refricval
syxtem pol wibth anp AD pymber it with thellr
iszuanoce designation of PHNE or TID. The
doctments o fdentified in this listing arre
precedoed by lhe price edde before the order
number, I "archives copy' appeyrs in
brackets after the order numbeor, pleage
Jdeslpgnete 45 = h in & Troyuest,
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AVAILABILITY INFUOBEMATION

An ovairlabilily stetemenl hax boeen tnelouded adt tho end of
the referencre citetion for those vedaders whn wisk to read or
chirin ocopics of zourae documents.  Availability statements were
correct 82t the time the hibllography was prepared. Tt ks
anticipated that many of the docoments marked unAvEilAable moy
Be:coome- availehle during the declasstfication review process,  The
Coordination agd Infoermecion Center (C1CY and the Natlonal
Techmical Information Sercvivee (HTIS) will be provithed Future
DHA=-®T documents berring en EX after the report number.

Sprurces gacuments beaciog an svailebilily stptement of CI1C0
muy bke reviewed at the fonllowing radress;

Department ol Enorgy

Cocrdipation snd Informaticn Center

fporated by Heynolds Electrical & Enginesring o, , Ine, )
ATTN . Mr. Richurd ¥. hkutley

2754 H. Highland

F.01, Eox 145140 Fiarras: fFOZ2Y F33-3194
Las Yegas, Neveda HH114 FT3: S08-31494

Scurce Adocuments bearing 2n oavajlabhility steeement of NTLS
may b purchased from the Hatiopal Technlcal Infarmatian 3epvice.
When ordering by mall) ar phore, pleasso inelode both the prices
ceede and Bl NTIS nuamber. The price ondo wppedrs in parenthesos
befure the WTITLE ordec numker,

Malional Technival loftoermatlon Service
2245 l'ort Howal Houd Bhone: (7037 487-4650
springficld, Virvrglnkla 32151 (8ales (OfMiced

Addilioconal oragripg infaormatinn or assistance may b ohralned by

writing to Lthe HTIS, Attention: Cuxlomer Service, or by calling
(Fd) 874660,
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THE PLOMwSARL PROGRAWM HEFERENCE LIST

1. 791h Cangress of the Ipited Stples, And Session, Fublic
law OHE; Aatomi ; Koergy Acl of LSdR, Woshingloe,
D.C.. P, Algust 1, 18046, 29 PREES,

2, Hard Congress of the Ipibed Stuates=, 2nd Sesminm, Futalis
Law 70k: Atomi -t Energy Acl of 149FR4. Woshingrton,
L.C.: 4GP0, Adgust 30, 1253, 16 Peges.,

d. atomic Encerey Commisslon. Standard Jpuerating Fracodirre,
hapter OR3Z4q- Hegiological Sofsety, TIRAFT.
Weshington, [F.C.: AEC. B On2dA-011. Jurne & LHEL.

9 Pages **

4. Altumic Energy Commission, Albuguorguar. TWE {pricrityl ta
ARD Qakland, Project GHOME, Abhuguerrngue, kM.
HH 04 RRANTAENZ. [1o68f.be=

L Atomic Energy ffommisszion, Project (NOWE Manuger. Hemorandum
to Distributiaon, Subject: Special Instructinns and
Srhedule of Eveats ¥For Profect GROME, w/'2 cnels.
[CrRrkshaa, MW]  aARC.  Decoembrr F, 1861, 27 nNUpes. v

BE. Atomice BERvrgy Comrission, San Franciseo Operations Office,
Appendix 1o Hedioleglicel Safety Criteria., (In
"PFLOWSREHARE Progrem: Tecsbnical Reporting Flan, Projocet
Shbian . ") [¢raxlpnmd, Ch.] May 1969, 2 HRges.»»

7. Defenge Koclear Agency. Perscnnde]l Exposed ta Radiation from
Atmospheric Nugclear Tests {File 407, Computer
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