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FORE WORD 

This report has had classified material removed in order to 
make the information available on an unclassified, open 
publication basis. to any interested parties. This effort to 
declassify this report has been accomplished specifically to 
suppcrt the Department of Defense Nuclear Test Personnel Qeview 
(NTPR) Program. The objective is to facilitate studies of the 
low levels of radiation received by some individuals during the 
atmospheric nuclear test program by making as much information 
as possible available to all interested parties. 

The material which has been deleted is all currently 
classified as Restricted Data or Formerly Restricted Data under 
the provision o f  the Atomic Energy Act o f  1954. (as amended) or 
is National Security Information. 

This report has been reprcduced directly from available 
copies of the original material. The locations from which 
material has been deleted is generally obvious by the spacings 
and "holes" in the text. Thus the context o f  the miterial 
deleted is identified to assist the reader in the determination 
of whether the  deleted information i s  germane to his study. 

It is the belief of the individuals who have participated 
in preparing this report by oeleting the classified material 
and o f  the Defense Nuclear Agency that the report accurately 
portrays the contents of the original and that the deleted 
material i s  o f  little o r  no significance to studies into the 
amounts or types of radiation received by any individuals 
during the atmospheric nuclear test program. 



PXEE’ACQ 

r Pert  One is a general s w r y  of  the major findings as applied t o  
opera t iowl  weapons. Part Two is a r e s u e  of t he  r e su l t s  01)tained with 
the t e s t  weapons together with a dincunslon of the problem involved in 
extrapolation. 
reports of the va r ious  agencies par t loipstfng in the  operation. These 
bave been consolidated i n t o  2t3 volmea end a re  l i s t e d  in Appenctix A 

I t  should be minted out that a preliml- report, “Operation 

This report  is based principally on the  final project 

2 
JUGLE, Weapma Effects TestsD tias issued by the b e d  Forces Special 
Weapons Project i n  Jsntlary, 1952,to sa t i s fy  the  immediete need for data, 
which, together with operational considerations, c o u l d  be used t o  make 
decisions r e l a t ive  to the stocgpiliug of several types of  atomic bombs. 
In general, t he  conclusions reached in t he  prulimlaary report  .%gee v i t h  
those reported herein with the  exceptions indicated below. In view of  
these and other detai leS chaqzes the preliminary report  should be as- 
regarded. 

a. Comparison of  ragi_logical aifffita for: ,  ‘ -  ’ Junaergrocna deto- 

b. 

surface detonetios h w o  bee2 mdifid.  
b.- P nation u i t h  thoso  f o r  an 

Bll+u% of rediozctive debris  fmm the  cloud f r o m  underg:omd 
detonetions at scald dEpths com~aiable  t o  the JANGLE uadcrgromd a p  
pears t o  be of g r e a t e r  iaportence and that from the base surge a f  l ese  
import.ence thm praviorrrrly indicated. 

C. Sone but not all of  the physical l a w s  govemicg scaling between 
E3 and n u c l w  detonations have boan dcnonstrated. 

d. Some of the c a p b i l i t i e a  and l b i t a t i a n s  o f  techniques and 
equipment developed f o r  mi l i ta ry  operations hsve barn fur ther  evaluated. 

?!he J~FGU Opercition was carried out aadsr the gsoerd direct ion of 
Dr. C. Gravee, Test Mrector,  w i t h  h. A. X. Spilhano as Deputy Teat 
Director f o r  1Jepons Effects. 
the general direct ion o f  Dro J. C. C l a r Z ,  Dsputy resf Mrcctor. 
weapons effects programs were carried out under the direct ion of GoLonel 
KSI S. Qeorge, BA, USA, Mrector  o f  afccts  Teatas e s s i a t d  b.Y L t . h l .  
G. W. kcHeney, USA. 

Fie ld  operatlone at  the a l t o  ware Q n d C r  
The 

This repar t  uaa prepared by mabere o f  the staff o f  the DYpUty feet  
D i r e c t o r  for Weagona B f e c t s ,  consisting of the folloning lndividaalsr 
Dr. E. L. dndrm* 0SPH.S: CDB 2. J. Hoffman, USH: Lt.Co1. 3. A. & t e l l ,  
USA; am D. c. Carrpbeii* USN; LCDR J. J. x-an, urn: LCDB L. B. o’~onnall, 
OSH; end 1 s t  Lt. B. A. Bargin, U S U .  
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nmbere of the  a t a f f  of Headquarters, Armed Borcea Special W a p n e  Pro) 
bet. Special tamtion Za d e  o f  those, listed below, wbn rwfened the 
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f i 1 

Operation JMGL;: yk9 executed at the Hevada Test S i t e  (MV gspada 
Provlng  Orounb) i n  t h e  fall of 1951 to determine the  propert ies  of 
large surface sad uudergroand atonlFexplosions. 
a a t l o r ;  of 13 high q l o n i r e  charges and tuo atonic bornbe o f  1.2 E piela. 

_. _- --- 
I t  involved the deb- 

ha operation of this nature was conceived soon a f t e r  the undar*=ter 
t w t  of Operation WSS306'3S and epproved by t he  J o i n t  Caiofs of  S t a f f  
i n  Kovenber. 1950. 
slderntioo, safety conrida;.ations dictated that such en oporztlon be 
done at a s i t e  outside the cont inental  United S t a t e s .  The t c3 t  vas 
echeduled t o  be conduofed on Whltka  Ieland in the Aleu t i a  chain under 
the code m e  h'I?BI)STOEN. 

Since x€.spns of operational s ize  were under con- 

A detai led esminat ion of  t he  soil and meteorological conditions on 
kchi*& indicated that nn opsrat ion them wuld pyodrse results of 
narglnal value. 
indefini te ly  postpDncd Operation Y I ~ T O B H  arid di rec ted  the execution 
o f  Operation JLlirELE at t h e  R m C a  Teat Si te .  

Oonaquontlp, on 9 May 1952 the J o l n t  Chiefs of Stzff 

B e  Icove f r o m  h c h i t k a  t o  Fevada necessi ta ted a c h 9 e  In  t i e  reap 
On8 t o  be detomted. The possibllitg of  c o n h i  tin: a k t g e  
l i n i t e t  the y ie ld  of  the weapons t o  about 1 X". 3 
b e e  noccsssrg t o  e x t r a p l a t e  from the reaul t s  for t he  1 K" wwprJns ta 
e a t h a t e  t 5 e  effects  s t a t e d  hescin f o r  veapons of operat lonsl  size. 

1.2 03Jm21vkS 

a z w a t ,  i t  hp5 

The objectives of Operation JAUGLLE: vere considered t o  be: 

a. To deternine the mllitary s f f ea t s  of  atomic weapons detonate4 
mderground and on the g r c d  aux'face. 

b. l o  d e t d n e  the r d a t i v e  effectiveneaa and fissionable materi- 
dl worwuq o f  a tonic  rea2on.g c q a b l e  of detonation aadergroand m d  on 

1 



the  surface f o r  me in 63tabliekling the  rquiremants f o r  developmmt 
and pmdnstion of such veapons. 

t i o n  a d  sceling between convmtioaal h k h  explosive (m) m d  nnclsar 
det9nstiona GO th%t 
of nuclear c p l o s i o n a  undar osrying condltiow on a xibe var ie ty  of 
terg e t e  . 

C .  To determine the  physical law governing s b c k  wave pro=* 

ezpZ??aenta Cz.n be W e d  t o  predict  the e f f x t s  

d. To maluate the s a l t a b i l i t y  o f  q d p n e n t  and techniquw devel- 
o p c i  f o r  n i l i t q  opcratlons in uXch e t o d c  weapons a r e  used. 

1.3 LIKITATXOXS 

of two 1.2 bp &tonic bombs, one on the  surfsce of the  ground and tho 
other 17 f e e t  uadsI.ground, rheraa the  operational weapons t o  be COP 
=.red are ¶ U t e  d i f fe ren t  Fn nsrgy r e l s i s e  end conditions of datonstios 
U6in.g  the data obtained from the  1.2 €?l detonations t o  estimate resui te  
lFtaly t o  accrue from larger bonbs involves extrapolations which CQD be 
accepted only r l t h  omtion. 

It m a t  be e=~phs izSd  that Operation JlLNOLE involved the  dstonation 

me resul t6  and the  prcdictlons r emr ted  herein qply  wlth grsst- 
t s t  cer ta in* t o  s i t a s t i o m  which rroot n w l y  du:llcete the conditions 
vUch p r c r s i l d  at ths Fcr& Clto.  me n l m l f l c s n t  verisblos t o  ba 
corsldered & r e  0011 and nooeorology. 
conducted h3d a high ettanuation t o  ground shock. "hero ere Mica t ione ,  
that this attenuation l a  n u r  the  higher l l l z i t  of the reage f o r  common 
e o 1 1  typei. The shots wore dctonated In clear. dry, desert  weather v l t b  
about 8 5 n i l e  pa hour curface tmid. These wu the r  conditione were 
favorable r o r  t h e  study of the spresd of radioactiviw. 
condi t ionn  vi11 materially a f f a t  the arsa and i n t e m i f p  of  re3idua.l 
coateraination. 

The ear'& i n  which the  tat yiu 

Other weather 

This r-rt l a  r e s t r i c t cd  to a dsscrlption of the  af fec ts  which 
q v  be ant ic lps ted  f r o =  the  w e  o f  wesmns i n  wartime and l a  not con- 
cerned r i th  other operat ioni l  fectors .  However, in s c a l i n g  t he  e f f s t s  
o f  t h s  test r-apns t o  opemt1onaJ. wfx=pns, aone Wtcd  consideration 
035 bscn given to fcctors thst a r e  inhsrcntly a pgrt  of the terget ,  the 
L I G C b d  o f  d c l l o u y .  cnd the  msteorological conbitions. et the  t h e  of 
tell-iew. 

Dpcretlon JAXQLS pro-?ldcs tho firrrt experimental data on t h e  Icili- 
tary effects of surface and andorground detonations of e toa lc  wsapona. 
Pr io r  t o  tbls oper6tion estirrtea were bsssd on t h a r i e s  d s o l o p d  from 
s t 2 l i c q  o f  r c s u l t a  from Ugh c s l o s l v e  t e c t s  a d  the r?ildcrvater deh-  
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mtion of Operation CaOSS934.33. 

s i ~ o  tine twt wsapors Yore considerably lower in y i a d  t-m pros- 
mt4 deTelo?d o p s r e t l o ~ ~ l  wlezpone, and alnce t he  t e s t  proemus vero 
w111ic.1 o-j: i n  only one endromen t ,  0- marginal bcsic data on tho 
effects  o f  E ~ W ~ E S ~  and umicrground dstonationa VQ'O obtainai. Theoa 
.sk e o n e  t o  f i l l  in =-jar g e p  i n  the m a p o n e  effmte information a d  
p c E l t  r o q h  extreyolation of operational wccFons end conditions. 

1.4.1 Ph~fiwornm~ Hcisured 

Operation JATC3D produced basic  data on grovnd skock. air  

Sone L p f o m t i o n  tt2s obtained on niasiles and thrwi-oat. 
blest ,  m& on the  B i z B  end ahape Of Craters frOn andergrooad end a M a c e  
bursts. 

Considerable information w a e  obtained on thu loading of and 
re9ponse o f  a t m t c r s s  within the region of elast ic  a t ruc ture l  action. 
Terg litt!.e infomation was obtaimd f o r  the region of  plastic ac t ion  
and such data are  necessery f o r  t he  calculation of al tFnnte  resistance.  

Extezaive n e a s a r ~ s n t e  of gnmme radietion rate vozom time 
ana Cistzzce were Eade. 
*as ca=rieb out  over a broad pzttzrn t o  d o t o m h a  ths d i s t r f h t i o n  of 
rss€:iul con:si.latlon end provide saaples for rablochc-xiccl a d  m-ti- 
cle s h d i e a .  Biological e'mLIes vere conducted to aaeee8 the beta a d  
g-a &.-ad  and p a e i b l e  inbaletion hazard. 

S m p l i w  of  f e l l -ou t  and nfsr-,po'ound dast cloud 

Extensive photogrephic records vera obtained and b v e  been 
W r t i d l Q  aBSdy26d t o  provide mssea;-emunta of t rans ien t  ground &io- 
p l e c e n a t a ,  mesurmmts of eir blset ,  aad c o r r e h t i o n  of v i s i b l e  phc- 
nonma w i t 3  r a d i o a c t i v i b  records. 
train* a d  indoctrination. 

Theae pictures w i l l  be useful f o r  

The opcration provided en ereelleat oppartunity t c  f i d d  
t e s t  v=.ricuo rad.iologicc1 dcfanse mBa8urea. Fie lb  teste were a l s o  &e 
of tho trxhnianEs of_locggrzage.detec_tion, ind i rec t  bomb &nags asse9e- 
m a t ,  e r a s - v u l n e r a b i l i t y  of VES~OUE types  of n i l i t a q  eqdpnent and 
foztific6:iocs. 

1.5 ?E? DLM)WTIOBS - 
The following ee r l e s  cf s h t a  VBB f i red  to achiwe t h e  objectives 

Of Operation JAITGLE: 

arplosive fro3 177 poilllds o f  y c l t o l i t e  b 4O.ooO pounds of TBT, f ired 
a. Thirteen high explosive (HE) Shots wing ameral m e i g h t n  of 

Un&Qrgrous2 arid on the  surface of t he  ground. 



p. 
i 

3epth t o  Charge 
Center o f  Gravity 

d ( fea t )  

KE-1 2.05 

m-2 40,000 5.13 

6.9 

m-4 2560 -2.05 j 

.2 XT yield,;, I' L- f i r e d  19 Hovenber 1951. 
S m f a c e  ahot 
above gram 

bo -I - -- 
C. Undsrgr~und shot, same weepon as the  surface sb t .  :..Z ET yie ld  

c a t a r  of grG-rlty 17 feet udmground,  fired 29 EOV6riber l95!.. 

1.5.: S?e=ific ObJcctivee of the S l a t 6  

The HE_cl?ots l i s t e d  in Table 1.1 vere w r i e d  out  in Yucca 

--- 
l l a t  p i o r  t? the nucl6w erplosj.ons t o  provide a brsis f o r  GB1BL"ting 
im:rqmt_ranges c s p b l e  o f  recoding data from the  nuclear s'mts. In 
d t i a a ,  t h a e  HZ s b j t s  proviaed a basis  for the assigmeat  o f  quiva-  
lat_-E;P yields for the nula2.r shots, and the poasible estz31iehnent of 
Th'&,rde&scale rebtionnbips. A second series of ehota. l i s t e d  in 

Sceled ~epi;h 1 h t e  
d x, =g/3 

0.15 25 N 
0.15 3 SeP 

0.5 15 sep 

4.15 9 sep 

~ 

Teble 1.2, irir'firad i n  F - r c n c k  IZa<~to&oovide - bsslc .- __.. de t s  ?or  base 
surge studiea. 

The suriacr, nuclear shot waa fired to determine the cffect 
of d:toagtillg a reapon on or near the surface of the Eerth and t c  deter- 
nine ~ h 3 t h o r  large y ie ld  veapna wing re lat ivelg,  small pcounts of 
f i s s i o x b l e  n a t e r i d  would produce underground effectrr y a i v e l e n t  t o  
tfioee profiuzea SS. lower yie ld  pemtmt lng  wepons using hrgsr a r z m n t a  
of  fiaeiolutr'e rateriE1. Air prrsanre informstion from e. surfwe a b t  
Y.ES r ec ,d r s l  t o  give height' &ita for height o f  burst c u z e a . 3  

?he underground nuclsar shot was fired tc, providq a b a s i a  
f r the estFmstion o f  the effects t o  be expected from the de5anetion of 
a 7 
Skud 

Ipretrating wsspon st a depth of approrimate4 50 f e e t  uncelr 
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m m  vidtb) mCl& take 6bUtL 
s 
conditions. Unless shielding f o r  q d p n e n t  operators were providcd, i t  
would bs lnp:ac:icable t o  s t a r t  v o k  before) one or two W&S bocacrre of 
radioactive conLvnslination. B e n  thun, t h e  repsir forces n u t  ba  re. 
F r e d  t o  p1a~:de amorxl  r q l e c c m n t  crena of eqaipmnt operatom and 
other per3omol p'orkhg I n  the i z e t i a t e  area. 
to 1/2 inch of s t e s l  were pnpidC6, work could bezin within t r rO dz.q-0 w i t h  
few, if a y ,  r td i e t ion  c s i 5 a t i C 8 .  After faux W(J&E, ths  r&e$ion 
pmblez u c d d  mt o e r b w v  hhder  construcsfon. 

]CQbiC pads of  f i l l  ard t?uld rqnlre 
of ahat j~ -8' ~ F L  for coxpletion d o r  energency c p a r a t i x  

If shiel?in= equtvaleat 

ll~l,! JKT d e c e  d e t o x t i o n  UadQr sirtiler conditions v o a ~  prodace 

,cu?Ac 
7 - a cratGri - 

TO rc?lc.c3 a -:cot m r s y  i&ip WUQ take 
ye* ~f fi d m d  m a d  require about one w0& of work. ~ e E o z c f i v e  
c o n * d m t i o n  miild p r e ~ e n t  a b u t  the sac18 problea  to the r q d r  crews 
a0 i n  ths w e  o f  the v z d e r p u n d  barat. 

If atoz3.c n ~ p n r  are  wed In niniry oporations t o  produce a crater 
aa Implosion X0-b ehoald be barled dscp undergroud, i .e . ,  bandzeds of  
f ee t  f o r  en[ /El  boob. 

2.1; BIB U c T  -- 
air p:c;sare rossurments f r o 2  tho ~~lcla-grcmd nrolear t c s t  sbwcd 

chwaoter ie t icc  slnilar t o  t lose  obserued with the  scaled lLE tecta. 
Therefore, direct acallng for an operat iom1 weapon anEer t k e  Es7eda 
conditions eppu-m mtifici. 
and o t h r  s o i l  condltiom e r e  no: as v d l  establ lehd.  Hevier s o i l  o r  
greatc depths of penetration r L l l  redace t h e  orerprasure as c o q s r e b  
t o  JetrGLLBi conditions. 

being considered a r c  c0-d t o  *he preaaurea obtain& * i t h  ani 
air burst in F-me 2.2. 

The e f fec t s  fo r  other dop+&s o f  bulel 

Peak air prossares elow the ground for the two o p e r a t i o 4  fcyapns 
(Xl' 

B l a s t  pre3arues in the air ebove e i the r  a surface or rOdo?,~Oand 
h a t  m e  a -:tor of in tor ru t  for tho s d s t y  o f  s i r c r a f t  i n  that vicini- 
ty. Figwe 2#3 give3 p& overpreosures f o r  the o p e r a t i o d  w@aFons 
onCer considoration. 
Corrected t o  giro palrc3  et sag lmel. A correction f o r  the dccl ins  l n  
atnrfipheric prcssrve 83th inorcasing a l t i t u d e  above the aaz-'ece m t  bB 
used for a3y o p 3 r a t i o n d  aifuetion. These data eppw far p a i t i o n n  di- 
rec t ly  above the point of &:onation. Wthez ertenslon of the JP;G@LE 
bats. is r-nirad t o  give inforrat ion f o r  0th- Xoueitiana €n space. 

These m e a  m e  acalsb fzo?n the JANGLE data and 
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2.5 o m m  SHOCK - 
Insu f f i c imt  ezprhcn 'd  bat3 sA8t k~ establ ish lava which vill 

a l l o w  scaling ground pressares and accoleraticino w l t h  t he i r  asaocintcd 
t i s e  charzcter is t ice  an0 displacements to O g W r a t l O n a l  a i z e  weapons. For 
theas ground pheaonena no s y e t a t i c  relationship 
between the El and t he  nncleax shot%%. Thcrefare, the i m m d i a t o  e ~ l i -  
cation o f  these Qta to  operational conditions is b@oEsible. 

bean d e t e d n c d  

Conpariaon of the  earth.eccelerationo in the JDQU HS t ea t s  and 
t es t s  at  t h e  w s y  P r o v i x  OrounC indicates tha t  differant soils end 
geological conditions will altor the  distance at which a ce r t a in  affect  
takss place by 8s m h  a8 a f a c t o r  o f  three o r  rare. 
ing effects  vill be transmitted to  nroh greater d l 8 t ~ ~ i C C m  in saturated 
soil, p a r t i d ~ r l y  w o t  clsg, than in soil having smaller water content. 
A hard underlayer will r e f l ec t  the ground effccts and increase the i r  
range. 
logic nonmiforzrlty bewEe mrs i m p o r t a n t  as th6 a i z e  of t he  charge 
increauw. 

I n  gsnerel, w- 

In t h l s  respect i t  should be pointed oat that  regions of geo- 

The air b l m t  from a a d e c e  o r  ~ h s l l o w  uadergmand BIplosion pro- 
In general, the highaat p- mluw duces fficelsrations an& pressures. 

a r e  produced through t h i s  ect ion,  but in the  case of acaelerationa the 
PC&G are 0-9 such sbr t  dnration that they r L l l  tunilly be ac:ligible in 
capeing s t m c t n r a l  m e .  The llngnftndo of thase pharonzaa r e l a t i v e  t o  
direct t r anss i t t ed  e f fec ts  incresses with charge nizo. 

-IC mael lawe ware aaed to extrapolate the t e e t  r e su l t8  fro= 
1.2 I[T bombs t o  the effects of operational weapons. 
direct  scaling is d i d  is questionable in several detai ls .  However, 
variation of results v i t h i n  the extrenes considered probable will not 
a l t e r  the general picture. 

The a s s n q t i o n  th t  

2.6.1 Si&ficant  Conclanions -- Drawn F r o m  Eztrepolsti4n.s 

Undergound o r  sur fme ueapns ere the  only d i e t i r e  ~caw 
P r e s e n t t  avai lable  f o r  8toEl.c a t taak on heavy fo r t i f i ca t ions ,  subpena. 
or other extrenelp r e s i s t en t  construction. 
in soil sisliLar t o  that at the Beveda Test S i t e  would probablg h v e  t o  
be within the  c r a t e r  t o  ~n51ue a pic a%le w e .  

Strrrctnres of this nature 

Table 2.1 indlcstes  
o f  thef r -$odd be about t a c o  that of t h e  

by air blast .  Ta- 
have a w e  

in SXOBBP 
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in  the case Of t h e  S&W8 burst t h m a  radiation rarges bepe=d mnch 
-re on flatness of terrain.  

T h e d  rad ia t ion  effect6 decreaee grea t ly  with penetration of the  
ThQ Vi11 be negligillle in the  case of wespno ve3pon into the  ground. 

fired at depths comparable to the J U a  aadsrground shot. 

urn 2.3 
Range of Therrsal w e  

- 

3rd degree sMn 
burW 

Cotton twill, 
khsM or p e n ,  
deatroye? l i g h t  
wmlen fabric, 
khaM, destmyec? 

16 0 2 .  rml 
jerasy or 
alastiqrre, 
m e n ,  destroyed 

9 
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The radiological effect  produced nwlear vapons detonated on 
the gmucd s u r f a m  or underground ia a nurjor one. 
& E t ,  gmma radiet ion dprlng the  first 264 aeoonde following smh doto- 
nations dl1 producie casualties over a large -ea.. For both the  e v r f m e  
and uadcrgroand detonations, the danger arcs from thls -4 g- 
rabiation i s  comparable to  that i n  vhich light surfaco strnctareo remive 
W o r  d a m g o  iron air blagt. 

me redioactive debrio Zrorom either the  surface or tha rrndagrouad 
detonation is associatad w i t h  large pa r t i c l e s  vhich are dqpcsitsd at a 
ePif ic ient ly  rapid r a t e  t o  produce E i g n i f i O a n t  concentrations of 
-tire contdnrrtion over extensive areaa srounil a d  davaoind from the 
zero point. Apart from t he  c u e  in wind direct ion vith height, the 
croasrind extent of the ares of residual contamination is  dopmdsnt on 
the weapon. i t a  metbd  of detonation. and s o i l  oonditlona. 

Just aa for the air 

The downwind 



extent of  the area is l d g e b  determinod by the  rind velocity. 

Important rad lo logica l  hazarda c o n t d n a t i r g  bursts 
estimates of Effects t o  be wetted undergronmi and f o r  ea 
'P surface batomtion a r e  presented in 2.8.1. & t i r a t e s  aye 

for  off=te e3 s e g  l e w l  d t h  an averago wind 
'036 15 miles per how for the  L-f miles per hour for the 

able since surface shot clouds w i l l  r i s e  conoider&bly hlgher thsn the  
undergroanb shot Ck+uda ad. in general Vi11 n v e  In'a hlghsr wind speod 
r e ion .  

b t y a t .  T h i s  se lect ion o C i n d s  i a  a r b i t r a r y  but is 

2.8.1 03.cps.r D & O U t i O M  

econnmlcal method in terns of f i s a i o m b l e  materials for prodwing l e t h a l  
redlation dosages over large areas under all probable wind condibioas. 
The areas receiving l e t h a l  doeage witllin any period of  tlme are  not 
significentlg d i f f e ren t  betweea surf'ace detonations 
ratione up t o  the JAESLHI scaled d q t h  f o r  weapons  of quel enerep re- 
lease fired under co-zble dnd conditione. 

tndsrground deto- 

The - s t  aig;lificent factor in deternining the a r e  contepi- 
nated t o  e3y spezific rediction l eve l  f o r  a given yie ld  i s  the  rind. 

consii;srebly g r a t e r  € o r  an! K? asvface burst  thsl? for a 
g o a n d  burst. 

underground anb surface d s t o ~ t i o n a  in irrsgdlElr t e r r a in  and in d e  
reloped cr- w i l l  be drastically redwsd due t o  shielding. For large 
a ir  bursts detonated at heights maximizing Y) psi air overpressures the  
loss h area rezoiving l e t h a l  gazra radietion dose is considerable due 
t o  increased slent r-e. (See rig. 2.4.) The danger for initial 
gems radiation i s  g r e z t s a t  for l o v  t o  interncil iate height air  bursts 
irhere the shieldi~g los sos  cre  b.al.mced agoinst  e lant  range losses. 

The 8s- r e s o i d E 1 e t b . l  dosege in the f i rs t  s T e z  
- r - -  (See pig. 2 , T G d  Table 2.4.) 

Arms receiving l e t h s l  doeage in the  firmt 10 seconda f o r  

The area rezofvlng 12 boscge i n  the first 10 ninute.s %a 
surfece burst es that f o r  a( mre thm t-eice ea n e a t  for mi 

undeground bu-st. (See Fig. 2.6 aria Table 2.4.) 
I 

The area rocstving lathel 6 0 ~ a g ~  i n  one hjnr from anL!El! 

of the ecaling f o r  

->erground d at.  surface biust is &bout t h e e  times tbat from a L  
(Stis Figs. 2.7 a d  2.S .cad Table 2.4.) 
one bur dosages inrolved here, the ance r t s in t i s e  a r e  incrcaeed to a 
fcotoz of abakt 2 ~ U G  t o  the wind inflnGnoo. 

I n  the ca 
i 
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Arms u n s i f e  f o r  troops operating in the opta (i.e., area 
ezceedF.lg a Q s e  r a t e  of 330 r/hr at  one hat) a r e  ex30 178 for amera1 
hour8 e?Lnight  be a b u t  t h e 0  t lmec  as l a rge  for  ai surface bwst 
e8 f o r  A (See Figs. 2.9 and z.10 ad. Table 2.4.) 
These a r k & n t i n u e  t o  change in s b p e  and s i ze  a f t e r  one hour i n  a 
c o q l e x  -er Zl?e b r ind  and r d i o e c t i v e  deaay, extend% ,-tha" down- 
wind as a z e s x l t  o f  l a t e r  fa l l -out  m d  shrinking due to dccq.  

k e r g r o m d  bl l rs t .  

h e a s  of s ign i f icent  raid-1 contamination (greater than 
100'r/hr a t  one hour) f o r  both surface and underground detanstions sca le  
roughly as the y i e l d  t c  the trc-thirds power. Uncertainties in the pre- 
diction of loca?ion end s i ze  of arem of  conteaination due to  nnrelia- 
b i l i ty  o f  sceling a r e  aegrevatd by uncertaint ies  t o  be expected from 
predicted meteomlogy. 

The base surge &ssociat.ed vith underground. atomic detonat:ons 
a t  the J h F G L E  scaled depth appears to be Becondary Ln i t s  contribution 
t o  transient raLiation dosage and in i t s  dis t r ibut ion of r e s i d m  con- 
tamination. The bulk o f  the  act ivi ty  is ini t ia l ly  in tho central. upper 
claui. The base surge associated with the  underground detonation de- 
posits B O ~ Q  contslnination but the relative contribution fron bas0 surge 
and fall-out bss not been waluated iron present datn. 

?he contribation of s o i l  induced rad iomt iTi ty  t o  r e r l i d a l  
:onteahetion should be szell for surface and snbsurfaco det,omtions in 
ooat  s o i l s  for a l l  veapons except t b S Q  in which tho r a t i o  of  escape 
aeatrons t o  t o t e l  fissi a i a  markedly increased over the r a t i o  f o r  tho 
JUGLLg vesgon.  the^ 7 usuld increase the r a t i o  of escape n a t r o n s  to 
t i t a l  i i e s i o n s  and thus' incrcass the  s o i l  induced radioaotivlts,  

!&?he inhelation of radioect ive par t ic les  const i tutes  no rmili- 
tary hszer:* independent of  external  ganna radiation hscarda of  m r e  
serious conam-nence. 

Long tern biclogical  effect8 from inhaled pa r t i c l e s  are 
very doubtful but not ruled out. 

Subjecting an nrbm e r a  to  radioactive c o e t d n a t i o a  by 
ei ther  a surfacs or mbaurfaca burst will not r e su l t  in Cenying perm- 
nest occqancp of  this area. 
virons, s u b s + a t i a l  reoccupation m y  take place within a mattor of re&& 

Yith the  exception of the c ra t e r  and en- 

Vejpone o f  y ie ld  greater t h  1 KT n?ay be  fir& s a f e 4  
Paderground and on the surface within t h e  continental U n i t e d  Statea. 

' I n  this report  the term *militarg hazarda i s  used tu Imply a rebac- 
t i o r  in conbat sffectivcness in a relatively short  t h e  (several 
hours t o  one weak). See Brtferenae 7. 

19 , 



ired about 50 feot  udorgronud at the lievada Prorlng @MUZL& LA 1 ess harerilous thnn a tower shot o f  comparable yield fro= the 
point of rier of radloactlve fell-out outside fhe ~ e c l i n t e  teat ara. 



3.1 ~ X C L U S I O ~ S  

The mili tary e f foc ts  of atonic w-pono detonstod underground aad on 
the surface were deterrained to bo: 

a. 

b. 

The creat ion of largo craters .  

The creat iok of areas of high air b l a s t  overpressures w h i c h  
wdld heavy surface s tmtura .  

C. The coupling of  cocsiderable energy into the  ground which, 
under favorable circumstances, vould pmbsbly cause damsge t o  hwry, 
buried st ructures  and fo r t i f i ca t ions  a o m w h t  beyond the  l i m i t s  o f  the  
crater volume. 

d. The creation of letge are- where th* total radiat ion dossge in 
above l e t b l  to pe~solmel i n  the open and which have ‘high lovele  of re- 
sidual radioactive conteaination. 

e. In the case o f  the surface meepon the  crest ion of t h e r m 1  rad- 
iat ion w h i c h  i s  clangorore to  orposed peraonnd over l a rge  areas, 

The r e l a t i v e  effectiveness o f  the  m weapons coPpered 
detoPeted underground and rnr -- 

. ba ld  be noted that t h e L  

j d o t o n a t e d  at  the s u r  
producing these r e a n l t s  of m i t a rg iPpor tanoe  is Indicated 

2 Any cornperison to be 
about thre_e+nea the  amount of f i a -  

rionable r s t e r l a l  as that usd i n  the 
eade on the basis of ecomq o f  f i s s i o  
prisons  of effcctivenoso by this f e c t o r .  

Tolme o f  crat&. 
RMace o f  the c r e t e r  is selccted as the cri terion. Tor c r a t e r  f o r m  
t ion the surf800 wezpon is not s e a s i t i r e  t o  emall helghta of burst, 
lee., less then 50 fee t .  

tions l a  more than twice SB great f o r  t he  

b l e  nata al mt velgh the COPI 

r 7  
a. T h o L  &is i r o n  tcn t o  tvcnty times as e f f r c t ive  in producing 

I t  1s four to eight  times as effffitive i f  area at the 

b. The rahias o f  damgo t o  heavy, 

C. T h e k  311 m e  haav ,  aarfaee s t m t u r e s  (25 psi air  
Pressure o r  ee er) at a distscco about three t inea as great 88 the  

21 . , 
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d. !Thef 2~ be iu mach aa three tiael ?.a E f f q t i v e  in o r s a t  

e. O n l y  t h e E > l l  produce aignif3.cant.thennal effects. 

3.2 F s i m m 1 0 x s  

This tes t  has demonetrated that the[ 8sd the aurface dstonatcd 
iqiplosion weapon8 a r e  special pnrpase atomic”lweapns which b y e  a i e p u -  
icaatly greater dfectireneaa then other typea in aameging nndergmunb 
and waelve atmctaree, i n  producing c r a t s r ~ .  find in dietributing radio- 
sct ive contadnation over exttaslvs areas. It 1s rocamended thst OSEP 
ationel atadl0s  t o  deternine the use of theae raspons be reetrictsd t o  
sitnetions uhere these feftors are of primary inrgortence. 

I n  the w e  of them wespona, target fntelllgenoe rill be partlcu- 
lark i n p o r h t  since the radias of the abve nigeificant mllltary ef- 
fects w i l l  be markedly altered by ‘&e chsracter of the 61011, and the 
natmrology at the t lae  of  the drop as well ao the method o f  dellve?.. 

iw areaa o f k g  rabioactiye contamination ea the) I 

-c 
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Data on the weapons, s o i l  and meteemlogy a r e  preasntcd iu Lppcndix 
B. Detailed infomation regnrdlng basic p b s i c a l  measurasnts, radio-- 
tiritp and biological measuraents and structural t e s t s  in ~ Z V Q  in A p  
pendlcea 0, D and B respectively. A general layout o f  the  JAEXa fsat  
mea is shoun i n  Figure 4.1. 

4.2 SWFACI DD!OBA!l?IOB 

The visible phenomola observed d n r l z  t he  1.2 K 2  naclear enrfcce 
detonetion mere, in 80me respects,  similar to those associated with lov 
sir bursts. 
detonation consisting of the typical smoke c o l w 5  and mushroom shaped 
aloud. 
cloud being heavily loaded with dirt and dust. 

This was particularly t rue o f  the  l a t e r  r l s l b l e  fo ra  of the  

Differences in forn were ohions ly  the  result of the calm and 

Upon detonation thore  vaa an enlesion of very hi& intenalty *si- 
ble  rediatlon which rapidly bin i shed  to a low irre,-dlar Sonflguration 
o f  inccndescent dirt and dust. 
aweral scconde, the ball o f  f i r e  was great ly  obscured and. d i k t e d  when 
i t  Zinally energed Zrorn the surface debris in t rue  mpherical shaps a f t e r  
a h u t  one arid a heLf ssconds. A t  t h i s  t i n e  the  t o p  of the sphere Y~LB at 
4 height of approxbstely 900 f e e t  and the  SphQre raa rirlng at the  rat0 
of about XCj f ee t  per second, Thcae LLnebiclte v i s i b l e  phononcoa exe 

Althovgh the l an ikoa i ty  peraistcd for 

lhoM in Figwe 4.2. 

As the Ugh temperature spare rose f r o m  the  s a r f e c e  debrllc, the 
latter subsided end joined the surface duat cloud created by the nbck 
-Ye mtriking the ground. Rb beae sarge vau forncd. h tho sphei-e 
Cooled and ascended, e chinaey e f fec t  uaa noted wherein the tralling 
Column of anat and debris  vas mucked up fron the m?u-Zace. 
risible form o f  the colnmn and cloud YBP tory ainilar to that of a l o r  
ur burst. 
h m  the r i s i b l e  colum. 

l W s  later 

A t  PQ tine, however. vas the sphere or m e r  cloud separated 
The forr;ation and growth of the colann en& 
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~ . 
upper cloud are presented in Sigure 4.3 

me upper cloud and colwiu continued to  aTpaad and r i s e  f o r  several 
minutes a f t e r  fornationp gradudly drifting dovnvind and dieper6ing. 
Figure 4.4 8 b k a  the fully developed form from the eurfrice detonation 
before being dicpersed Ery dndc. 
asss vas about 6400 feet .  

The Parinum height of the rpafn cloud 

k.3 UElEU3ROUBD DXOEEZIOH 

Aa anticipated, the  v is ib le  phenonens observed f o r  the underground 
nuclesr detonation cater i t i l ly  d i f fe red  from t h e e  o f  air, surfeca, d 
undemater ncclear bursts. Thw did not d i f fe r ,  howmver, excqt  in de- 
gree, from those obserpod f o r  large TFP underground exploaioas. 

t ion lasted en extrenely short t42s. 
sixteen hnndredths o f  a second. 
were throm upward and 0utb-d with very high V 6 1 0 C i v  vithin a very 
ehort period a f  time to fom an i m e r t e d  conical  shape. 
reached a height of 900 f e e t  End a diameter of 1200 f e e t  in about om- 
half o f  a second a f t o r  tbo dotonation. 
.SIB p r e s a t e d  i n  Figdre 11.3. 

A . ? p ~ ~ d ~ ~ s t ~ l y  2 ee:ancs c f t a r  dstonstion the  r a t e  o f  rise o f  the 
th row-mt  r a t e r i a l  aubsided cad large s t reurers  of dirt and &ut were 
expelled f r o m  the aid66 of the inverted cone. 
and joins& the surface iuat  oloud cres ted  
effect  b r ie f ly  obaerved at &boat this time, although it VES of 
short daratlon end did not materially affect the form of the  duot cloud. 
The central  portion of  the inverted cone continued t o  r i s e  a8 an 1rre.p 
dlar gwometricel shspe at a r e l a t ive ly  slow rate of about 35 f e e t  per 
seconb. 

High intorraity i l l ua ins t fon  acconpanyiq the underground detona- 

Large qrrantities of ear th  end debria 
So Illumination tcae v i s i b l e  after 

Thie thmmut 

Thae i m c d i s t e  v l s ib l e  phenomna 

These atruck the ground 
the  air blast. A chlmq 

I 
I 

I 
A t  about 14 seconds after detonation a beae surge clopd of  f i n e  

dust p a r t i d e s  appee.red at the base of the colann. 
pob t o  e d  for about 3 r3ncteB. rczchhg a p_nrtmm crossfind 
radius of ebout 2200 feet. 
fell into tho surge after the rz6Iisl growth of the surge clusld hz.d 
C B z n B o d ,  i n c r c s i n g  the ewge hoight but haring l i t t l e  8ffGct on the 
bieooter. 
gradually dF6p9TSiw in c h w w l n d  direzt ion.  
C h t n  in Figurc 4.6. 

A dlstLnct rippar ck,.lca, hcsvllp loaded wlth dirt rrnd attached 
t o  a lowor a& l c n o  op4ue  cloud. oontirmed to rise and crpand until  
mre than 3 rinates a f t e r  dotonstion, reaching a m x h m  height of 
abaut 5330 fmt. Figure 4.7 s b t a  the i d l y  aovelopel forn of the 

T b l s  cloud contin- 

lmrgo qusn t i t i e s  of zaterial  continued t o  

Iphs surge height incroaefd c a n t i n u a l u  f o r  about 10 Cinutes. 
Tho abxe  phenomena are 
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Fig. 4.1 JbiTGm lroa &put 

L Zero for surface nuelear shot e. Zero for  anderground naclear shot msasuremenf  and partiale col- 
Zero for Hk.1, 3, 4 

5. L h e  for blast neaaaremsnte, 
surfaoe naclear shot 

6. stations for  .rgoeme of bio- 
l o g i d  sp~~cicans  for surface 
8bOt for Ell testa 

7. Lines for gao4a radiation 16. wsin dietribution etation f o r  
nsasureamt sn6 particle ool lec-  
t ioa etatiom for surfece s b t  

g- Main l lne  for b last  mmsar=.antB, 17. Recording station for g w  
underground mr0le-e shot intsnrity mcasarments 

9. WiPor l i n o  f o r  bleat  *ossurczenta 18. BecordLng stat ion for  free 
10. &ea for tat struotures 
11. Stations for e m s a r e  of blo- 

logic-al apffiincaa for undmgroond 20. On0 dls  circoniercntial road 
shot 2.l. lrBproaoh roadc 

22. Unos for  garmra rediation 

leat ion atation8 for wide- 
grollud shot 

oation 

t zero far Ea-2 
3. . W s s i l e  o3llection ar- 
1 ..%?at arsaa for land desontani- 

15. Linsr for  blast  measurements 

' 2  

thing signals f o r  the n-ular 
shot 

air proasare measmaants 
19. PCQ-ioot circmferential road 
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underground nuclear detonation. 

A ser ies  o f  13 high e q l o s i v e  shots wing s e v e r d  weights of ex- 
plosives has carr ied out  p r i o r  t o  the nuclear bursts. 
discussed mder  paregroph 1.5.1. A s t r f i i n g  s imi la r i ty  of vlni3le  phe- 
nonena existed betveen the nuclear and the HE SC8hd bursts  dospite the 
f a c t  tha t  there I 6  considerable uncertainty rqarding t h e  physical lavs 
governing scaling between the two. 

o f  the surface nuclear debna t ion  6re p r e s e n t 4  i n  Figure 4.e. 
phenomena.of the conventions1 high explosive f i r e d  at the  scaled depth 
of the underground nacleaz shot, -2, are shovn i n  pigare 4.5. 

These shots a r e  

Photographs o f  Shot m 4  which vas detonated in the scaled p s i t i o n  
Visible 

Several conventional high explosive shots were fired t o  give basic 
data for base surge studied. 
the developmnt of the  base surge I s  ahom In Figure 4.10. T h i s  sariea 
o f  photogrephe of  the detonation o f  a conventianal U g h  explosive Suried 
at 3.1 times the scaled depth of the underground nuclear shot shows all 
of the cloud collapsing i n t o  the base surge. 

The ef fec t  of extreme depth of mial on 

The cra te rs  produced by the  tvo nuclear shots a r e  i l l u s t r a t e d  In 
Figures 4.11 and 4.12. The surface cra te r  m s - 9  feet i n  d i m e t e r  and 
21 f e e t  i n  depth. The underground c ra t e r  L a 6  -260' f e e t  in disneter a d  
53-feet i n  depth. _For these-shallow depths of . burial, there  is no dif- 
ference betveen the apparent and the true c r e r .  --------__ 
the resul t ing c r a t e r  ye6 fozmed by a progressive scouring Action ra ther  
than by eject ion of large segmsnta or plugs of earth. 
crater ing action is borne ov.t by the essent ia l ly  unchanged condition o f  
the or ig ina l  s o i l  s t ruc tu re  at the face  o f  the c r a t e r  -11s. The orig- 
i n a l  s o i l  s t ructure ,  consisting of a l t e r n a t i n g  layers of cal iche m d  
loose s a d .  i s  epparent in Figrre 4.12. 

--_ 

High-speed photographs of the underground drtonation r e v e l  that 

The na'sure of tho 
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Keasurernsnte uere r d e  .asing balloon-supended geges and rocket 
trail shock velocity techniques t o  obtain ver t ical .  air ovespreasurb 
Cistance data. The g e e  data. however, were n o t  considorad r e l i ab le  
and therefore, the cunms fo r  pressures in the air f o r  the tm  nuclear 
shots a re  b a e d  on shock velocity data. 
the primarp photographic t i m i n g  standard f o r  these data failed.  T h i s  
necessitated %he use of groun8.-lwal gage data on shock-uaye a r r i v a l  
times t o  establ ish a time sca le  f o r  the  measureaents in the  air, v t t h  
the assumption tha t  the shock wave is eymnetrical radhlly d o n g  the 
ground. 
t i on  a re  therefore not  as r e l i ab la  ss that fo r  the miderground shot. 

During the surface nuclear sho9 

The surface e h t  data for the  v e r t i c a l  paak pressure distribu- 

Distribution of peslc air overpressure ver t ica l ly  sbove the two nu- 
clear bursts' is shorn i n  Figare 5.1. 
i s  that pressures above the undurground ehot a re  higher than those above 
the surfece shot. It is a l s o  evident that Fn the caee of the -m&er- 
gmmd ahot a secondary shock wavo overtook and reinforced the  inf.tldl 
e b c k  at aboat llD0 feet i n  a d i rec t ion  ve r t i ca l ly  above zero .  
came o f  the secon68r-y bsve is anknow. 
secoadarg shock yave along the ground i s  not apparent from the measur+ 
mats taken st ground level. 

5.2 PB3SsuRB b(lcBsmLhsIENTS &OH@ TEZ GBOUHD 

P e e  a i r  overpressure veisus distance d o n g  the  ground f o r  the tro 
n u c l f a r  shots is shown i n  F-es 5.1 and 5.2. Data obtalnad by rocket 
t r a i l  shock velocity techniques, both along the ground and i n  the air. 
a re  presented together l n  Figure 5.1 f o r  comparison. I t  is in te res t ing  
t o  note t b t  the shock w v e  f o r  the underground nuclear shot la n o t  hem- 
ispherical k t  hss a greater redius from the  explosion center vor t ica l ly  
upbzrb than along the  ground. 

A s t r ik ing  feature of the  greph 

The 
The existence o f  a similar 

-- - 

As sbwa in Figure 5.2 :he egreeaent m n g  the data on peak air 
pressures a t  ground leve l  obtained by gegea and as calculated f r o m  shack 
velocit ies using b las t  svitches vae found t o  be good. I t  is noted thst 
the shock velocity method consis tent ly  gave values s l i gh t ly  hlgher than 
those measured by gages. 



RADIAL DISTANCE, FEET . 

pig. 5.1 Alr Overpressure for Surface and Underground Euclcar Shots froa 
Shock Velocities Measured from Bocket Trails 
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Big, 5.2 Air OPerpreestrre dlong the Qround TII Distance f r o m  Zcra for 
surface eaa unacrgroma S b t 6  err x e ~ s u r e a  by via- -ea 
Bnd fw C&lculcteb f r o m  Shook Velocities U s i n g  B l a s t  Sbttchos 
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5.3 BL.4ST EF'FICIEXCIES - 
Blast efficiency of an atonic bomb b e t  i a  defined as that frac- 

tion of the  t o t a l  energy which is in the  fo rm of b l a s t  energy end is 
determined by conparison of the chnrge weight of TXT (WTm) which w i l l  
give the same overpressure-dietancs relat ionship ( f o r  overpressures l e s s  
thaa 100 psi) as  the t o t a l  y i e ld  o f  the nuclear weapon (WJ. 
ficiency has been dafined by tho equation: 

E L a s t  ef- 

The peak overpressures along the ground f o r  the surface n-xletw 
ahot and the I3S-b data scaled up to 0.95 XT are in good agreemat tis 
s h o ~  in Figure  5.3. 
face nuclear shot exhibited an apparent b laa t  efficiency of  about 80 
per cent. In contrast. from the results of Operation TIIMBLX, the b l a s t  
efficiency of a nudear weapon barst  in free air vaa calculated to be 
about kl per cent. Thna, the  pressure d is t r ibu t ion  f o r  the 1.2 BT BUT 
face nuclear shot might be expectad to w e e  w i t h  that fo r  a surfaee 
burst of  0.48 of  
TET. This discrepancy by a factor  o f  two betveea expected and apparent 
blast efficiency for the nuclasr weapon detonated at the ground surfece 
is attributed t o  the nature of the 

Thus, according to t h n  ubove definit ion,  the sur- 

o f  Tm, but instead was found to agree with 0.95 

i;. b las t  overpressures associated 
with near surface HE detonatio &. 

Significantly,  the peek overpressures along the ground from the 
GEEZNXOUSE George shot scaled to 1.2 KT are in agrement  v i th  the JUGLB 
aurface shot data f o r  orerpreasures OLSO pe l  and less as ehon,in Big- 
ur8 5.3. The GZZZUHOUSE George strat _. li -8 
f i red  at a scaled height of burst ( h / h ]  o f L  I Thw, 
scaling of the JANGLIC nuclsar Surface shot to s a t f a F i b a r 6 l e a r  
veapona of  l a rge  y i e ld  is well verified. 

It IS also noted from Figure 5.1 tha t  the JANQm 8rSfaCe shot dab 
a d  the GWHBOUSG) George shot data sca?.ed to  1.2 XT ara  both I n  a g r e e  
=eat v i th  the +lVKBLEE f r e e  a i r  overpressure data scaled t o  2.4 X4. 
%e indicates that, the  r e f l ec t ive  e f fec t  of the ground on pesk oveic 
Pressurea from nuclear veapons fired on OF near the  surface of the_-- 
grqnad, isqelat ively insensitive t o  scaled heights of burst up to  
1 . L, - r 

I t  is possible to  compute the TET oqiriralent energy release of the 
aderground nuclear charge by comparison with the  undergronnd Hx shots. 

factors between the b,WO pound BB1-2 and the nuclear t e s t  can be 
CoQ'puted f o r  p e d s  pressure, posi t ive pbaee duration, and poaitive i- 
mss. These vdluea lead to an equivalent energy y ie ld  of abcut O.S5 
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KT f o r  the nuclear charge, a s  judp?. by i t s  a b i l i t y  to produce a i r  
blast .  
aa 'HL2, the equivalent "air preesure" y i e l d  I s  closer  t o  1.0 E. 

When the scale  factors  a r e  baaed on the 2560 pound EErl, as well 

On the two JWGLE nuclear s b t s ,  as well as  the f i r s t  f o u r  E3 shots, 
ground accel6rations were zsssured wlth Schawitz  and Wiaacko acceler- 
ometer~ and these were bscked np wlth Sngineering Research dssociatoa, 
Inc. (w gagos. Vertical, horizor.ts1, and transverse accelerations 
vere msasured. In general, the ERk gages gave less  r e l i a b l e  r e su l t s  
than ei ther  the Schaerits o r  Wiaocko gages. @ea nere placed along the 
blast  l ines  v i t h  a anell nmber scat tered throughout t he  s t ructure3 area 
m o u n d  the undergrouna zero point. Ihe  a t a d a r d  depths vera 10, P pad 
30 f e e t  v i t h  additional instrument@ at 3, 5, 17, 34 and 68 feef .  .Fig- 
m e  5.4 includes typical acceleration records at several  distance$. 
Figure 5.5 shovs the  Y E U i 8 t i O l l  of ground accelerations v i t h  depth in the 
grounb 

Test r e s u l t s  in general follor a very complex pa:tern. G r o n r d  ac- 
celerations or ig ina te  from the following sources: 

a. Acceleration produced by gronnd phenomens propagated d i rec t ly  
fron the point o f  detonation t o  the point i n  question (ca l led  primary 
acceleration). 

b. Accelerations produced by ground phenomenon ref lected and re- 
f r sc t sd  froa mderlyizlg rock strata (ca l l ed  secondary acceleration). 

e. Acceleration indued i n  t h e  ground by the passage of the nfr 
b l a s t  wave d i rec t ly  B ~ O Y O  the instrument ( ca l l ed  primary air blast in- 
h c e d  acceleration). 

i t a  passage over the ground a t  positiona other t b  d i r e c t l r  a'cove the  
instruclcnt (ce l led  secondary air b lea t  induced acceleration). 

d. Acceleration i n  the ground produced by the air b l a s t  *.aye by 

'The air b l a s t  induced ef fec ts  .and t he  earth effocts may be separated 
vl th  some degree of certainty.  
%reas  w a l l  v i t h  the t h e  of maximum ground acceleration; tnerefure, i t  
m y  be concluded that the maximon gmund acceleration uas prodUCRd by 
the pri- air  b l a s t  induced acceleration. 

The a r r i v a l  time o f  the air b l a s t  w-ve 

%e acceleration t b e  m e e  a r e  very complex, and a r e  d e  np of 
m q  t ransient  pulses  and high frequenay components. 
celeration frequency varied between 20 and 50 cycles per second f o r  both 
shots. 
mt17 in the  rmge of 10 to 14 cpclea f o r  the surface shot a d  in the 

The air b l a s t  y- 1 
t 

The pri- and aeondary acceleration frequency va0 preboni- 

I 
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range of 3 t? 6 cycles f o r  the undergmuud shot. 
celeration durations between the JANGLE t e s t s  and the  D n g w a ~  d r y  clay 
tes ta  inclicate a considerable difference, the Nwada axrations being 
far i e s s  f o r  i bea t i ca l  5 tes ts .  
t ion d u r s t i o n  v l t h  soil type indlcates that ear th  motion dEasgs cri- 
t e r i a  would be affected mrch more by s o i l  type than a consi3ercltioi of 
peak acceleretion amplitudes alone would indicate. 

Comparison o f  the  ac- 

The pronounced var ia t ion of r.ccelsra- 

The surface shot has the nor9 effect ive in producing high p& val- 
ues of ground acceleration dce t o  t;le con t r ibu t ion  o f  s i r  blast. T h i s  
prim-ry air blast induced acceierntion consisted of  s single ?alae of 
very short &mat ion  and t h s  carr ied l i t t l e  impulse as  conpered t o  the 
l o x e r  psriod primary and secondary accelerations which were c o w s e d  
of m e q  cycles. When caxparing those Latter accelerations,  + b o  a n d a b  
ground 6hot was =re effect ive since i t  produced acceierationa wi5h 
frequencies tm o r  three t ines Lower and magnitudes two  or t h x e  :ines 
larger than the surface shot. 

Free ground pressure measure:iente were made in a pat tern similar 
t o  that for the gro-md accelerations. Pressure8 were measwed a t  the 
bottcn o f  a f l u i d  colucn by gages designed t o  respond t o  t r m s i e n t  hy- 
drostat ic  pressures. Xn addition, the ground pressures applicd t o  the 
b u r l e d  :est s t rnctnres  lrere measured by means o f  pressure z e l l o  fl-ish- 
~ ~ $ 4 6  in the ex ter ior  building ourfaces. 

The f r e e  ground pressure messurmonts appear sens i t ive  to a alnbex 
of  p a a e t e r s  other t h n  s i ze  of  charge, d i s k a c e  f rom charge, 3 q t h  cif I 

gage and 0011 type. These include air b la s t  e f f ec t  t ransni t tad through 

the g e e .  i n e r t i a  of the  f l u i d  colann, and matching c f r  acoustic i ~ d -  
a c e  between the  earth and the  Sluld. More important, the & ~ h c t a t i e  
pressures m e a s u r e d  are sca la r  q u m t i t i e s  although groand presauro is a 
vector p w n t i t y  which m i a s  quite markedly with direct ion o f  epplic- 
tion. 
spread lr. t e s t  b t a  vhich f u r t h e r  obscures the basic trends. 

the grow& and through t h e  f l n i d  001~~1, height of the  f l u i d  coli- O V ~  

Local irhonogeneties 13 t h e  s o i l  and occlusions o f  ai- cawe  a 

As a re su l t  of the  variations vhich Were introduccd by variolra 
p-eters as indicated above, there i s  i n sa f f i c i en t  data t o  conclude 
very mch about free ground pressures. 
developed t o  explein the experimental resul ts :  therefore, 110 extr8pola- 
t ion to operational weapons c m  be d e .  
was f o u &  between f r e e  ground pressures and ground accelerations nor be- 
tween free ground pressures and the  pressures meesured on buried B t l Q C -  
h r o s .  The f r e e  gromd pressurea which have been measured c m o t ,  at  
prc:ea',, be s t  t o  any cse. 
c q t  of s o i l  pressure is  thst +his i s  the origin o f  the  ?ropr,ga:ed 
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No r a t iona l  pa t te rn  has  been 

Yo consis tent  correspondence 

The chief advantage of  IettiL?in?i; the con- 

I 



effects. 

Ground pressures on t 5 o  buricd t e s t  StXuctares were measure3 I n  
order to deternine a t m c t w a l  loading, and it is b e l i w e d  that those 
measurenents gave a t rde  indicat ion of the loads applied. 
f ron  500 t o  1000 f e e t ,  tho s ign i f i can t  pressure l o a d i x e  o n  b u r i e d  
a t luctxree were due to  zir induced ground presaurea. 
pressures and ir?rpUlSe8 Were Observed UP t o  15-foot depths, the l i n i t  o f  
obsemt iona .  
separato sir-Induced and d i r sc t - t r ensd t t ed  ground praesirres but the 
m g n i t d e s  a d  durations of t he  observed pulses are such that they could 
be e t t r i b u t e d  t o  air-hduced effects.  
surea. as well as accelerations,  measured on the t e s t  atrnc$ur6a i s  be- 
ing Eade es part of the a t t eap t  t o  develop a correlated p i c t s r e  of 
a t ructural  l o e d i w  by ground shock. 
su f f i c i en t ly  t o  allow consent a t  t h i s  time. 

For -ea 

Appreciable p e e  

Betwean 250 and 500 f e e t  i t  has not been possible to 

d sys t emt i c  analysis  of  pa- 

This a n a l y a i 3  has not progressed 

I t  i a  not  possible  a t  t h i e  time to t ranslate  the reoultn obsomcd 
i n  Il'eveda soil to r e su l t s  i n  o t b r  types of.soi1. An qnally soriona 
rostter is t'ae l eck  of twt i n f o r m t i o n  regarding the pressure r e l i e f  
which occul  when la rge  deflections a r e  obtained I n  the structures.  
This last f e c t o r  was not  qbservad In  the preaent t e s t s  s ince  the t e a t  
s t r x t u r e s  were M t  loaded Fnto the  zone of p l a s t i c  d e f o r m t i o n  as had 
been p :med .  

Pep-ent d i ap lacaen t s ,  horizontal  a d  ver t i ca l ,  were neesurd. 
around both zero points. 
on the  loca t ion  of mnullants s e t  f l u s h  with the earth surface. I t  i s  
e s t h s t s d  thee the probable e r ror  for the horizontal measurGcnts uas t 
0.02 f e e t  for each s u r v e y  with the  probable e r ror  for v e r t i c a l  control 
about f 0.01 foet. ' ~ r o  types o r  oonuments were used. One mnaieted of 
ord inaq  concrete pared Fnto &inch dieneter holes 3 f e e t  deqp. 
other type res made of a sadustisand-Tortland cment  mixture which hsd 
a density of 100 povmds per  cubic foot ,  so as t o  be about the  sBme den- 
a l t y  a s  t a a  surrounding sarth. 
and 18 inches deep. The l i g h t  mnunenta duplicated the beav-ler along 
verferly l i n e a  from both zero points. The heavy unnmento were placed 
aloDg eight radial l i nes  about each zero. 
800 f e e t  about the underground zero and from 225 to go0 f e e t  about the 
surface zero. 

S w ~ e y S  before and a f t e r  the shots wsre =de 

The 

?he l a t t e r  nere 6 inchea In d i m e t e r  

They axtended fIoQ 217 t o  

In t he  post-shot s m e y a .  no assymetry was found between the sonth- 
erly (along t he  major b l a s t  l ines) ,  the easterly,  and t he  veater'q l ines  
of mnments  (along the &nor blast l ines) .  Therefore, t he  poet-shot 
readi- vere omitted along the  other  radial lines. 
Us??.acvnents could be noted between the hasvy and the light. nonnnenta. 

Ho var i a t ion  In 
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It  h e  been assumed that the monuments gave a true 1ndica:ion of pe- 
nent displaceseats of the ground surface and that displacmenta were 
spe:r lcal  about each ze'o. 

2 i g - e ~  5.6 and 5.7 show ?he observed horizontal -3. ver t ica l  ?io- 
placsnents o a t  t o  a r-e of 500 f e e t  aromd the  underground cero. I t  
.A11 be m t e d  that t h i s  extexl6 well W e t  the f l i n t  where oherred ROYO- 
menta are hietingulehable from the  probeble error of the nezsu ramte .  

PorwaenF, hor i zon ta l  d i sp l acwen t s  uere all radially outward f r o 1  
zero. 
bttn t o  a aeglfgible  muit e: a-mnt the kN-foot r a g e .  
t i c a l  d i a ~ l a c m s n t s  uere about one-eighth o f  the h o r i z o n t d  a: respec- 
tive -ea. ' P h q  were q m r d  ins ide  o f  3CKl f ee t  and d o n u a r d  between 
350 and 500 feet. 
d i s3Lament  of earth n63z t h e  c r a t e r  ov'ershadowed a a l igh t  snhidence  
due t o  sone minor conaoli&ation of the soil. bs the close-ln affect  
diseupeazed. the aubeidence became apparent at ln temedla ta  rangss. 

Altiough sxtrapalation o f  obabmed ground surface nisplaccnents t o  
the edga of  the  undergmmd c ra t e r  % o d d  indicate that about 3 f e e t  of  
horizontal aad 4 f o o t  o f  7srti~31 d i s p l a c a e n t  occurred, thsre yeq no 
a p p a r a t  ah8:tering of the natnrsl so11 s t n r c t u r e  on  t h e  face o f  the 
crater. 
f r o =  the bettor consolidated ca l iche  lenses  were c1-rl.y differsntiated.  

90 p e m e n t  d l a p l u e s e n t s  were noted around the s-wface zero at the 

?hey varied i n  rz+y?:ado D r o m  1.8 f e e t  at  the 217-foof r w e  
Psmsnent mr- 

I t  v n l d  appear that movanente upward dae *.a g n s e  

%yeled e*xfaces f ron loose sand and gravel and steeper fscea 

imer licit o f  obserretione 115 f e e t  from zero. 
t e r i t y  of f'ze ustaral soil strnctui-e a t  the c ra te r  fece m 3  mtcd. 
shotlld bo noted that theee observed displacements were far l e s s  t , h n  
noall be expocted fron s c a l d  results of the HE t e s t s  at  the M a y  
ProYlcg GroMd 

The saao a?-parant in- 
I t  



6.1 G3KESLL 

Test s t r m t u r e s  were located arouad the underground zero in ordur  
t o  observe t h e  damging effects o f  ground shock and air blast w d  t o  
study a t m C x r a l  responee t o  ia_oalaive loading. 
projects and a moat plan f o r  the test structures io includsd in 
~ p p ~ ~ l d i ~  8. 
el action under t h s e  loadings, and of the  permanent affccfs on the f e a t  
a t m t u r e a .  In general, the obserred effects  on atrncturss agree w e l l  
vi th  the respomes calculated fron the obsemed loabtngs. %nfidence h 
the methods of  calculat ion is imreaeeb aacordingb. Zorwer, %e barid 
structure3 vere not m f f i c i w ~ t l y  loeded t o  give deflections ink, t ~ a  
plas t ic  range end as a reenl t  there are  still sone questionable factors  
for  a dotemination of  t he i r  ultlmato raaiatmce. Maso swere Sendicaps 
e d s t  in e x t r a p l a t i n g  the  effects of  the 1.2 Kl' bomb detomtsd Ln L?, 
e m d y  s o i l  i n  order to Bpaluate operational weapons detocated i n  o t h e r  
soils. SPch e x t r z p l a t i o n s  require the, use o f  scel5ng lave E&% Vrith 
a o i l  coupliw aud a t t e a m t i o n  factors  dtaelopal from H 3  experinents, 
which failed t o  predict the readbts obaomed in these nnclesr tssfo,  
p r t i c u l a r l y  vlith reapact GO tins sca l ing .  

A l i a t  o f  the  t e a t  

Measnreneats 113~0 d e  of the  applied loadings, of  stractur- 

A coasiaerable amber of the h o t  structure8 are not dlr?c?ly 
r~resen:a t ive  o f  standard building types but a r e  targets deeizned for 
the a w d y  of  some p a r t i d =  p b s e  of  the complete loading-reeponse 
pattern. 
structures cammt be based direct ly  on the  obasxlred effects  on the %est 
structures but m a t  a l s o  take account of  t he i r  r e l a t ive  resis:mce coni- 
pared t o  n o m 1  construction. 

Inferences as to  the  effect  of the t e s t  weapon on no-nal 

All o f  the s u r f e c e  atructureu received the mJor portion c f  their 
loadLng from air b k t  ea4 fn no case was the effect  of  gromd acccler- 
ation impcrtant. 'Phis va8 true f o r  the i d c d i z s d  targets (bare C o h a a e  
f i w p r t i ~  mesive  slabs at ranges from 450 to 875 feet)  and fo r  the 
U l d i c g  roplicas (reinforced concrete frames w i t h  brick c u r t a h  walls 
at 900 f e e t  and brick chirrneya at 750 and 10% fset). I n  the a a 6  of  
the idealized targete, the  inportancu of air blast bad been real ized and 
ea e f fo r t  made to reduce its effect  by streamlining and presenting as 
amall B T ~  area a B  possible to the blast. 
shorn in the  high peak wlaee of ground acceleration induced by air blast. 

Coneiderable i n t e re s t  has been 
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~ o m e r ,  i t  is n o w  apparent that  ground accelerat ion i s  o f  negligible 
m r t a n c e  in deteralning the axtent of structural bsmago, 
that grea te r  scaled depths of detonation or other  fac tors  should so re- 
duce t5e r e l a t ive  magnitude o f  air b l a s t  8s t o  make any ground acceler- 
ation s l g d f i c e n t  in determining strnctural damage. it is  c l e a r  $hat the 
a i r  b l a s t  in2ucsd acceleration xi11 have been similarly reducsd fa rela- 
t ive magnitude and the  p r l q  and secondary acceleration8 would dominate 
the picture. This  pa t te rn  of r e l a t i v e  effectiveness i u  reinforced if 
consideration i s  given t o  tho extremely short perioda of the a i r  induced 
acceleration pulses as compared to those directly transnitted., 

In the went 

h e  burled t e s t  structures were loaded primarily by gonn? .  prnasuresr 
hs wus noted i n  Paragraph 5.5, the significant pressures a r e  s:trlbuted 
t o  airblest-Induced effects  fo r  all but the region i m e d i a t e l p  surround- 
i n g  tha crater. Although o+&er f i e l d  conditionm ni&t WterisLkj- d t s r  
this pict-=e, &he gro'md pressure pulae  which r e su l t ea  f ron  t.m air blast 
bed the  8acie re la t ive ly  s l o w  rise t h e  and long &Tation as pU;sss tram- 
A t t s b  d i rec t ly  through the carbh. A8 a result, the me tbd  of treqs- 
r iae lon o f  the ground shock has not been an Important f a c t o r  i n  the 
m a l y s i s  o f  completely burled stinctures. Unfortanatoly, b l e d  ~311s 
which were designed t o  i r s c a t e  th3 e f f e c t  of s twtara l  r e s i l i ence  on 
eppl id  pressure uere opon st the top 2nd thus recefved a heavy air 
p r e s s u e  load- on the  inside at the sane time the  hcavy grcuzd prcsauro 
pnlae arrived at the  outside. S'sjor r sncsr tah t iea  a r e  thas introdaced 
into the r e sa l t s  of  these tea';s. The problexz o f  e f f ec t  on the loal ing 
r e s u i t i x  fmn  the m t i o n  of  :he strwture o r  i ts  elements hae not  Seen 
resolved. Such m t i o n  has t h e  effect of changing the epplied preS6Ure. 
The degree of c-e dep6nds upon the  relative velocititw, at cay in- 
stant,  of the #oil par t ic lea  and the portion of tLe structure d j a c e n t  
theretc. T h i s  t e a t  has g l v m  no r e su l t8  from which an estimte of w h a t  
this effcct  wuld be,-for larger beflectlons,  auch as would occur b t t h  
plast!.c 5ufonnatlon. 

!he f o r e o l n g  discussion of e f f ec t s  on buried constrnction i s  con- 
cerned E O ~ E ~  vlth t h e  etract;lral s h e l l  and not wlth i t a  contents. I t  
is gosaible that  ground acceloration tuuld be lmportaat I n  detarnining 
the b s e  to re la t ive ly  fragile contents of a S t r u c h I r Q  ntrow criough 
t o  r e s i s t  the esoociated g r o u b  pressures. 

The l imited rea@ of p r m e n t  gronnd dlaplacommts noted in ' 
P a w r a p h  5.6 corrolates  v i t h  the lack  o f  dcnage t o  structures much 
muld be w e d  prirar1l.y by displacement. A t  t h e  undorgroand s i t e  
th-e i n c l a d  l b i n c ' a  end Lg-lnah reinforced concrete psvenent slabs 
a t  500 f e s t  f r o m  ground zero, a cont iawns  &-inch cas t  iron water l i n e  
-1% i ron 600 t o  18M) fdet,  50-foot section8 of +inch plain concretr 
?ips covsrlog the same ranges and &inch and l.2-inch reinforced concrete 

52 



paymeat alaba at 1;?00 feet .  
obaemed f o r  aag of thsae structures.  

Eo widence of danage or movement waa 

Eanee Orientation 
( fee t )  

Verticel shafts, nade n? of nine >foot aectiona of  &inch pipe, 
vere located a t  warioua range8 aad with s w e r a l  or i fn te t ions  abo.at both 
ground zeros to measure variation of pemauent diaplacmsnta as a func- 
tion of d e p k  
a h d t a  around the u n d e r g o u d  201-0. ln a l l  cases, the displacelent y28 

r e a t r i c t d  the top +foot section. 

Table 6.1 shova the O h a e ~ T d  diaplaawents f o r  t i e s o  

amax b.1 

Pernrsnent Meplscenznt of Vertical Shafts  

Bo ri zo n ta l  1 Vert ica l  
(feet) ( f est) 

312.5 vast 

Sou th  

0.03 (Teagentid) - 0.02 

0.67 4- 0.02 
I 

I 

1375 
'jKB5 I I - 0.02 

South 

k U t h  

0.02 - 0.02 i i South 

East i 0.03 
5 o o l  
312.5 1 

Bote: 
Horizontal Msglacaenta  are radially oat eroept as nnfeb 

5 0  displnawents noted were e r r a t i c  then campared t o  the  p m d  
rurface rmvmects at corrsspnZing r=qes .  
clear k t  i t  be due in part to poor coraolidation of the beakfill 
betrecr? the p i p s  and tho sidcs of the d r i l l  holes. Another p s a i b l e  
cause f o r  diacrepencios a l o a g  the l i n e  i a  -6 by hEarg- vehicles which 
oparated in thls 83.- betwean the pr& aad poet-zhot m ~ a ~ a ~ t s .  
S i n i l a r  s W t a  placed in the s a e  pet te rn  around the surface zero Rhowed 
00 pe-m-asnt diaplacenents. 

+ v e r t i c a l  biaplacc=eat i s  upward. 

The reason8 for this w e  not 

A raasaive r e ido rcod  concrete box (25' X 251 X 17' high x l t h  54 
thick reinforced concrete fmnt  and r s r  &Is) m a  andapaged and w a ~  
fonnd t o  have permanent dlsplacasnt  of tvo or three lmndretbs of  a 
foot. The box r a a  located 238 f e e t  from the andergrotmil zero Ln a region 
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where about 0.9 f e e t  h o r l z o n t e l  and 0.1 f e e t  ver t ica l  mvemenL -8 

observed in the  ground snrface. 
normal ground surface, 
in the rreviolzn section, indicate  that permanent ground displaccnects 
were w s e n t i a l 4  earface phenomena, There is no indication that the 
structnre did not mve v i t h  the asrth immediately surrounding it, al- 
thongh the st ructure 's  observed petmanat  displacsment vaa marh lesa 
than that o f  the permnent displacement monuments set  i n  the  ground 
aarisce at t h l a  range. 

The top of the box was 6 f e e t  belov 
ObsarPations on the  ver t ica l  shafta, Emcribed 

Sections of re inforcad concrete highway s t r i p s  and v e r t i c a l  rslls 
were placed near the  underground atomic. burs t  t o  provide aorxce natorial 
t o  welaate the  danage potent ia l  of ~ ~ I s a i l e s  produced by w-Csrgrounb 
nudeer explosions. It w a a  shown that l i t t l e  o r  no E f l i t a r p  si&f!.cence 
ahould be attached to ~niclsslles since high nlss i le  d a s i t y  doe* no t  xzfend 
beyond the mea of major denage by air blaat. 
missile6 -6 forad between 1508 f e e t  and 
These l i s s i l e e  vere o r ig ina l ly  betvean p and 50 f e e t  from ground zoro. 
v!jor w e  might have accrued in the range 400 f ee t  to 1500 fetlt from 
missilea originating 50 t o  g5 f e e t  from ground zero. 

A very lov denoity Df 
f ee t  from g r m d  zero. 

scaling of aissile ef fec t  to an operational s i z e  weapon d o t o a t &  
under a contincow reinforced cozcrete ranhay 18 inchea t X c k  rtrvcds 
that 
o f  2 :b b u g e  by the  m e W c l s m  o f  missilea. 

by the  aecbaism o f  air blast v l l l  extend fur ther  :v e. factor  

A h -  b l a s t  was the s ignif icant  e f f ec t  cauing w e  e0 svrfece 
st rwt?ree f o r  the 1.2 EI: xoapn detonated at  this shallow dep- 
8blould be noted that the  effect  O f  air b h 8 t  Increase8 in prOpJrtLOn 
t o  ground accoleratlon as the size of the veapon Increases. 

It 

h t h  ,pressure induced by the passing air blast ,  ra ther  then prea- 
sure t r n a m i t t e d  d i r ec t ly  through the earth, was the elgnif icant  affect  
in deterninicg the -mam loading of  s h a l l o w  burled st ructures  e ~ s n  at  
reLe:lvely short ranges. The rcgion where d i rec t ly  transmitted wth 
shock was of suf f ic ien t  strength t o  w e  llght undergrownd s t ructures  
appaars t o  have been l i d t e b  t o  an are9 with a h imeter  not greater 
tbau twice that of the  crater. 

The effects  on the box aud on the s o i l  at t h e  c r a t e r  surface 
lndlcate that vary heavy s t ractures  muld have b be within the c r a t e r  
i t s e l f  t o  suffer msjor w e .  
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Figme 7.1 ahovs a conparison o f  the observed oslues of : h e r A  

The curve i a  adjw:o& in rmgnitnrlo to 
tadletion at 3 w e r d  4istaccaa with the thooretical variation t o  5s 
expected i n  extrenelgr clear air. 
f i t  thg data and the ecope is determined by theoretical relationsh-ips. 

The BpBCtImn of the th-1 radiation from the atvfase detonation 
hiffered f r o m  that obaerved in an air burst in tha'. the mjor por t ion  of 
the energy fa  in tho Idrered rather than the riaible region. The ob- 
s e n e d  spsctral distribution at €WO f a s t  frop the buret i e  e k o m  i n  
Table 7.1. T h e 4  radiation ef fects  uere alrost mnpletely sbacnt in 
the caae of the underground detoaation. 

TBBLE 7.1 

S p e c t r a  M e t r i h t i o n  of I?len?al Ensrg 
at 62ooO Beet  fro^ the Surface Shot 

- 
Wave Length T o t a l  T h d  & e r a  

b 

LQES than 3500 A 

1 390 - 6500 1 i 

I 
I 

1 Gjoo - 25,500 ;i 0.211 ca l /cn  
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DISTANCE FROM ZERO, FEET 

Flg. 7.1 Thc;-=;;zl l i e rgy  va Matcr;ce for the Surfme Shot  
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The JANGLX t e s t s  d r m m t r e t e d  that surface and nndorgrounC dab&- 
riatione of  atomic wfzpns a r e  c tnrac ts r izeJ  by areas o f  high r e s i d u l  
contarninetion. The ra l ioec t ive  debrie from such detonations is a M x d  
with cons ibra5le  w r t h  matsrial and forms low clouds v i t h  a large 
proportion of the ac t ive  materiala associatsd v i t h  la rge  partic:.os. 
f a l l -oa t  from tho resulting radioactive clouds is largely governed by 
the size dist r ibut ion o f  the  pa r t i c l e s  and the  wind. 
surface detonafim the  average rind veloci ty  wab about $ b e e  : i ~ s  t h t  
fo r  the underground detonation, k e d  on t i n e  of a r r i ~ a l  corsi~~.arntions.  
T h i s  resulted in  a much longor and narrower domrlnd stre& o f  ,:ontad- 
nat ion f o r  the ecrfaco detonetion. 

8.2 G W A  SBDIATLICIOH D3SC XUiZ VS Tim 

f i e  

For the .TAXL3 

- ---- 
Scintil1e:ion coruter dose rate versus tim Late wore col lc- t -2  f o r  

the period froa o n s 4 a t . h  second efter dotonation up to as l o i g  as plcs 
48 home f D r  both JAXLLE shots. Stat ions uere located d o %  sir rnc3e.l 
Uncs extendkz f ron  2oco f e e t  c a t  t o  ECOO f e e t  uprini .=E& crosss*d ea& 
aa much 5.8 1hp500 fea t  domvlnb (see A p p d r  R). 

survey readings with = r e  extensive area coverage (Projects 2.18 aad 
2.16). In Bddition dore-rats versus time data with n i l l i e s c o o C  t i n 9  
r eaoh t ion  vere obtained f o r  BUST= air bursts at two s ta t ions  and ;ho 
JbbGL.3 nCergx-our.d e b t  at  one stat ion (LASL WISTB;B/JbE5LE 3cpcrt rO.6). 
These l a t t e r  riessnronenta a l l o w  correction o f  the  intcgratrd scLntilla- 
tion c o u t e r  Lata f o r  the contribution in the  f i r e t  t sn th  of  a n e c o i d .  

3igsIes 8.1 throwh S.4 s h o w  doae r a t e  v e r s a  t i r e  a d  1n:cgrateL 

%ese sciat:llafion dose-rate aeaaurwiasnts were aagmon:ol. by zonitor 

dose voram t im r o c a r b  f o r  on0 ngvind and one dovndnd Uno of a t a t i c i s  
f o r  each of t h  JUG19 dctomtionu. 

Contom of g c m a  ra8Antion dooe rate at one hnnr a f t o r  da*hnstion 

These contours are bas& on s c i n t i l l a t i o n  
appcz-r i n  Figure 8.5 f o r  the 1.2 K'f ~urfaco ahot and in Fignro g.6 f o r  
the 1.2 Fp underground ahot. 
conntcr ra te  aeasuxements, considared reliable tu within 25 per cont. 
aagsaated v i th  Eonitor s u r v e y  data vhieh ehored reasomble corrolet ion 
H t h  the  c d n t i l l a t l o n  data, 
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PhD n o m 1  f i s s i o n  prudwt doczy le7 (t-lo2) uaa f o d  h e ~ p l j  
q d t e  roesonbly  tu doso-rate r e d i n g s  e x C o p t  during t h s  period vhca tho 
nepta?ll-d contrihation n o  Ugh r O l E t i T 6  to t o t a l  f i s s ion  pro&=: ectivi- 
ty. Tho napt-d- contribution bxs alg?liflcan's f o r  both dotoretjone for 
the period fro3 h8 houra t o  tn roeh a fOor  de2onation wit!a a 
effect n t  aknt p h 4  f i r e  ws. 
with caution whcl correcting r o n i t o i  data ba2.c t3 t m  h0-a o r  aarlior 
became o f  t i = o  o f  a r r i v a l  coneidorations. 

The M- dcccg lea shou2.d bo apylied 

g.3 TOTAL GA% SADIATIO2l IDS3 mns -- - 
Totel gama radiat ion dosage data are aveilable f ro3  the intezrat ion 

of s c i n t i l l a t i o n  counter doe-rate &ita and fron garma d a t i o n  d92.e 
f i b  nauue=~entm aqloyirg the  EationS1 Bareau of  S teda rds  tgps flh 
dnainotur  and boldor. The fila neaeusements vere taken 3 feot above tho 
q o u d  over a bmed pa t tom extonding ont t o  10 milea dounwind. 
coverage r s a  axqentod by f i h  mtiesureaenta f o r  calibration and a o r r a b  
tion parpaaea at all p a r t i c l a  sqpling etations. e n b a l  locationo, and 
in foxholsa at saverol dintancm. 

%e 

We gar;ira r a d l a t i O B  doncgo r€CG%Y€d i n  the first S€C011a5 VBZSILS 

redial r a g e  fron groond zero i e  c o q a r e d  f o r  1.2 ET eir. surface m d  
undorgmwd lmmte in figure 8.7. The lo-second d o ~ a g e  f o r  tha undar- 
q o u n 6  and s ~ z f r s e  d+.omtions is b e d  on integrated B c b t i l l a t i o c  comae 
er  date corioctod f o r  the coatribation &.ring the  f i r s f  onc-tonth of a 
aecond. In  the f i r s :  tenth o f  a aecond f o r  the anderground shot tha d o s i  
is aboue 10 $or cent of the t o t a l  rc-eaivcd in the first sccond, wkila f o r  
the aurfaco burnt i t  is probably vory  nearly taat f o r  air bursts o r  abut 
50 per coat of she t o t d  f o r  ths f i r s t  rccond (LASL BUSlrZ/JASOIJ B w r t  
U.6). 

Oeayr radiation dosage contourn a r e  prcaonted in 3Ig-e~ g.8 a?ld 
8.9 for the casr la t ive  doaaga ia t he  fb-8: 10 ninutes and in ingazes 
8.U and 8.11 f o r  the f irst  hour. Thwe c d r f e ~  vere obtakrcd by tha 
i n t q r a t i o n  of a c i n t i l l a t i o n  counter dase r a t e  data, augmatod by g m  
fib and cani tor  data (Projec: 2 . ~ 3 ) .  

8.4 BBDIOL00XC92, I b r n r n r n C 3  OF BAS3 sums 

The J U G S  nndorground shot prod-ccni a Uni t ed  base 

- -I_- 

which ox- 
radial4 uprind about 1700 f e a t  and c r o s s v i d  as mch a3 2220 
The r e d l o l o g i c a l  inportsnce of th ta  plarginal bnae eu-gs Is subject feet. 

realdud cobtanhat ion is minor i a  given h the rsport  of Projcct 2.0. 
Eowsrer, the taa t  *eeeadlta W'OTQ not suf f ic icn t lg  conclneive t o  discount 
the  i w r t u c a  o r  the  baae surge witbut further ed - t ion .  

v a t i o n .  Widsnce *t the contribution 02 the J E G L 3  bsso surge t o  

A t  n r i L l c r  acalcd dcyths no bcas eurge for ra t ion  is to be expcctcd. 



A t  gr-ter scaled depths the  base surge should Increase I n  bpor tance  aa 
an w e n t  f o r  the d i s t r ibu t ion  o f  contamination. 
conta!alnation for grea te r  s c d e d  deptha has not beon s t a d l e d  hnt indica- 
t i om a r e  that dxlng  and d le t r ibu t lon  w i l l  not be unl fors  and tk t  a 
larger  portion of the  a c t i v i t p  w i l l  be deposited ne.w the cratsr .  

g.5 GSGA 3535Y PX!SJTZ!mS 

The d la t r lbu t ion  of 

- 
!&e offcctive 6ncrgy of :he g m  redlat ion i n  the  refildual 

contadnation f i e l d  vas investigated by use of so t s  of  mcrgy 1qcmIcnt  
ion chmbers (Project .?.ha). 
taa nesu red  at a ru3ber of  locatlorn and t iws of l o w  f i e l d  in t ens i ty  
by m c x s  o f  a acinti1la:ion counter gamma ray npwtrometer. 
techziicsl. d i f f i cu l t i e s ,  the s c i n t i l l a t i o n  spectrometer c ~ = ~ u r a r n a : a  pro- 
vidcc r o a u l t s  only f o r  :he undcrgronnd shot and d id  not provide &ita 
on tta Energy dlatr ibntfon above about b0 kev. 
experbents are consistent. They ind ica t e  a l o r  ef fec t ive  gama ray 
energy v i t h  a very high contribution o f  s o f t  radiation. 
resu l t s  ere es fol lora:  

In addition the d tgeded  f i e l d  spec::m 

Bccause o f  

The r e s u l t s  of t h e e  

The pr inc ipa l  

a. The effect ive ucrgy W i e s  from the  ion c h b e r  zieecurexnts 
rar ied f r o m  84 b lk, kev f o r  the o u r f a c e  dotomtion end from l.13 to 
144 Lev for the Enbergrou~d dotoration. These rcgults a p p 4  o n l y  t o  
points of relativoly loa g w  f i e l d  intenni ty  f o r  prrloda a f t o r  t h e  
f l r a t  ~ c v e r e l  hours. 

b. In generel t he  s f f cc t ive  energy value dccrwed t d t h  CiCtixxcm 
fma  the c ra t c r  end dccreascd with tine ovor the first rrsvsrel WE. 
The dscr-e with dls tence i s  a t t r lb i l teb le  to  a lcrgar promrtlorate 
contribution of s c a t t a r s 3  r a a a t i o n  at t h e  mre d i n t a n t  points &ere the 
conssntration of  l o c d  conte-lnation i o  lower. The de2r-e with t i n e  
my be i n  pe r t  a t t r i b u t a b l e  t o  the growth of  neptunirsa contr ibut ion 
(aes Pk-egraph gA), 

Flgrre 8 . 2  givea the energy clistributlon of the dc:rdc& g- 
redlation a t  tto points of low f i e l d  intensity for tho undor,-,-clr.d shot. 
The locat ion of s t s t i o n s  inUcated on the figure e r e  i d a t i f i * A  !m 
n,-e D.Z. 
there i s  a d d o  airergcnce in tho ~ c z f f  rcapnsa of rast rcdle$ioa 
n c s n r i n g  instrnmcnts for these lov mczzics. 

The Ugh proportion of sof t  rad ia t ion  i 0  S k g I f l ~ t .  since 

6.6 

Beta f i l a  neenurcmnte %ore c a r r i d  out t o  d c t c r z n e  the bak-rsy 
enccgies D d  the r s t i o  of btta ta g-reg ionizat ion r8cnl tb .g  from 
the rczidwzl conter lmt ion  f o l l o r w  undererowd enb surfece et0d.e 
6 C ~ o ~ ~ t i o M  (Projfict 2 . h ) .  5 e  principal rciults o f  thece 4m.s'zrc- 
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STATION 124-96 HRS 
STATION 128-48 HRS. 
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ENESGY I K E V I  

m t 6  a r e  scrmrized u fo l lomr  

a, The cqdvelcnt n & n  mmff of b a t s  r^gs of r Z s l C c - 1  em- 
t a d r a t i o n  r e x l t i q  frsn ths s-,-fcco dotorztlon - 1.7 k ! c 7  o r  l a 6  
avergsceb over a period o f  24 hu-a f o l l i m  the d a b s t i o n .  

b. The quiwla t  6- enorgy of  bots  ray0 o f  rc3idr-d C O P  
t s a i m t l o n  r c m l t i e  iron tho m d o r & r o d  dotocstlon n a  2.0 
avorcccd ovor a poriod of 70 hoara f'ollowlng the dot*n3tiOPI 

or 1 C a B  

C. Be t ios  o f  bota to  germ= ionization aa ncaanre3 *tographic 

5310 hkb=st 
f i ln  peckate ranged from 2 to 100 dcpend.lng q n  tha l o c s t i o n  of  the 
pSCkot6 with reforence t o  tha rcsiducl c o n t d n a t i o n  FSEQ. 



figure ma obtainod at  a distance of 1.5 inches above the cont-ted 
smface. The n p i d  decreme ln the bota-gamna ionizat loa rstl? as fhs  
distance l a  increaoed indicates that Olothlw rill af ford  subs tan t ia l  
protection m d  that be ta  radiation is a potent ia l  bznrd 0 d . y  for co- 
t a n a t i o n  in di rmt  contact with the  akin. 

Fall-ut and n c r  grad dcst  clouds tcro u a q l c b  o s t a i v o l y  ui th  
8 variety o f  col leafors  over a bmwi pat torn extending &unnrFnb a 
dis'mce of 10 n i l f a .  Scattered nezourmcnts o f  fall-oaD a b  d u t  
concontr3tionB rere u b o  at grca tor  biatmccs. Theie coUcctlona ~ 5 r e  
e d n e d  t o  dotcrr?ine p u t i c l e  a i ze  diotri 'oution 89 8 function of dls- 
tance, tho s ize  end e c t i v i t y  b ic t r ibu t ion  of  radiofctive pa r t i c l e s ,  ~ n b  
the concentration of radioactive par t ic le8  in dust clocls. b e r o m  
a t u b i e e  were cc-rried out  h d o t e r d n s  the p h p i c a l  and c h d c a l  nsture 
o f  individual redioact ive pa r t l c lm.  

- 7  ~ o ~ d m u s  data h u e  been coapiled and are p r e s e n t d  in tho rc- 
parts o f  Projects Z.5.s-l.  2.5-2, and 2.5~~3. These data are  at pres& 
in an lnccnplete s ta te  o f  corralat ion and BFalnstion. Thcrs a r e  mur- 
our inconsistencies In  t h e  dsta thet r a d t  from the linlkstlonrr of the  
collcctlon h t m e n t n  a?td of  the tcahniques a p l o y d  in t h e  aaclpair of 
size  dlst r ibat lona f o r  the  vide r q * e  of p a r t i c l e  s izes  lnrolvd.  In  
til-ditlon thsro &ro t x m f f i c l a t  &ta t o  c l t ab l i sh  tho rrte o f  fn l l -on t  
vlth ti@ md the por o a t  o f  t o t a l  redioectivity thzt uaa cnrr iod  by 
the s d l e r  size f r cc t lons  rhich largo- rczdncd  airborne. 

cctlve end i no r t  debris,  ecriously 1id.t the re l iab le  doter;L-sC.lon of 
the gross e i z e  d i s t r ibu t ion  of the radioactive particalatea. 

Thae 
f 8 C t O r 3 ,  tOgO5hW W i t h  the Gt-id-00 O f  V 6 l 7  inconplete &dq O f  rd10- 

8.7.1 Pr inc ipa l  Seoults - erd Conclusions - f r o m  P a r t i c l e  Studies 

The spec i f i c  aotivity of fa l l -on t  f r o m  both JUGLE dato- 
n a t i o n s  incrczeed w i t h  distance donwind, t es t i fy ing  to  the incozpleta 
nidx of  rzdioact ivs  products r i t h  gross  c ra t e r  debris a d  indicating 
accoclation of  tmtive n a t o r l e l  v l t h  t h e  ugpcr c l o d .  
spccific t x t i v l t y  increased with dintanco, the t o w  activity a t  a given 
c te t ion  dccrcsscd ui th  diotecce. 

illthou& the 

T h e  bulk of the ectlrity of the fall-ont mteziel  La ST- 
of s i g n i i i c a t  reoiduzl contenhut ion resul t ing f r o m  tho surface Ghot 
cz6 eccociatcl  r i t h  lerge p.%rL.iclca. For the andergrGund sha t  a s u b  
OAmtial portion o f  &Lho cctl-Sty ME acsocinted b t t h  p=r&iclei niidar 
75 r-lcmnn. The f r cc t ion  o f  ta td  e c t i v i t y  c r r l e d  by par t l c l ca  i n  the  
sr-sller s i z e  range incrrssed kith radlcl dietence r l th ln  the h e  EWge 
OT- rad h c r w e d  -re s l o ~ L y  in t h e  b m v i n d  d i r r c t ion  bcyond tho 
-eo lidt. me per  cent of totel a t z t i o n  actlri ty ecsociatsd T ; i t h  
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particlee aadsr 75 nicrong di ,meter  at  s ta t ionn d o %  thg d0wad-d l i n e  
is  presented i n  Figtars3 g.13 a d .  S.14, 

The per cent o f  tutal ac t iT i ty  carrled i n  e o f  f b a e  
arbi t rary size raages. a v w ~ g c d  over  10 f a l l - o r t  co l l ec t io r s  &e w i t &  
in 3 mil90 tb=???Fnd of th3 p i n + ,  o f  dqtonation, is prescntod in Tablo g.2. 

T A X 3  8.2 

ActivltP va P a r t i c l e  S i z e  

0 - 2  

2 - 2 0  

> a  

0 - 1  

0 - 6  

93 - 3.m 

llndarbTound Shot 
Per omt of 'Eo'tsl -1 Fall-out Actlpity 

I 
0-5 - 1 

2 - 5  

94 - 96 
S t a i i c s  o f  tFze of  arriml of fall-.?ut i na i ca t e  a t  ths 

hesvJ initial fallrout at tho u r a  distent etationa e v a  f o r  tho cnder- 
ground dotonation or&inatca fron o a t o r i d  carricd l a  t he  Ughw lorrela 
o f  grcater vlnd spoed with aubasqucnt lightor depositlone of nabrial 
c a r r i d  by tho lower V i d 0 .  

The highost seupled concentrationa of z'adi0&0ti9e aa t e r i a l a  
ln the near ground drwt cl.ooAs 8pp6ar to be about r0-3 end 10-I nlcrs- 
w l e s  of beta activity per cubic centbeter of sir for the s7ufeec and 
m i e r g r o d  dotonationa respaetively. Those eoncentrations were maam- 
ed at hmwind distances of  shut  2ooo t o  4ooo feet. a o  conccatrc.tione 
foll off rapidly cnsewind and at  g r a t e r  di0 tsncos  dotl-rrind. 
of concontratione givon above npply to en exgosrre averegod ovar the  
approz lz te  p&od fron rrrrlral to d q p r t u r e  of the cloud end vith the  
bota e c t i v i t y  corrcctcd to  the aversze t i n o  of  arpomro. Thas, for tho 
underground o b t ,  the concsntrztion o f  10-1 microcuries per  ca3lc canti- 
meter is an evczge for 10 ninn.tea exposure vith the be ta  e s t i v i t y  
correctod t o  about S nirmtos a f t e r  da tona t ioe  

The Yaluea 

It  is of  i n t e r a t  to m t o  t h t  iahdls t ion en-8 located 
in areas receivLng the  highP3t das t  concentrations fron the u n d o r g o u n d  
ahot bid not  r e a d l t  in re ten t ion  o f  phy~do log icd ly  significant m a n t a  
of activity. Tim f r ac t ion  of the total ectivlty 
cerrled by per f l c l e s  i n  s ize  range of 0.5 to 8 mlcrons dianotar, uhile 
not w e l l  oatabliahea by the bata, was cor t s id ly  low. Yhe p e r t i c l c s  in 
this #ire raage are considered to deternine the lnlralatian b z a r d .  

See Paragraph S.9, 
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8.8 HA2ua4 OF - E35IDUAL COFA1UE210?T 
Radiochmioal a n d y 3 a a  ad d z a y  and abbsorp2ion neaanrzx3nt3 vere 

made f o r  a wiibs var ie ty  of s=glae of residual contanination. 
serrplc-3 f r o m  the c r a t e r  l i p s  wore teken to  deternina the  dopth d i o t r i -  
’bution o f  r d o a c t i v e  m t e r i a l s .  Zurfac3  senplea from t h s  c r a t a r  l ips 
and fd l - su t  SE-Q~~S were ezadnsd  to asseas var ia t ions  in the  ro l z t ive  
abundmce of f i s s i o n  products and in the occurrence o f  neutron F n d w d  
a c t i v i t i e s  wlth distance. The mre a l g i f i c a n t  resulto o f  these  s t U e ; ,  
a re  the f o l l o w i n g :  

b r a  

a. Hephaitm-239 MS found to be the o n l y  isotope other  thaz~ f i 0 -  
sion products tbet contributed a ignl f icaa t ly  to  reaidval  contadnation. 
During t h e  period betveen 15 and 9 0  hnrs the  be ta  acti-fi ty of nope+ 
n i m  was grea ter  tbzn that o f  t h e  f i s s i o n  products. A t  the t i n e  rf i t s  
highest r e l a t i v e  c o n t r i h t i o n ,  about f ive d a y s  a f t e r  detomtion,  the  
noptuniun a c t i v i t y  vas a b u t  t h e @  t h e e  the  t o t a l  f i s s i o n  product 
activity.  Since the  ne_otnninn IS prodacod by n a t r s n  capp’;areIp* 

- J  - 7 c o r e  aranie438, the  m t i o  of neptnniun to t o t a l  f i s s i o n  pm%%i!StiT 
i s  deteralned by the  r a t i o  of  nraniu3238 captures to t o e d  f i ss iona  
and w i l l  vary f o r  d i f f e ren t  r a p o n s .  A negl igible  &?aunt of o q W m  - re le t ive  to t o t a l  f i s s i o n  products w l l l  r e su l t  fron the  dato=tion o f  a 

‘Sespcn. 

b. 

--J - 
The t o t a l  contribution of ncatron induced e c t i v i t y  in the s o i l  

The m o u n t  of neutron induced s o i l  acti-ilty r e l a t ive  
Iceterial was found to  be rm m r e  the3 a few per cent of the t o t a l  f i o e l o =  
prodwt act ivi ty .  
t o  f i s s i o n  product a c t i v i w  i s  bighest et the  crater i i p z .  
appreciable in this locat ion during the  f i r o t  day or tvo due 20 the  
contribution f r o m  sodi-24, potzosipp-k and nmgaaese56. 
1nd;zced s o i l  a c t i v i t y  should k e  snall f o r  surface and eubfiurfece dote- 
rations in m o s t  s o i l s  f o r  a l l  treepons except those in w h i c h  +.he ratio of 
ascaps neutrons t o  t o t a l  f i s s i o r s  i s  mrkedly increased over t h e  ratt0 
for t i e  JAHGLE weapon. 

I t  be 

Bsatron 

c. The 3e te  and g- rad ie t ion  dcc2y ra tes  f o r  both J Z G U  C&o- 
nations s h o w  departure f ron  the  m r d  f i o s i o n  product d w  :at% 
part icular ly  during the  f i rs t  t n  uceke r h a  the naptunic3 Colt t r ibUt~O~ 
l e  significant.  
burst can be represented by an oqustion describing only the  d f c q  Of fie- 
pion products and neptunim ( s e e  f igure 8.15). T ~ s  sacla r q r e s a t a t i o n  
d i d  not give good agreeser.t vith the  obsened decay f o r  tho adorgroaad 
shot sanples. indicat ing p e r h p s  a l e rge r  contribution of inductd S o i l  
ac t iv i t i e s ,  m r e  extensive f rac t iona t ion  o f  f i s s ion  products. o r  both. 

d. Nost of the  red ioac t lv i ty  at the c ra t e r  l ips  f o r  both c ~ a t o r s  

The be ta  a e t i d t y  o f  s o i l  secples i r o n  the  safeCe 

Vas concentreto6 on the snrfaca vith a rapid fa l l  off  of specif ic  ac- 
t iTi ty  with dopth. A t  a depth o f  one inch the activity wz.6 :.sa6 t h  
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fire per c a t  of tho mPffpzo Betivity apd none of the 6Pbcurface a o t i v i t T  
r q  be due t o  mavoidable c o n t m h a t i o n  ariefng iron t he  n e t h d  of  core 
sampllw. 



0. The de,ioe of f raot ionat ion of f i s s ion  product6 f ron  the J U G L S  

Strontim-69 and bari-140, whose rolati-re corcm- 
dobonations rras shown t o  be qu i t e  great and depmdent on the p k s  & 
method of sanpling. 
tration incrased v i ta  distance and with t i u e  of collection, w r o  f o n d .  
t o  f ract ionate  iwre tban othor f i s d o n  products. 

f. Erperhsnta  on Bffect of weathering end leaching of r a i M  
contadnation on the  ground a i th  vater, dotergonta, and c h a i o j l  egcnta  
indicated very l i t t l e  t rampor t  o f  c o n k d n a t i o n  by such mothoh. 

B.9 IEEAUTIOET S!lTDIES 

Dogs and aheep were e x p a e d  on the  ground snrfaco and Ln f o h l a ?  
a t  distances of 2500 t o  6000 f e e t  in the  grcdicted bornwind direct ion 
from each shat. 
of hazards dne to InhciLation of  radioactive dusts associated r i t h  thcse 
dotonations and t o  compare internal  and external rad ia t ion  doaegrra. 

plhe purpose o f  the  exposure was t o  allow the  a s o n a n e n t  

The en-1~ exposed during the anderground detonation overlapped 
the center o f  concentration of dowwlnd dusts and f a l l - o n t  In the r q e  
o f  -sure dietancea. 
crosswind vith a connaquantly l o w  exposure of ac t ive  natorfnln.  

Those exposed during the surfzco datonrrtion weru 

Exposed d d s  were s e c r i f i c d  i n  groups ou a t i n e  a c h c h l e  f r o 2  
X + 10 home t o  11 + 70 days. Lcng tisnw, soft t i s o a x ,  bone, urino,  anb 
gut contents wore aeh0d gnd assape-3 f o r  r a d i o a c t i v i t y .  
of  t i ssue s e c t i o n s  rere &e. 

aadioeutegnm 

T o t a l  body a c t i v i t y  f o r  a n i a a l s  w e e d  In the  underground tcs: 
ranged iron 2 to 31 mlcrocariea corrsctsd t o  t h e  of racrlfice. 
t i a o w ,  i n t q r a t c d  &LIE@ dne to beta eaisslon raagcd between 0.2 and 
9.0 rop. Rrbioautographe of lung t i s sues  indicated the presanco of a 
few alpha an i t t i zg  p r t i c l e e .  Bone anely~os lnb?cat3d aone q&&o of 

Por 1~ 

and sr9. 

=he =mtn of a c t i v i t y  taka og the  cozlbincd ect ion of $.&ztb 
tion end i y o s t i o n  are YlOt WxIsidGrcd to bo p h g S i O l 0 : i C d . l ~  S i a f l a t  
ffu f o r  u F r s l e  rocoivLng cce3 1 tire extorid gx5.a r d h t i c a  6 3 ~ ~ 3 3  
UP to emeral thousand ruontgno.  

&neidorat ion o f  incrcaeee in concmtrnBion ard a q 3 6 a r e  peficC f o r  
l a rger  dotoeations undor conditione c o z p r t b l e  t o  the JUGL3 t r - a t n  ir- 
ucatos  t o t a l  r&Owtivity up-e & o d d  lnorcaso a p p r o l l r s t d y  D-? t?m 
enbe root of  the y i e ld  vlth l l t t l c  &ango l n  t h o  Y O h t i T O  i n t o n a l  to 
erterntil daawe rattoa. 

It i s  clear that ao inhelation &urd of nllitory rieplf1.c-a 
indspond-t of an e z t o r n a l  b a d  of m r o  nerloun ooneoqaclca e r i a t s  
f o r  PerGonnel In the  ouen o r  wc1 f o r  those with =derate shielbiag in 

n 



~.&d.clea or forhalea. 

The l a h r n d  dose, indnpmdent of the external gamna radiat ion 
hw6. ep?eara to be insuff ic iant  to prodace tissue damsge over a short 
period of the.  Hovover, t5e possibility of long term biological effect. 
iue t o  i n h l a f l c n  is not ruled oa t  although there i s  no positive wideace 
t b t  such l o x  t o m  b a z n r b  ezist. 

These conclusions should be appl ied with ccution t o  conditione vary- 
i n g  wldelp from t b a e  o f  the JAXGLE tests since concentretiom of active 
psrtlcleu in the  size r a g e  o f  0.5 fo 8 nlcrons. whlch deternine the 
tnb la t ion  p m b l a ,  nay be e l t o r e 3  conoiderebly f o r  othar a o i l e .  d e p t b  
of dc+bcs:lon, and netcorologlcal conditiona. 

Gema rediat ion dcpth-dose measurssents in  approximately nnit dens i ty  
m t e r i n l  were WAS at positions n m n d  of both the aarface and undergrow.& 
points of d e t o x t i o n .  using the sme tschnlqusa employed ab the  ~ ~ ~ ~ O S P  
and Z S S E  tests ( P r o J G t  2.kb). 

The rcanlta ~ p p l y  only t o  i n l t i a l  gamma radiat ion indqxmdcnt of 
apprecicble contr ibut ion f r o m  rezidnal  contazainatioh 
algniflcant dlfferenco in the  vzr i a t ion  of L u i t l a l  
rith d q t h  for the  Jfi3IS d c t o z t i o n s  from t ha t  for air barate. 

They indicate no 
radiat ion dose 

Hatc-co&rollod rzznols v510 cuccoeoMY hclploycd fur wI.y scs- 
p m  of  pz r t i cdc te  ~terLQits in nrccu of h i 3  g- rediet ion intcmity. 
In dylition tho UQ of retriermblo d s s i l e a  fer 8- s~q l ing  vaa tszted 
rrith s x m x s .  

The nee of ra tc+-cont ro l led  7ehiclee has the advantag  of  ranze of 
oporetlon. Further. tlueh v&icles can be equipped f o r  core e86ipling and 
a a i e t y  of  o thsr  nechsntaal functions. 
ts;hniques of r m t e  control, i a c l d l r r g  the  te levis ion r Y n l t o r i r g  syotea 
k h s t  P-B cnccessfelly c p l o y c d  in this t ea t ,  e h u l d  contribute Co the 
application of these tech:quca 1% other fields of interest .  

The erporience gained i n  'As 

Y1Li:hin t h o i r  l lrLte6 r-e, the a96 of r c t r i w a b l s  11iissilo8 Is 
ln6 icctc .b ae a fcr m r e  c o n o r l c e l  m t b d  f o r  the r c o t e  col lect ion of 
Cpp1aco scr-ples. I t  f ibuld be no p m b l a  h ccalo Up t h e  r i s s i l o  s i x 0  

f o r  cmreziable  h r c a a  i n  r q c .  
be &qat0 to EeGt n e t  r c p i r e c n t a  f o r  r e a t e  e u r f u e  ampling i n  

tsrger  r i ~ s i l e s  o f  this m e  a b u l d  

C O M e C t l o l  wI'A f n r t h m  &torsic tes te .  



9.1 I ~ ~ m c ~ I o x  
A t  Operation J M G U  the  f i o l d  s u l t a b i l i t y  of cqaipxeat m d  t c d -  

nlqoea developed to mlninize the  r e s t r i c t ions  and hszards aseoclated rlth 
w f d o s p r d  residual redloactive conta.3imtion vaa svduated. Operation 
J U G U  v a s  t h  second operation during whish atonic bosba wre  dot- 
llated in such a w a y  BB to produce areas  of  high i n t ens i ty  radioeotivo 
conteninetion tnf f ic ien t ly  large to  'be of signifioanco to nilitsry 
operations. 

The f i rs t  eoch datonation v a s  B M n i  Baker where ships and quip- 
mnt suffered serious mec'hmical -0 in an area of o n l y  three q u a r t o n  
of a square mlle while ships w a l l  beyond this area, particularly :in a 
domwind direction, incurred axtecsive reaidad redloact ive contadnation. 
A8 a roault o f  B L X n i  Saker coneidorable mil i tary rcaearch and d o v e b y  
ment effor t  vas devoted to prov1dIn.g techniques and equipxent t c  allmi- 
ate residual rgdioactive contamination h z z r d e .  T h i s  effort l e d  to tha 
development of rediac equipment b n i l t  t o  d l i t s r y  specificntions, deve lop  
cent of radioactivo deconta ina t ion  procedures, and t h e  application of 
individasl  end col lect ive protect ive Equlpnent. Tbse portions o f  the  
test progrecs o f  Operation JUOLE vhich were ccncarned vith the f i e l d  
eralaation of these dwelopnents Rnd wlth t e s t s  t o  b e t c n l n s  capabi l i t loe 
of standard service q a l p n e n t  in a r e a s  of serious res idua l  radieect i re  
Contankation a t e  br i e f ly  sumnarized in this section. 

9.2 E7ALTATIOI; OF MILITARY EADIU EQUIFXEM! 

Four types of portable  rediac a m o y  instruments wore f i o l d  testod 
b a c b l  rsego in mea surrey, h s l t h  r n o n l t o r i G ,  and dccontsahat ion 
*ark. 
work d the ~ e j o r l t y  vere h u v y  and large. Done o f  these i n s t m e n t o  
w e  cspable o f  indicating mro than 50 r/br although, wc~l andor tho 
conner;-ativo tderences  spcsif icd f o r  these tes t s ,  U d t c d  operations 

All i n n t r m m t s  require< coneidorable praparation asrd reint-co 

condwted in areas o f  aeveral h & c d  m a t g e n s  per  bur intensity. 

Tro typee of portable radiea s u r ~ o y  l n a t m c n t s  (ds/FL!%lg end A51 
Pne32) received l i a i t o d  infornative testing f o r  eq inoa r ing  and t m b  
E i O d  & h e .  EadIao Se t  AI@?P.-~~ wan the  mst sa t i s fac tory  of  all  
the i n a t m e a t s  f r o m  the stendpoint of  s i z e *  weight, and m a x i m u m  range 
(500 r/hr), bvmer* i t s  Rlggcdness and r e l i a b i l i t y  aa a E L i l i t a q  surrey  
i n e t m a t  vore not e s t ab l i ehd .  

79 



L 

A davelopmental a d e l  o f  an a n t o m t i c  nnlt f o r  processb& re+rtype, 
r a a t i o n  dosage fila uas operated and mmalueted during these tes ts .  
The anit b a s  found to be acsa t i s fac tory  aince i t  could not maintab 
anifom photographic dcvelopent  w h a  operating f o r  periods of time 
longer than 20 Anntes.  
Fore f i l a  per b u r  then the autoE.:ic mit c m  p r o c a a  at its :hc?rotical 
d m q  
that the l o w ,  developing, -hi=, a d  drylag t b e s  were ro5 the mot 
GigrifiCant f ac to r s  in the overal l  r a t e  of f i ln  h d l i n g  and processing. 
' h e  c3:e time-wnenning oporationa were those involving the rRcoral of  
:he fih froa &&e packots, r c d f n g  tho f i b  on the  donaitometer, record- 
lag of rezults tnd var lom other hardling details.  

k - i n g  this operation one man developed by !mnd 

of 600 I ~ S S  per b ~ .  It was dtxidcd durlng tEs  t e s t  

Lsbore tory  mdela  of  p r t a b l e  air mnltorlng qnipaent .  deaLgnz4 to  
dotorslne the  alr loading of red ioec t l re  par t ic les ,  were operated i n  the  
c o n t d n a t e d  s r u  to  CLetcdne f a s i b i l i t y  of Sortable wnitors and t o  
obtzin bforre:%on f o r  fu ture  dovelopaat. Parhmaph S.9 inbicatra 
that radioactive airborne dust i s  not a h a z m  In  m i l i t a q  f i e l d  opera- 
tiana. 

9.3 CL& . ~ ~ O ~ G I C ~ L  mmy r ramems 

Airborne M a c  equipncnts (A3/&, we F-1, end AY/UE-l)  have 
been dwrclopd %y t h e  Bevy end air Foroe f o r  use i n  the rapid s u r p o y  of 
ET- o f  rz.dioective contmiant ion on the & r o d  (Projects  2.1~-1 and 
2.lc-2). 
a l t i M o  pad introdrrces a correction f o r  altitade to detemLne gro l rd  
h tm6i ty .  It  YBS comidered that this infoma:lon, when corr9lateO 
wlth the  a1qlane:s  COLWO, ground s p e d  and a polnt of oriontation, 
bould p e d t  ths constraction of bos-rate contour ~ p s  o f  the  gm-md 
contcslnstion. 

The q u i p a c n t  t z s  dtxigned to meas'ne t h e  g- dosc-rate a t  

WeriGnce in the JAYGLIE t e s t s  indicates  that the  operational 
difficulties d m a h a t i o n  T r 3 b l a s  involved i n  the  rapid a e r i a l  E P I V ~  
of contarhated areas ,  rosvll:ing frog sarf&co and tuderground atocia 
dctonstions, lend doubt t o  the r e l i a b i l i t y  of 6psh tr;shaiqnca end t o  
thoir u t i l i *  in r l l b t e r g  opmations. 
n l r e t  =-e the f o U e w ;  

l'be principal d i f f i c u l t l a  Fp. 

e. Ps&c+a of a i r tu rne  dobria r d n  over ex- of irrc,pcler tcr- 
rein for  considcrable periods G t c r  the  cloud h p s 8 d  bot%.ia& 
ia no my of  disc:irzinattng bstt?6€n d r b 3 r n o  debris end g r o a d  mnte-i- 
n C t i o 3 ,  >r:iciLerlq cinco  the d i s t r i b u t i o n  of cirbme W t i d t y  ~ ~ r i E s  
in concontration End cxtent r i t h  e l t i t d e .  
dcbrin a i l 1  r e x l t  in ersc-aivolg high c m c y  rdings.  

TnarII 

The prosence o f  elzhme 

3. Vaintsinlng relizi3le r w o r b  of ground cld CONS@ 3 x 2  fo r  10- 
h e 1  f l i gh t  ovor i r r e , d a  t c r r d n  r i t h  a high c p e d  aircraf;  !.a a 
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d i f f i d t  p n b l n .  

a. The etcep grzdiont of gmza rediation in tena i tp  w i t h  cliatccmti 
from g r o u d  zero f o r  aacface and undergrounb h u t s  results in at%, 
r e a d i n g  bn-e to  th9 contribution of ai& acattereii r d i a t i o n .  I?lis 
rendera unreliable the  w a l z t i o n  of ground l n t ens l t l s s  erc3pt :or point3 
of pe2k intmnity.  

Anothcr rasid radiological  oaU17sy of gnlmd zero  and the  *a- 
o a t  Ugh* conbninated ground aroa ulas perforned in 1o-f- air- 
oraft imtreaentod with a t a d a d  radi- s o t  M/Pn-lrlE m d  auto=srtic 
reoor8.ix quipant (Project  5.1). 
u w .  o f  highc,at f d ~ l 4 n t  i n t 3 m i t y  w r e  a p p m h t e l y  d e t e d n e i  by th le  
mmq. 

The location OP ground zero and t b  

The survey equipaents a r e  u e e m  f o r  tha locat ion of  c o n t d n a b  
.d =ea3 md establishing t he  axtent of such areas. However, It is epb- 
ject $0 question that a c r i d  survey techniques can, i n  the face of the  
problcaa imolved, provida dose-rate contour “pa o f  ground cont3mi- 
nation s - d f i c i a t l g  r o l i a b l e  and ear ly  to asalst grourd operations. 
appeara that t b  mil i tary al;pllcation of  these tecchnigrcs should b9 
careful* rdcffed. 

It 

Operation JIGGLE p r o d a d  tbe  first opportunity t o  f i o l d  t e s t  pro- 
ceiureo for  d e c o n t d r s t i r g  conpncnts  of a typical  land target coqlax.  
I t  a l a 0  p o r l & e d .  Saeic informition upon which the need f o r  and the 
feasibi l i ty  of aocontadmt-  objects  snbjeoted to conte3Fnstion by a 
surface o r  underground a t o d c  bomb detonation nay be 6ralmted. Tho 
reanlts Fire k r g e l y  Unite3 t o  condltiona where the  contamination is 
dlmtrlhtcd in a dry atate .  
B l k l n f  B&ar where the contwina t ion  ya8 distributed i n  a wvt atafe. 

Some o f  the data are at variance vlth 

It  res found that o n l y  h r i z o n t a l  a d  near horizontal  e q 8 c d  
aurfecc3 re:d>ed contadnat ion  t o  a signif icant  oxtent. 
&ages in enriece r o ~ g h r s s  woro fomd  inpartant t o  the r o t s i t i o n  of  
conteAm:i3n, and these uare imi igd f i can t  i n  cocparison w i t h  tho  offcot 
Of ac r fece  o r i u t a t i o n .  The rosu l t s  of the tes ta  of bccont&mtion pS+ 
cC&rea e r e  a-lzcd i n  Tehlo 9.1. 

O n l p  gnss  

It L% io- f t3 s ib l e  to  reduce the general redintion intensi ty  i n  
a cont~-2iimtod land target conpler by a f a c t o r  of 5 to 10 by k c o n t m i -  
=:ion procd.Jses using s t m d a r d  c o n a t m t i o n  eqd.paent. 
a f f o r t  rqalred to  aceoaplleh tUs is so extensive thst rebloective 

rill compare favorebly v l t h  docontanination in redwing rediation 
lwola a a r  moat o p o r a t i o d  situations.  

awcver, the  



TABLE 9.1 

D e c o n t d n a t i o n  Hfect ivenesa 

B n i l d h g a  80 

Roof Panels !N 

Painted Surfacer 90 

Vehicles Eo 

I 

9g 

Rate of 
conpllahmml: 

- 
Most Sd'esble 
Method 

These rc.5uctIona do not apply et ~ar3.y timer puticolerb in 
a x z s  of w e n t  genrs intensity, rhen the higher affect ive 
gec;a energies a r e  cnvol.rod m a  consequent9 ahie ld iog  fac tors  
w i l l  be considerably iouor. 



H i l i t a r y  v e x c l e s  and tanks &*forded considerable shielding t o  
~ccupa:a while gperabing i n  a contminated area. Average percentage 
reductigrs aenswed i n  lox i n t ens i ty  areas a t t e r  one dey e re  3bo:m in 
?ab10 9.2. 

Vehicles opsreted i n  the nost highly contaminsted are39 becvile 
radioactively ccntminated t o  R degree s i g n i f i c m t  o n l y  =der AZC work- 
:% tolerates. k'nen the  g m u d  w a s  wet folloxing a rein,  this con3.ition 
vas a&gantad. Howaer, under no circumstances would this contadnat ion  
be of i - T r t a c e  to  a mi l i ta ry  operation. 

9.5 
Chezical COW protec t ive  clothing, Class I (imprene.teE) and Class 

I11 (mn-F;;pr%=ted), was malas t ed  f o r  contaminability and ease olp 
decontunimtion by i n e r t  exposure t o  the direct fall-uot and by exposure 
on personnel vorki3g in conkuina ted  a r e a s .  Impregnated. clot:?ing picked 
up more c o n - t d n s t i o n  than nori-imprenated and WE more difficult to  d+ 
contaninate. Zowtnver, none o f  the clothing retained contenination Fn 
excess of the exceptable A3C tolerance f o r  coatinnnus ret ,xit ion and u e  
witbut decor,tmination. 811 clotdiilc: e f f e s t i v e b  prevectei  c c n t d -  
lation o f  the  portions o f  the body i t  covered. 

Collective pro tec tom f o r  t d s ,  ~ 6 ,  were tes ted f o r  s u i t a b i l i t y  

Although they were found t o  provido coq1e;e prc- 
bath da-irg t h e  period of fall-mt a d  during operations in highly 
c o n t d o s t e d  a res .  
taction f r o m  the inha la t ion  of radioactive mterials;, Paragraphs P.9 
and 9.5 indicate  that there  is M need f o r  this protectlun. 

Indlvidxal protac t ive  mask;, M g A l ,  was evaluated f o r  protection 
agei is t  i n b l a t i o n  of radioact ive materials. 
rea  f o u n d  
produced 
that M m i l L t a q  rqdrenent f o r  t.his protection exists. 

Eo meas,urable a c t i v i t y  
have peaatrated :he nasks w o r n  i n  the contednated 81- 

the surface 3 n a t .  Again in Paragraph 8.9 i t  is indicated 

Several :mks m d  an arzz?re? personnel carrier vero oparatod th rough  
coats5.ns:ed arms (as high en 50 r/hr). 
v e h i c l e s  
These measurmects ss tabl lshed the  fact  that nn mil i tary hazard to  
Peroomel i n  the vehicles i a  to be expected under t h e  m a t  favorable 
codi t ions  f o r  the c rea t ion  of a rahioactive dust hazard. 

The dust l n t rodued  in to  :he 
th i s  operation was measured f o r  gross radloactivo content. 

Utbugh this pro jec t  concluled that there may be a poten".ial 1 o q  
t e n  b z a r d ,  :he continued lack of m a i t i v e  evidence to  tNs d f e c t  casts 
*ware doubt that this hazard does e x i s t .  



"w Allison 3-33-A-35 mgines from tvo p i lo ted  Mr  Force S 3 3 A  
aircraf t  which bad  been flown t'nzovgh a radioactive c l o d  on Op3ratf.cn 
iE.TEErere processed t k o u g h  ro-Jtine major overhaul, Hc airborne rad&- 
active conteninant hazard e-dated during engine TernVal operations three 
o r  four ws a f t e r  contadnation. D ' i S a 6 E e d d . y  %BE s t a r t e d  j 6  -6 a f t e r  
exposure f o r  one of the engine6 end 92 d a y s  f o r  the o*&er. It kas found 
that special  precautiom were required to moet standard AEC industrial. 
safety rcquirementa but no great difficulty vas experienced in comply',ag 
r i t h  these reqqcirea6nte. 

9.8 CLOTHIEG ? . I X O ~ ~ I O N  AND EVALUKCIOBT OP LAUKlRY XLTEODS 

Standard and spec ia l  U. S. Army Quartermaster Corps  l a u d s r i w  

- --- 
nethoods and standard laundry equipment were evaluated f o r  f i e l d  decon- 
temlnetion of clothing and se lec ted  fabrice. No clotLLng vorn 3y 
personnel becme contaminated t o  a signif icant  ds,-ree duriag this 
operation. ThereZore, this 2 ro jec t  wzs carr ied out v i t h  clothi3g 
deliberately coatminated vith radioactive material  from the f a l l -oz t  
area. 

The project  wa lae t ed  the stendard and several spec ia l  l a u d e r i n g  
fo=dae, rarions typea of' clothing m t e r i a l e ,  and m r l t o r i n g  i n s t m a t s  
(Project 6.7). 
that .clothling contamination r e su l t i ng  from mrk in a x e s  c o n t d n a t e d  
by stomic %ab detonations tpi l l  not proclue wen mlnor i n , ?  t o  per- 
sonnel. T h i s  conclusion is  based on consideration of the data on 
saturation ValUeS of de l ibe ra t e  clothing contamination r&ed to one 
hour a f t e r  Catonstion. The r e s i l t a n t  exposure to personnel would >e 
l ess  than that required to  p r o h c e  even a l igh t  akin i r r i t a t i o n  (con- 
parable t o  mil3 Gunburn). 
much higher apecific ac t iv i ty ,  could incrsase the  munt of ccntamination 
recsiced by clothing, but an in:rcase in l eve l  of neveral orders of 
cagnltuda * . o d d  Se required to  Froduce injury. 
certain L b t  rsu:+b3 s t a d a r d s  cP cleanliness would effec:ive?.n p r e v a t  
i n j u r y  f r o m  :his czme. 

!Fhe a i p i f i c m t  r e s u l t  of this pro jec t  IR the  indication 

Other conditions, such as d d y  t e r r a in  and 

In these casaa i t  i s  

U. S. L-E, p@3 gellon, nibbsr coated, nylon fsbr ic ,  r a t e r  tanka 
f i l l e d  x i t h  brlrking va te r  were found t o  be nn&maged -&thin 5'XJ yards 
frm the nuclear surface detonation. 

On the occasion of this t e a t ,  the t a t e r  in the  tanks 3Ld not be- 
come c .on tdna ted  nor WLI ae i t ron  induced e c t i v i t y  produced. It Y E S  
celculet&, hoawer, that water i n  open tanks w d l d  heve beon conieni- 
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mted to a l w e l  above th9 a c c q t a b l e  r isk l w e l  U f o r  10 &ys use 
result o f  fal l-xt  if the tanks had been located In the  heavy feli-out 
mea. T h i s  arw w c d d  roughly correspond t o  th9 area shoving  LO^ r / h  
o r  g-eater at one hour. 

a 

D r i d c l n g  water which vas del iberately c o n t d m t e d  t o  a signif icant  
l m e l b y  adding radioactive c ra t e r  l i p  debria m a  procosaed t h o u  an 
A r q  150 GPH Diatomite Water h r i f i c a t i o n  Set. T h i s  tquipQont raovcd 
84.5 per cent of  the dissolved o r  suspended redioactive m t t e r  fron 
the brinklrg water. 



O p c r a t i o d  cud W G r i n c n M  data VBT6 o b k l n d  on r c  rokrau 
fmx atodo  bdntrr using clrturne radar oqrzfprznt %viob l a  b o d  dc- 
liv01-7 typa aircraft. 
vuthsr 1.3+hd of b c t w = i w  fidld 

U.2 UIHOD 

T h i s  techdquo is b c i e  dcvolcpcd M cn a l l -  
location of emurid % e o .  

'Phe ae*hod insolrw e3tLon picture pbtography of the P X  mtxtor 
s t =  prmmt.s:ion of rsbr ra'?ptne. Both & b a d  r d a  (AS/BpS-23) cab 
E+&=& rzdar (arS/aPS-kJ) ware u t i l l z d  on this os--tlon. The d e v a h p  
ed f i l s  shoulng the reflcctive cffccta is a s l y z d  for  the rqrired &its 
iron irkich ground zero cen ha deterslned. 
o f  yield t h e  area o f  -e cet be c ~ t i r t c d .  

Fmn this an& fron eatbster 



11.1 WIOC911.IICA.L ~ Y S E a  

S c p l e s  of airborno b r b  dobris  fron t he  surface shot were collect- 
ed a f t a r  trensprt over diste.r.sc3 of l T C 0  and 14,000 a t a tu to  pi163 and 
vere ident i f ied  by rRbiochpei& & S i F L  b o d  agreemnt existed at 
those distances betweu the locat ions of t h e  dobrin and i t s  path as 
deternined by meteorological t r a j ec to r i e s .  The debrio from the  l la&olc  
ground shot was s q l e d  and i d e a t i f i d  d t a r  EM, milos of t r ave l ,  tmt 
meteorological t ra jec tory  artor,  conbined v i t h  a d 1  cloud dineneiona, 
moulted i n  f a i l u r e  to senple the  cloud at 1700 nilao. Dabria could not 
be i d a t i f l e d  f r o m  col lect ions at 14,000 milea probably becmse of t he  
high background r e ~ u l t i a g  fron o the r  a t o d c  fiqplosions. 

The ei&yificcnt rejult of the r a d i o c h d c a l  .=nalyois 1s that fis- 
sion prodact ra t io0  vary widely w i t h  altitude aad r w o  of amplo  
collectioa, and d p r t  ~2dic3l4 f r o n  t h o  values given by tho esfabliah- 
edf ias ion y i e l d  c o r ~ c a .  %a i=s detornlned fron W L Z ~ ~ G B  col lcc t?& on 
the ground and at  low end Ugh a l t i t n d o s  f ron  the in i t id  cloud, end 
fro= air amplea col lected at distances  90 t o  1700 milea. 
haa not b o a  obaorved previowly in t h e  U. S. t e s t a  on towera o r  air 
drops. I t  U c a t e s  the  necessi ty  to  study a l l  possible  nethoda of 
crraaining the de3rie fron anrfeca and undoxgz9und erplosiom in ordcu t6 
detenine the ralntion botvoea tha  fissionable Esteriala, %or olczmta, 
and products o f  n a t r o n  reactions in  temper and core. 

T h i s  effcct 

Significant aignaln vere dotcoted by all acorratio a t s f ions  locatod 
within lg00 d l6 .9  of the doformtion point  for both JAYOLS t08%3. 
andergmud c h p l O I 3 i O n  weis dctoctcd at  a rea,-e of 2300 f i l m .  

Tho 

Si- l  l n d a  D C a B U r o d  a t  low rengo were r o q h l y  q u i v a 1 c . t  t o  
t b a o  record-A f o r  air b a t s  dwing  Operation BUST=. 
that the  a c o u t i c  detect ion t c c h l q u e  is fpst as e f f c c t i m  f o r  sarfaco 

I t  %XIS Eppears 

s h ? ~ l l o w  unOorground burs t s  as f o r  a b  bursts. 

The markai di rec t iona l  e f f e c t  in propagation favoring tranaai3sion 
t o  the wst ver i f ied  srpcctat ions f o r  v i n t e r  propagation wnditiono. 

Sais~lc t ea t  f a c i l i t i e s  vera loca ted  in Wyoming, O k b h o ~ s ,  Us-, 
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ma Alaska. 
respectively. vere i n  an area c lass i f ied  ae a cloee-in seismic EWW. 
blthough detection in this area 7688 presumed to be rose d i f f i cu l t  tban 
at greater ranges beyond the shadov, the Wyoming Inatol la t ion prnved t o  
be superior t o  all the  others. 
l a t t e r  location with an instrumental gain o f  kOO.000 yielding a s i g r s t u r a  
kith a aignal/rDiae r a t i o  of  1 t 1 and the uderground burst u m  deteot.  
ed u i t h  a slgnel/no:se r a t i o  of 2 8 I. 
two 6 b t i  tcB8 found t o  be about equlvalant to tha t  from =or o h t .  
Operation BOSTm. 

fox the first time at long range of an p n o m l o u s l p  s t r o n g  signahre 
correspzxling to a velocity o f  3.2 ka/seao; (2) evidence thst geological 
considerations leading t o  quiet  ins ta l la t ions  may be overriding in 
aol t ic t ing  future a e i a n i c  s i t e s ;  and (3) information w h i c h  will 2 e d t  
a&rrowing the band wldth from 10 octaves t o  3 octaves with resul tant  
g r a t e r  senaitivity.  X o n 4 e f e t i o n  of the low yield a h a t n  boyond the 
YyoPing installation is bel imed due p a r t l y  to the m e  of quipzent  w-lfith 
a gain of l esa  thnn xx),OOO at the renote etationa and par t ly  t o  the 
abooxptton of a large arsunt of energp. (possibly as high as 9 per cent) 
ln the vallcg allaoi~n awroundhg the b e b m t i o n  pint. 

Ins ta l la t ions  i n  Wyoming and Oklshoms, at, 670 end 1000 nilso 

The 8UrfaCe nhot uaa detected a t  this 

The aeiaaia energ  from these 

The s igni f icea t  results fro= tu0 test inclnded f.1) the 03,sarrr;tion 



12.1 I r n r n C T I O L I  

In extrz-wlatiw the o b ~ e m e d  effeots  of the t o s t  weapons at the 
test s i t e  to es t inate  ths  pmhnble e f f cc t  of operi t ional  sized w a g o n s  
on poteztial  o p r a t i o d  ta-?ge:s, It is necossarg to mnsider the in- 
fluence o f  - variations betveen the conditions of the  t 4 s t  and other 
very c o x o n  conditions. One of these variation0 is  the  differmoo in 
sire o f  the weaxns. This rqqaires scaling, a pumu m a t h m t i c a l  
process daring \rhich other variables are considered to be c o n s t a t .  
Saaling has uncertaintien whlch are,  howmer. very  much less thau those 
to be arpectod from variations i n  condltfons at the  point of ddirery. 

12.2 1mmcII 03 sOIL -- 
The target s o i l  along vlth the  ve loc i ty  and a t t i t u d e  at -act de- 

t e n i n e  the penetration of the w e a ~ n .  

In tarn, the d q t h  at vmcE dotonat on occurs l e  one of the inportent 
factors i n  d o t d c g  the f rac t ion  o f  avai lable  energy which is coupled 
ink, the ground. K i g h  explosive experinents have shown thst the s o i l  
characteristic:, influence dircctly the c o q l i =  of  energy i n to  t h s  ground. 
A third effeot of the  s o i l  is i t a  influence on the attenuation of  ground 
shock phenenma v i t h  bistanoe. I t  is important to m t e  that all these 
aifecte are additive. That is, a s o i l  type wUch allom deeper pcnetra- 
t ion  a l s o  gives be t te r  coupling of  energy into the ground and a lor9r 
&tt€Wlation t o  groUlV3 tmsdt t@d phenomens. 

Figure 2.1 shDm tho variation 
i n  expected penetration r pe t o  soil type and hpsct vulocity. 

The undcrgruund s h t  at  the X e v a a a  Test S i t e  i n a c a t e d  t h a t  f o r  
surface s t ractnres  air b las t  vould be tbe m i n g  mochanlsn. 
~ 4 1  c b g o  EG experbent 
dcpth of burial incressesd.  Coqer iaon  of Du,g and HBveds 84: dstn for 
idcnticnl c h r g e  depth but d i f f o r e a t  s o i l  S ~ V S  a reduction of p& ove- 
pressure by a factor of  tm at the Dapay dry clay s i te .  
ware effected r idor  conditions t.fiich vould faior deeper pmetra t ion  
(1.8.. p l m t i o  clejr) both o f  the above factors would be operatice t o  
give a maJor reduction in redli f o r  spocif io  peek overpressares. 
to surfaoe s tmctures  by air b l a s t  would be corraagonhi@Y rcdnccb, 

9owe-mrm 
shor t b t  air b h t  decrezae3 rapidly a3 

If delivery 

DLlrge 

ILMage to structures phenomena muld be 
d a n c e d  by the  delivery 

a t  Cug-my w a a  q e r i e n c e d  ae a r e a u l t  of gmund-transmitted phencnena. 

achieve nuubmun pmetrat ion,  
Le., in p l a s t i c  clay a t  S t r u c t u m L  w e  
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The DngL-ay s o i l  1s M t  the m a t  favorable f o r  ground tranemlaelon of 
shock, but is thought t o  be in ta rnedia te  between the wst favozable and 
that a t  the H e ~ a d a  Test Site. I t  l a  therefore e q e c t e d  that the rarLiua 
of etracture danage due t o  ground transmitted phenomena wvuld be iocrasa, 
eb under = r e  favorable conditionsr 

Due t o  sariom differences in the  ambient f f e l d  phenomana between 
the HE data from lhgtw and JhIIGU end between the JAXGLBI HS aer ies  and 
the n w l c s r  shots, a quzn t i t s t i ve  expreoslon o f  the above faotors does 
M t  eppcar rsrrented at this the.  
c d e t i n g  i n  the e z b i a t  f l c l d  phc3oncna, na jor  questions aa bo the  
structusal loedFng end the  affect  aFjn i t  of s t ruotnra l  rezpmae re=.aln 
w u o r e b .  If, however, i t  i o  manned thst the dlffercnoea Fn r35ient 
f i e l d  phemnam ere  due s o l e l y  to var ia t ion  in coupling of  eaergy i n t o  
the ground kg nrclear dot imt lone  ae compared to  Ugh explosive deb- 
nations, rough eatlmates can be d e .  

In edd i t ion  t o  the dlacrepmciea 

ghe c ra te r  due t o  the underground nuclear shot scaled according to 
lam derived from HE sxparimente and the c ra t e r  due t o  the surface 
nuclear shot ceri be correleted p i t h  5 data by applylng a r a t l o r d  
corroction fsotor. (Soe Paragmph 12.4.1.) Accordin&, the c r a t e r  
sizes crpected in tarioua eg l l s  a r e  shorn i n  Fable 2.1. 

A t  greater dcpths o f  p u o t r a t l o n  the  bese enrge all1 a ~ s m e  greater 
iLprtencs i n  the Ppr6Zd of rad locc t iu i ty  t l t h  a rcsdl tent  F n a r a e  i n  
the &sngea cnd c o n t d - t i o n  level  v i t h i n  the bass sWg9 mea. 
o p t h  candition f o r  & e  0-g~ f o r r s t i o n  1s indicated f r o m  HZ similes 
b~ be at  a s c ~ l d  dspth of a5sntXo = 1.0 (300 t o  400 f t  f o r  the I=-B). 

%e 

The type O f  s o i l  8Ild i t 8  CJiEtWe Content dl1 i n f h a C t l  b-0 8Wge 
foroation, 
teeta indicate t h a t  dry send is the  m e t  favorable, wet c b y  t h  least 
f an rab l s ,  anb d z y  cZey intsnaediate  in effsctireneass f o r  base surge 
fonmt fos .  
lerger and 50- festar than the surge produced in clay 8 ~ 1 1 8 .  

The boee surge radial growth c-uves presonted for ntpws HB 

Tinu a bas0 surge pmdoced by sa orploaion in dry sard is 

Par t i c l e  size d ic t r ibu t ion  nay be n3rkF.ilg. effected by s o 1 1  tgpe. 
One could e q x c t  a c h y  eo11 t o  k v e  a enel ler  p e r t i c l e  81x0 on 31.6 
average ard r c s d t  i n  a G r e t a r  n p r d  of contaminstion thsn muld be 
found for liead. 

la tho &\we C n  s s s e n t i e l l y  h3ugCnaona s o i l  m-&m h b a a  con- 
nldar&- L%k of deteile-5 Imowlcdge o f  the g C ? l o a  a d e r l y f n g  the b g e t  
area woad rendcr the  picture inde tc r i ina t e  f o r  gtopnd-trr;nsnltte?l 
phmsena. 

Althrgh data t o  rq_?port t h i s  conclueion a r e  very REZger, It &os 
%-ut &ppeDr :haat 6011 a c s  roald h v e  a m J o r  lnflnuce on the offecta  
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~0 be expo t& fron a surface detonated weapon. 

Ths wind p r o f i l e  up to the hoight of the m e r  cloud dll a f fec t  
the pattern end extent of  a r e a s  of significsll t  re3idnel contenimtion 
r o a d t i =  fmz eu-faco and underground atonic detonations. Altbugh 
the sct ive p r t i c l e o  a r e  ini t iz l ly  associated v i t h  the f l r e b l l  md i t s  
cloud outgrovth, the  fall-cct pmaoss besins et an early time darirE: 
the rise and e-sion o f  the cloud. A t  all tinea thereaf ter  the est ive 
particlos f o r a  M extended so=-ce continuous f r o m  ths F p e r  c h a d  t o  the 
g r a d .  
and coneguentlg the t ra jec tory  of fall ing par t i c l e s  are  not w e l l  
established. Hovsver, cer ta in  general canclueions v i t h  regark to the 
inflnonco of w i d  on the  d is t r ibu t ion  of residual contamination can be 

The r a t e  of fall-cat f r o 3  the cloud and base surge i f  pnduced 

d e .  

12.3.1 Effect -- of Wind Velocity -- on the Distribution - of Residual - 
Contanimt i o n  

The wind w i l l  exort l i t t l e  influence on the d is t r ibu t ion  
and intensi ty  of res idusl  c o n t h t i o n  in  t h e  v i c i d t y  o f  ground zero 
and h e d i e t e l y  downuind where the  contminetion i s  p r i r s r i l y  associated 
w i t h  very large per t i c l e s  dxLzh f a l l  rqiUy. 

The effective wind volocitq influencing the  diatr ibut ion 
o f  fell-out i s  approximately the avarege re loc i ty  o f  winds f r o z  the groan& 
to  the height of  the +per cloud. 
doanwlnd displacemnt of pa r t i c l e s  in a given wind increases with 
decreaaini: partiale s i z e .  

The t i n e  o f  fall and consequmtlg the 

The Qwnyind incrment of area  of significant early ?asage 
i o  rovgUy proportional t o  the e f f ec t ive  a d  velocity. 
conoeotretion of reeldnnl mntaoinat ion at a given point d0mxh.d r a r i e s  
lnversoly as the wind re loc i ty ,  i t s  time of arrival a t  thst p h t  e l n o  
wries h r e r a e l y  a t h  r h d  v e l x i t y .  Those d f e o t s  cozquse te  t o  give 
appmri-toly the s m e  in te -mted  done.  

fithot@ Ihe 

The poriod of arrival of  fall-eut at a givm mint down- 
rind i s  govornd by the  VLCd profile.  
all l ove la  pp t o  the  uppor c l d ,  the period of arrival l e  equd t o  the  
cloud d i m a t e r  divided by +he vind velocity. 
veries with height. the  perlod of a r r i v s l  increaaes vith dtatecce. This 
incream i n  period a t  any a s t a n c s  IS roughly p r o p r t i o n s l  t o  the  reage 
of  Xind velocities involved, 

Tor rinds of  constant voloclty at 

Whore the  ulnd rclocitp 

Decsg considerations lndicate active n s t e r i a l  of e a r l i e s t  
a r r iva l  &GS the greater  c o n t r i h t i o n  to total dosage. A t  in te r i -d ia te  
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to long bietances d o ~ ~ n d  t h l a  e a r l i e r  f a l l -on t  mnterial  i s  that which 
spent a proportionally longer period in the r c i o n s  of higher r ind  
velocity. 
the effective wind veloci ty  s h i f t s  tarad the higher V d u e 8 ,  ~ a r t l c u l a r l y  
at increesing distances. 

ed gama dose ln excess of b0 rocatsera and on a r e s  recciring signifi- 
cent residual conteminetion a r e  prescnted ln Teble 12.1 f o r  an 83 KT 
surface end a W d  undergrowd detonation. 
are  zero ~ l n d ,  the JtnGLE effect ive t.inds, olld t tdce She JAXGLE e f f e c t i n  
dnb. 

Pss, f o r  wlnd profiles lnvolvlng a vide racge of  vdoci t i8B,  

The effect of P,nd voiocitp on a r c z a  receiving sn i n t e g r a b  

"he winda cbosen f o r  sa& 

2.3.2 Effect of  r ind She- --- 
A ahear i n  whds at any l eve l  rrp t o  the c l o d  helght affect# 

the distribution and extent of  sLgnU1caat res idual  contarsination in a 
corplicated m e r .  
left in the trail of t he  cloud rlthin a given f rac t ion  of i t s  bight of 
riee i s  not known, the ef fec t  of  w i n d  shear l a  not s u b j w t  t o  q m t i t a c  
tive s ra lua t fon .  
a vind shesr \nll smear out the contanimtion pat tern In a crosswind 
h i r o c t i o n .  '?hi6 rould result in b r o d d n g  the R r e a  of s i & f i C e r t  con- 
tmilletion a t  short  dlstencea domwind ead in reducing the dorntnnE cx- 
t cn t  o f  c o n b i n a t i o n  of 

Became the  per cont of t he  total ao t lv l ty  Which i8 

Ebvwer, i t  cnn be eqoc ted  that R t  all iiomvind p i n t s  

given intensity level. 

12.3.3 e f e c t  of &in -- 
Bsln dll have BLZ influence on the  spread of radioactive 

contanbation fron both typea of ahote. 
ZetiQn levele  m y  be greatly Increased and the  overell  ares6 affected 
rduced. 

The redlation dosea and contanl- 

Sein muld probebly bavo an e f fec t  on tho air b la s t  ex- 
pected fron either type detonation. 
in air bleat t o  50 p r  cent redustion in the  peak overpressme at a 

Zat imtee  r-e fron no rehct lOIi  

given distance. 

lLhorual red ls t lon  vi11 be affczted by €Ltr2S*miC O l c l l t y  
in the s m e  m e r  ca f o r  f?l d r  mt. 

ZIQ nethad of bclA-icry of theb \ -dl1 d s t c r d n e  i ts  
Yelocity and a t t i t u l l e  on Qat. 
e q e c t d  in a givcn 60Fl  as e b i n  in P ~ E  2.1. 
dczrease the s i z e  of t h e  c ra t e r  End othsr wsiergrouab cffezta  w d  la- 
c r w s  the cir bmt C f f 6 o t 3 .  

Thcso govern %he m t h  of p a c t n t i o n  
Lcasor penctration rill 

92 



TABLE 12.1 

r 
.P---- 
8'- 

12.1: SCBLJKC 
- - ?  
i - -- Ipenetratlng weapon and t h  EB:i€iat€6 O f  effects  flVQ the 

r 7  - %@pan on the gromd aarfsee,,pfesented in Part  I, vere d e  by 
0ci 'z i& t;le effect6 of the tku 1.2 KT t e s t  axplosions with the cid of  
the E 3  twts a t  Hem.&., w-, Arc0 and elseshore. It is strlc:Ly tnrs 
thst no rodel  law can be fulfilled in d e t a i l  unless  the  Q&U i t s e l f  i o  
idea t ica l  in scale. In part icular ,  i f  eny inhomogeneities such aa 
mtietlflcation, a r e  present different  tests wen at the sene s l f e  can 
not  be s c a l d  one t o  mother. 

co-silerod i n  connection with nuclear v s a p n a  than is the oase In 
comection wlth HE weapons. Theee sba1I.0~ sca led  deptha are In a rogioa 
rhore provlous erperienoe w i t h  BE haa aham a ride spread in ralne~ from 
nozhalb  identical  explosions, The methodu and relationzhlps pa& l n  
sea l ing  the parions d f e c t e ,  t ogo tha  w l t h  t h d r  ro l i ab l l i t y ,  a r e  d s ~ -  
cased below., 

The depths of l a l  of mat pmopff i%I~e  
&-go56 a r e  sach that  t he i r  scaled drrptha (d/W1 "f 3) &re madl  e&allar whw 

Crater s c a l i x  appears t o  be r e l i ab le  and consistent with 
EI: resalts f o r  unclear dotonationo at  a rcelcd depth greater thn X c  = 
0.13. 
alnilarly re l iab le  when proper account l a  b k o n  of the much poorer EO- 
P h g  of energy i n to  the  ground vhlch occara f o r  a nuclear detonation. 
This difference is dwsloped in the rqmrt of  Projeot 1.w. wblch is 
a t i ?ne r l zed  tn this section. 

c r a t e r  sceling f o r  surface n u d e r  debmi t iom appcsrs to bo 
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me rrork of C. W. @so $ on KE craters haa given 
d r i c a l  relationship f o r  t h e  8:xe of the cratar probuccd by 
grmnd cherge c=graesed (u 

ar.dor- 

B = 1.3 e n -  I/= G/3 
~ 

whur 

E = Orater raaina fn feet 
C = Dapth factor 
E = Eqloaive  faotor 
k = Soil. constent 
Y = Chsrge weight Ln psundn - 

€he 6011 constoat for the Be~ada site YBB foand to be about a00 based 
on an everage soil dmsity of 1.6 ernd t-a erarage a e i s d c  v o l ~ c i t y  of 
)ooo. The depth factor is a function of the e c d d  dopth a d  tbe 
rz r ia t ion  i~ reprted  in Befsrsnces 3 and 4. The s~plosive factcr Z 
is nnity-fcr-E, ~ n b  loss thm d t y  for nuclear ehota in couuidcration 
of  t h  &lfborczlee betrera roeel ylcld and mechanical f i e ld  of tize 
nude= boa>. The crater rdi: of the underground IIE shots cd lcn lo td  

the a b v e  relationchip e r e  fo-6 to be in good qreement vlth '%me 
obaerred as s b x n  in !?&%le I&%. If the crator redius f r o m  the mQcr- 
gmmd mclezs dotcnatioa is cslcalated using the qaiva lea t  rechscdcal 
fitrgy of the  w p s n  a8 0.7 it i n  fomid t o  be within 7 per ae.it of the 
observei nlue .  
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rat10 o f  2: 
V (cublo yard8) = 0.02 (E f C G t ) 3  

12.4.2 htr B l a s t  0ver;pressare 



the $13 la.d are pmbabljr due $0 irrbonoscneitiea in th3 fdiuz~. 

In addition to t3.e =r:b-kan=itted e c c s l e r a t ~ o n  t h ~ e  
vas an air-blaat  indnaed offcct. '?his effect can be calculated f o r  tha 
highor y i o l d  wea-mna but i t  i o  not consiclard of suff ic innt  LYp3rt-e 
b bo 10. 

#or a rora dotailed d l e c w s i o n  of ground cnc3loratiana 
r e f e r a s  is mda to re-rts fro3 Project 1.1, l(g)o c3d l(9)-l.. 

12.4.4 Proserves 

Poor corrolat ion is found to 6 s t  botvaon the  frw gmund 
pressure-redusd d i e b c e  re let ions o b t s i n d  f o r  the  nxclcsr a b t a  and 
the Ugh ezplosivo t e s t e  and sn a rerrult rcal lng bescsles virtually 
inpsalble. 
w a n d  are found to be Inayplicable. This prloaa work wau 

r e v i o u s l g  accepted relationuhipe f o r  e d n g  free 

baa& on gages barled at depths Of appXOrlmst%- j/2 !f175. 'Ehe phOUaer?a 
measured at J D L B  wore re la t iye ly  B 

ea p r i r a r i l y  i n  the rcgion l/lD if% with e few g x o s  ee doap w 112 
$73, and L q e o n  has prtxious'iy report& t b t  this is an i d o t e d t o  
r&on as far BS t rna  ground prop&ioo in canoerncb, 

& attcqt l a  b o b  d e  t o  corrolate  earth prcseprw 8-p 
p l i d  k the t c s t  e t ructpres  i n  ordar to dotemine ao~lo h g i c a l  pattirn 
Zor tho e a r t h  presoure phaxtnas.  
aamgh t o  allow oomcnt at t b i e  tine. 

12.4.5 Tbgrml  &-dat ion 

the  sllrfaco of the grourtd w i t h  

TMs study bae mt pmscs_ad far 

Qn the & i o  o f  prcrloua sir b u r a t  ezperianco i: i e  kww 
at tho *hcrLal mer= eni t tod by an a ton ic  b u b  which rcschcs 8 
apeolfio diotance i n  appmdastely propwtional t o  the y i d d  o f  the  bomb. 
Therefore, it 1s a s a ~ e d  t ha t  the the- e f fec t  at a given disteace 
fmm surfwe do'onatcd weapon? c=n be scalcd in the ae3e m o r  fmn the 
r e w l t o  of the surfP-se s5Dt. The sosling rulatiomhip. bcludlng thc 
corrcotion for  atrs_*eric at:Enrstion, i a  thntr: 

A 

rhero Q 1s the  theriil cnsrff in c31/a2 rccelvod at any givcn b i o W e  
d 
Atmsphorio s t t a u a t i o n  cocfZicicnt ezprDssQd I n  rcaiprba fee t ,  
atmaphcrio sttmuation coof f l c l c l t ,  k, i a  aboat 3.92 divided by the  
HaibiUty Fn aet. For tho conditione of tho JAXGLE eurfcce detonstion 
le = 9.72 X l0-Z ft.'l. !&!ha thorcsl enorgy ae a funation o f  diatsacs f o r  
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the JAT30U arvfaab betonition is presented in Figure 7.1. 

The methob and sasunptlone Involved in scaling the r-h 

phe 
Iselcal e f f c c t a  observed for the JANOLE detonations to  e s t i m t e s  f o r  
rcspns of Larger y ie ld  a r e  presented in t h e  report  of Projeat 2.0. 
predictions based on t h l e  scaling a r e  very sensi t ive to variations fmm 
the JAEOLE condi tiona. 
ararrjption of the abaanm of direct ional  dad shear end of the same 
p r t i c l e  s i z e  d l e t r i j u t i o n .  
which m y  be expected v i t h  clay soils a l a rger  f rac t ion  of  the ac t ive  
dGt!riS w i l l  r a i n  airborne f o r  a longer period of time. 
direction w i l l  61n- out the, pat tern of contarnination crosswind. at al l  
biatancss.  Both effecta increaee the area over  which the contamination 
i s  deposited end rill resu l t  in much e r a l l e r  high dose r$ 

siuch m r e  sens i t ive  to these e f f e t s  than the' v i th  an est inateb rd-* at .  Thae, the 

detonation with sll e a t b a t e d  cloud height of ab0 

cloud height o f  10,OOO f e e t  for a 5O-icot dspEFo 
reoultent areas of s ign i f icant  reeldual  contamination may be considerabb 
n d l a r  than those estimated f o r  uany operational eituations,  w t i c u l a r b  
i n  the cese of a l a rge  surface burat. 

The scaling of the  JhbTc(LE r e su l t s  involved t a e  

fir the  smaller p r t i c l e  size d l s t r i h t i o n  

A ahcar i n  w l &  

areas. 

e t  vi11 bo 

H i &  rinds v i l l  have similar effect. 5 e  predictions fo r  the Y KT surfaos 

Lrok of i d o m s t i o n  on the  i n i t l a l  ve r t i ca l  distribution 
of  radioaotive d ~ b r i 8 .  m d  on t h e  influence of s o i l  type on the par t ic lo  
S ~ Z Q  distribution. limit8 the extrapolation of radiological effecta t o  
highly idezl ize4 conditions. A discussion of the methods of the  scaling 
proocss f O l l 0 v s l  

l2.4.6.1 Ibse-rate Scaling 

The J A N G U  reeidausl contamination one bu? dose- 
ra te  contour8 were eatrapolated ompiriaally t o  glve the  n w  one hour 
conbare f o r  operational vsspons aa follove8 F i r e t  a fami* of ell ipeea 
m a  f i t t e d  t o  the JAYGLB contours vith gonad aero as a c o m n  focua and 
a rnnjor a x l e  directed rlownb-lnd. 
a c h  operational weapon by scaling up 

diatsnco d i r ec t ly  p r o p r t i o n a l  to the avorage wind apeed. 
r s t e  d u e  is then ecsigned to m h  e l l i p s e  such that the arcs dose- 
ra te  prodwts  in tc=ra ta  t o  give the eane fractiona of the t o t a l  a s t i v i t y  
t8 thst f o r  the corrcsppsnding JAXGLPI contour. The dote i l s  of the Eethod 
ere  preaeatcd in the  report of  F r o j e t t  2.0. 

12.4.6.2 T o t a l  Dose Sceling 

d neu family of ell ipaea vas &am .l/P e croeaand dimension by I 
( t i m e  the cloud dlaneter scales aa W1 It ) and taking an in te r foca l  

A nw & a b  

-- 
?he h t a l  ganmrr radiat ion dose r e x i v e d  in periods 
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up t o  10 secon& a t  a glven radial distance from ground zero i s  scaled 
directly with y i e ld  f r o m  the lntegreted dose r a t e  vorsus d i e t a x e  Zeta 
of Pro jec t  2 . b  f o r  both JAXGLE deMmtions.  
t h i s  i n i t i a l  ger?ns h o e  i s  tho f i s s i o n  p r o h c t  radiation from ths  f i r e -  
hall and cloud. 
can be n q l e c t c d  f o r  period-, up t o  10 seconds. The more rapid dccrtzse 
of I n i t i a l  b e e  w l t h  rmge f rom the p i n t  of  dstolwtlon f o r  t h s e  bursts 
as conpared. with a i r  bars t s  l e  eccountcd for  by the l o s s  o f  a largo 
fraction o f  the scattered radiation duo t o  the proximity of  the earth. 

The prlnci-W source of 

The effect  of innd end the contribution of fall+;zt 

The t o t a l  gamm radiation dose received i n  poriods 
longer than Lo a e c o n a  rqniroa the in tes ra t ion  o f  the  &sa r a t e  f r o m  
tine'of arrival of fall-uut to the  end of the period considered and ad- 
dition of  this to  tke l0-sccoM doae. The time of arrival vas taker. f rca  
the P r o j e c t  2 . h  g- &ae=rate records which indlcate an a f f e c t t r s  
rlnd of 5 miles per  hour f o r  the JAXGLB undorgrormd burst and 15 miles 
per hour f o r  the surface burst. 

ras wed f o r  the doas-rate l n t cga t ion .  

The time of 8rrIve.l goes approdeately 
inversely as the effect ive hind velocity. The normal deccy la W 

l2.!+.7 B e l i e b i l l t y  - of ScalinG - Badiological Effect6 

Tho predictel  e x a s  o f  8I.ggiflcant rad io loglca l  affect  f o r  
surface and underground detonations, scaled by the methods doscribzd In 
Project 2.0 repart  a d  su~?sriaod above. have greateat r e l i a b i l i t y  for 
vlnd conditions approxicsting those of the JMTGLB test .  The r e l i a b i l i t y  
rerics rith the t b e  period o r  area conaidwed as fo l lomt  

Predicted t o t a l  dose values ehonld be cor rec t  wel l  v i % i n  
a factor of two in areas where m s t  of  t h o  cumlatlve garma r d e t i o n  
dose cone f m n  i n i t i d  or c l o d  rabiatlon. 

The 10-eecond total dose areas should be corrrJct t o  with- 
i n  x )  per cent b e a w e  of the fairly good precision v l t h  which the 
i n i t i a l  radiation can be calcnleted. 

The ecctuecy of  the 1C-Amte dose C a r p 0 8  i s  i n  doubt by 
8 8  wch ea 50 per cent i n  areas Secause lrwr\fficleat data on early fall- 
Out b e b v i o r  a r e  avai lable  as a b m i s  for  aceling. 

Prediction o f  fall-out I s  lees  r e l i ab le  aince ln goneral  

Thus. a l t h o d  t h e  expected variati.cn o f  the 
one u l l l  f ind  ha t  spots in re la t ive ly  cool a r e a s  and cool a p t 0  In a r c a s  
of high ac t iv i ty  levels, 
average intensi ty  along a predicted dose-rate contour does not ezoeed 

factor of 3, the dose rate at spec i f io  paints along such contowo na;r 
WU be one handrsd-fold h ighor  o r  l o w e r  t h n  the average value. 
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The dose-rcte a c e l l q  mothod ptled cpp-s t o  be a reaeoo- 
able one but some a e 8 n q t l o ~  uado in i t s  application are  opem to 2U98tl-  
In the proccss of f l t t lng e l l lpses  to the J U G U  srvface shot b t a  &e 
contoma were nonevhat broedcned. 
tion o f  t o t a l  a o t l v l t y  f e l l i n g  out in one bur for o p e r a t i a d  aeap3ns 
a a a  t&en as c x m l  to t b t  f o r  the JU'GLB detonations. 
hcighta the one hour f a l l v u t  should Involve a smsller fraction. 
U t i o n  it ran e e n n n d  tk-t 0 0 S G 2 t i d 4  aU tho a c t i v i t y  C L L ~ ~  do= i n  
one hour f o r  both JaaTCLE dsknstlons.  
data t k t  a consldercblo i r i x t i o n  did n o t  f a l l  out in the f i r s t  bar. 

In  the ~ r n a l l z a t l o n  process the f r a h  

For P;rct.tor c i o a  
Ita 

It  appears f r o m  the surface eb=t 

C c q l s t e  evaluation of the  be€ - ra t e  ~ c a l b g  problm haR 
not besa c a r r l d  out. 
contartioated t o  a g l v c n  dose-rate leve l  Is Indicated, p ~ ~ r t i c u l a r l ~  f o r  
ostinstes f o r  surface atonic dstonations. Hovever. i t  Is considered 
that E U C ~  modiflcatlone ~*11 fall uithln the  limits of atattab r e l i e -  
S l l l t y  f o r  conditions of dstonatlon approdmatlng those of the JffiSL3 
test. 

E m 0  revleion I n  shape and r d u c t l o n  in mea 

tress d t h b  c3ntouzs. s h e t h e  f o r  b e e  r a t e  o r  total dore, 
a r e  mch leas ecnci t lve to i r r e N a r i t 1 e a  l a  the  e a l o o l v e  and d l e t d -  
b-JSion pmcesa th&n tho dose ret- at a point, partk bcc~uae  of the 
e:- grediat of tho contocrs md part4 besame the concspt of SIL era0 
r-ith3.n a contour in.;olscs en meraging process. P r c i i c t e i  valaos for 
c r w  reau l t l rg  f ron  ds';ou:lona c z r r l ~ d  out radar conditions m t  b o  
far dFffsreat then at J E G L E  choirld be c o r r G t  well within a fac tor  of 
z 

It c;ut bo u g h m i a c d  that the r e l l e b l l l t y  of scaled 
c;tinatcs is rcdnced as the  conditions of detonation beoome appre2lrrbl;f 
biffGre2Jt than 'aose f o r  the y%FcIL?i t e s t .  B ~ ~ e p p o  the inltlal vertictil 
dls t r ibnt lon of radioactive dobrlo Is not b u n .  na r e l i a b l e  e s t l m t e a  
cm be made f o r  I r r w  vind p ro f i l e s  involving m h  ?dnd velocities 
o r  iamlving a sheer In vlnd d i r w t l o n  below o l d  hol&t. RzA&6rz?re, 
the influeace of s o i l  type an r a o e c t i v e  p a r t i c l e  a i s e  Oiatr!.butloa cnb 
conacpently oa the  fad-% p t t e m  hea mt born GWilusteb. 



It vaa d t r n s t r s t s d  that soria of the  acalLnp roht ioash ipa  dcwwlogd 
fron o M e s  of convcntionsl high erplosive dotonations axe appllcnbla to  
nuclear detonations. In gaeral ,  correlat ion ~ F S  not been established 
f o r  phenonem a c h  lnmlve anergy t ressaiss lon through the  soil, 
mrtent  l imitat ion to acallng rom rmlm 5 result8 is  that the 
i c a l e d  dzptha f o r  msaeurcmenta (%/&/3) vhlch are of in t e re s t  in the 
e t u Q  of nuclear veapons a.re m c h  leas than those involved i n  the HB 
t o a t e  on w h i c h  are basad the 8qplrica.l fornuha f o r  prodict l rg  ezploalva 

Bn 

effmtE fWlCtiOnE Of d f S u e .  

Craters re8ult.* f r o m  underground and surface rnclesir dstonztlons 
csp be calculated from the c p l r i c a l  relationships dovelogd fo r  c ra tors  
f r o m  H6 detonationn when r a t i o n a l  correotione are aade for tho s n a l l o r  
fractlona of t o m  energy W o h  e r a  couglod hto the ground in tho case  
of the  nuclear detaratlons. 

Alr blas t  overpressure6 slow the  ground from nnclesr oxploslcns 
of a gfoen field age a o n t l a l l y  the same over the e of s c a l d  
heights of burst ( /&73) i r o n  zero to 0.25 i t f l b e l f y  3'0 r ~a- face  
dotonations, there l a  a slgdficant differems in air blast overpressura 
along the ground f r o n  nuclear e q 1 0 a i 0 ~  M conpared t o  thone fron 
equlvebnt E4p explosions. 
presnnrea do% the gouud from nnclear and q u l v a l e n t  EE orploslona 
vere found to ba in reasonably good egreemant. 

h r  underground detonations, air b las t  ovor- 

Ground frruonittod phcnoceaa of the nuclear detonationa - wzth 
accolerations, a r t h  prcasurel end diophcclonta - a d  not .%yes w i t h  
ncalcd r 6 m l $ n  of HI3 dOh?Xit~OM. 
moy bo sttrlhted t o  ~0i1 e f f x t s  o r  the degree to  a c h  they be ~ t -  
t r lbntcd to surfaze phonozxm beye not been resolved at tMs  ?he. It  
hss been noted that the  s o i l  propartlea bo m t  sca le  end that the tono 
of  in te rea t  f o r  tho nuc lps  dotonstions ( s h a l l o w  scaled d q t h )  l a  one 
where E3 experinants indicated a wide sprcad i n  results.  

The dc,ptoe t o  which these iii.-crqpjnclcs 

Surface end padcrgrouud nuclear dotonatione prodaee o x t a s i v e  ercas 
o f  high tabioaotivo oonteainstion. 
ation indicatw the  surface rmclear dotonation to be pkatially the =re 
inportant radiological weapon. 
areaa of realdusl contaalnatlon and corsepuatl;J 
u be rade o n l y  f o r  highly idcallred coPditionn. 

Tlsaionablo materiel cconoq aonsldcz- 

Unforfunately, r e l i ab le  prediction of  
of l e t h a l  dosego 
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The C8pabilitl6B a?d l i d t R t I O U i 3  W 0 t e  e8tabllahcd for some Qf 
technic-nee and epnipnrmt amclo?ed f o r  d l l t a r y  operations in +dch a'.ndo 
wepone are a g e d  
pMbleZL8 -rent i n  n l l i t a r y  operatlone indicetea that a nnnbcr o f  theas 
tcckn€qoes and qaipilont are m t  In fact required. 

13.2 E . C O ~ W I O B S  

Xnovledge in the f l c l d  of n i l i t a r y  sffccto of eurfece and and- 
ground atonic Exploalons nkau1-d be atended in the arw lls:ed below. 
A large p a r t  of the e f fo r t  cen be accoql i shed  by fpr thor  avalcs;ion of 
publishad t e s t  data  and by the continuation and e x t a c i o n  of &sting 
E.3 t ea t  pmga3s. 

Conaidaration of t he  JAEGLE t e s t  r c u l t a  and o f  '.he 

1. Idcnt i f ica t fon  end a ,va lu t ion  o f  the parawtsre  which hiwe 
significant e f fec t  on the  dovalopm3at end a t tenuat ion  o f  ground shack e . ~  
air blaat iron surface cnd undorgmPad aton ia  ezploclora. 

2. Correletion of gromd ehock, cratering* end eir b l s s t  phmoncaa 
b o t v e r  El5 end nuclear e r r p l ~ ~ i c ~ ~ ~  on the earface and undergrow.&. 

3* Precllctiona o f  l o d i n g  of buried structures on the basis of  
free rne3lu.a phcscnens. 

4. Tho Fntcisction botrem burled stnctarea and k i id la te ly  
adjffient u r t h  lcqyera =der conditions r5ere Lerge sti-ucb-al Leflcctlonr 
OCCIU. 

5. Cratering effects from a w l e a r  detonations st anal l  scaled 
dlata~cea from the g m d  a d e c e ,  eithsr underground or in the sir. 

6. Deterninetion o f  the initial v e r t i c a l  dis t r ibut ion of rebi- 
active b n b  d e w s .  

7. Cateraination o f  ths  nt.ctsnlsms involved In the Mttxl 
dlatri'mtion d EnbBqncnt f a l l - c a t  of redloactive bsnb dcbrls. 

3. bcterninat!,on o f  the Influence of  soil 'qpe a d  dcpth o f  miel 
an the p a r t i c l e  a i z e  dIstribcLion o f  radioactive Bomb debris, 

In the went  that c d d i t i o m l  mrclesr t e s t s  a r e  required f o r  these 
cfudlc-3, pzrticular cexe ehonld be t&en to 6118tUW tbat s n f f t c i u t  t ine 
f o r  asiearary prepcratory t.n* l e  provided t o  give reasonable esGar2noe 
of a cuccessfd. teat .  

In ahdi:ion, e, c r i t i c a l  rcviev s b u l d  be =de of the  t c h l q o e n  
fad cq.dgment d e ~ ~ l o p e d  for redlological  defense i n  the light of need 
LE v o l l  an perforcance. 
e i d e r d  s i g n i f i c a t  t o r  nilitLz operations. 

T b i e  rc-ilietr ahould s t r e s s  tolera?ce l w e l s  C O P  

lo2 



1/ R-rt of t h e  10 and 11 Apr i l  1950 Meeting of the A3SlSp Spcci?d S t t c o  
Panel, g June 19%. 

ZJ Capabilities b f   tonic W W W ~ B ,  ~1.12p-p0, O ~ A V - F - ~ ~ X I O O ,  UQAT 
385.2, Lo Jrrly 1951, at21 Sqpplcnent 1. 8 Pebmsry 1952 

;i/ k q s o n ,  C. U., Final Report on Effects o f  Undcrgrcund Erplo~lons, 
?@C Bapar t  Eo. h 7 9 ,  20 Bebruary 1945 

4J The Effwts of Ahpic Wenporn, June 1950. U. S. Oovernment Prlntirz 

5/ BAVOEO Repor t  X a  3, PmJEct Elsie B i d  Beport, 1 April 1952 

Behavior of 'Prase Briclges Under Blaat from an Atontc Bomb, P h s e  SI- 

Top Sacret Contro l  SylllEal C-987-P/S,P 

O f f i c e  

Qeneral StUdY O f  T'5J.88 WiQe8s kh38echuaett8 IllEtltUte O f  T& 
n ~ l o g ~ .  Je 1951 

11, llEu 160-11 
1/ Haidbook o f  Atonic Weapons for Medical Officors BAP?L3D P-139, 3% S- 

EATOR3 Boport ~ 6 3 ,  The B e k v i o r  of tho Sh& k'avo i n  Air fro2 -1 
H3 Chargee 

U V O B D  2l.23. PIrperinsntal Shock Yare Reflection S t d l e e  s/ 
a Undorgrouad Bqloslon Teat Program, Mnal R-rt. Vol. I - ail, 

Zzglncefing Barfaroh hasodatas,  ha.. k g u ~ t  1952 



A. l  G m  

The t i t l e a  of the repcrtn for Operation JaFouc ars l i s t e d  Selov. 
B c p r t e  of  r d a t o d  projects  are tauad a s  volumes. 
pmjcct rGport War8 a kT nu2ber for re fareme m s a s .  

Ech mlmno =ad w h  
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B W T  l,VD SEOCI K?YSUEEYELT3 I11 
w-368 

P i t h  -cy - - 
Trenslcnt Ground Maqlaconent Bavs l  Ordnvlco 
W e a s u a o n t  Laboratory 

Dotcotion of Tine of Arrival 
of  Firat Ewth b t l o a  Y'dal B a s i n  

k t h  Xsplacrzents (iihar 
shafts) ohid of  

Rmld Trqlor 

Offico of the 

BQinmrs 

Offloe of the 
ch ie f  Pf 
w e -  

Itr0m.a Acceleration ( S b &  

Ground doceleration, Orouud S W o r d  E@- 
and Air Ercasures for Und3r- (I- LnatiWo 
grotma 'Pest 

P . v  j ec t 
C::ficor 

w. S3rriS 

0. Yi. Ccck 

H.J. S.Jrdntro5 

E.J. Sundstrom 

E. B. all 



Tit le  
I_ 

."eject 
CTficer 

Stanford E. 5. DC'11 
Resaarch 
I n s t  itate 

k a m e i t i o n  of Clo-a~b hmod Stanford Be- E. 9. Doll 
-q m scsrch Institute 

Tcsts and Obem-rstiom on Armed Forces D.C. Zmpbell 
CI-aters and &-,e Surge0 Special cm, us9 

Base Surge analyeis for HI H a d  Ordnance W. 3. !!orris 
Teste Laboratory 

'cleqpns Project 

GEC!LOGIC, HTL%OLOGIC TEDZMAL 33EVRES OF THE STTE.5 
-343 

2.0 Scaling of EEdlohg ica l  Tszhical 14. It. Schorr 
(km-391) Z f f a t s  Oporationa, epd E. s. 

Inc. @ilfIllsn 
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OAWA BPI)UTIOH MXASDEE ‘ W S  
Wr-370 

Project 
T i t l e  &Esz I-- 

Officer 

C-zi Ezdietion as a 3mctiQn Eatioral &- 5. Coe:rell 
of  l i z e  a d  MstancQ r e m  of Stand=.rds 

Bndiation &E a i%ction Bureau of 
of %e uith DroEable %le- 
ratern 

Aennrmtics  

Aerial survey of Mstsn t  MQAT-1 
Conkdnated Terrain 

A e r i a l  Survey o f  heal COP 
t d n a t e d  Terrain Aeronautics 

Bur- of 

rcDnitar S u m q y  of Ground Arned mrces 

W e s p n e  Project 
Cantadnation Special 

Total Gazma Bebiefjon Dosee Eyvana S i g n e l  
L e b O r E % t o r p  

h & l e  Shie ld lug  of  Garma &beer RF- 
Bedistion search end 

Dwolopciut 
Laboratorp 

BIOUOICAL ELUAEDS 
m3P 

3et,a-?sg and 0-P.q Znergr Baval E+ 
of m i d v z l  C n n t d r r s t i o n  scarch and 

Ilsvolopent 
Ishoratory 

C k m a  Dopth- lbso K u r l u r c -  Eationel 
=ut 13. U n i t  Dennity FAterial Wsdica l  Re- 

smch I n e t j t u t e  

J. Z o h o c a  
cm, us9 
H. B. Forbza 
LtC-31, USA 

T. J. Wanh 

9. Tochilin 

F. ‘ff. -bra 
C E .  USH 

C k X n a  3ey S p e t m  of BlWOkh.EW@?A J.B.E. K c p r  
Residual C o n M n a t i o n  Batlonal 

Biological Injury f r o m  Hatlonal r. S n i t h  

Laboratory 

Par t ic le  Inhalation I s  t i  tat ea 
of Health 
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' PaBJPICLE STUDIBS 
'dT-371 

Ti t l e  Agency 
_I 

Airborne Particle Stud lea  llrmy Chemical 

Ball-oat Perticle  S k d i e s  Haval Research 

Center 

and Dwelopent 
=bratory 

U c c h c l f c a l  S W G B  of h-my MedLCal 
Lsrge Particlee Center 

h u s i s  o f  Test S i t e  and u. s. D3Pt. 
Fall-cut V-sterid o f  Agriculture 

Raotely bntrol led  Sacrpling ETEE.~ S i g n a l  K. 9. Forbes 
TKci in lp3 f J  Laboratory LtCol, USA 

Bature end Distribution of Rational C. !+mmll 
Residual C o L M n a t i o n  I Institutsn 

of Hasl%h 

&.tare aad Distribution of Hevd Ecssarch E. a. Bllm 
Residual Contazdnation If a d  Develoment 

Lsboratory 

Eetrisreble Y ! s s i l e a  f o r  B s t i 0 M . l  c. ?'knf?ll 
B a t e  Ground S s n p l i n g  In5 t i  tntes 

of Health 

TAVY STRUCTCTBES TEST 
?;r-l;04 

ructures Test Office of Chief P. C. S t a r k  
of  Bg ineora  and 

Lr;ly S t  

SL~BS.  Inatitute of Technology 
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;1DCENICAI, PEOTQGXWHS 
m 3 7 4  

Aerial Techaical Pto’hgrapby Bir Beeearch 
Operztiom and 3evelopnent 

CQnmand 

Ground Technical F’hotography Sandie  Corp 
Ya:erial Operations 

Photographic And,miti Sandia Corp 

Cratering Effacts of Unde- 
=round-Surfacs Detmated Engineer Be- 
Atemic Boeihs and Influence o f  search and 
Soil Charactmistica on Evdwtion 
Crater Laboratory 

Cheraoteristica of Meai le s  Stanford Re- 
fron Underground E n c l e a r  search I n s t i t u t e  
3kplOSiOn8 

naval C i v i l  

lo9 

Y.B. anader 

F. & Cravford 
Ma:, u s a  

E. ?. .krr 

E. C. 3s= 

E. a. vaile 



kTT3100 

Protection and Demntaml- naval Besesroh w. i?. stmpe 
=tion of h d  Targe ta  ead and Dsvelop3snt a d  S. 9. 
l'cblcles uboratory Slnnreich 

and Chsrical 
C s n t a r  

TESTS OP SEE'lLCbl RUIPMEnrr ABD OpEBhTIOlp 
-376 

f ialuation of Milltarp In&- Aray Chcaical S AEenLbickaon 
viciual end Collective Pro- C e n t e r  
teation Dcvicei? and Clothing 

Eialwtioa o f  Potential c h d c a l  a. a, mart 
Bsr~piratorp H3zardO Ccntsr 
Msocieted ath Vehicnlar 
Operations in a Brdioectivolg 
CsaWnated Bses 

Cloth5.ng Docontemirstion and Office of the k E. Parthum 
Itralastion of Laundry Hetbads -termaster Haj, USA 

General 

3vdufition of U. S. m R e -  D.C. L i i c l s t s a  
Field tkter Supply qtiipment 
and OpGrstiozm Development 

a m  and 

Laboratory 





The t i m e s ,  reapan description, meteorological data and other info lc  
aatlon on t ea t  conditione are &win i n  Tablea B.1 an8 B.2. 

Yucca Fla t ,  the a l t e  of the detonations, i a  an nl luxla l  f i l l  in e. 
baein-renge rallog. 
PYLBS l a  heterogeneous aoatalning po&eta or lenses of caliche, ooarse 
grained, a d  extramet fine nand. "he par t ic lee  are vary ankslaf thua 
lnterlocHng to  a high degree. 
produces a coherent maaa. and the  e011 very 
potoua. Xo r a t e r  table  bao bean found i n  the flat, althnvgh one hale 
drllled to a dapth of  over lgro feet ehowd a a l igh t  tram of -tar at 
the bottom, Thia t n e  of soil l a  chareeterised bs a high attenuation ta  
the t r k m i a e l o n  of ground phs l lomena .  Tables B.3 and B.4 give a conaoll- 
dation of the various s o l 1  chsracterietlca.  - 

!&ere l a  no appsrent a t r a t l f l c a t l o o  but rather the  

This oondltlon w o n t e d  by cementation 
The area i a  catranel$ 

Y!ABU B.1 

H p e l e a r  Defonatlonn 

19 Bot 1951 I 
zlme (0.55) 

Tiel6 

Ycspon 

Blsoionable Matarial 

Position of C a t e r  of 
0rarif;r 

O%Q 

1.2 f 0.1 x5 
7 

I 

I 
. /  

PleFstlon of Oronad ki3.o f e e t  
Zero (above ML) - 

29 Bor 1951 

L 2  % 0.1 E 

I 

17' tadorground 
in a b a f t  ai* 12' 
earth cover 

4299.0 feet 
I 

J 



TABm B.2 

Wetc~rological Oondltfons 

M a c e  Shot Undergroand S b t  

A.tLy).spherio Roeanre 811.5 ~b 872.0 nb 

Taperahre 

Relative H r m i b i t y  

14*50C/58 .o% 

47 por cent 35 per 

1 8 0 0 - 2 b t n  
150 - 5  
210 - 15 - 21 % - 24 
200 - 2 5  



T A B 5  B.3 

Subnoil Cbraaterietica a t  Zero FbPntu 

I s h m e  zero ( D e p t h  in faet)  
~~~ 

Send enb gravel, l i g h t 4  0-275 
oeaenteb 

% d d C H .  llne3tOne 275a7g 

Gravel, Ughtlp 276300 

Sand and gravel, 30-340 

sand, mab csaented 3-365 

o a a t e d  

lightly cmanted 

hnldora 365-369 

Send 369-370 

b Gravel, osncnted. 370-405 

1 Gravel, o a u t e d  405449 

s e d ,  c a m t e d  449302 

r?&iuz hard 

t 

Underground Zero ( D s p t h  in feet)  

S a l  anci graval W 6  

Gravel, cs3cnted 76-128 

Bodldors 12s-130 

Sand end gravel 1 x 4 3 5  

Gravel, aclented 135-160 

Sand and gravel 160-175 

Sand and gravel, cemented 175-210 

S a d  and 5 a m l  210-240 

Gravel, cemented 24O-415 

S a d  and -.vel, 415465 

Send, octsnted L65-500 

ceztcnted 

I TABLBI B.4 
Dmsity and S e i s d o  Velocities at Zero Pointa 

Field Dcnsitp of Yallay F i l l  (1ncladb.g retained a i s t u r e )  1 
Bmge in Dcnsity 

F- 1.81 
Mini- 1.37 
Averego 1.59 

I I 
~~ 

m c h e  layers nay have a density an high aa 2.05 



1 
Dopa  (foe:) Velocity !.feet/sec) 

T A m  B.4 (Cont'd) 

___ 
as a h c t i o n  of Dopth Appuent 30i6dC Velocity at tho 

Surfece aa a E\Jlrctlon of Dis5am.e 

Dintmoo ( feet )  Appar0r.t Velocity 
(feet/scc) 

i 

0 2620 0 - 5 0 0  w 
6oo-goo 3900 

800 - 16oa 3500 

100 
200 
500 
500 
600 

L I Qm I I A, 

1 

! 

4 



C.1 C-nEMI 

A smzihry of the basic physical ac35Uremcnt8 %ken e t  Operatian 
JAEGLZ l e  given i n  Ta51e C . l .  A detailed listing of thnse mw-armenta 
is given j.3 TeSle c.2. 

!uBLE c.1 

Smmuy of  Ensic Phyeical Hsasurexmta  __ ___- 

I 

I 



I . . , 
, . . . 
I . . , . 
t . . . . . . . . 
* . 
I . . , I..~,..V 

51 
a (11 . * 
51 . 
? 

? 
. .I  . . . 

? 
I. 1 

I. F. r. I) 

OII. a, r) 
a 

I T  
I 1  
11 
17 
4 
11 
11 
11 
11 
11 
11 
11 
17 
4 
I1  
I1  
I1 
17 
S 

11 
11 
11 
5 

I1 
11 
9 

17 
11 

S 
S 

W 
10 
I1 
S 

17 

S 

S 
17 

l0.W.P 
ln 
M. 
ID 

W . l l . 9  

3 3  

ln 

i1 
,.A 
0 - *  

c 
11 
W 
W 
ZD 
P 
!a 
1). 
W 
ln 

0 - Y  
S 
5 
10 

l1.9.U 
10 
ln 
ln. 
1D. 
b. 
S 

?a 
L 

0 - *  
10 
W 
M. 
m 
ID 

I 
h? 

u 
11l 

m 



3 
I. 

w 
5 

L+1W 
5 
1.5 
5 
>.I 
5 
5 

1.W 
1.5 
5 
I,. 
5 
4 5  

LIE* 
1.5 
*. ?. 
5 
1 5  
41 
> 

4 UA- 
w 
5 
1.5 
5 
5 

1.W 
5 
L5 
Y 

1.11.6. 
5 
5 

Ll% 
5 

5 
5 
5 
5 

,.I* 
5 
I 

5 
5 
I 
5 
5 
5 
5 
5 
I 
5 
5 

1.166. 
1. 

L 

; 
2. 
5 
5 

Y 
1.166. 
I. 
\Z. 
5 
5 
5 
3 
5 

i 2. 
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U I  
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An apostrophe ( 1 )  after the l e t t e r  aynbol  indicates a Cbeck-rg" gwa* 

Ew3crs af ter  the l e t t e r  8 p h h  Q end S IndLcate the fol1ouh.g: 

1 stat ion on south l ~ n e  ( S W Y )  
2 station on w e t  line (floorr) 

station on eaat line ( ~ 7 0 % )  

(4) 
ssterhk (*) lndlcate height above grounb curface la feot. 

D q t h  of $azo in feet. m e e  cololcrr emtrier =ked vith an 

(5) S p b l s  amea l a  thll mlann bcsignsto the type of gogee as 
fo.uorst 
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APPEEDIX D 

D.l 0-L - 
The p r i n c i p l  i tms  of t e a t  i n a t m x n t a t i o n  f o r  Progre- 2 pmjfcts 

and s t a t i o n  locations o r  drws of operation s r o  outl ined in the  folloc- 
lng PacasaPDs. 

D.2 P?i@JLCT 2 . h  

Sc in t i l l a t ion  counters, r l t h  4 p i  doctmotora rmunted 25 inohcs -.hove 
ground, were e q l o y c d  f o r  63asaruent  of g m  radiat ion in temFty  as a 
function of time and distance. 
8hOt rud 29 stations f o r  the nndergmnnd shot, Figares ILl and S 2 ,  was 
us& Close I n  s ta t ions,  =ked Dodole Stations, had a second detactar 
w h i c h  pepped up into posi t ion after p s a a g e  o f  b laa t  wave. 

A pat te rn  of 27 stat iona f o r  ths rrurface 

D.3 PSOJEC'f 2.13 

Pive droppable g m  rediation t e l a e t e r i n g  unite. AU/USp-l, were 
placed on ground munts on a HL: radial line f o r  each shot ,  at  d i e t a ~ o e a  
1000, 1250, l w ,  2.300, and f e e t  i ron  zero. Bccoivors, a ~ / ~ d g .  
on a P2V aircraft and a t  ground s t a t i o n  nonitormi iron 0 ta + 3.5 nlnntco. 
Subsequent test air drops of A I I f U S e . 1  n n i t s  in both c ra te ra  we19 =do. 

D.4 PROJBX 2.1-1 

Three C A T  type a i r c r a f t  vera directed over a pr+-sot grid m t t e r n  
a t  avorage a l t i t a d o  of 600 feet several hours a f t e r  dotonation. Sc- 
t l U a t i a n  g m  detectors and atnoaplieric-coaductivlty c+pnc=ts 'rere 
anglopd to assess the pattorn end r e l a t i v e  intensity of grourrd c o a * d -  
nation. 

D.5 PB06FXT 2.10-2 

A P2V d r c r e f t  cqni?pd with Ionizat ion chanber detector9 r S / D - b  
and a E-17 cquippd vlth phoophar-photomltipller do teo ton  type 2-1 
were uploycd t o  evaluate theso cqaipnants f o r  rapid a o r h l  surpoy of  
ground gama radiation f l a l d  intenait lrx.  

D.6 P R O J X T  2.16 

AE/PD&TPLB h B t m 5 l l t I 3 .  Od lbn t t ed  vlth g- rnys f ro=  
Iqdl ibr ium r a d i u m  source, were tued f o r  gaaz=a radlntlon f i o l d  in tuni tp  
meaaurcaunts. 
pome test surrey of orator  and l i p  intensi t ies .  

h t a  iaclpdea general ares e w e y  after each shot and 

I21 



Total gamma radlbt ion dosege meaeurumente were made using a n-mber 

Biln bslmetera vere erpoeei 3.5 
of photographic f i h s  02 grad-ted kla8itiVity placed i n  ?latioral k e a =  
of StEndsrhs type film badge b l d o r s .  
i c e t  atuve gotmd at al l  Program 2 project  a ta t ions and in fodtoler, 
t d s ,  Pad,  some structures. 

n.g ~ROJDCT 2.3-2 

Staackrd tm-~mn foxhales instrunanted with gemma f l l m  doshetors  

f e e t  for both ahots. 
were constructed at 5W-foot in te rva ls  on a 

dlmeter  8011 pipes eFr2larly instrumented wme located a t  pl0 and 
&OW feet dlrithnce on the 6 m e  r ed ia l  line, All openings were 48 5aohea 
i n  d g t h  w i t h  filn doaimeters p l w e d  at  zero. 16 inches, 32 inohea, and 
4s inchcs dcpth. 

rt4l.d l i n e  fron xloo to 
In addi t ion one rsm forbole8 and &inch 

-%tographlc film packets were u e d  t u  study beta ray energies and 

A t o t a l  o f  46 f ib  s t a t ions  ras s e t  up f o r  sech shot along 
the r a t io  of  bcta t o  geaxi  ray ionizat ion of reeidual contamination from 
both s&ts. 
t h e e  radial l i n e a ,  srtc3.bfng t o  l2,oOO feet  on a E l l n e  and 6330 f e e t  
on a and a IS lhQ. 

h r g y  d o p a d a t  &sirnetem (wdified Lrsdsverk I:odel G5D 1-r 
doaiaeter asd 13del 1-56 2-r b e b e t o r )  end cnsrgy dspandeat a m e y  
mctors ( l u d l f i d  Tracerlab-type SU-IB OCutie Pica‘) uere enploopd t o  
acseas the effe=tive gama ray rmcirgy over the  pariod f r o a  5 bum t o  
~ w a r s l  deys a f t e r  detonation, 
on south, ES and lTW mea at distance8 f r o m  700 t o  3200 feet. 
grouad shot ctetiona were placed from 1800 t o  3OW f e e t  d o n g  a a m t h  
redial line. 

The epriaoe shot a ta t ions ware located. 
The -dew 

D.10 P B W C T  2.4b 

Sots of cphcrical l a o i t e  agharss of grcduatcd w a l l  W c h c n a ,  
i n s t m s n t c d  ~5th Siavert ionizat ion c a b o r ,  pbopfute glass md f1I.m 
in a ccnt re l  cavity, r c r e  e c t  out  t o  ffiness the  r a r i c t ion  in qnsllty of 

ekot stztionn e r e  locatcd on a S# Lire at distencea of 750. 6 p r  350. 
109, cad 1110 p r d n .  Tor  t he  -adsrgmvnd ut?*, s t s t i o n n  wore located 
in a Uno LO bc-gees e o a t h  of  wB8t st &3t~nOe8 of 530, &, 700. gw, 

r z d h t i o n  w i t h  d q t h  ln anit d m a i t g  Bteriel. W r  the snrfaoe 

-6 1033 yErd8r  



a 

Sc in t i l l a t ion  countor r q  apectronoter q u i p n c n t  1mk-mwnt 
d .as wed to 88883s ths dcgreded gems radiation f i o l d .  apco';ru. 
Hoaanrsnsnta were neLe in ths  v l c i n l t p  of a m b e r  o f  A o J c c t  ?.la 
stations (fir- D.l and D.;I)on smeral swccsa i ro  WE aft37 -&b shot. 

P a r t i c l e  c o l l x t i o n  qu ip=sn t  kwI p h c d  7 fe3t  nbom glrowui at  
46 atationn in a b r o d  pat te rn  to detoratne connca tn t ion  erd a i m  
bietribntion o f  actIv9 p a r t i c l o o  in the n- 6mmd acraao1.J. 
pat tern olose-fn is that of EroJect 2.h. rigurea D,1 end 9.2, arlth 
addi t ional  r tatione in the  E3 (bcvn\rLcdJ qna&ant at  ll,mB l&,W3, 
20,000B 3O.OO0, md yo,Cm feet. 
etationn f o r  groas e a v i l i n g  o f  B ~ ~ G O ~ E .  Seveml e l c s t r o e t a t i a  procipi- 
tabrs were a i d l a r l y  e=bywL, 
010 reparators were nred to o b t a h  ei2e grad.cd senplea. Continmu air 
mni to r s  and radiological air szrrplors p o v i d d  aoronol sEtivltp vereua 
t i re  recorda aad provided s q l c s  es a function of time. 

Stat ion 

P i l t o r  e a q l o r s  voro locotsd at a l l  

Cascade i a p c t o r a ,  conifv,ocs and parti- 

a 1 3   PEN^ 2 . 5 ~  

9Jlfercntie.l fell->nt o l l c c t o r s  aaed t o  muem ti- r a t e  o f  fall- 
out a d  ther-al prccipi+ators  f o r  ncsr grid aaroaol a a q l l ~ ~  voro 
placed at all s ta t ions  shown i n .  f igure D.3 -opt 01 hdlcstcd. 
hmbrcd o r  mre fall-szt Collection trays w a r d  ploocd cut f o r  fac?l ahot 
in tho patt'exn of B i W o  D.be 

One 
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E 

A l i ne  toning rocket aith smpling ma8 aaa t e a t e d  EB a t ech iqua  
of r m t e  saqling. 
c3ch shot f r o m  a track m u t e 6  lr.u.ncher at rzngos of 1300 feet .  

h e  ro&Jfo mere f ired  lnto crater and lip after I 
I l b = g e l  dogs and ahosp rcro srpoeed abut 3 f e e t  above ground ~ , t  

A few anlaale d l a k u c e s  of 2500, 5W3 u d  C W O  f ee t '  during each s h ~ t .  
were ?laced i n  ateadard f o x h o l e s  R t  the 2500-and 500Q-foot dlstaaces. 

! 

D.20 PEW3CT 2.8 

Lergo fa l l -mt  s q l e s  rjre c o l l a t e d  at dlatanaen from Q to 10 
oil- i n  tb FX qoabrsnt f o r  i : o i l  snd partlolo ntw. 
c lo th  ehee:6 lure used as collectore. 

%m erd o i l -  

I24 



0 SINGLE STATIONS 

0 DOUBLE STATIONS 

fig. D.l Gcintillatlon Counter Station Pattarn. SPrface Shot 
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SIXGLE STATIONS 

0 DOUSLE STATIONS 

N 

a. D.2 Scintillation Comter S t a t i o n  Pattern, Unaergroand h t  



me. D.3 T h e r s l  Bcciritator end Differcnticl C o l l a t o r  Stzfionn 

.l"D OIFLcTIO.S) 
W 

Ng. D.4 Tall-cut Collcotor Pattern 

W 



A P I r n L X  B 

s m u c m  TESTS 

The etrnctures  t e a t  pmgraa o f  Operation JdnGLE included 65 n j o r  
s t r x t u r a e  o r  structural elaents .  
stractural t e s t  p r o d a t a ,  a project f o r  cer ta in  soila at'mes, and a 
project  f o r  the measarmat  o f  t rmaient  loading and. rosponee of the 
a t r u t a r e s .  In  eddition, n%suraenta of peraanent ,mss d i s p l a c w c ~ t a  
vere made. Table BI.1 l l e t a  tho structural t e a t  projects  and Figars  d.l 
shorn the  array of the tes t  atnrcturee around groU2.d zero. 

The tes ts  vere divided i n h  26 

U L m  a1 

S t r u c t u r e l  Test R o j e c t u  

Pro J ect 4z sncy Deacfiptlon 

3.1a.b of Y a r d s  Light s t ee l  frame balldinge 
a d  %&e with cormgated metal aid- 

lng, b1 x 100'. 
end 10,oOO feet f r o m  z a ~ o .  

A t  b30 



Office, O h i e f  binfarced concrete shear 
o f  EngFneors 

J 
uall target structure 331 I. 
521 x 161 h i g h  A t  4bi 
feet froar zero. 

3.4 

Office, Chlof Beinfarced wncrete colusn 
of hgLncora target strncturo 1: 141 

I 16g high. 
fmm zero. 

A t  504 f ee t  

3-5 J 

Offioe, dhief S i n g l + h y  hc9vp s t e d  
of  &glneets ralrrrp *Get ntrncture, 

241 I 361 s 2 l I  high. 
504 f o e t  from aero. 

3.7 
A t  



TATU E . l  (Contld) 

PrOjWt dgency D3scription 

3.8a,b Office, Chid S i n g l e b e y  l i ght  e tee l  
of Zngineere colarmr targot atmntures, 

A t  241 x 361 I. 21' high. 
6 9  and g82 f e e t  from zero. 

3.9a.b \i Alr Waterid Seinforcad concrete retaln- 
oomand walls, one w i t h  loaded 

feoe towed zero end one 
d t h  loaded faoe away, 121 
Ugh. At 900 f e e t  f ro= 
aero. 

3 . u  ,,I Air pateriel lbn M d  18. reinforced 
comnsnd concrete pavenent s'hbe, 

A t  500 f e e t  1 0 1  I 150'. 
froa esro. 



3.15a,b Bureau of Ynr& ~ ~ 1 1 ~  rigid franc 
mc3Ee buried bnildhgs. Rocas t  

concretcl conatmt lon ,  20: 
x 4 0 1  I 141 high. 
and Loo0 foet  iron zero. 

A t  750 

3.17a.b Ifrrrwu o f  Yard8 Thin-rallcd dornc~nhaped 
an& Docks buried baildirge. Recas t  

concrete cam tnzetion, 2 2 8  
diameter at f l o o r  I ID1 
high. 
iron zero. 

A t  750 and 1ooo f e e t  

3.18a,b Buuaa of  Tarde Preatressad concrete buried 
ana mcks fuel tanks.  Preceat e . t0Ye  

construction. 108 dimetar 
I 81 high. A t  750 and 
1ooo f ee t  from zero. 



T B L E  B.1 ( c o n t ' 4  

Pro jcct  dgency Deecription 

3.19 Air Kateriel Unloaded concrete footings 
comnsnd an& 6t concrete oubea, 

buried. Located adjacent 
to sevcral stractures 

3.21~~- Bir Fateriel  
fl comn?snd 

Pree ataading brick walls, 
161 long I: 11' high. 
900 end 10% feet from 
Z a r O .  

A t  

50' high brick clsimneys. 
A t  750 and 1050 feet f r o m  
2073. 

T m  arrays of buried square 
baxes, open at top and bot- 
+an. Bainforoed conorete 
End e t e a l  construction, b- 
tweca 8' and 20' aquarn vith 
4 g  to e;a W ~ E  of re inforod 
concrete and one of 12 gage 
ateel. One array at 725 and 
one at 850 f ee t  frcn zero. 

132 



!rmu B.1 (cont'd) 

Doscription 

Circular seotion reinforced 
ooncrete tunnele. 6' i n  
dimcter with 5' vall. 

3.268-0 Wveau f Yards 
and Docks 

3.27 Alr Hateriel 
command 

Friction p i l e  c lwtera.  
3 timbor piles PI long in 
each cluster. At 475 feet  
fron zero. 

I 

Water, ssrer, air, stcam 
and electric lines, all 
Padorground. Hlrtendcd bo- 
tween 600 aad lB00 f e e t  
from zero. 
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