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- i  Information 

ABSTRACT 

I. OBJECT 

One of t he  objects of project  4-12-10-002 was t o  observe the  e f f ec t s  on 
clothing and equipment of troops marched t o  within 500 ya,rds of ground zero, 
across  terrain recent ly  exposed t o  an atomic b l a s t .  A fu r the r  objective was 
the study of the  shielding e f f e c t s  of vehicles exposed t o  the  b l a s t ,  on cloth- 
ing and equipment within the  vehicles.  

11. c ONC LUS Ions 
A. No problem i s  presented by contaminatfon o f  e i t h e r  impregnated or 

unimpregnated clothing. 

B. Airborne rad ioac t iv i ty  a t  1500 yards from ground zero i s  higher than 
t h a t  specif ied as  hazardous; see Department of  the  A r m y  Pamphlet No. 8-11. 

C. F i l t e r  e f f ic ienc ies  of Tank Collector  Protectors are  very high, a8 
indicated by the negl igible  count 'above background on the  cot ton wads i n  the 
facepiece of t he  tank mask. 

D. The prompt gamma rad ia t ion  outside the tank and the personnel car- 
rier, recorded as  285 roentgens, was reduced markedly by the  shielding ef-' 
fects of these vehiclee'. The Medium Tank, Y-26, and i t s  ea r th  emplacement, 
e f fec ted  a reduction of more than 9% in the  dr iver 's  sea t ,  and 94% i n  the 
loader 's  s e a t .  Shielding by the Personnel Carr ier ,  T18E1, reduced t h i s  ra- 
dia t ion  by 95% or  more. 

, I I J .  RECOMMEM)ATIOTIS 

None are  presented, since Yne Chemical Corps AW t e s t s  on material  a r e  
continuing . 
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RESULTS OF CHEN1CP.L COBS CHEMICAL AND RADIOLOGICAL 
LABORATORIES PARTICIPATION I N  OPERATION THUNDERCLOUD 

ID INTRODUCTION 

A. Object 

One of the  objectives of p ro jec t  4-12-10-002 was t o  observe the  ef- 
f e c t s  on clothing and equipment of troops marched t o  within 500 yards of ground 
zero, across t e r r a i n  recent ly  exposed t o  an atomic b las t .  
was the  study of the  shielding e f f ec t s  of vehicles exposed t o  the  b l a s t ,  on 
clothing and equipment within the  vehicles.  

A fur ther  objective 

B. Authority 

Authority f o r  t h i s  work w a s  contained i n  RDB P ro jec t  .!4-12-10-002, 
"Apparatus and Methods f o r  Atomic Weapons Test, Operation WINDSTORM," approved 
11 January, 1951. 

11. TEST METHODS AND RESULTS 

A. Evaluation of Chemical Corps Pro tec t ive  Clothing 

The purpose of this por t ion  of t he  . t e s t  was t o  determine the  radio- 
log ica l  contamination picked up by m i l i t a r y  personnel wearing XX-CC-3 impreg- 
na ted  clothing, while walking through a contaminated area sho r t ly  afUer an 
a e r i a l  nuclear detonation. 

Ten men walked 2 miles toward ground zero, stopping 500 yards from 
ground zero. 
a pos i t ion  1300 yards from ground zero, where fatigues,  shoes, and s t e e l  hel- 
mets were monitored. T h i s  monitoring took place a t  H 4 4 hours, and required 
approximately & seconds per man.  

For approldmately t h e  first 1$ miles ( t o  900 yards from ground zero) 
t h e  dose r a t e  was between 0.03 and 0.05' mr/hr. 
t he  dose r a t e  increased abruptly, reaching 90-100 mr/hr ( a t  H + 3 hours). 
500 yards from ground zero i n t e n s i t y  of rad ia t ion  reached 390-!.~00 m r / h r  (H 4 
3.1 hours) j at 1300 yards from ground zero, on re turn t r i p  t o  camp, background 

t e n  men wore cotton-sateen coveralls,  and f i v e  wore her- 

From t h i s  point they  moved back by a s l i g h t l y  d i f f e ren t  route t o  

A t  600 yards from ground zero 
A t  

of f ive ,  four garments were impreg- 
g impregnated coveral ls  wore ?&, 

/. ' 
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a. Drawers, cotton, white, protective.  
b. Shirts,  cotton, white, protective.  
C. Socks,, woolen, white, protective.  
d. Gloves, cotton, white, protective.  

The two control  personnel wore s imilar  unimpregnated underclothing. 
A l l  t e s t  personnel wore helmet i i n e r s  and combat boots-sigh', impregnated and 
two unimpregnated. 
mately 1300 yards from ground zero2 and a l l  t e s t  c lothing was monitored on the  
return t o  Camp Desert. Rock. 

Outer garments were f irst  monitored at  a point approxi- 

MonitorinR t e s t s  indicated t h a t  in general contamination did not 
exceed background. 
contamination did not exceed 2 or 3 times background (see Appendix B) e 

The only exception t o  t h i s  f inding was on shoes, on which 

B. Shielding Afforded by Medium Tank, M-26 

1. Preparat ion 

A Medium Tank, M-26, was emplaced a t  a depth of 3 f e e t  at a 
pos i t ion  1500 yards upwind from ground zerop the  tank i t s e l f  facing away from 
t he  b l a s t ,  and the  gun turned toward the  b l a s t  (see Appendix D, Fig.DL). 
Hatches were closed and t h e  engine was turned of f  during the  t e s t ,  t o  reduce 
as f a r  as possible  t h e  amount of radioactive dust enter ing the  tank before and 
after t he  detonation. 

Five coveral ls  were placed ins ide  t h e  tank,as follows: 

a. One unimpregnated and tu0 impregnated HBTSs i n  the loader 's  
sea t ,  the  gunnerps seat ,  and the  commander's s ea tp  respectively,  i n  the  tu r -  
r e t  compartment (see Appendix D, Mg.D3). 

b. One m p r e g n a t e d  and one impregnated cotton-sateen i n  the  
driverus and a s s i s t an t  d r ive r i s  seats ,  respectively. 

To f u r t h e r  appraise the  protection afforded by the  tank against 
radiation hazards, t h ree  f i l t e r  units were used t o  measure t h e  weight and ra- 
d ioac t iv i ty  of dust, within and outside the  tank, r e su l t i ng  from the  a e r i a l  
detonation. 
Zerog and two f i l t e r  units were placed ins ide  the  tank, one in the  d r i v e r P s  
compartment and one i n  the  turret  compartment. These units were operated-at  
a flow rata of 3.75 cfm from H - 10 minutes u n t i l  approximately H 8 1 how, 
a t  which time the  motors were stopped, and the  f i l t e r s  collected.  .The cloud 
of dust was estimated t o  be i n  t h e  v i c in i ty  of t he  tank for about 115 minutes. 

One f i l t e r  un i t  was mounted on the  tank fender nearest  ground 
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An evaluation of the  eff ic iency o f t h e  Tank Collective-Protec- 
t o r ,  E-26, was a l s o  made at this time. 
such collective-protectors supplying p u r i f i e d  a i r  t o  individual facepieces were 
i n s t a l l e d  i n  the  tank, and were l a t e r  operated during the  same per iod  as t h a t  
employed f o r  t he  f i l t e r  units. 
can i s t e r  and the  facepiece t o  c o l l e c t  those pa r t i c l e s  which would have passed 
through the  f i ' l t e r  and entered %he lungs of a m a n  wearing the  facepiece, had 
he been i n  the  tank during the  test period. 

P r i o r  t o  the  atomic detonation, two 

%all  cotton wads were emplaced between the  

Location 

2. Evaluation of Shieldinp and Protection Afforded by Medium Tank, 
M-9A 

Av. Conc. of D u s t  i n  Air 
(m&t er) wt. of Dust (@us) 

* L  -- - 
Clothing was recovered from t he  tank one hour after t h e  nuclear 

Monitoring o f  each coveral l  shor t ly  thereaf te r  showed conclusively detonation. 
t h a t  t h e  clothing was p r a c t i c a l l y  uncontaminated with radioactive dust. 
maxLmum reading obtained with a Model PR-3 S u r v e y  Meter was 0.04 mr/hr at 6 
inches, using a side window G-M tube probe. Background was 0.03 m r / h r .  

al, 'Type 6, carrying the  dust co l l ec t ed  during the  t e s t  period. A t e a r  i s  ap- 
parent  i n  the  f i l t e r  which operated outside t h e  tank. It is  believed t h a t  the  
pressure wave from the  detonation was responsible for this breakage. 
were probably valid,  however, because t h e  act& f i l t e r  mater ia l  was backed up 
by two t h i c h e s s e s  of Chemical Corps Poly-Fiber paper, which were unbroken. 

sampling period, provided the  follauing datss 

The 

Figure 1 shows t h e  three sheets of Chemical Corps F i l t e r  Materi- 

Test data 

Weighing the  dust  col lected on these sheets  daring a 1-hour 

Outside M-26 Tank 
Driveres Compartment 
Turret  Compartment 

0.b8 .I 0.087b 
0.176 0.0369 
0 3&0 0.om 

Outside M-26 Tank 
Driver 's  Compartment 
Turret Compartment 

0.26 5-h x 10-5 
0.10 1.2 x 10-5 
0.13 1.9 x 10-5 

- -  - - -  
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The maximum permissible  concentration o f  f i s s i o n  products 
i n  air, for personnel withoxt p ro tec t ive  masks, i s  10-6 microcuries per  l i t e r .  
The general nile i s  t o  wear p ro tec t ive  masks when this concentration i s  
reached, and t o  evacuate the  area when the  concentration reaches 10-5 m i -  
crocuries p e r  1 i t e r . l  

from 10-4 t o  10-5 mi l l icur ies  p e r  gram. 
and 36 hours after detonation ind ica te  radioactive nuclides with an average 
h a l f - l i f e  of kt hours (see, Appendix C). 
nuclides have an average beta energy of 1.8 Mev. 

through t h e  collective-protector f i l t e r s  were monitored 48 hours a f t e r  the  
detonation by the  National I n s t i t u t e  of Health. 
are given below: 

"E The spec i f ic  a c t i v i t y  of the  airborne dust was found t o  v 
Activity readings taken between 1 

Absorption curves ind ica te  t h a t  these 

The cotton wads used t o  co l l ec t  the  pa r t i cu la t e  mat ter  passing 

These radiometric analyses 

TCP Compart- 
No. ment 

Face- Activity (c/m at  H 3 L8 hrs.) C a l c .  Act iv i ty  
Piece Total  CountiBackgroupdlNet Count (Net c/m a t  Hi48 hrs.) 

~~ 

22.3 I 22.2 I E:: I [ 1 Driverls l  1 1 2b.3 
1 Driver 's  2 22.2 

2 T u r r e t  

2 Turret 
2 Turret 

22.3 
22.3 

3 26.6 22.3 lr.3 

1 
2 

ll.0 
0.0 
1.8 
2.0 
8.6 

The beta-gamma rad ia t ion  from fission products col lected i n  the  
TCP's was measured with a survey meter. Even when the  "net count" shovn above 
i s  doubled (because the  f i l t r a t i o n  eff ic iency of t he  cotton wads  was estimated 
at SO%), t he  hazard was found t o  be negligible.  

The M-26 Tank provided considerable shielding from prwtpt gama 
rad ia t ion  as wel l  as from radioact ive aerosols. Dosages in s ide  t h e  tank var ied  
considerably, probabl;y due t o  differences in s t e e l  thickness (3 inch t o  h 

tanks, prompt gama rad ia t ion  was measured as 230 roentgens and as 71aced 3 0 roent- 
inchea),  and t o  attenuation of emplacement earth. 

gena by two separate individuals.  
p r q t  gamma radiation ins ide  t h e  tank was as shown below: 

A t  t he  si te of 

As determined by film badge dosimeters, 

1. Handbook of Atomic Wea ons for Medical Officers, D e p t .  of Army Pamphlet 
No., T.-mm*L- 
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I Location Dosimeter Film Type 

DuPont No. 552 
DuPont No. 552 
DuPont No. 552 
DuPont No. 552 
DuPont No. 552 
DuPont No. 652 
DuPont No. 554 

Loaderss Seat 
Commanders s Seat 
Driverss Sea t  
Driverss Back 
Assst  Driverss  Back 
Gunnerss Seat 
GunnerOa Seat 

Dosage (roe%gens) 

ll;0 
6.3 
2.2 
2.6 
2.6 

i i ;a 
18.0 

C. Act iv i ty  Determinations Inside Personnel Carrier,  T18E1 

A new type of personnel c a r r i e r ,  T18E1, was poaitioned approximately 
1500 yarda south of ground zero, s l i gh t ly  e a s t  of the  Medium Tank, M-26, fac- 
ing the detonation s i te .  Data s imi la r  t o  those obtained within the  tank,were 
sought inside t h i s  personnel c a r r i e r .  (Appendix D, Fig. 0-2). 

1. Contamination of Chemical Corps Impregnated Protective Clothing 

Three HBT coveral ls  were located inside t h e  personnel ca r r i e r ,  
a s  f o l l w s :  

a. One impregnated s u i t  i n  t he  drivers8 s e a t  (dr iver 's  hatch 

One unimpregnated s u i t  i n  the commander's aeat (couknder 's  

closed).  

b. 
hatch open). 

c .  

This clothing was recovered from t h e  personnel c a r r i e r  a t  H + 1 

One impregnated s u i t  in one of t h e  west seata. 

hour, and monitored. 
t i a l l y  uncontaminated with radioact ive dust. 
w i th  a PR-3 survey meter using a s ide  window G-€4 tube probe a t  6 inches, was 
0.03 mr/hr, the  aame a s  background. 

Act iv i ty  readings sh&ed t h a t  t he  clothing waa eanen- 
Maximum readinga obtainable 

2. Dust Contamination Inside Personnel Car r ie r  

The same technique a s  that employed inside t h e  tank was used f o r  
t he  meaaursmnt of concentration and a c t i v i t y  of dust p a r t i c l e s  i n  the  a i r  in- 
s ide  the personnel car r ie r . .  One f i l t e r  u n i t  was mounted on ' the middle s e a t  i n  
the  troop compartment, and was operated a t  a flow r a t e  of 3.75 cfm from H - 10 
minutes u n t i l  H . 4  1 hour. 
wi th  Chemical Corps Type 6 f i l t e r  material  as t h e  co l lec t ing  surface,  Fig. D-1, 

The data obtained from th is  a i r  sampling period, 

a r e  shown below: -7. 

2- 
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W t .  of Dust Av. Conc. of Dust 
(grams) i n  A i r  (mg/Iiter) 

0.649 0.1357 

;eat 

Activity Activity Conc. i n  Air 
(microcuries) ( Nc/Iiter)  

0.18 3.8 x 10-5 

1 
2 
3 
1 
2 
3 
1 
2 
3 
4 
5 
2 

- 

Location 

Eight  Row 
Right  Row 
Right Row 
Center Row 
Center Row 
Center Bow 
Lef t  3on 
Left Bow 
Left sou 
Left  Ron 
Left Ron 
Center Ron 
(Head Level) 
Commander 8 s 
Head 

Act 
Film Type 1 

DuPont 552 14 
DuPont 552 1h 
DuPont 552 lll 
DuPont 552 15 
DuPont 552 15 
DuPont 552 1 L  
DuPont 552 12 
DuPont 552 I3 
DuPont 552 15 
DuPont 552 ' 1& 
DuPont 552 I.& 

W o n t  5% 42 

Polaroid LO 

burned 1L.O 
13.0 I 

lh 14.5 I 
14 1k.P 

4 These badges were s i tua ted  i n  the  l i n e  of s ight  through comander 's  open 
hatch t o  point  of bomb detonation. 

III, CmcLuSIms 
On t h e  bas i s  of t h e  t es t s  run9 t he  following conclusions were dram: 

A. Contamination of Chemical Corps Protective Clothing 

No problem i s  presented by contamination of e i t h e r  impregnated o r  
unimpregnated clothing. 

B. Respiratory Hazard from Radioactive Dust 

Airborne rad ioac t iv i ty  at 1500 yards from ground zero i s  higher than 

ATOMIC ENERGY ACT - 1946 
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t h a t  specified as hazardous; see Department of t he  Army Pamphlet No. 8-11. 

C. F i l t e r  Efficiencies of Tank Collective-Protectors 

F i l t e r  e f f i c i enc ie s  of TCPss a r e  very high, a s  indicated by the 
negl igible  count above background on the  cotton wads fn t he  facepiece of 
t he  tank masks. 

D. Shielding from Prompt Gamma Radiation 

The prompt gamma rad ia t ion  outside the  tank and the  personnel car- 
r ie,r ,  recorded as 285 roentgens, was reduced markedly by t h e  shielding ef- 
f e c t s  of these vehicles,  The Medium Tank, M-6-26, and i t s  e a r t h  emplacemnt, 
effected a reduction of more than 99% i n  the d r i v e r s s  sea t ,  and 94% in  t h e  
loader 's  sea t .  Shielding .by the Personnel Carr ier ,  T18E1, reduced t h i s  ra- 
d i a t i o n  by 95% or  more. 
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APPEWDIX A 

Monitoring Points  for Protec t ive  Items 

Winter Underwear 

Front Back 

Coveralls 

Front Back 

Figure A . l  Monitoring Points f o r  Clothing 
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APPENDIX B 

Contamination on Clothing in OperaCion THUNDERCLOUD 

Cotton Sateen Coverall 
Cotton Gloves 
Undershirt,  T in te r  
Underdrawers, Xinter 
Cotton Socks 
Boots 
He lmet s 
Gas Masks, K9A1 

Table 1 

Contamination of Clothing Worn by Men Walking 

0.01. 
0.00 
0.00 
0.00 
0.00 
0.05 
0.04 
0.01 

Dosage Rate (mrhr) 
Clothing Item 

Fabric 

I Men No. Man No. 
1* 2 3 4 

- - 
Vehicle (mr  r ) *  

Unimpre gnate d Impregnated 
Clothing Clothing 

h c a t  ion 

- 
Cotton - Sateen 
Herfingbone T w i l l  
Herringbone hill 
Herringbone T w i l l  

0.01 
0.01 
0.01 
0.00 
0.00 
0.04 
0.04 
0.01 

Driver's Comp't M-26 Tank 0.00 0.01 
Turret Compst M-26 Tank 0.00 0.00 
Personnel Comp't T18E1 Carr ier  0.00 0.00 
Driver's Seat T18E1  Carrier - 0.00 

0.00 
0.03 
0.00 
0.00 
0.01 
0.04 
0.04 
0.02 - 

0.02 
0.03 
0.00 
0.00. 
0.01 
0.05 
0.05 
0.02 

. .  

5**  

0.01 
0.01 
0.00 
0.00 
0.01 
0.05 
0.04 
0.02 

- 

- 

Table. 2 
I 

Contamination of 'Coveralls i n  Stationary,  Tnmanned, Armored Vehicles 

1 I Average Reeding I 

11 
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TI&E AFTER DETCTATION, HOUBS 
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Fig. D-1 Tank, Medium, M-26, Emglaced 1500 Yards from ground .., Zero (Gun Facw Toward 

the Blast) ' , .  
I .  

Fig. D-3 Personnel Carrier, T18E1 

Appendix D 
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