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1. 
"Scientific Director's Report, Annex 9.3, Radiological Safety." 

2. 
1400 S2 "Status of Huclear Test Reports." 

3. 
In conversation between A, Froling, this Agency (ISM) and Mr. I. Cucchiaia, 

Reference is made to your request regarding the declassification of WT-89 

Cited report vas declassified on 17 September 1974 and so noted in TID 

The declassification action teferenced in paragraph 2 above WRS astcrtained - 

- 

W E  on 14 Map 1979, . .  
4 

4. HK. Cucchiara further advised that the TID 1400 S2 is Ln na state of revision 
. and that a copy was not available f o r  out use. 

5. 'Based on paragraph 2 above, this DF is the authority to declassify WT-89. 
. .  I - , 
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. .  

k, Cucchiara . Colonel, USA 
. Director for Intel & Scty 
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Chapter 1 

History 

1.1 MTRODUcIlON 

In January 1019 Alvin C. Graves, Scientific 
Dinctor, asked Brig Gen James P. Cooney 
(NC, U8A) to commrrd the radiological safety 
o r g m h & b  of the Scientific Task Gratp  
(TG S.l) in p r m  atomic reapon testa at 
XnWetck. Gen Gooney waa .Ilbstqucntly or- 
dered to command TUL Unit 3.1.5 (TU 3.1.5) 
and to act an Special AsristPnt f9r Radiological 
b h t y  m iLs d oftbe C-r, joins 
TYL; FGi3 m c s  :G?F-:k 

The ndiological safety policy and orgdza -  
tloo u planned for Operatho Greenlioue were 
based to8 large atcDt upon the expcriem? 
pinsd at Alamogordo, Operation Crossrod., 
Ild Operation sMd.tooe. In the baaLC pl?n of 

the 'd force waa divided into 
four treL groups: SCLentftic 0% w, h Y  
(TG S.2), N a v  (TG 3.3), rrnd Ai r  Force 
kch m a  to have its crm rldiologicll de 
certain l . b o r ~ f o D c t i o n s  were to be supplied 
all  t..L g m ~ s  by TU 3.1.5. 

T'he radiological problem dlvided itself into 
fopv phases: 

SI). 

permanel, and instrument., ?nd 

8. Pretest pbase-evalu?tioa of the radia- 
tiaab;rzord. remainingonopentton 
aad8tme shot islands. 

b. Pl8nn4c phse-organizatioml planning 
ot TU 3.1.5 for OperaUolr Gree-. 

c Test phpre-evaluation of and protecllar 
from rutlatim, b b t ,  and thermal hazard0 
dorlng the detonation; crrluation of a d  
protcctlon from radiattcm hazard. after 
detm8Mo& 

6 Final phose or dsum6-evaluation d 

1 

radiological safety operations duriag 
Operation Grccnhouec. 

1.2 PRETESTPHASE 

Gen Cooac~, assisted by Karl 2. Morgan, 
OaL Ridge, Carl C. Gimertsfelder, EIpaford, 
Harry 0. -le, 
Blrchrell, Io8 Ahno8, made reveral WPa to 

and preparation of tir tea blade for Opu~Uon 
Greenhouse. Permi8eible level8 of roQiarctivitlr 
were exceeded in d y  limited are= of some 
Greenhouse test isWa Them areus were 
those WrOILndfne t a r  siter for Operatkin 
Sandstone test& 

It waa cmelrlred &isable to avoid l l l ~  pos- 
sible artrarposrvc to radiation, d therefore 
work M perfarmed to decontamhte the area8 
where the radbtion level waa greater thin tol- 
erance. -on wan effected by bull- 
dozing the top (heaviest contlmiantsd) layer 0: 
earth into the crater and covering it with=- 
coatadded miL Hazard. from rPdlorctfre 
dueto were avoidedbyretting the soil &or- 
aughlr before bull&alng. After the deccmtami- 

made the final m q  of tb entire Atoll doring 
the period 5 to 11 M8y 1950. Be concluded that 
there was no posllIbility of overexposurc to 
gammaradhtionaoanyofthe islanded 
Eniwetolt Atoll and that this condition w d d  hc d 
true up to the time dthe next testa on- atol; 
i8lslnnd.. 
It VLI drcided, therefore, to discontinme the 

we of lflm badger mall Islandamd totermi- 

Alamor, and Charles D. 

Eninctok Atoll to .rrpcrpiw decontpmfMtfon 

nation Pctlritlcr, Thanrs N. whitc, h o  -08, 

nate the full-tine podtion of ndlologiul safety 
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repreoentative of the Loa Alamoe Scientific 
Laboratory. 

Opcrationa plana for TU 3.1.5 were prepared 

Experience gained from Operations Cross- 
and mbmitted to TG 3.1 as required. 

rold. and Sandstone clearly indicated that a 
cl-r relationshlp between the radiologicd 
safety unit and the scientific group was nec- 
os-. Durfng Crossroads a d  svdstone the 
radiological monitors were assigned to the 
varioos scientific group0 caly a few days before 
the tests, and in m y  instYlces met the scien- 
tists fo r  the first time while m the way to the 
acbrol operation. In most caaes tbe monitor 
had not been briefed 011 tba scientific problem. 
HU job was merely tbat of a meter reader. 
A l h  C. Graves and Gen Cooney decided that a 
much betbr integrated progrim between the 
groups was necessary. Thy felt that the mod- 
tor &uld be Wll accquointcd rith dl phvre6 of 
+b pmj& which he was to monitnr. He should 
know rb.t information the scien?ists were try- 
ing to obtain, the method used in obtaining it, 
and, W o f a L l ,  hmhec l ldbeofmos tos -  
gistaace in helping the scientirrb &Wn thin 
information by solving the problem of radio- - !wards. It M decided, therefue, that 
a v i a l  conference for the radiologiczl moni- 
tors would be held at u s  Alamos 1 to 6 October 
1050. 

'llumm N. White, U Col James T. Brennan, 
Maj P a p  S. Harris, and u Col Leonard A. 
oddg d Lo8 Alnmom arranged an excellent pro- 
g m n  in which every project director or his 
representative presented his program in minute 
detail to the entire group of monitors. These 
discussions covered: 

t T%a nature of the project-what informa- 
tion was to be OLlmBed. 

h Pretest phase-what equipment w to be 
0.66, where and when it was to be placed, 
and M evaluation of the hazard in retriev- 
ing tba equipment after the shots. 

c Operational plan-den it was neceswy 
to obtatn the da!a and the plan for doing so. 

After the entire program had been discussed, 
the monitors were asked to &ate a preference 
for the projects on which they would like to 

2 

work In most Instances it waa poesble to 
make the leslgnmente requested. Tbe monitors 
then rpent a day with the project d.b?ctors dis- 
cussing detail6 of their respective O p e d i O M .  

As a result of the information gained from 
this meeting an operations plan for TU 3.1.5 
was outlined. F3ch monitor was given a SP@- 
cific assignment and remained with the same 
project throughout all teste, when this was m- 
sible. 

It was felt that this meeting was extremely 
profitable to a l l  concerned. In lddition to the 
scientific projects, various -ive 
d e W s  were dIscus8ed. These included dates 
of departure for Eniwetok, duration d testr. 
mode of travel, physical examinatimn, paydent 
of perscmel, etc. 

As a result of this metthg the t.dioloqiCd 
safety group M much better p r r p w d  to 8c- 
complish ita mimion. 

Operational planning continued in the United 
mtes unUl the departure of the first large 
group of persome€ about 8 F e b p  1051. 

At conferencts in W&ngtan 9 and 10 
November 1949, attended by represmtrrtives of 
t&e Joint Technical Planning Committee (JTPC), 
J-Division of the Loa Alamos 8cie-c Labo- 
ratory (LASL), Armed Forceo SpKirl Weapons 
Project (AFSWP), and the Services, it was de- 
cided that JTPC would coordinate promremeat 
of military personnel required by J-Division 
and its various agencies. AccordFts$y, Alvin C. 
Graves, leader af J-Division, appointed 
Donzld G. W U a m s  to be hi. execrrttVt for 
military personnel and mked, through him, that 
Gen Cooney state hls military perecmael fe- 
quiremente. 

Gen Cooney established the re tphment  for 
50 personnel: 30 officer monitors and 20 logir- 
tics and laboratory persoanel. He anvaaeed 
permme1 of mfflcient experience and back- 
ground and submltted the names of tbo8e rho 
might be available. CTG 3.1 requested CJTF-3 
to procure the personnel, some by name and 
some by job description ody, from the Services 
on p temporary duty or temporary .MiUonal 
duty s t a tu  during the operational pbroc. One 
civilian, Carl E Menzer, was to be requested 
through civilian channels. It was also .greed 

Col 

, . . , :  .. , * * . . .  . : .. 
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that nine clvillpn monitorr from LA8L aoold 
b0 U6&l.d to 3.1.6. 

wh.n the conference of monitors was bdd at 
LABL in October 1950, It wan for the first time 
pcuelble to analyze the operation6 plan6 d the 
ruiour rcientfffc p r o g r ~ s  to determine the 
mmber of monftorr rsqulred. It became cri- 
drat that tbe SO olllcer monltorr and 0 drillnn 
ntoaltorr varld nd be adwuate, and require- 
menta were e 8 t a b W  and approved by CJTF-S 
for elwen mom officer monitor& In a few 
amr paraomel rbo had been reque6ted were 
&mnd to be unavailable and were r e p l w d  

LCDR Donald C. Campb~ll, AFSIRP, 84.ud 

. .  

S 

L Aadrews, U. 5. Public Health ServIce, and 
Gea W y  held a conference at h a  AlPmor 
with Harry S. Allen and staff concerning tbe 
procurement pnd hawllhg of all supplies re- 
quired for the mLs1m of TU 3.1.5. It v11 
agreed that procurement of all equipment and 
mpplie# W d  be handled by Allen's group. Bir 
group =alld &o wkec, -k and &P w4+ 
ment to Parry Island, where it would be de- 
livered to TU 3.1.5. 

beenstored at Loa Alamoa olttr Operation 
was checked for rcrvlceability. A 

complete list of additional Item lKcddd was 
mabmiUed. WDR Campbell and Andrew6 ren- 
dared Lcchnkpl advice .ad rpcb other semicea 
II rere required by Allen's group regar- 
p r o c r v l m c n t a f ~ ~  

All radbhgical d e t y  equipment which had 



Chapter 2 

Ope rat ions 

. -  
2.1 INTRODUCIION 

Additfo~l to pad deletima from tbe personnel 
mrtcr continued until about 20 February 1951. 
Canaidarable difficulty in clearing personnel 
wan encountered because such rrdditiahe to the 
rorter occurred. In approximately twelve cases, 
mquedr for 0 clearance did not reach the FBI 
-1 .brut 19 EmnC 1961, m! t5 cf 3 
1951 (D-2 &YE) men enlisted men of TU 3.1.5 
remained uncleared. It was only by changes in 
JTF-S order6 mor about 20 March 1951 that 
meleared peraoaael who bad been certified by 
tbelr commanding officers 88 good .ccur!ty 
rWt. wen permitted to remain 011 Parry Island 
and cmthued me of their services ccruld be 
planned by CTU 3.1.5. For future operations it 
1. derirable that five or si. month8 be allowed 
far 0M.faine Q dearmcea Ooe person of 
TU 3.1.5 ma cleared in exactly three mdntha 
after the requert for clearance reached the 
FBL A l l  others required conriderably more 
tlme. It is LmmrteriaI whether the delay in 
granting clearances is due to time needed for 
the FBI investigation or to t h e  needed for 
proccsring within the AEC. 

m e m e n t  of applier and equipment to the 
Forvud Area ccatirmtd In general, the supply 
and equipment rituatloa KIP excellent through- 
mt  Operation Greenhouse. The only major 
Item. d equipment with which difficulty waa 
oxperienced were the AN/PDR-TlB F&diac 
tmining rat and Ycne Safety Appliance Co. dust 
collecton. Eighty-five of the Radiac training 
retr warn ordered and scheduled for delivery 
h th. Forward Area on 1 February 1951. A 
change in the original order specified that the 
lnatrument. were to be equipped with batteries 

. 

d that 100 per cent replacement for battorla 
would .LM be furnbhed. On 31 March lS51,W 
of the AN/PDR-TlB's were delivered witbout 
batterlea. Batteries for 10 AN/PDR-TlB'r 
were obtained, lud tbc instruments wen d 
during Dog shot oparationr The remainder d 
the instruments old sufficient brtterice for dl 
85 AN/PDR-TlB'r arrived shortly after Dog 
P'Ic? * x r s  ;;a%k:e k~ L e  r e d r  d 
Greenhawe. nK Mlnc Saf% A;;bce Ca 
dust collectors did not arrive until shortly k- 
fore the hat  ahot and were of little we. 

bhement d perMawl to the Forward A m  
began o I4 February 1951 with the departure 
of the SSNS General Aultman from SM Ran- 
cisco. The Aultmpn carried 21 officer m d t o r r  
and TU 3.1.5 rtptf yld re- Eniwetok 90 27 
February 1951. Gen Cooruy u r i r ed  by air 011 
the same date and on-the-site orgmiulion, 
trw, and operatiom d Tb 3.1.5 begaa, Tlu 
next major movement of personnel, including 
most of the enlisted men, arrived on the US6 
Curtis8 011 8 March 1951. Small groups and 
individual members d TU 3.1.5 continued to 
arrive until about 28 March 1951, when the 
roster d TU 3.1.5 could be considered e u c n -  
tially complete. 

The M of TU 3.1.5 M organized PII 
follcnrs: 

Commander Brig Gen Jamer P. 

Executive Officer 

Technical Deputy 

Laboratory Director 

, 

Cooaey, MC, USA 
I) Col Jamer B. 
chuhbuck, CE 

Dr. Thonus N. White, 
LASL 

Dr. Howard L Andrrra, 
USPBS 
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Li.lwm with TCi 3.2 

Llaieon with 'I% 3.3 

LiPiraD w2h I% 3.4 

Oprationa Officers 

1st Lt Thomaa R 
Ostrom, IdSC 

CAPT Harry H. Haight, 
MC, USN 

U Col Karl H. Houghton, 
MC, USAF 

Maj Gerald M. McDonnel, 
YC, USA 

U Col Leonard A. Eddy, 
USAF 

Maj Pape S. Harris, 
MC, USA 

b¶aj Carl C. Carson, 
Id, USA 

U Col John J. Maloney, 

Prof Carl E Menzer, 

@ply Officer 

Radiatloh Dosage 

Commlmicationa d 
Recorda MC, USA 

Imtromcnts Unlveraitp of Iowa 

Monitor- for exposure to tritium was 
curled mt  d e r  supervision of Dean D. Meyer, 
LAB& An accowt of U work ia given in 
Greenbnase Report, Aaaex 1.10. 

TU 3.1.5 headquarters was loclted IA an ku- 
mkmm Wi-, ihe Wecior lay-: of r%ch 
had been checked and approved by Gen Cooney. 
The buildbg, although adequate, was not 80 
large u would have been desirable. Office 
@pace, In partlculu, M cramped. Fortunately, 
tho Officers' Beach Club was located very near 
TU 3.15 h e a d m r 8  and was available for 
group meetings. It waa found necessvy to have 
rather frequent group meetings of the monitors, 
md the de8ign of future ndlo1rlgical safety build- 
ing# rbould make provisions for space in which 
weh meetings can be held. 

Trajning of mOnitOrr began shortly after 
their arrival In the Forward Area. Instrument 
calibrrtloD began at ooce, d famlli.rirc2tion 
with radiatica detection instrumenb was mode 
an important part of tho training program. 
Yanllorr were maigned ta the various projecta 
on rbaat 10 March 1951 pod began work with 
project dlrectors. The Pssignment of monitor6 
to project8 *nil in advance of the shot date was 
an h m a t i o n  and had not been dme at previous 
weppoo tmta Thie plan waa a definite improve- 
ment mer previolu methods of opcratiaa rince 
tbe mooitor8 were fuUy familiar with their 
pr0)ecta and with the proamel with whom 
they were to work prior to ah& time. Weekly 
m e e w  were held 011 Wurdap mornings for 
purpowr of critique. orientation, and education. 

. - -  

Talks at these meetings were given by outatand- 
ing scientist3 of TG S.1, members of tbe TU 
3.1.5 staff, and Cen Cooney. 

2.2 DOG SHOT 

The winds and weather predlction fot Dog 
ahd indicated that ideal conditions wodd 
prevail. From the surface up to 20,000 R the 
winds were from the east and east-northeast 
with velocities all above 15 knots. Above this 
level the winds shifted gradually from the north 
to the west. On the basis of Sandstone data no 
fall-out problem could be foreseen and CTU 
3.1.5 80 advised CJTF-3. Winds and r a tbc r  at 

.--- 

zero hour were as predicted. 
About 1 hr 40 min after the shot, the record- 

ing instruments in the radiological safety center 
Irdicated that a radioactive fall-out was occur- 
ring, The program director of T U  S.l.1 waa 
notified and asked to notUy all project directare 
d hie unit to take measures lo protect photo- 

'%e cccurrencr of fdl-aut at such a short 
time after zero hour was a cause of coas?dcr- 
able concern from a health standpoint. The 

graphic tS36. 

problem presented two aspects, the crtcmal 
ud internal hazards to personnel. Tbe LtCnsiQ, 
as it krcrezsed, was constantly Cbcckd both fn- 
and out-of-doors. The radiochemical section of 
TU 3.1.5 began a s M y  of the particle size. For 
'more detailed information concerning the fall- 
out a d  particle sizes involved, see Sec. 2.6. 

At about 1400 of D-day the intensib agyl to 
decrease, and it became obvi- tha! external 
rrdfiffon accumulated by pereoMcl umld not 
be large. More detailed Wormrtion coocernirg 
radiation dosages appears in Sees. 2.6 rrd 2.7. 

It is a well-established fact that particlee 
must be 5 microns or rmaller in size (0 con- 
stitute an internal hazard. All data and facts at 
hand indicate thpt no particles smaller than 20 
microns in size were present on populated 
bsludrr. Therefore it b asrumcd that 110 In- 
ternol hazards were present. 

Three samples shored somewhat htgb counts 
A total of 125 urine samples wen d y z e d  

on the firs! specimens, but a second m p l e  an 
each Lndividual, collected under eupurtrlan, 
M normal. 

TU 3.1.5 encountered no other radiological 
problems In the test progrpm. Excellent co- 

UNCLASSIFIED 



opcratiaa wan given by all scientific groups, 
and PI1 work could have been dcne under norrml 
condltlons with no exposures exceeding 300 mr. 
The fntegratfon of the monitors witb their re- 
spective programs proved very effective. W- 
ilcLnt supplies usd lnetruments were avlHable 
except for 0110 Item, the air fIlterIng devices. 
Them dust collectors were ordered more than 
nine mor~tha in advance from the Mine Safety 
&ltrace Ca Numeroue follor-ups were m;rdo 
rn this order, and dellvery M repeatedly m- 
mated. liad this equipment been present, the 
Iml.uezUoa of the fall-out rould have been 
LPcllitlted 

R e d t 8  of island surveys following Dog shot 
+appear in Appendix A, and results of atoll wu- 

e- 

v e y m  are given in Table 2.1. 

Runit At H+S hr, &ll-out wa8 detected 10 b 
15 miIes eaet of Engebt 
The various cables OIL Engebl had k c a  COI- 

ered by huge piles d loose sand, extending 
acrms the inland in varioue directions. Tonr 
of this materid .rm picked up and sprwad by 
the lower wind8 from PIiraaI to Bog.llol How- 
ever, it 
E - d q  work with no excedvc exposure. 

I w t ,  asnounling only to 2 or 3 times th. back- 

m o w  of E+1, a f a l l 4  occurred QQ Ea!- 

gr- 
Work progressed mUdaetorily on WebL 

Holmes and Narn?r performed excellent mer- 
vice in wetting Qm the rolde and worktag 

porvsiblc to complete rll 8cheduW 

mt&, Pmrp, Md Js~~M. This '1p1) h i @ -  / 
TABLE 2.1 ATOLL s[TRyEYS, WC 

ln-w (=/hrJ 

D-&9 D+1 Dc2 m3 D+4 D+5 
1500 8 Aprfl 1000 0 Aprfl lo00 10 April 0830 11 Aprfl 12 Aprfl 13 April 

Ed& 26 7 2 2 1 
purp 60 15 6 5 3 
J- 70 12 6 5 3 

50 15 5 3 2 1 
BUJW 1 0.5 1.0 am 0.03 0.03 
- 
4 e b t  a 0.2 0.1 0.1 0. oa 0.09 
Bogrllru 1 0.4 0.0s 0.a 0. os 0.03 

400 180 80 45 30 24 
oirifnicn 500 160 48 as 18 12 
w 
Ribaloa 120 38 25 14 u 
patolr 62 38 20 14 10 
Md a50 62 to 20 12 8 

150 40 12 7 0 I 

2.3 EMYmoT 

The w k d  rttucture as predicted at E-SO hr 
appeared ided. The hodognph prepared by tbc 
metearologicaI service predicted the f a l l 4  of 
Lba 50- to i00-micron pnrticles at a &stance of 
oome 35 mller Muthwest of Eniwetok. However, 
the rind pattern chrurged, and, at the weather 
b r i e m  at midnight prior to the shot, the hodo- 
grph predicted an area of f a l l a t  d them 
particles inside the lagoon in the rlcinlty of 

m, materially reducing the hrurd from 
duat. As a remit, wry little coatpmlnrtlon d 
clothing occurred. 
olle grolrpoltkree film bodgerfromtbra 

sailors, al l  of the .rme boat crew, ahowed 

a d  15 to SO r beta, acqulredbehem il rad 23 
AprU 1951. AMtber #ailor, dthaugh a me- 
of the 8ame boa! crew, wore ~lr) film badge. In 
view of the akns fhdhg8, tbe mtbjwt m a  
were required to b r e  a complete rrdlologlcd 

t4llafIltrd h@-S  Of 10 t0 20 f guaM 

a 
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pbpical emmlnation, including fingerprints, 
chest X ray, complete blood count, erythrocyte 
.edimentaUon rate, and urinalysis in accord- 
w e  wlth elirtmg naval regulations. The find- 
h g s  of these examFa?Uone were to be recorded 
011 Standard Form 88 and in the health records 
of the men Involved. Complete blood counts and 
urSnalpes were to be accomplished a! weekly 
interval# and fhiinga appropriately recorded. 
Follow-up physical c.unin,tions were to be 
emdueted In accordance Wfth naval regulatias. 
The men were not permitted for the remainder 
d Uperation Greenhouse to enter areas in rhich 
any radiological hazard existed. 
It la strongly mmpected that a deliberate at- 

tempt M made to obtain a- exposure on 
tbe oubject f i lm badges, probably by leaving 
them m the shot island in a contaminated area 
for a considerable period af time, although nuhe 
of tha mbject men would admit this. Certainly 
no dher boat crew members operating under 
almost identical coDditims obtofned exposun 

an order of iny;i& 0; tL:t c'J?Ctii2 
tbs subject man. 

Additional study on the --out problem M 
done by Thomas N. White ami Harry F. schplle 
(see 8ac 2.6). 

Rerults of island surveys following Easy sbot 
appear in Appendix B, urd reoults of atoll wt- 

rcyr are given ln Table 2.2 

2.4 GEORGESEOT 

The rodiolcgicpl safety problem after Gccoge 
abbot was much simpler than after Dog and Easy 

Thewindawereidd,beingfromtbc 
west-southwest thropghout their entire stnu- 
true, ~IIUE eliminating the Lmmedhte downwind 

out M detected on tbe Atoll from George ahd 
A new procedure M lnitbted on this shot 

In that recovery operaUox18 were delayed until 
a rodlological safety survey of the shot island 
~ C O n d u C t e d .  ThissurnJanestvted~ 
I) hr m e r  the detonation, urd at noon, Zf IU 
after the shot, a radiological eafety clearance 
for proceeding with recovery operation6 wao 
b& 

Recovery operations were practically com- 
plete on 19 bhy lD51, and rn significant or ex- 
cersive exposures had been reported. The 

W1-d m d  in tb Atoll. NO ~econdvy fill- 

b 

average exposure for personnel d TU 3.1.5 M 
about 100 mr per shot. 

Film badge data from 3,180 individuals as d 
15 May showed an average radiation dose of 
422 mr. Xf casual visitors were eliminated from 
the list, the average dose received by 2,236 
persons was 600 mr. This does not include ex- 

subsequent lighter fzll-out from Easy shot. The 
cumulntIve &age on Parry from fall-art as of 

pomres from fall-out after Dag shot and the 

14 Mag 1951 mu approximately 3200 mr out- 
otdoora. For further information concernLag 
faU-out, see Secs. 2.6 ud 2.7. 

A radiological survey made during the week 
of 7 to 14 A6ay 1951 onUjelang, P&, Bikini, 
Rongelap, Lae, Ujae, and Kwajalein ahhartd no 
slgnificant contamination Water samples that 
were colleebd on these islands showed no rig- 

Result8 of island surveys following George 
shot appear in Appendix C, and results of atoll 
survqr are given in Table 2.3. 

- 

nificant activity. 

2 5  lTEIiSEC)T 

Item Bbot wiu fired at the usual predawn 
time. According to the latest meteorological 
reports, the rir..ds were tn a transition period, 
and it was evident that the probability of fa l l -  
out on Parry and Enlwetolc wan borderline. 

It had been agreed that no recovery would be 
attempted until at least S hr following the sbat, 
at which time a preliminary r?diological survey 
would be made. However, owing to some c-s 
made on the night before the hot regarding air 
transportation, it became necessary to attempt 
an early recovery. Therefore, a! 8+30 mLn, 
Ma1 Gerald M. McDonnel, Dr. Howard L 
Andre-, and Gen Cooney flew to Engebi b htlt- 
copter and W e d  near Building 69. Upon ar- 
rival, the radiation intensity M about 400 
w/hr outside Building 69. The building M 
opened, and radio and telephonic communiea- 
UOM were established with the radiological 
d e t y  building on Parry. Anothcr radiological 
survey wan then made a r d  wluding 60, md 
it waa f d  that the intensity had risen to 
1.2 r b .  It was evident that a large-particle 
fall-out was in progress. As a matter of fact, 
the falling particles could be felt on the face 
and h d a  W o  communication was establlshtd 

t 
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TABLE 2.3 ATOLL SURVEYS, GEORGE 

Intensity (mr/hr) 

14009Ibay i Y)lOMay IlMay 12bfay 15May 22Miy 
G - W  G+1 -2 G+3 G+6 -13 

ami 0.2 0.2 0.2 0.2 0.2 a2 
Jtrmit 0.2 0.2 0.2 0.2 0.2 a2 
puru( 0.03 0.3 a4 
Botoa 3.2 6 LO 

0.4 0.4 0.s 0.3 0.4 4 4  

Teiteir 2.4 10 LO 
BogPUuo SO so 29 28 26 14 
m7m 1.6 1.6 LO 
Girilnien 1.0 1.0 QS 
b i n  0.4 0.2 0.3 

r l th W. E. @le's neutron sample recovery 
p8rty 011 board an AVR, and they were told to 
nrmla about one mile offshore. At approxi- 
mately Ow0 the tntexiy &increased, to 2 
r/h ilutsik aiiliirg $2. Z%C hknsity tben 
began to decrease rapidly, and at about 0930 
it had dedbed to 200 mr/hr. 

M y  lfkr arrival on the islad two dogs 
wen seen nnderang about in the vicinity of 
Ogle'. winch. One of the dogs came to Building 
69, and it was given food and water. It appeared 

-'a AYR W e d  about 0945, and the re- 
carcry began. The cable, a8 u6ual, wan broken 
.bout 100 ycl from the ninch. Gen Cooney ac- 
compded Rederick Reiner and party up to 
the 8oo-yd &ation to remove &e neutron rum- 
plea &ter a caterpi lh  tractor pulled in the 
rest d the land coble. Tbe water cable waa 
.Ira braken, ud only a portion of the samples 
were recovered on the first day. 

Recovery work prcgresmd in an orderly 
raamer, rad all partlea were off the bland well 
before .undom On 1+1 the usual radiological 
aaf* survey wan made, and further recovery 
work pragrersed. On I+2 days dl scientific 
m0kri.l w u  removed from the 200-yd colli- 
mator station without my undue overexponue. 
On X 4  dryr the remahhg portion of the water 
cable N recovered which completed dl the 
recmery work on EngebL 

At approximately W3 hr 2S min the gunma 
ray recorder at the radiolagid rPtety b u U w  
011 Parry bland showed a lrhup rim, followed 

. 

to be to a gOOd 8kt8 Of he2ith. 

by a drop to nearly the original re- Thi. 
"spike" was interpreted as the r e a  of the 
passage of an active cloud from ahith little 
n?z*rri*\ fall wt. Several other tmJLMI. followed 
by a steady rise kt activitjr due to r;zU-ollt, am- 
tinued until haat 5 4  h r  45 min. 

A telephone call w& made at to Saptan, 
and it was learmid that a lesser amollnt of fall- 
out had been detected there. A telepbmc call to 
Enlwetok establisbd the fact that cauiderably 
more fall-out had occurred on EniwetoL than m 
Parry. Thorn- K White and C~YI  C m y  flew 
to Eniwetok ~ d ,  accompanied by 4 Scott and 
Capt Tuuri, mdc a complete radiohqicd mr- 
vey of the idad The intensity at tbrt time was 
from 50 to 100 u / h r  on the upper d of the 
airstrip and appruximately one half this a m o d  
in the vieinitpal the bathinebeach rrd the tent 
area. White and Gen C m e y  rehvacd to Parry 
Ioland ud at ab& 1600 noted an hcrezsc ia 
gunnu ray intensity. This fall-wt umtinued 
until abwt 1834 From H+l6 hr tbe activity 
behaved accord,iq to a t"*l law. A cordinwms 
record of gamma ray intensities vu rda-  
tained. The m e d  dose out-of-doors was 
determined by mmerical integratitm of the in- 
tensity curve in tbe early phases a d  from 
direct dose measurements in the latcr phases. 
Telephonic comnnraications witb tbe OSS cprllru 
establkhed the fact that fnll-out d appraxi- 
mrtely the same intensfty was on t& 
sNp. A survey made on the northern end d 
Parry Island at approximately 1800 established 
the fact that the intensity there wan l + ~  by 



abmt 50 per cent than thrt on the southern end 
of tbe bland lad vzll npproxkately the same 
u tbe fall& on Japtan. I! became evident that 
the major portion of the fall-out occurred on the 
we- part of the Atoll, decnrelng at Ed- 
wet& rad Parry and decreasing further on 
Jpptur 

hauuing that the decay continued accordiq 
to a t* law, it was possible to predict thzt if 
.I! irdWdual had remained in the open for a 
period of 15 &ye tbe ttSal dose received would 
have been 7,370 nu; at tbe end of 30 day6 it 
rould hare amounted to 9,520 PPI. (Note: Ttteae 
predktio~ were not borne out by measure- 
menta made after the departure of the task 
f o r a  from tbe Atoll. Heavy rain6 met in at the 
end d Xay and .pprrreatly rubcd away most 
of tbe radioactive mat8ri.l from the inhabited . 
irW) The particles collected in a caacrrde 
impacbr 011 Parry bland rere all  captured in 
the first rtage of the inatrnment. lLicrorcapfc 
&dim revealed them to be approximately the 
mme size u tbom tbatfelldnriag the Dogrhot 

Remit~of bland marveysfollowingltem rhot 
a ~ G A ~ * : 9 , & . ~ c s s l f s o : ; ; j : : % A -  

teyr are given la Table 2.4. 

I 

2.6 FALLOUT 

2.6.1 Introduction 

This section deals with invertfgnlloos that 
were started a fe r  hours after Dog ehot when 
fall-out d radioactive material occnrred on 
Parry, nefghboring irlands, and vessels. The 
fall-out was mfflcient to give a gamma ray 
dosage rate of about 60 nu/hr oa Parry. It 'IU 
.0011 apparent that the total g p m M  ray expo- 
sure from U s  mmrce would have 110 merloru 
effect m the populaU011 (Sec. 2.6.4). E wa6 a d  
fmmadicltcly apparent whether inhahtioa of the 
fall-out material a reriwr healtb b a r d .  
The anewer depended primarily 011 tba p u U d e  
rim di.tribuUaa of the fall-& material. If tJm 
actiw material .ru curled mainly o puticler 
caulderably lerr thrn 10 mlcr~nr i diameter, 
much d t& material might reach the alveoli d 
the lunge, from which it r a d  not be ellmhtad 
readily, pad the porribIlity of rerime eow- 
qwncer a d d  be envisioned. If, Q. tbe otb.r 
hmd, mod d Ute 8ctldty va# curled by par- 
&i?r much h e r  bar! 10 microna, W stha- 
Ulc, rdthoqcb wxleskable from a number of 

* 

TABLE 2.4 ATOLL 8UR-8, ITEld 

Intenrity (mr/hr) 
-1OS025May 100026May OB002'tlsrj 28lrtry 29u;lJ 

1 4 Y  Hl I+t I+S I 4  

Entwetok 45 40 28 SO 
W r Y  6 so 18 10 
M y r P D i i  0.5 15 (I 5.5 3.1 
Ruait 1.2 5 2.4 1.6 L5 
wnrpi 0 1.2 
Bfljiri a02 2.2 1.4 1. 2 0.0 
BogM 420 55 25 14 
Telteir 550 60 3s 10 
Boeombogo 10,000 850 700 400 
Bogpllu 9,000 900 BOO 300 270 

7,000 650 450 280 170 
Girhien 2,800 410 250 140 110 
Fokoa 1,600 270 160 60 
Ilurb 1,400 155 BO so SO 

. .  
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viewpointe, c a d  not be regarded as a serioue 
heath hazard 

m fall-out that was completed just before Item 
dot. Certain obrervations on particle rize of 
ltem shot fall-out were added to this report in 
Bec. 2.6.13. There wan nothhg in these obscrva- 
tiow to alter tre earlier conclurrions. 

The mdn body af Sec. 2.6 comprises a report 

cFrning the feasibility of tower shots at the 
Nevada Proving Grounds. In the third place, the 
conclusions outlined in Sec. 2.6.11 were no& ac- 
cepted as fully established by all interested 
parties. The third point was discussed at a 
meetlng, held several days after Dog shot, at 
which all professionally interested individual8 
were invited to present their views. It appeared 
that, at the rod of the skepticism expressed 
about the large-particle conclusion, there lay 
the fact that ncj such large active particles had 
been observed among those isolated from the 
cloud samples dr-wn from previous shots. 
Considerable emphasis was b o  given to cer- 

. .  

2.6.2 8ummory Accaunt 

opment. are rmmmarized under the following 
Before going into details, subsequent devel- 

three rubheadtlgr. 

2.6.2.1 Immediate Actloll taln differences between the physical and chem- 
ical properties af the particles isolated on 
Parry (Sec. 2.6.5) and the characteristics of 

braueht most Of ac"vftp was particles isolated from previous cloud sample& 
The 8uggeation that such negative evidence was 

A shrdy of wind rroundw in cw*r- invalid, a0 account of the relatively small awn- 
ber of particles needed to account for Dqg shot 

erpzeE' " be coqvincinP- 
Many other arguments were presented on 

both It wpeved desirable '0 
subsequent shots, further evidence bearing 011 
the presence or absence of hezvy active pprti- 
des in the cloud at high altitudes hmediztcly 
after the shot Direct cloud svnpling with 

within a very &ort time' 

carrled an large particles. 

hood of the ohot tlme rhowed no werterlp com- 
pownta below 20.000 ft. It wae known tht the 

rate of 
exceeded 10,Ooo ft/hr, and, by using sokes' 
law, th size wan computd to be 100 microns 
or greater. &rth aamples were collected from 

dhcr islw of the Atoll; -id- 
erabls number of particles were isolated by 
mmelect4ve raethods; and the sizes were meas- 
ured d e r  a microscope. AU particles were 
I d  to be large (detail8 are given in Sac. 2.6.5). hzd no pertinent in 
A record of the rrdintion intensity -2ermm time 
was made. The general character of thio record 

ths 8cmw of il clmd p?ru- 
cbs ratber than the blow@ by of a c lad  of 
r d  pErticler of which a srdl proportion 
would be exuected to settle out. 

mdut *t& about 2 hr &ir the && The vab G>xznt!p k k l d c x  2 cc&-Lc;- 
of the particles murt therefore have 

*ipment was *'lcable since it 

lppeved that the best that could be 
done was to attempt to catch pvucles immedio 
ately before they reached the surface. It '1~111 
planned to attempt to do thia where fall-out 
similar to the Dog shot fall-oat on Parry wa8 
expected to occur, as predicted by the meteor- 
ologlsts. Particles so cau#tt could not be 8118- 

J 

I 
I 

2.6.2.2 suppOrUar Actlon pected of having become atlacbed to larger -. - 
Isternat Das shot flll-,,,t - particles after contact with the soil. "he find- 

ings at fall-out in the predicted area wculd, it 
was hoped. give convincing vcrlfication of th 
meteorological data and metbods of prediction. 

wideepread, ud invertigatiorur were made both 
Laride and outaide the original mope of the 
TG 3.1 program by many individuals and proj- 

. .  
-. 

I .  ecb. The following nunmug ir confined to 
tbon inveatigatIoae that were made by or at the 
m a t  of CTU 3.1.5. M f e c t  Inveotlgztioas 
wero moUded by three primary conskiera- 
tlolrs. In the first place, it was obviouely desir- 
able to support physical obeervatione and cal- 
c a l a t i o ~  by biological investigations. Second, 
t m u  clear that more data were needed an the 
i.ll-out phenomenon to facilitate decisions con- 

. .  

11 

2.6.23 Recarsident!on of Past trlormatlm 

out h the neighborhood of Parry came as a 
complete mrprise, regardiag both the early 
hour of arrival and the inten8ity of the radic- 
activity. It is necessary in ZSWM~II~ the atate 
of current knowledge to Inquire whether any 
earlier information had been neglected or  d e -  

I! is fnakly admitted tbat b e  Dcg h o t  W1- 
! 
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interpreted, In the past, tests were conducted 
under comewhat similar conditions 11 Alamo- 
gordo md'at Eniwetak. 

About 4 hr after the Alamogordo test there 
appeared 3 'hot" region of about 15 r/hr at 
about 25 miles from ground zero. Io the early 
discussions of the feasibility of the Nevada 
Provtng Grounh, this phenomenon was attrib- 
uted by some authorities to "nin-out." Al- 
t h g h  others who had been present at the test 
persistently questioned this explanation, the 
nfn-aat theory wan accepted rather widely. A 
review of available inforrmtion shows that the 
evidence against rah-out waa in fact so strong 
88 to be practically conclusive. 
The Alamogordo bomb was detonated on a 

l00-n toner over un8tabiUzed soil. At Opera- 
tion Sandstone, the bombs were detonated from 
W-ft towers over a very different type of soil, 
stabWzed to different degrees for the different 
.hoe. No comparable radioactive faU-aut was 
abrcrmi. A review of the wind data rbows that 
tbe regions where fall-& might have been ex- 
pcc?;;Z Xa7 m t + k  the Atoll to the -ward for 
eacb of the three &ota No surface observa- 
tions rere nude in thir region. 

For a long time there hoe been available 
enough informatiar on rate of rise d the fire- 
tm l l  to calculate that large partlclee cauid be 
carried up to very great heights. This does not 
prove that any specified quantity of material L 
Sa fact curled up. Even if the calculation were 

in thf respect, the d e g r e  of ac- 
Udty of the particles, whicb i. just aa lxnportant 
a6 tbe number and size, a d d  be very uncer- 
trin. It ia understood that large particles have 
beem found in cloud samples, but not large radio- 
.ctin purticles. This absence of large radio- 
active particles waa probably tbe strongest 
single factor in building up a f a l s e  sense of 
reeprlty. T U  this negative evidence m y  be 
no better than the negaUve Sandstone evidenco 
ia idicatd in &c 2.6.9. 
It ia quite possible, however, that there VPI) 

no algnificant amount of radioactive dirt car- 
ried to high altitudes In Sandstone clouds. "he 

I be87y-partiCle f?llout observed at Greenhouse 
may be due to the presence of some new factor. 
R is p o ~ i b l e  that the materials and methods 
used for the stabilization of the soil around 
poand zero may have had a very large effect 
00 the quantity of large riuEoactive particles 
which were airborne. If the large active par- 

12 

ticks are formed by the sticking of small active 
particles onto pieces of dirt, then it meme that 
some special condition or mlterIal is needed to 
facilitate this process, since the inactive large 
particles appear to be much more numerous. 

Without more knowledge of the way in which 
the large active partlclea are forme((, it ap- 
pear6 to be very risky to use the Greenhouse 
fall-out to predict the intensity of fall-cut under 
other coditlam. 

26.3 &rveys Subsequent to Dog Lmot 

The effort to obtain, from subsequent shots, 
data on fall-out comparable to that which had 
occurred on Parry after Dog shot wan pushed 
along two lines. More equipment wa# put to 
work on mlected islands of the Atoll, rrrd pro- 
vision was made for meaaurexnente out to =a. 
The scope ot the effort along both be6  VU 
merely  limited by many factors, including 
shortage of time, personnel, and loghtic sup- 
port. 
war ad air Sampling on atoll I B h l d B  Is 

C O U X A & ~  2s pX!tt!V Z%?'tS W T C  
Lact.tlona hpli to be chosan ord the equipmeat 
#et up long before any reliable forecnst.8 could 
be made. No sfgniticant firll-out occurred at 
tbo lacations chosen Tha regnlar atoll intenrlty 
survey showed that, after Easy shat, the hezvi- 
est fall-oot from the upper air levels occurred 
in tbe vicinity of Kkini2a According to the 
rfid soundings, this fall-out muat have oc- 
curred from ?bovc 30,OOO ft. Intensities were 
about 1,OOO mr,"*r at H+l hr. The fall-out 
factors were sfmllar to those of Ut@ Dog shot 
fall-out on Parry, ad, altttough there were 
certain differences that would brve made me 
expect a more intense fall-cut, the U-out  mr 
the m e  as that observedafter Dog aboL A# 
shown in Sec. 8.6.6, the fall-aut observed from 
Runit to Bagallua wan in good agreement with 
tbe wlnd sowdings taken at about shot time, 
pad many good island alr wnpllng loc.tlmr, 
would have been available if tbey coold haw 
been set up a few hours before the shot. 'Ibd 
particle size dtstributlon at 40,OOO it, pd cal- 
culated from the Ltemity m e y ,  gave an aver- 
age value of nhout 160 microns. F o l l o ~  
George shot there wa# no sigauicott fall-oot o 
any of the islands of tbe Atoll. 

For Easy shot the survey at sea took t& 
form of a surface survey, with air uampllag 

. *  
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put idor ,  but only a few could be Lolated on 
lccooot of difficulties in extraction from the 
paper. l'hm isokswi werd 52 to 1C: tdci-czs 
in && pw* $ * ' 8 4 4 - *  -LY a-c givm ir. See. 2.6.8. 

Tbr remlta of the gvnmr intensity survey 
cmdncted for George hot were cminentlp sat- 
Wactory. Fall-oat waa detected at the prdisted 
time rad location. Tlir time and intensities were 
nearly the aame o. those observed on Parry 
after Dog shot. The area of march wan limited 
by rain equalla. There ir no assurance, tbere- 
fore, tbat the obstrved maximum of 150 mr/hr 
w the maximum eri.ting in the vicinity. How- 
ever, even a maximum as low aa 150 mr/br at 
60 milem, # br after the &at, has important 

dish that intcnrities m e r a l  times greater 
wald exid at ground lml after the material 
bad .e#led an the grcund. For Easy shot, tbe 
fotcnrity observed 011 the deck of the destroyer 
wan much m a t e r  than anything observed with 

ID tbe cascade impactar on the B-17, almost 
all tha activity w u  collected on the first utage. 
Thc active partlcler could not be isolated be- 
cuue at a prior agreement not to disturb the 
mrt.rlal before it mu dipped back to the 
owner& However, the active region of the plate 
'IU IocaUzed, and it M &serval under the 
mluoscope to be occuptcd mainly by a few 
pvtielcs of 50 to 100 microns lo diameter. 

hp&&M. Both theOrg Uld o b 8 t N & ~ O ! ¶ S  in- 

tbe B-17. 

of C o n b l h m =  

@GI a 7.7-3 LZ Zifc !?!!E" ly 5 A*caj fol- 
lwhg 8 t-la2 law (we  Fig. 22). 
The maximum intensity for Japtan wan e a -  

mated from survey meter readings to be about 
10 per cent greater than Ulat QI Parry I.lind 
No comparable data are available from Wwetok 
bland, but survey meter re-8 made early 
in the fall-out sbowec intensities Pbout two 
thlrdn of those 011 Parry Inland. 

2.6.5 Particle8 from Dog Shot Fall-aut on Atoll 

Decay curves indicated a posslble compoacnt 

The method d studying the particutate &e 

upon by the radiological safety labontog, wan 
one of mechanical separation. Samples were 
collected from spots showing activity &ber 
than the average of the surrounding area Thc 
mample wan then divided and subdivided mimy 
timer until it ma indicated by the we of a port- 
able Geiger counter, beta window open, that QOC 

portion of the material contained more activity 
than the corresponding portion. Rvther dirl- 
sion WM requind, following the activity clorcly, 
until tbe last scpuation waa made onto a micro- 
scope slide by the aid of a 2-mil wire. Apprcai- 
mntely one hundred ruch separations .rd ho- 
latlons of nctlve particles were &e. 

The nize of the particle8 could only be ntl- 
mated at first because no micrometer 

d ule fill-out 00 Dog shot, finrlly 

* 
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available. The low power lens system, 125 x 
magnification, was used. The estimation of the 
@&e was made by comparison with a red blood 
cell which i r  known to bo 7 to 8 microns in 
eke. T h u  conipared, the particles separated 
appeared to be 50 to 150 microus average di- 
meter. 

deven southern islvlds af the Atoll, inukated 
that the fa l la t  of the first 6 hr  after Dog ah& 
was 20 to 250 microns. No W c l e s  smaller 
than that Wcated  were found, but a few larger 
ones were separated. 

26.6 Intensity of Fall-out 011 Atoll, Easy sbot 
&me of the very largest partfcles found were 

from the bland of Rigili. One of these mea-  
wed between l and 2 mm. It war crushed be- 
tween two microscope slides and divided into 
roughly three portionn. Each portion carried 
part of the activity ahich indicated more or 
b r r  thorough mixing wbcn the puticle waa 
mode. 

The appearance of the average particle waa 
that of a mixed pmorpbous substance. On tbe 
cuter layer of most partlcles, there appeued 
to be black specks estimated at 5 mlcrorm, or 
lesa &me of the larger particles appeared to 
have a srmIL tip on ope edge with the tip con- 
wniag the bIack materid. 

AYemph were made ta identKy me or more 
parta of the amorpbaru spatem. Dilute hydro- 
chloric acid wan droppcd onto the riide and 
carefully add4 to the crystal. BuhiJlee could 

v be seen tbragb the microscope, and after the 
evolution of all  the gu there remained puutc- 
like threab nad black particles, neither of 
rhlch could be riscolly characterized. The 
bubbles were assumed to be carbon dioxide from 
the reaction d the acid on coral aand. Upon one 
occanion, to PII(LW in identification, a Kleenex 
M u8ed to remove the excesi acid, and a drop 
d water waa &ed to r z s h  off the sllde. No 
activity wan carrled 011 the Xeeoer Careful 
dlvbion rf the remaining residue was made, 
~JXI activity mu carried with each division. It 
wan thought that the black part c d d  be iron, 
but it did not appear to &solve, even in 6N 
hjrdrochloric acid after several minuter. Am- 
monium thioeyznitc solution was added, and no 
identitication of iron could be ma&!. No further 
chemistry M attempted. 

When a micrometer scale became sale, 
photomicrographs were made of about fifteen 
particles. The slides were then preaemed with 
a piece of scotch tape. Samples U.at were MI- 
h t e d  and ervnlncd bcluded tboss from islands 
of the Atoll from Parry around to MeU. 

Microscopic studies of mechuricPlly sepa- 
rated particlea, which included sampler from 
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The systcmatlc periodfc Intehsity m e y s  of 
the islands following Easy shot ehow a number 
of characteristic featurea that can be compared 
with fall-aot predictlone rmde from wind &- 
ings. 

Of the strfng of klanda extendfag generJly 
westward from Engebi, the heaviest fall-out 
(SO to 40 r/brj occurred m the extreme western 
two, Bogaupland Bogombogo. Thew tslvdr 
lie somewimt to the m t h  of we&, in the dirw- 
tion of tbe winds below 10,000 R Of the inter- 
mediate klPnds, those large enough to catch 
much fall-out lie somewhat to the north of we& 
Thew showed much leer Jntensity ( a r d  1 
r h ) .  Wfod soundings &owed thet fdl-mt in 
this sector would be scattered on account of 
very nriitblc winds fn tbe r-e LD,QS b 
25,000 rt. 

Of the fSSand8 extending generally to the 
mtheaet of Engebi, the highest fn t e~ i t i e r  
( a r d  1 r/hr) were found on the clomst, 
Mutin, gtrfniul, and Bobon Progressively 
lower lntemities were observed 011 farther 
islands, with significant values (40 mr/hr) a8 
far as Wt, at about 10 milea According b 
the predlctitnuj, this fall-out should have come 
from the 40,000-ft r e g h  and should mt haw 
been completed at the t h e  the fust  wrvcys 
were muk. On Biijirl it was apparent that 
most of the fall-art occurred after about S hr. 
For a loag time the high activity on Ilurfn, 
Kirlaian, and BokonnrstJmght tohave gotten 
there within 1 hr of shot time, when the first 
survey waa made. This early time coupled rita 
the lower activity (400 mr/hr) at the soutburt 
corner of Engebi, which is much closer to 
ground zero, was difficult to derrtand. An d- 
tempt was made to account for it on the b W  
of blast rtad pheaomenz &bsequently, an 
analysb of the decay d bland activitier by MaJ 
P. 8. Earrla, Assistant Radiological & f e e  
Operatiom Officer (see Flga 2.5 and 2.4) Mi- 
cated tbat the fall-aut 011 Muzh, Kirinian, d 
Won was not complete at the time suppored 
It appear6 that the relatively low intenalty at tbe 
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st about 10 miles on this bearing, tile vertical 
velmlty of fall and the size of the particles lor 
the aferent islands can be estimated The 
velocfty can be estimated in two ways. Parti- 
cles landing ai half the distance m l d  have to 
fall at twice the speed of 75-mlcron particles. 
From the graph of island activity vdrsus t h e ,  , 

some es:hatea can be made of tbc time of 
arrival of one half of the particles, from which 
an eettmate of the speed of descent from 40,000 
ft can be calrulated. For the Lhree islands 
nearer Engebi, most of the fai-cut hati occurred 
before the fust observations. However, with 
particles fallmg so fast, the 50 per cent point 
must have occurred only a little earlier. The 
fall-out timer for the farther three idmda are 
subject to caasiderable error, hoth because d 
the rcareity d points on the built-up portion of 
the curves and because of the shilling d rildr 
during tbe intervening period. 'he latier factor 
aloo lntroduces unccrtalnty in the estimate d 
ve10city from distance. because the pre6ictrd 
distance of 75-micron Wl-out &aged with 
time. 

After dec- on compromise value6 for the 
rate of fa& the particle she can be estimztad 
from &der' l a w  (assuming the qeciflc grarity 
cd tbe particles to be 2). The relative amountr 
of different sized active particles originally in 
the cloud at 10,OOO it can then be cst imaM from 
the relative intenefties on the ieIan& at some 
time, for Instance, € W O O  hr, when fall-out wan 
certainly compiete. "%is estimzte ts probably 
much too l o r  for the amall particles on accoont 
of the in rinds with time. The results are 
given in Table 2.5. Wben plotted they Ladime a 
range from 60 nicrons to nearly 300 microhs, 
wikb M average size of about 160 microna 
&kea' law, together with data on m e  of r h  
of 
1'70 mlcrom for the size of particlei at 40,900 
It. In vier d many uncertainties in both A- 
&UOM, tbe disagreement is not at aU serious. 

It I8 emphasized that, although tht. bistr8nr- 
tfoa of particle size8 may k erroneous ai& 
regard to the InItia1 conditione in the CAW& tbe 
error8 are not of Immediate practical signlfi- 

rlcr that reach the ground whlch is of impof- 
tance to the people working tbere. There i. IIQ 
reason to suspect that the calculated diutrh- 
tloa L. seriomlp in error in Ulis rcopcci 

fireball, gives an upper limit of rrboot 

CmCO. it  18 tht. Sh? dlStZ'hItiOS Cd thhe parU- 
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T A B U  2.5 DISTRLBDTEON OF ACTIVE PARTICLES 
I 

Muzin Kirinivl Baton Biijiri Piirpai Runit 

Nautical milea from zero 1.1 . 1.6 t 8  6.0 7.2 10.5 
Bearing (degrees) 155 130 l25 120 125 130 
ytxfmum M/hr  1,000 1,100 2,OOO 180 40 4 
H+bOllls&&Ul 0.85 0.9 LO 8 10 27 
&ura to 50% fa-out  0.85- 0.9 - 1- 0 14 23 

From diatanco 45 31 I8 8 1 5 
From time 47+ 44+ IDe 7 3 2 
Compromiae 47 40 SO 8 5 3 

Mr/hr at 100 hr 6.2 9.4 16 6.6 5.0 0.95 
Particle diameter (microns) 240 210 180 95 76 60 
lnitkl s In c l a d  14 21 36 15 11 2 

! 

i Velocity (lo00 ft/hr): 

2.6.7 Mr -ling 011 &strayer, Easy Day stages of CI-1. In CI-2, taken during tbs back- 
ground rise pericd, therw no activity appro- 

Stages 1 a d  2, however, contained too mnch ac- nahus of the fallll-out &rial, a study wan 
- mz* rn the Us3 Walker dwW the hmrn f01- uvl:j, to .a ::-st by. cT, =+? brp, 
*an* 'my 8 ' 0 ~  Cam*- ' - h a  c a t s  of 3 5 , ~  c/T s - 4  1 5 ~ 8 ~  c/m were 
duriag next l2 hrs ship cause tained on stages 1 and 2, reepectively. The 
due ea8t of whh lo counter efficiency WOI apprarlmltely 7.6 per 
to 15 d e s  ea& and then ntprnLng on the name 
COIIZIC. 

On 

In m a m *  frutberdata- * ciably above on stages 3, 4, or 5. 

I 

I 
i !  

The molecular filter sample t8k@n from 1350 
! 

* I  
n*t of E-1 the wound level to 1505 ehond a level of activity on E+l day 

ground 
Since eaaakhlly 100 per cent of the actbity 

on CI-2 was located on the f i r s t  two stages, a 
search '198 Mde for particlea PortiOna of the 
slides wer@ blocked off by m e w  of glaM -8, 
and the act~vityru checkdrith a mrvq 
meter. <h bdb slides the activity was I d  to 
be highly localized. The active arem me then 
searched oldrr the microscope. On ali& NO. 1 
two particles were faund in the active area 
which were similar ic appemanee to tbare pre- 
viouely irolrted from soil w p L r  fn f i l la t  
areas after Dog shd One N C h  particle 
found on s W  NQ 2. Rem& ofeach ofthtsa 
particles by mfplu of a needle point .bond 
them to be highly active. Recounts d activity 
remlinLng 011 tbe aides &owed th. lmlr 
had droppedto lesa than 1 per cent of the l e d  
obtained before removal of thooe three puU- 
cles. .. 

Size measurements with the --pi- mi- 
crometer &wed the active partlcler to be 200 

deck mw os1 m/br. Thir level Prc- a&h - .ienlficpntly pmr m- 1 
nil& prlor to the hot 01) B-day and until 1130 
hr when it began to rise rppldly, reaching a 
~~ of 6 ab 64 hr after '-hour 
thcn declining dowly. 

c 

I 

- .  

I 

i 

c 

Immediately after the shot, air sampling was 
begun by drawing air thr- a filter paper 
rripped around a Geiger tube probe. T U  
ahowed no incream in actlvtty on the filter 
paper d the general rise fn the background 
at 1130. Immediately after this the filter paper 
aettrlty rhorad a rapid r h  

A csucade impactor Mmplc (CI-1) wan taken 
from 0950 until 1125. At 122s a second cascade 
impactor aaqle (a-2) vu atarted d ran for 
1 hr. At 1350 pm., 8amplW waa started with 
the molecular filter (MF-1), a d  this 7. 2s mn 
for 75 mla Since by thfs t h e  the background 
N decreasing, no further ample. were col- 
lected. 

The air rumple8 0bt;rlned were counted (P 

E+1 day In the mornlng. No activity greater 
thanbackgraud was found many of the five 

m I I 
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.nd 100 microns mthe  No. 1 slide and 80 mi- 
volu on the No. 2 slide. Assuming the usual 
decay cur?e these particles mwt hare had an 
activity of approldrmtely 1 pc each. The vol- 
ume d the air sampled wan 1.05 cubic meters. 

general eurfa.ce appearance. Despite the pres- 
elyc d d h r  dust particles on the impactor 
.Ildcr, the active particles could be immedi- 
ately slngled out 00 a basis of appearance alone 
once the geacral active area was located. 

8ince these particles were obt?iacd from the 
air, the activity was already a W b d  to the 
particle before it rsac4ed the parad Since 
tbe &e, sbppe, pad appearance of these par- 
ticles were similar to thoee prerirmsly iso- 
lated, this rould seem to confirm tbe amump- 
tioa tbat the prevbmly bohted partides were 
rirbornerlso. 

T&w porrticles were distinctive in shop  oad 

3.6.6 Aerial Scorch for Heavy-pYticle Fall- 
out 

<In Eory day aa *rid survey waa conducted 
from E+34 hr to €Wf hr. The B-17 flew at 
SO0 R in an area 20 miles east-west by 15 miles 
north-south r i tb  tbc center of tbe area 10 miles ' 
east d Rojor. Intenrities obscrved were: mini- 
mum 0.7 mr/hr, mudmum 5.0 mr/hr, and aver- 
age 1.85 mr/hr. Within 2 mfles of the destroyer 
Wdker'r cause from R*St ht to B+c hr, in- 
mitier observed were: minimum 0.9 mr/hr, 
mrxfmum 4.5 mr/hr, and avenge 1.85 mr/hr. 

TABLE 2 6  NET COUNTS PER MINUTE WITH 
A COUNTING EFFICIENCY FOR UIKz BETA OF 

a8PERCENT . 

H-hUU8 

ebfe a# 11# u# 26 

1 7,464+ 8,538. 4,558+ 4,305 
2 642 353 228 150 
3 196 101 54 83 
4 u 17 39 15 
5 s2 42 72 19 

*There camta were made before the active 
uaoftheslidehadbemlocaUzedmdiwe 
wry unrelhble. The area of impaction was 
*le 011 the other rlides, which could there- 
fore be properly p o 8 l t i O O e d  d e r  the counter 
window. Backgrcood counting rate, 37 c/m. 

On George day an aerw survey war Con-  
ducted Irom H+2 to H+S br. The B-17 flaw at 
500 ft in the area shorn in Fig. 2.5. IntenslUes 
obscrved are shown in Figs. 2.5 and 2.6. 

From the rather c l o e  agreement between thr 
locations of the predfcted and observed fall-att, 
the following rough estlmates can be made con- 
cerning the altftude of origh of the fa!l-out, tho 
particle size, and the relative amounts ol rctlva 
material. The two small peaks in the routh- 
eastern p u t  of the area of search are excluded 
PI too close to the border of the predicted fall- 
aut to be reliable. 
The counts obtained by the camado imp.etor 

kfore the slides were returned to Project 6.1 
for rrhipmedt to the Zone of Interior on G+l day 
appear ln Table 2.6. 

'i 26.9 Number of Active Heavy Partlcler 
Needed for Dog Shot Fall-out 

. 
count for Dog shot fell-out on Parry, r x i i r  
aut having been abeerved in previous cloud- 
slmple studies? 
To abbreviate, in the ensuing calculatfmr, 

OM meum "of the order of magnitude of." 
As one start@ point in the Ciscurrion, it 1s 

taken that prevloue cloud-sample obwrvrtlcma 
indicate a typical particle she,  OM 6 microns, 
and that the characteristics of these puUcle8 
are conristent with tbe assumption that they 
.re produced by the scavengi.-.g of moat of Lbc 
fission atoms by 3M 100 tons of vaporized 
h e r  8nd bomb material. Under thew condl- 
Wna, the number of small particles L. OM 100. 
The activity laoociated with particles al 

typlcal she, a few hours after shot time, L. 
taken an OM 10" clc/lOn portfcles, which aprvb 
IO* pc/particie. 

A8 another stvrlng point, it has beun found 
that the observed variations In surface Inien- 
rity cuulot be accounted for if the surface m- 
centration of Dog shot fall-oul particler oa 
Par9 ud neighboring islands waa arbstanthlly 
in excees of 1 particle/sq cm, or 1,000 portl- 
eles/sg ft, or OM 10'' particles/sq mi. A h  
the intensity observed on Parry following Dog 
shot was such la to require a surface activlty 
OM 10" vc/sq mi, or 1 pc/particle/sq cm 
served activities of isolated particles agreed 
rib thin value). 

Cen I a q y  psrtklrn. ol a k l d  ncrdnd t@ K- 
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Assuming that comparable fa-out occurred 
over 100 sq mi d eurface from a layer of air 
1 mile deep (a 75-micron particle falls 1 mi/hr 
accordrig to a s '  law), a total of lou large 
particles carrying lou gc in the original cloud 
1. required. (This estimate of the number of 
particles is remarkably well supported by a 
spot count on radioautographs of the wing filters 
from the manned drone flown after George shd 
These showed about 0.1 active particles/cu ft of 
air in the fall-out region.) 

&pporing that the activity of the large parU- 
cles M acquired by adsorption of small active 
particles, the loss of activity from the small- 
particle category would have been OM 10" pc 
out of a total OM 10'' pc, a loss which d d  
hardXy be noticeable. 

 ha existence d 10'' large particles in a 
cloud of 10'' r m a ~  pzrticlea VOU?~ requiro the 
counting of l@ small particles to obtain a 50-50 
chance of observing one large particle. 

26.10 Biomedical Investigation 

k i n g  the Dog shot frll-aut were anslyzed In 
the TU 3.1.5 laboratory. By means of spiked 
umples, it was determined that the method 
would reveal the presence of 1.5 x le pc 
oi mixed f1.slon producta in a urine sample. 
Three W ~ i t f r u l s  were at first f d  to have 
rwt activily, bat thelr subsequent samples 
were negative. Foiu other hdi~&Iuds hod about 
8 x IO-' JIC, mi similv resulta were owztned 
from their followhg a m p l e r  

Animal8 were aent to Los Alamos for mzly- 
a1. of lungs, liver, spleen, kidney, and b e .  
All Uosuos of all animals were found negative. 
"he animala comprised 12 mice, 3 cats, md 
2 dogs from Jlptpn and 1 dog from Parry shipped 
on D+2 day; 2 dogs from Eniwetok and 3 dogs 
from Parry pad 2 dogs and 1 cat from Japtan 
mhipped on E+2 day. 

2.6.11 C w c l u o i o ~  

Dog shot radioactive fall-out on J a m ,  P u r y ,  
ud Edretok iolaxl~, ond on neighboring Tea- 
#la, coruisted of large particles, mostly 1On 
micron8 in diameter or larger. 

b. Urinalysis of lndividualn and analysis of 
tissues of nnlmnlr present during the fall-out 
~ p p o r t  the coacluion that no harm wan done. 

IJrIlrr wm?!~- fr-c 12.6 WMK%SI- Fzrczmt 

a. Veq  mtrong evidence m a  obtained that the 

a4 

out in the future. Such predictiotu should be 
made with a great deal of coutfon. It appears 
that the quantity of airborne heavy ndbactit .  
particles may depend critically aa certain fac- 
tors &oat which little is yet knorn. 

e. Of tne various method. that were tried in 
an effort to obtain further fall& informath 
from Easy and George shots, the method of 
conducting an early lor altitude aerfrl ncrr/y 
.ad sampling in the predicted fall-out area ap- 
pears to be by far the most promlrhq metbod 
(higher altitude surveys vsre n3f tried). 

2.6.12 Recommendotiona 

c. "he information obtained from cloud him- 
pling in the past provided no hint of the posei- 
bility of u cb an event as the Dog shot fall-aut 
on inhabited Islands of the Moll. Unless further 
analysb of the cloud sampling of Uperation 
Greenhouse provides much more information 
of the kAnd needed, it will be clear that present 
techniques are not dequate for this purpose. 
In any event, the sampling aircraft m e r  only a 
limited part of the range of altltudu from which 
information Is needed. 
6 Some data were obtained that may be twfirl 

in predicting the intensity of heavy-particle fall- 

a. Unless Greenhouse sampllnq prwidts 
much more information than did former BPIII- 
plhg about the radioactive heavy-particle cm- 
tent of clords, more satisfactory equipment 
and techniques should be develapcd Special 
attention s h d d  be given to the pomibfflties 
of aerial m e ;  and sampling. 
b. An effort should be made to i w  more 

about factors such as soil stabllinllm method8 
and materials which may affect atraagly the 
quantity at ndioactive f a l l 4  

2.6.13 Item Shot F'all-out 

The following information was obtained nab- 
sequent to the preprrnllon of the report on rhkb 
most of Sec. 2.6 is based. A cascade impactor 
was operated near the radiological d e w  buildbg 
from I+ll  hr  till I+13 hr. All tbe radioactive 
material collected was Isolated in seven prUclu, 
each of which was about 100 mIcronr in d a t e r .  

2.7 EXTERNAL RADUllON 

Careful exposure recorda were ke# for all 
personnel of JTF-3 who it waa expected znlght 
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be e*pascd to riuiiation The permanent record 
d d exposures for Operation Greenhouse is, 
u usual, tbe film badge. Film badges, with 
records indicating to whom each badge was is- 
BIud, are &red at Los Alamos for reference 
in the event of any claim against the govern- 
ment which might u L e  in the future. 

For persoanel living on blanda or ships at 
Eniwetok Atoll, the external radiation exposures 
tndlmtrA in Pigs. 2.7 to 2.13 must be increased 
by the contribution of the fall-out, particularly 
after Dog and Item shots, bearing in mind the 
fact that personnel doing routine duties, sleep- 
-, and eat- indoors would receive only one 
third to one half of the doeage measured out in 
the open. It would be extremely difficult to 
utimate accurately the total exposures re- 
ceived by tbese personnel since film badges 
ware not, in general, worn on bmne ships or 
irloodr 

In all cases, exposure recorda of permnnel 
-king in rndlorrctive areas were scrutinized 

* after each day's operation, aad persons who - 
approached or exceeded eai?blishrd tobrarace 
levels were 80 informed and cautioned not to 
enter rrtdioslctfve areas for certain leagtb of 
time. In general, cooperation of test personnel 
with radiological safety fiutructions wan ex- 
&&& 

2.7.1 Dog8bot 

In the early phaner of the fall-& after Dog 
.bat, rodfrtion levels inside buiKhgs were 
from me third to one half those f d  outside. 
To determine maximum possible integrated 
rdktfon Qles, fllm bodgee were expaaed out- 
aide the rear of the radiological safety buildhg. 
Tkae badges were replaced at 24-hr LntervPLs 
and were supplemented by pocket dorheters 
rhen decay had reduced the levels of activity. 
The boild-up of the Dog day U-cmt 1. shown 
in F&. 2.1. Cumulative doae data are shown in 
Fig. 2.7. k m m i n g  decay according to t-"' and no 
loM from leaching, the maximum doses expected 
can be Calcuhted a8 2,210 mr to INSO days and 
2,705 mr to M O  days. 

Film badger were given to a group of monitors 
in TU 3.1.5 with instructiotu to wear them at atl 
Umes except on missions to other tslands. A 
similar group of badges wan Lsmed 011 Jlptvl 
Therc film8 were developed on D+S days 10 hr. 
The Lllov indicated for Parry a mean dose of 

25 

890 mr and a range among the flIms of 560 
to 1,400 mr, where the maximum that would be 
acquired had been estimated as 1,190 mr. The 
films for J a p h  indicated a mean of 1,040 mr 
and a range of 825 to 1,600 mr, where the 
maximum been estimated as 1,310 mr. The 
mytmum value fcr Japtan was estimated from 
surrey meter rea&ings which were about 10 per 
cent greater than thore on Parry. No compa- 
rable data are available from Eniwetok Islad, 
but muvey meter readings made early in the 
fall-out showed intensities of about two third18 
of tho8e'oa Parry. 

'I 
I 

2.7.2 Cumulative Radiation Dose Due to J h g  
Day Fall-out 

Following the fall-out from Dog shot, curnu- 
M v e  dose data were obtained on Parry u i n g  
pbdogtaphic film badges and pocket ionization 
chambers. The readings were taken aear the 
radiological uafety building after a wvvc~r In- 
clicrte8 that this was 4 r*nrenentative are& 
Readings r e r e  discoiitinued on 14 May 1951 
wben the decay had reduced the W y  dose to 
20 mr. 

the M s u t  from Dog shot and the subsequent 
llghter fall-out from Easy shot. The figures 
given reprement doses which would have been 
received out-of-doors. Doses actually recehed 
were less than the figures given, depelding upon 
the daUy actfvfties of the individual& 

2.7.3 IWerrul Radiation m-s to 27 April 1P51 

Figure 2.8 ahore the cumulative doses du8 to 

ana& of r~dirtion exposures u 
ehom by pbotogrlphic film badger was made u 
d 27 AprU 1951. The erposure data present4 
represent only that obtained in various misslam 

dWon exposures wi l l  be hi@r thrn thosc 
ghen by about 1,600 mr, which i8 the esamrbd 
anrage integrated exposure received from ttm 
fall-aut after Dog shat. 

Film badge exponve data was av8iIable from 
2,323 Mvidualo and drorod an average rrdk- 
tiaa dooe of 355 mr. Excluding h e  three filrnr 
mentioned in &F, XS,  the total doses rangad 
from 0 to 4,700 mr. FIgure 2.9 shows the die- 
tribution of dorres and indicates that a luge 
rmmbcr of persons received dosea from 0 to 
100 mr. "Ma M due to two factors: Pird, 

eaMbctcd6tbk8tSD4grsdB9SJ. Tha- 
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film badges were worn by a relatively large 
number d casual visitors to the contaminated 
uea,  rUq second, the Ilmitationr, of photo- 
graphic film dosimetry preclude the measure- 
ment of dosea below 50 BU. If the lowest dos- 
age group ia excluded from the data in 2n at- 
tempt to obtain a better estimate of the average 
dose received by those actively associated with 
the tests, a value of 473 mr is obtained, 

The members of TU 3.1.5 received an aver- 
age rodiatioa dose of 1,320 mr. This average 
llpb d e r h d  by colllriderhg all personnel of 
the U t ,  ad, since some were laboratory per- 
-el who received practically no exposure, 
the average dose received by the monitor group 
waa somewbat higher. 

The three fiLms me- in Sec. 2.3 were 
from members of M LCM boat crew who, on 
E+2 days, made a trip from Parry to Engebi, 
M a i n ,  Balroa, and Teltcir. Three of the crew 
of four M film badger d pocket dorimetere. 
OM man had M ionizatkm chamber mrvey 
metor ard acted a8 monitor for the party. He 
atate. that at no time did the meter read more 
than 40 mr/hr but that ah 200-m dwlmelers 
were off d e  at the cud of the iriy. TWG civil- 
ian rcientista making the trip had film badges 
rhdch rborcd 110 prd 185 mr. The clothing 
worn by tbe meo with tbe Wgb film hdge  read- 
inga ebond only S mr at the end of the trip. 

A series of testa mu d u c t e d  to determine 
the accuracy, with fimioa product exposure, of 
f i lm  badge data cor--xal with readings of 
quartz fEkr pocke imeters. A Victoreen 
thimble hnfrltfna c -alrkr, known to be rea- 
#uubly energy tDdeinndcnt, was used as a 
stamlarddcomparirron. Itwa8foundthata 
f i lm  badge readiug of 100 to 200 mr had a low 
mignifimnee, owing primarily to the variable 
exposores received by all u n d  film badges 
durlng the Dog day fall-aot. Reading6 above 
400 mr agreed with tbe standard chamber with- 
fn about 10 per cent and were considered to be 
reliable for Qses equal to or greater th;m 
400 mr. 

t 7 . 4  External F&di&om Doses to 15 May lQ5l 

An Imlysk of 211 ndfrtion exposures a8 
dcmn by@mtographk Illm badges was d e  as 
d 15 May 1951. The crpwrve data prerented 
reprerent ooly that received durlng Vax'iOUs 
mlsoionm connected witb W s  Dog, Eksy, ond 

George. The total mdiatlon exposures were 
higher than the figures shown by about 1.850 
mr, which is the estimated average integrated 
exposure received from the Dog shot fall-out. 

Film badge data a-le from 3,180 indi- 
viduals show an average dose of 422 mr. Fig- 
ure 2.10 shows tbc distribution of doses. If 
casual visitors are eliminated from the list, 
the average dose received by 2,235 persons la 
600 mr. The members of TU 3.1.5 had received 
an average dose of 2,080 mr. 

2.7.5 External Radiation from Fall& fol- 
lowing Item sbot 

At approximately B3 hr 20 min the gamma 
intensity recorder at the radiological safety 
building, Parry, shared a R ! P  rise followed 
by a drop to nearly the original reading. This 
"spike" was interpreted as the result of the 
passage overhead of an active cloud from which 
little material fell ad Several other spikes d 
activity appeared dpriag the next few a~inutes, 
followed by a steady rise in activity due to 
W1-out, until about B4 hr 45 m h  Fali-t 
started agaln at I+8 hr and continued until 1+13 
hr 45 min. From I+X6 hr the activity decayed 
according to a t-'J h. 
A continuous record of gamma ray intensitier 

was maintalncd Figure 2.11 shows the iircreve 
and decltne of gamma Intensity outside the rldi- 
ological safety building as a result of the Item 
shot fall-aut St- at 1+12 hr, the integrated 
dose out-of-doors ru determined by using 
pocbet ion chamberr and photographic film 
badges. These were placed at locations rep- 
resentative of conditione on Parry. 

The integrated dose was determined by 
numerical integrum of the intensity curve In 
the early stages of tbe hll-out and from direct 
dose measurements In the later pbauek Fig- 
ure 2.12 shows the camdative dose curve. 

survey of Eninetok klvd indicated that the 
fall-out situation there was almost identical 
rith that 011 Parry. No data were available Iron 
Japtan. 

Assuming that decry continued according to 
f'", it was possible to p.-edict total doses for 
future times. For I+lS days the total expected 
dose out-of-doors was 1,370 mr, and for b S 0  
days it was 9,520 mr. It should be empbaaizcd 
that these doses w c d d  result from the Eem 

An incomplete bat reasonably representative 

. 



. ,  

. .  
. I  

. .  

. .  

I 
I 

I 

i 

1 
1 

I 

I 

I Pm 
4 
2 

IOC 

C 

1 

n 

Fig. 2.10 GUDM m a  to 15 M y  1851 

. - 



" . 
1 :  
! '  

! !  

, I  
1 ,\ 
'. 

I 

. .  

. -  

. >  

. .  
, . .  

. : 
. .  . .  

. . ,  

\ I  
\ 

i 27 28 
MAY 

b 



! 

. .  

I . 
I 
! 

! '  

it 
i 
i l  
I 1 

i 

c5 a z 
t 
Y 

i w 
t L 

UNCLASSIFIED 

. 

I + 
I 

I2 



' \  
. - ,  '. 

I 

i ; i 
, .  , .  

. .  - / .  
1 

' . \  . .  

I 

shot fall-out alone and do not Include doses 
from Dog and Easy fall-outs. The large doses 
to be expected result from the fall-art having 
occurred at such a late tlme. (See, however, 
the parenthetical note In the next to the last 
potrrgnph of Sec. 2.5.) 

The 15,000 photographic film badges requested 
were received on schedule. &owever, upar clli- 
bration it was found that the film packs leaked 
light around the perforations which formed Ute 
iacntifying numbers of the badges. This was 
mercorne by wrapping the film badges in bkck 
pbotographic masking tape. Shortages d U s  
bpe, of w h k h  k r e  quurtities were reqrtirrd, 
necessitated special air shipment from the 
United Sta!es of additional supplies. For future 
Wfatbns,  film W b  should be c a r e f w  
ckcked for light 1-e at the Point of manu- 

2.7.6 hternal Radiation Doses to 78 M a y  1951 
An analysis of dl radiation exposures as 

&om by ph-phic film bzdgce -8 m&e 
aa of 28 May 1951. the day before the departure 
of TU 3.1.5 staff from Eniwetdc Atoll. The ex- 
ponve data presented represent only that ob- 
Wned in variars miselons concerned wlth the 
test prcgram and do not include doses obtained 
from Dog, Easy, and Item fall-outs. 
, FIlm M g e  data from 3,355 individu.de 8 h o ~  
an average exposure of 510 KU. Excluding 913 
perms with exposures of 100 mr or less, the 
average WAS 710 mr. The distribution of doses 
received L sbmn in ~ l g .  2.13. 

2 8  SUPPLY AND EQUIPMENT 

and equipment problems for TU 5.1.5 during 
Operation Greenhouse. The cmly tw items of 
equipment with e c h  difficulty was experi- 
enced, the ANIPDR-T1B Radlac training sets 
a d  Mine Safety Appliance Ca dust collectors, 
have been discussed In &c. 2.1. 

d& E. For a certah few of these items which 
might nd be camidercd necessary for future 

L general, there were remarkably few supply 

Major Items of equipment u e  listed in Appen- 

ttcture. 
Instrument rep- tools were adequate after 

certzin additlomi small tools were dram from 
t& AEC supply. For power tools considered 
desinble for future test operations see Sec. 2.9. 
. Requests for expmkble supplies were filled 
a time znd in adequate quantities except for 
c e U 2  batteries which were, from tlme to 
h e ;  Lr. ~ k i r t  sq?:!~. 222 -.."I* .,n ee.ev-? 
M y v e n t s  arrived with batteries as a r m y  
requested, thls situation would not have arisen 

supply facilities in the Forward Area were 
&equate. Radiological safety personnel nn abk 
to fabricate c t r w  items for whlch need always 
arks and for which the requirement cannot k 
b r c m n .  Such items. therefore, are seldom in 
.tack. 
Ia genera  the materiel and supplier re- 

~pcsted before the operation w~t :e adequte, 
with little oversupply and no known defi- 
dtncier. 

testa, w e  the discussion of instrumentation in 
8ec. 2.0.7. 

The original request by CTU S.f.5 for 2,OOO 
2 9  INSTRUMENT (?PERATION, REPMI?, 

AND MAINTENANCE 
units of protective clothing was filled in d e -  
qwte t h e .  It was later necessary to order an Tbts section co~perni the operation, rep&, 
d d i t i d  1,OOO unit&, rind these, too, were re- 
ceived in adequate tlme. 
All survey meters were received In time tx- 

cept the AN/PDR-TlB'a. Instruments were re- 
ce&& wfthout batteries; but batteries were 
dram from general stock, sumi the instruments 
were completed and ready for calibration on 
Ume. Particular attention should be pald to the 
battery problem in future operations shcc some 
of the requtred batteries are not of common 
*WP. 

pbotodoslmetry equlpment were complete and 
re8dy for operltlon upon arrlval of TU 3.1.5. 

Radiation counting laboratory equipment and 

a d  maintenance d radiation detectioa ia- 
strumenti of the field survey type as well as 
some speckl modifications found desirable .nd 
8sefuL Some suggestions are included rh ieh  
m y  be helpful in future operations. Informa- 
tion .II obtained through maintenance aad re- 
pair work on all instruments used by TU 3.1.5, 
bolb of the field survey and laboratory trpc u 
well zll field survey instruments used by d e r  
.nits. Repair and maintenance was comimctcd 
h a dehumidified room, In the radiological 
d e t y  building, whicb was quite satisfadory. 
Bowever, instruments were stored in a stock 
morn havlng atmospheric conditions cbwly 

http://individu.de
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approximating those encountered in the field. 
In thLs way most case5 of improper operatiat 
due to high humidity became apparent and here 
remcdied before field use of the instrumen& 
Care was taken to check ard calibrate each in- 
rtrument periodically whether it was used or 
Id, ud additional checks were made before 
each shot. In the case of dosimeters and pocket 
chambers, a constant record of leakage was 
maintained. 
Tbe eight men assigned to this work were 

more than was required. Although many of this 
group had little previous uperience with th 
prticular types of instruments used, their 
k a h b g  in electronics permitted them to learn 
sasily. At times some of these men were used 
for communications work but only to a limited 
degree. Experience grined during Operation 
Sandstone wan responsible for a much more d- 
ficlent operation than uwld otherwise hare been 
possible. 

L9.1 Pocket Dosimeters and Chargers 
- 03c h z J ~ e C  pxk? rkrfzretets cf 2 N - 9 ~  

range a r e  supplied by Beckman Instruments 
Ird 100 of a similar range by the Kelley-Koett 
Wr& Ca A totnl of two hundred ZOO-mr dosim- 
eters prmed inadequate for this operation, and, 
akhough 35 additional instruments were bor- . 
med, a total of 330 could easily have been 
1wd These Z O O - m r  dcxlmeters were consid- 
Mbly more reliable and caused less trouble 
than those used In Operation Sandstone. This 
was darbtlees due, in great measure, to the 
methods used in sealing the chamber from 
moiehue. It w a  difficult to tell whether leak- 
age waa a result of moisture or of defective 
insulation Of the 200 dosimeters, 24 were 
eventually ret wide as having excessive leak- 
age. Calibration, in general, was good when a 
W u m  source w11) used. It was observed, bow- 
ever, that calfbration and leakage both chvrgcd 
with time as the dosimeters were used Also at 
timer considerable differences were noted in 
readings of film badges and dosimeters uxd 
by monitors in the field This may have bwn 
due to any of several factors such as defectire 
films, energy dependence, monitor's technlqoc, 
ctc. A calibration test using radium a8 a dDpTce 
.bored comparative readings to be withfn uor- 
oaal Wits of accuracy. In the case of all Qsim- 
etcrs, the pocket clip waa subject to rust in (he 

test area climate. Provision sho4d be made for 
rust-proofing this clip. No other part showed 
a tendency to rust or corrode. Little burning of 
scales due to concentration of sunnys was 
observed, altbough this was a factor at OperJion 
sandstone. No recognizable difference was noted 
in Keleket or Beckman dosimeters. 
Two hundred 10-r Kelaket dosimeters were 

supplied which proved adequate. Of this num- 
ber, 17 were eventually set aside as having 
excesslie leakage. In general, the foregoing 
remarks on 200-mr dosimeters apply to the 
10-r instruments with perhaps one exception: 
A greater Werence in film badge and dosim- 
eter readings waa observed occasionally alter 
exposure In the field, although comparative 
checks with a radium source indicated results 
within normal limits of accuracy. In the case 
of the 200-mr and 10-r dosimeters, comjmra- 
tive checks were made with film badges, in the 
field, with fission product radiation aa a source, 
and results were wii!n normal limits of ac- 
curacy. In tbese tests a selected Victoreen 
model 300 Proteximeter was used  as a standard 
ion chamber. 

dosimeters were supplied. This number was 
considerably more than was required. Of these 
dosimeters, 23 were eventually set aside as 
having excessive leakage. Calibration and leak- 
age testa were identical with other instruments, 
ad, in general, the same remarks apply. Com- 
paratively few of these Instruments were used 
in the field by monitors, and none were actually 
required. 

One hundred twenty-five Keleket and eight 
Beckman chargers were supplied Probably M1 
more Uun 25 were used. No trouble of any kind 
was experienced cith either Beckman or KeleM 
instruments, although construction is somewhat 
different. A feature incorporated in the Beck- 
man charger of automatically disconnecting thc 
batteries w b m  the dosimeter Is removed will 
no doubt result in increased battery Me. No 
choice, however, waa indicated by usera. 

Tno hundred 100-r and twenty-five 200-r 
Yictonen pocket chambers were supplied. Ree- 
ords were kpt on leakage and calibration, but 
none of these instruments were used; hence, no 
inlormation is available on their behavior in the 
field. Four minometer charger-rezders were 
supplied by Victoreen and proved quite satis- 

One hundred forty-four 30-r Keiektt 
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factory with one exception: The detent which 
engaged the groove in the pocket chamber did 
aot guidt the chamber in a positive manner 
when It was  inserted in the tube. Unless an 
operator has had considerable experience he 
finds it extremely difficult to insert the cham- 
ber and turn it to its proper position. 
Use of the dosimeters at Operation Green- 

house indicated a great need for 2- and 5-r 
Instruments, which were not available. (U is 
extremely difficult to accurately measure doses 
for a 700-mr mission 00 a 10-r doslmeter, and 
some accuracy is lost in reading doses for a 
3-r mission.) Many of the missions required 
exposures which excccded the range of the 200- 
nu dosimeters but were too low to read with 
accuracy on a 10-r instrument. 

trolytic condenser, C, which results In meter 
readings even though the switch Is in the off 
position. To remedy this fault it was neces- 
szry to replace C in several instruments. In 
some cases the meter absorbed moisture, re- 
quiring a drying-out process. In the case of 
nine Instruments the phone jack was wired In- 
correctly which resulted in no pulse in the ear- 
phonea After 24 months of use the following 
items represented replacements: thirty GM tubes, 
fifteen I&voIt batteries, thirty-three 300-volt 
batteries, eight 874-volt batteries, five ampllflcr 
units, and h o  meters. Corrosion was evident oa 
some of the fittings, especillly the m e w  por- 
tion of the cirrying hamiles. 

The El-Tronics SGM-18A instrument. had 
several desirable design features; but most d 
the inetruments received required changes in 
order to obtain good calibration, ud some 
trouble wan experienced with all tubes. The 
design of the case is good, and ports are easily 
acceselble for servicing. However, GM tubes 
required considerable replacement as did 
l U 5  tubea The instrument requires selected 
NC5i neon tubes which are dif!icult to obtain 
ir. qurliiliar irom normal stock suppliea The 
compensating register Rg waa not of high 
enough value to allow correction for normal 
component nrkt iona For this reason &l 
10,OOO-ohm potentiometers (a) were replaced 
with 50,OOOohm units which permitted a wfde 
range of adjustment and re3tlted In correct 
calibration. Apparently some attention sfmld 
be given to a redesign of circuits. especially 
the functionlng of the NC51 neon tube. 

While TU 3.1.5 was not equipped with 
AN/PDR-8B GH instruments, considerable 
rervlcing vu done for other unlts equipped 
with them. The halogen filled Gbl tubes show 
great promise because oi their I w g  life and 
apparent ruggcd construction. After the 
modifications that are detailed below were 
made, the -ion was very satidactory, and 
the response pad linear and could be directly 
read for all ranges. However, trouble waa ex- 
perienced with ruptured t u h  wlndors when the 
instruments were taken by plane to higher alti- 
tudes. Four instruments were found to have an 
open circuit in the "crimp" wire luga connect- 
ing the V201 GH tube cable to the terminal 
board. This fault resulted in M response to 
radlition on the 0.5 and 5 mr/hr -ea h e l v e  
instruments were found to have no response or 

I 
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29.2 Geiger Hueller Type Field Survey 
Instruments 

For TU 3.1.5 two different types of Geiger 
MueIIer (GM) field survey instruments were 
supplied: 75 Victorcm 263B beta-gamma sur- 
v y  meters 914 25 F!-Trcz!:: SSX-X;. Lk- 
gamma survey meters. GM instruments tW 
were serviced for other mite Included the 
AN.BDR-8B. 
The Victorem 263B instruments gave rea- 

d l y  satisfactory service, with the excep- 
tions noted below. Changes in manufacture as 
a result of experience gained at Operaticn 
Sandstone resulted in easy calibration and god 
linearity of resultant calibration curves. Thc 
put. are easily accessible for repair and 
rmlntenance. The following suggestions for 
improvement are offer& (a) Even though the 
size d the case has been reduced from that 
wed with the 263A models, it still tends to be 
top heavy and will fal l  over easily In a toat or 
vehicle. The shape of the case could be Im- 
proved, and the center d gravity should be 
b r e d .  (b) The probe he been greatly im- 
pnned over that of the 263A. but the beta 
a e l d  is still difficult to remove. This should 
be given some attention. (c) The life of the 
lBBs Geiger tubes was unsatisfactory, and 
iarullicient replacements were provided. (a) 
The case Is not waterprmf, and cmslderablc 
moisture can accumulate inside the instrument, 
resulting, in most cases, in excessive meter 
readings. Such came respond to drying with 
one exception: Moisture affects the 16 pf elec- 
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erratic response on the 0.5 and 5 mr/hr  ranges 
because of differences in operating character- 
istics of V201 and V104. Either the negative 
pulse from V201 was not of sufficient amplitude 
to trigger VlOl conststently or tbe negative 
pulse from Y l o l  was greater than that from 
mol by a factor of from 5: 1 to SO: 1. Improved 
operation was obtalned by carefully matching 
V201 PIld V l o I  tubes. II waa also observed that 
the capacity of cables W201 and W l O l  were 
causing losses of pulse height up to BG per cent. 
This h s  wa8 considerably reduced by substi- 
tuting RG-78/v couial cable. Also by ?dding 
two 22+volt Minimvc batteries in series with 
tbe supply to V201, aperation was satiafietory 
in most instances. pull scale continuous or 
intermittent readings on a l l  ranges and "hash" 
in the headphones were rectified by inserting a 
8-megohm resistor in the positive 700-volt 
supply between the vibrator and the VR tube. 

the tube exhibited good regulating 
characteristics, the trouble would appear when 
the current exceeded 40 to SO- microlmpcres. 
instruments with this fault were repaired by 
adding the 5-megohm r e s m r  as nuled ahwe. 
In the majority of instruments the meter re- 
rponse wan improved by increasing the time 
conatant. 'Ala was done in sever- unitr by 
Inserting a 2,OOC-ohm resistor in the meter 
circuit in the "read" position. 

2.9.3 Ion Chzmber Type Field Survey Instru- 
menta 

- 

Instruments of the ion chamber type supplied 
were u follows: 47 Victoreen 247A, 40 Victo- 
reen 247B, 10 Victoreen 247H, and 60 AN/PDR- 
TlB. Construction and operation of all Victomn 
instruments is much the same. The 247A and 
t47H instruments were used during Opention 
8 ~ t o n o , 8 n d  previous reports have covered 
the& operatloll. In geaerzl, the cases are bulky 

suitable for use In afrcrak Most monitors 
preferred the AN/PDR-T1B ion chamber, and 
consequently only a portion of the stock of 247 
instruments were used Service included re- 
placement of 10 chambers, 21 sets of batteries, 
5 meters, 5 battery switches, 5 tubes, and 8 
sets of minor parts and repair of 6 meter coo- 
nection plugs. 

The AN/PDR-TlB instruments were late in  
arrival but were placed in service immediateiy 
after checking and callbraUoa All units re- 
quired adjustment of calibration controt as well 
aa grid current compensation potentiometers to 
correct for high readings. Attempts to set the 
calibration control in the open resulted in 
erratic readings, indicating a possibility that 
wind might build up a static charge on the cham- 
ber surface. The case of this instrument is 
well designed, and the instnament is handy to 
use and transport. These units were preferred 
over all other types by mort monitors. Some 
difficulty was experlenccd in AN/PDR-T1A 
units with chambers apparently leaking when 
taken to h;gh ;iilltuacs 2.1, ,~ia.x. 2;,'?ZZ?-TIS 
mod& =rc ti&$-< wi!h reirforcd chamber*, 
which seem to reduce this trouble. Athough the 
AN/PDR-TlB is relatively watertQht, ccnsider- 
able trouble was experlenced from moisture 
inside tbe case when the instrument was ex- 
posed to much rah Usually drying corrected 
thIn trouble. Evidence of their rugged con- 
struction was shom when me hstrrrment was 
run Over by a truck. The -le and a rear p o r t h  
of the case were bent out of shape; the Instrumexit 
still continued :o operate satisfactorily. The meter 
movement in a number of instruments was de- 
fective and required replacement or repair. 
Three such movements had open coils. Atten- 
tion shouid be given the switch s h e  this proved 
to be a source of trouble, resulting in erratic 
radings. Loose ahaft buahlngs can also cause 

I 

with tbe center of gravity high, making tbem 801 

what dKflcult to bodle and transport. Tbe zero 
setting drift8 over a considerable length of 
time before becoming stable, uni the battery 
current drain is hlgh Nevertheless the in- 
.trumente have been field tested urd are 
camidered to be quite reliable. A number of 
Lndruments were modified by drill@ a small 
hole througk the case and through the chamber. 
Thlr allowed their use a! hlgh altitudes, in air- 
planer, without danger of chvnbcr collapse. 
Callbration for pressure changes made them 

ne- this erratic operation. Some of the batteries 
used are not of a common type and may be dif- 
ficult to replace. If the instrument is handled 
rcughly there Is a tendency for the chamber to 
break loose from the supports. Several such 
htanccs were noted. 

2.9.4 Alpha and Neutron Proportional Counters 
Four Pee Wee proportional counters for 

alpha dttection were supplied as well as two 
neutron detectors using modified Pee Wee in- 
struments with boron lined tubes encased in 
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paraffln. No particular troubles were encoun- 
tered with these m t s ,  and, although they were 
uaed very little, they performed quite satisfac- 
torily after calibration. 

29.5 Laboratory Instnunents 
These instruments, in general, included six 

Nuclear Instrument and Chemical Corp. scaling 
units with standard accessories (two equipped 
vitb gas nm alpha chambers) as well as two 
Genenl Radio Co. counting rate meters and 
three Esterbe-Angus Co., Inc., recorders. The 
instruments performed quite satisfactorily for 
this operation, although it was nccessary to re- 
move moisture from alpha chamber helium gas 
by passing it through chilled absolute alcohol 
before introducing it into the chamber. No major 
servicing was required dher than an occaalonal 
tube replacement and changes to wire wound 
coDtrols in the prcaslpllfier of the alpha scaler. 

dosimeter. These two instruments were com- 
bined to form a single unit with one indicating 
meter. In operation, the meter normally in- 
dicatcs instantaneous intenalties. However, .t 
m y  time, a push button mounted on the handle 
may be pressed, and the meter will Jndfcate 
the cumulative dose. This instrument proved 
to be most convenient and useful. Attention 
shouId be given to the production of shllar 
models, perhapa built around different rate 
meter circuits and with dosimeter clxmbers 
having higher raiies than 200 mr, altbargh the 
chamber may be charged at rill. A h ,  a mini- 
mum of controls should be considered. 

Instruments of several types were wpplled 
which were not used in this operation. In all 
cases tbey were left over from Operation Sand- 
stone. They included Victoreen 356 alpha s ~ -  
vey hstruments, P-ckman MX-7 pocket alarna, 
Cambridge 17609 chargers, etc. 

J 

29.6 Special Instruments 2.9.7 General Comments 

Tbe only instruments supplied which were 
bcruitlvc to beta radIation t *re low range 
Geiger tabe unite. A need for readings of beta 

'matemities of Y much higher waer ~ p b  I O U ~  

neeesary, a d  9: t b  i;jrpjsc? a riidiiicrtlor. 
of an ANDDR-TlB instrut*ent was made. An 
ope- in the caae below the chmber M 
made and covered with thin aluminum foil. 
Hechanlcal protection w u  provided by L pro- 
tective wide mesh screen. The bottom of the 
p W c  chamber was removed and replaced by 
a thin Aqupdog-coated plastic sheet. After cali- 
bration this instrument proved to be an excel- 
lent fIeld survey meter for beta, with quite a 
bear response. 
To fu1 the need for a meter to measwe 35-kv 

X rays* a 247A ion chamber instrument wan 
employed, and an opening was cut in the cane in 
front of the chamber. This opening was covered 
with a thin aluminum sheet and protected with a 
rlde mesh screen. This modified instrument 
rorkd quite satisfactorily for the purpose for 
which it was intended. 
It Is thought that, for convenlence in mod- 

toring, an instrument which would read both in- 
s t a n ~ o u s  intensities of radiation as well as 
cumulative dose would be valuable. With this in 
mind, such an instrument was constructed. A 
247A survey meter was used as the buis for 
the rate meter, md a Victoreen model 300 
Proterimeter was used as the bash for the 
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At the sh- t  of thi8 operation there waa an 
inadequate wpply of spare parts, u well a8 
batteries, and some trouble was experienced In 
obtaining them. 'Uehyr in hattery shipucnts 
were re.spanbib:a for :roubL w:th the Rrduc: 
training sets, but sufficient quantities were 
availzble later on. In general, sufficient num- 
bers of hand taoL and supplies were available 
after the operation got under way, but at the 
start tiUficulty was experienced in ob- 
them. It is suggested that future operations 
include some small power tools such aa a 
grinder, drill press, small lathe, etc. These 
were not available. 

It is suggested for future operatiom that the 
instrument laboratory be set up ud 8tpifcd, 
instruments be unpacked and placed io oper8tlug 
condition, and a calibration range be set up k- 
fore monitors arrive. It is further suggested 
that all person& in the instrument laboratory 
be given an oportunity to inspect all instru- 
ments to be used and to become famlllar with 
them before the field operation starts. They 
should at least be given a list of instruments In 
advance dong with instructioo boob descr0ing 
their construction. 

In conclusion, it might be said that work io 
the instrument laboratory proceeded more 
efficiently and with less trouble by f a r  than in 
any other operation with which the writer has 
been associated. This probably M in peat 
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meamre due to experience gained in -ration 
&mdstane, u well pd to the fact that improve- 
mcnt. in Instrument. resulted P fewer prob- 
lema of repair and maintenance. 

2.10 DOSAGERECORDS 

Our section used a sheet similar to tbe form 
given here aa Example A. 

Film No. 1 represents the mort sen6ftlve 
film in ule three-film badge, ud f i l m  No. 2 
represents the next most sensitlve. The No. 3 
film wa8 read 80 seldom that no space wa8 pro- 
vided for its r e s .  The column headed gam- 
ma M d to record the actual densitometer 

The wed rith the uld re- 0bl;lind on the lead shield~d portion ~f 
the film. The "true" re- is the actual read- reading d the film badger roaeisted of five 

from whlch the ba8ic density reading d the mm, an adequate number. Four men could 

film w been m c t d  The first column 
headed M is the true densitometer reading bo much dIfUcrrlty under tbe name clrcum- 

trmsl.t~d to m o e n t g e n e  from a o r a t i o n  
The rcco* wction curve &e the same day. The beta column i. 

'l" a to the issuance the actual densitometer readlng Wren from the 
colla- tba Tu wr earld unrhicued portioa ai tiw i h ,  amt the seed hrs 

.11 time.. 
Of the photodoslmctrJ 

mtiooroulddo well to study a slmllu nee- 
tbo in the United -8 prior to arrival at the 
test site. Tba forms mggested below are the 

and more efficient ones can *Le devised Tbe 
-ra reportmj th film badge doaim- 
etayreadlngs by film badge number oa a rh- 
p& Iined .beet with column8 for the redingr. 

Job - aa efficicntlY ami witbout 

mrOtiw Greenboose* 
have at 'east two 

duties in an .d'Ou sccuon' column headed mr reprerenta a figure taken 
from a calibration curve calculated from the 
same unshielded portion of the f i lm.  These 
columns arc not a l l  essential, but they did 
prme wureful when it was necessary to refer to 
spceWe IILm b ~ ~ .  

~i film bulges was esaentnlly as ahown berr aa 
E-ple a 

'Ibb form mas Mcd both in the me book re- 
hind at the issdng counter and by tha person 

weh U Nppb, thO@ b0 m t  bc lrelrbp ?t 

Ths officer 

. m t  O! :.an! EWI ermr, u a d o ~ b t e c ~ t  better I me f O ~ r p  used the *SSWUUX c o l l e c ~  

EXAMPLE A 

i FLlm No. 1 I Film No. 2 



4 . 
i 

I 

. I  

I 

i 

I 

i 
I 
I 

. i  

t 
I 
I' 
1 

I 

drawing more than oae film badge when he did 
not know the specific names of the persons to 
be given each film badge. The form given the 
p e r m  drawing badges waa stamped with ihe 
badge numbers in sequence at the time of I.- 
mame. These names were added to the s h e t  
u they were rekwed by tbe drawer. When 
large numbers of badges were Issued to a single 
permon, the returned sheet. were inserted in the 
retained file in place o( the retained sheeta in 
order to avoid the recopyhg of a large nun- 
k r  of name& 
T!w retained file cumiatcd of the form8 de- 

mibed above placed in boob wlth Acco Lu- 
tenerr. These .he& had the film badge nun- 
bers -ped in sequence in the appropriate 
column. A s 8 b a d g e n s 4 m b e d , t h e d ? t t h d  
Wam filled in, a# nor the h e d  to column in 
a a e  several badges n r r  insued to a single 
person T h n a m e o f t h e p e r ~ w t a r ~ t b e  
badge m a  fllled inwith the time if it w u  known. 
On return of the badger, the names were tben 
transcribed from the sheet returned, or the 
8lmat Itself w m  lrutrted la place. 

& tbe *ewer lf a dosimeter waa carried. Th 

' b i m e t e r  reading column M llll~d in 
'Ir 

f h  badge reading (in mr) column was filled fn 
as the film badge readings came from the ptm- 
tographlc laboratoiy. The last column was wd 
by the recording section to check each name u 
the readings were transcribed to the file cardm 
of each individual. An a d d i t i d  column might be 
wed for th name of the orgmlutlorr, as It nor 
extremely difficult to obtain thla information at 
times. 

of d individual were 5 by 3 in., pref2rably 
ruled, with column0 shown here u Expnrpl. C. 

The columna are sclf-cxphatory, gamma 
readings only being recorded rootlnaly. 
The grratert difficulty encountered in tht. 

filing 9 d e m  waa the lack of an InfW list of 
names of pertman on whom rceorb hd to be 
kept. A Kardex system w u  umd, but the ad- 
ditlon of large numberr of canb at Inmy t h e 8  
reduced the efficlency of the -.tam tremen- 
doruly. If lniW W u e  unavailable, it Ia k- 
llevedthrta.yrtemoflooseeu6inrfilebox 
muld be better, m'M new Eud. c a  be 
added without cpatlaufnu re6hufUg d the Ilu- 
dex system. 

Tbe file cards used for the permanent record8 
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Chapter 3 

R6sum6 

S.1 INTRODUCTION 

The radiological aafety unit for Operation 
Greenhawe performed a much more efficient 
]ob tbpn M periotmcd on any of the preceding 
teats. Thin M prlmarlly due to two factors: 
(1) amllabil.iQ d better trpLntd and more ex- 
perienced permel, and (2) closar Integration 
d tha rrdioLoglool safety unit rfth the over-all 
.cientific program. The latter w a ~  by far the 
-mora important. hegudieae d tilo aninirq oi 
tka U v ! !  k 0 &Z, ttiJ j& c w :  cc cf- 
flciently performed unless thcy are well Moc- 
t r U  la the over-all prorpua 

Th.perManelaIthe unlt m rrdaqorta in 
numbers. The group arrived about me m a t h  
before the first test. It waa felt by mme of the 
modtors that two weeks before would have been 
nrcllclent However, when dl the factorr in- 

with the various instruments, aad personal 
coat.cl. with the h e r  workers, are considered, 
one month appears to be about the proper time. 

hdrrunentatlon was adequate, Ud In general 
the inrtrplnaatr proved to be more reliable than 
beretdore, because of better deem a d  better 
conrtroctfon. Par less repair work waa re- 
wed th.n 00 previous operation#. All  .up- 

rolvad, ma& u acclimation, famillarlzotlon 

QhM, Clothfng, Ud bo18 'IctC ad-8. 
It i s  felt that the urlgnment of respon8iblll~ 

for rrdiologicrl u t e t y  to thc rvloru task 
groupr was in error. Even though the utmost 
coopentioa between rll groups waa exercised, 
there wm an cccuioool lack of coordination 
m c b  wuld not have existed If the responri- 
blllty had been la one group 
In future testing much thaIght and COariderO- 

Uon .bould be gdvm to re-entry time for scien- 

41 

tUic recovery on various test ishqds. It in felt 
that the personal enttruoivm on the p u t  of 
mme experimenter# c u c d  the recovery d 
data mmer than waa necessary for succea8ful 
implementation of the experiment. This re- 
sulted In exposure d recovery and monitor 
personnel which could be avoided If time of n- 
cowry were dictated by scientific need rather 
than emotion. 

Tke problem of estabLirhkrp a certiln dosage 
& r u e  s h 1 U  aim -h? given fu& tiler aut?. 
S c u s c  d &e c v c r - c ~ i c ~  rea%:: ~IX~!I~OIS 
at Eniretok, it should be ~uuunred that fall-aut 
mud be accepted. To establish a &nit of 9 r per 
test and then have mon than thf. u a result of 
fallsut alone creates Coaiusion in the miad d 
both the mllitary and the clpillvl worker. 

3.2 CONCLUSIONS 

1. "be orga&ation, trainiw, and operaXau 

2 P e r m e l ,  supplies, md lnstrumcatrtfaa 
of TU 3.1.5 were pdcqozte. 

were adequate. 

s.3 RECOMMENDATIONS 

1. That in future testing all rodblogical d e t y  
work k performed by one unit, under the Com- 
mander of the Sclentinc Torlr Group. 
2 That further study and cOarIderntloa should 

be given to re-entry time. Early re-entry should 
not be made unless i! is eucntirl to save valu- 
able data 

3. That further crmsideratlon toward raisin( 
established permissible doapltc during t e d  
operation be subJected to stady. 
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I Shot Island Surveys, Easy 
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AOMON B IlJlRl EBERIRU 
1,000-FT GRlO 

Fig. CJ Aomorr &wey. loo0 10 M y  1W1. -1. WmutUes nrc m r b .  
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Appendix E 

Major Items of Equipment 

a 

&W=s, FaOlo$r@k Westm, 

Alarm, pocket, t.dfrlloa, a- 
model 817 

perimcat.l, model YX 7 

.nd cbrln re1Qht., type BCT 
Cabtact, 1Lubcx, 28 drawer 
Chlr, typU, adjustable bsck 
Chmbar, pock& gmm, 

chrarbrt, pocket, pmm& Yk- 
toreen, modcl E-507, scale 
rang8 0-200 mr 

Cmnter, portable, Gemr 
Mueller, type 2 0 8 ,  Victorem 

Chuger-redtr ,  &amber, POCW 
pmmq Vietoreen, model SO2 

Cbuger, doehclcr, hlclrtt 
Coder ,  alph. Llm, 

Cou&er Laboratories, internal 
umple, mark 12, model 1 

Charger, dosimeter, Cambrldge, 
model BM-17609 

Charger, ddmeter ,  Bcdcnun, 
male1 103 

Charger, dosimeter, model AV-ID 
Cbuwr, pocm 
chular, 
Charger dorlmeter, ILcldrct, modcl 

Counter, proportioap1, model 2111 
Counter, Pee Wea 
Cyllnkr, helIum 
Dosimeter, k le lc t ,  200 r 
Doslwter, pocket, Bccknur, 

Dosimeter, 10 r, kltLct, 

Doslmeter, pock& 

B.l.aca, dytlt4 wbeYbo=d 

~ l ~ ~ ~ ~ ! ~ ~  - 

K-12S 

modcl102 

model It-151 ( U C ,  model PIC-78) .. 
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