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1. By lottor 02 Pobruary 11, 1988, th8 Inspoctor Conorali, 
Dopartmont of D8fon80 forvardod tho subjoct report and .stab.- 
limhod tho Offico of tho Uaimtant to tho Socrotary o f  Doionme 
(Atonic tnorgy) a8 th8 primary action offico and also 8et up dual 
collatoral action officos to proparo a rempon~a on behalf OF the 
Socrotary o f  tmfonno. Tho collatoral action officem appointed 
wero tha Director, Dofenso Nuclear Agency (DNA) and tho Secretary 
of t h m  Air Force. 

2. The ATSD(AE) contra1 point8 of contact, nrJ Wavno And erson 
W L ,  [ S O  5 )  66 7-452s have been 

working w i t h  tha Defonso Wuoloar Agency and a reprementative from 
the Air Forco to proparo th ia  joint respon8a on behalf of both 
DNA and tho Secretary of tho Air Force. 

3. Enclo8.d i a  a propoaod draft ra8ponso to tho GAO, addresdnq 
their robuttals to tha previous DoD inputs partially printed in 
the altaady publiahod Final Roport. Thi8 ro8ponso ham boon cqor- 
dinatod with tho Air rorco. 
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Dear Mr. Peach: 

This is the Dopartment of Defense (DoD) response to the General 
Accounting Office (GAO) Final Report GAO/RCED-87-134, HNUCLEAR 
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on their bodies. As effectively stated by Dr. Warren K. 
Sinelair, the President of tho National Council on Radiation 
Protaction and Measurements (NCRP): 

"In current oocupational practice, the dose at the surface of 
the body au measured by the film badge on the body, is the 
dose that is measured and recorded. Pending a different ap- 
proach to the specification of occupational doses by 
authoritative bodies, such as [the International Commission on 
Radiation Units and Measurements] (ICRU), [the International 
Commission on Radiological Protection] (ICRP), and (NCRP), it 
would seem that the film badge reading in this case of these 
aircrews is likely to be correct as in other occupational 
circumstances". 

The radiation environment in the cockpit was not uniform. The 
variation of radiation intensity with location in the cockpit was 
known at the time of these operations. An excerpt (provided at 
enclosure 3) from a memo written by a Lor AlamOS Scientific Ad- 
visor, during the planning of OPERATION REDWING, includes a dis- 
cuusion of this variation and the probable causes for it. Also, 
an excerpt from the final report on early cloud-sampling at 0PERh.r 
TION REDWING discu8ning the variation of radiation intensity with 
location, is provided at enclosure 4 .  

The integron data can be used' to identify cases where apparent 
discrepancies between the f i l m  badge and integron readings exist. 
There is no basis, however, for the GAQ a8sruaption that, where 
there are discrepancies "...either the pilot's film badge reading 
or the observerls f i l m  badge reading is incorrect.n Four examples 
were cited by the GAO in its rebuttalu to the DoD comments on the 
draft report. A 1 1  four of these examples have been examined by 
the DoD. The GAO did not use the complete film badge documents 
which had more accurate and comprrhensive data on each individual 
dose and, therefore, reached incorrect conclusionu. A more 
thorough analyais o f  the 80urce data by the GAO would have shown 
that differenceu were not explained by film badge inaccuracy and 
that personnel records reflect the higheut value recorded on the 
mission. 

The DoD rtrongly object8 to the fact that GAO did not print all of 
the expert comments #at were submitted with, and were an intrin- 
sic part of, the DoD response to the draft: report. Copies of 
these important materialu are enclosed again and expressly incor- 
porated into thia response. 

- On May 28, 1987, the former head of the International Commie- 
d o n  on Radiation Units and Measurements (ICRU) (as provided 
at enclosure 5) exprassed concerns about technical errors in 
the glosmary, expressed his confusion regarding the rationale 
used by the GAQ in raviewing the ratio between integron and 
film badge readingn and explained the relative insensitivity 
of certain organs, such as the thyroid and the lens of the 



eye. Moreover, he supported the DoD comments on the effect 
of location on the radiation exposures measured. 

- Dr. Edward E. Webster, one of the country's leading experts 
on film badge dosimetry from the Harvard Medical School, 
provided extensive comments in his attached letter of 
June 5, 1987 (provided at enclosure 6). D r .  Webster pointed 
out: 

"The fact that in free air the film badge records higher 
than the presumably 'energy-independent' integron con- 
firms the opinion of the NRC Committee that the film 
badge (which is 'energy dependent') probably overes- 
timates the personnel dose.n 

He further concluded that w... there is no reason to 
suspect that the film badge readings 'underatate' the 
skin dose received by the sampling crews because of the 
integron readings, and that the substitution of the 
higher integron values would be inappropriate." He also 
pointed out that "...the increase in ratio was basi- 
cally related to the location of the badge on the torsol 
of the pilot and under a lead vemt, both of which. 
shield the f i l m  and rrduce the dose to the film badge, 
but not affect the validity of the skin dome". The -0 
omission of such important comments is inexcuaable. 

Furthermore, the GAO did not include comments from the five 
scientists who are most knowledgeable about the integron and who 
established policy regarding it8 use at the tests cited by the 
GAQ. The attached memoranda for the record (provided at 
enclosures 7 through 11) from all five scientists, indicate 
agreement with the DoD position. 

In conclumion, there is an unfortunate lack of objectivity 8hQn 
in the GAO report. The available evidence' strongly supports the 
DoD position that film badge measurementm did not underestimate 
the external gamma radiation doses. The GAO finding to the con- 
trary i a  clearly in error. So is the rdated GAO recommendation. 
In determininq that integron data should be used to check for 
€ilm badge errors, the GAO ignored the fact that multiple film 
badger were carried by personnel on missions as a check against 
film badge ar~ors, 81though the axperta' opinion8 clearly pointed 
this out. The melective reading of history and data, coupled 
with the refusal t o  even print significant portion8 of the DoD 
comments on the draft report, raises serious queations about the 
integrity of the GAO audit process in this instance. In liqht of 
the lack of objectivity and completeness of the report, the DoD 
strongly recommend. that this report be withdrawn until it can.be 
formally reviewed and corrected by a scientific body, such as the 
O€fice of Technology Asseesment. 

The statements of several experts that vera part of the original 
DoD response to the draft report, but were not included in the 
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report, are again provided at enclosures 5 through 11. In addi- 
tion, enclosures 12 and 13 are more recent letters from D r .  
WarrenK. Sinclair and Dr. Harold 0. Wyckoff that provide addi- 
tional comments on the GAO report. It is unfortunate that all 
relevant information was not incorporated into the final printed 
report. 

13 
1. 

2 .  

3 .  

4 .  

5 .  

6.  

7. 

8. 

9. 

10. 

11. 

12. 

13. 

Enclosures: 
DoD Responses to the 
GAO Rebuttal Comments 
set forth in Appondfx 
I11 of the Final Report 
Excerpts from sweral 
reports 
M s  Alamos scientific 
adviaor memo written 
during the planning of 

Excerpt from REDWING 
Final Report on Early 
Cloud Sampling rogarding 
variation of radiation 
intenaity with location 
Dr. Harold W. WyckoFf 
May 28, 1987 comments 
provided an an urcloaure 
to Dr. Warren Sinclair 
June 5, 1907 letter 
D r .  Edward W .  Waster 
June 5, 1907 letter to 
Mr. Peach, GAO 
Dr. Paul R. Guthalm 
June 8, 1907 re8pon8e 
Dr. Harry nick. 
June 5, 1987 re8pon.e 
D r .  Edward H. Flaming 
June 9, 1987 ra8pon.e 
Dr. Harold Plank 
June 5, 1987 re8ponne 
Dr. K.n Street 

Dt. Warren pt. Sinclair 
November 12, 1907 letter 
Dr. Harold 0. Wyckoff 
November 24, 1987 letter 

REDWING, April 16, 1956 

June 5, 1987 r08pn80 
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GAO FINAL REPORT GAO/RCED-87-134 - DATED SEPTEMBER 29, 1987 
(GAO Code 301726) - OSD Case 7299 

lqNUCLEAR HEALTH AND SAFETY: RADIATION EXPOSURES 
FOR SOME-CLOUD SAMPLING PERSONNEL 

NEED TO BE REEXAMINED" 

DEPARTMENT OF DEFENSE COMMENTS ON 
GAO REBUTTALS AND RECOMMENDATIONS 

IN THE FINAL REPORT 

o -REBUTTAL L: Radiation ExDosur e Eetimat ea for Clo ud- 
mvlina Ptrson ne1 are Understated. In response to the DoD 

:sition (as supported by expert opinions) that the GAO draft 
report was misleading in concluding the doses were under- 
stated, the GAO noted it redirected the final report towards 
the need to reexamine the exposures. The GAO stated, 
however, that based on its review, 26 percent of OPERATION 
REDWING and 13 percent of OPERATION DOMINIC I exposure levels 
were in error, nearly all understatements. The GAO 
reiterated its position that far more radiation estimates as-l 
siqned to cloud-sampling personnel are understated than over-, 
stated. In addition, the GAO reviewed two doclllaantr men- 
tioned by the President,.. National Council on Radiation 
Protection and Measurements (NCRP). The GAO reported that 
the first, a 1979-00 reevaluation of approximately 1,350 
DOMINIC I F i l m  badges, showed nearly half involved en- 
vironmentally-damaged film badges worn by Navy personnel sta- 
tioned on ships, whereas DOMINIC I cloud-sampling personnel 
were stationed on an island and wore their film badges for 
shorter period.. The GAO observed that the environmental 
differences and mhorter periods when badges were worn would 
havs made these badge8 susceptible to lea8 environmental 
damage and, therefore, lass likely to overmtate dosages. The 
GAO also reported that the National Academy of Science8 1905 
report, "Review of the H . t h o d s  Used to Astsign Radiation Donas 
to service Pernonnel at Nuclear Weapons Tests," indicated 
film badges, under laboratory conditions and with the radia- 
tion source perpendicular to the badges, overstated dosage by 
40 percent. The ( ~ A O  questioned this data relevance, since 
cloud-naapling parsonnel did not wear film badges under 
laboratory conditions or in a radiation environment essen- 
tially perpendicular to their film badges. The GAO noted 
that the DoD, recognizing the lack af direct relevance, had 
contracted with the National Academy of Sciences to examine 
the film badge accuracy, and the results are due near the end 
of 1900. (p.68, pp. 02-03/GAO Final Report) 

o -RESPONSE: Nonconcur. The GAO statement that the in- 
tegron reading8 need to be used in conjunction with film 
badge readings "in view of the  problems known to exist with 
film badges~~ is incorrect unless it refers to overestimates 
of doses. The GAO ansumption that do8es are understated is 
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not Supported by any of the evidence presented in the report 
nor in the GAQ rebuttal, including the four examples cited in 
Table 111.1 of the GAO rebuttal. 

The film badge is designed to indicate the dose to the wearer 
in an omnidirectional field. The DoD recognizes that dif- 
ferences in exposure geometry will cause the film badge to 
read differently than in a free-field environment. These 
differences are known and have been quantified--radiation 
solely from the front will cause the badge to read high, 
while that from the raar will cause a chest-worn badge to 
read low. In an omnidirectional source environment, such as 
for a crewmember of a cloud-penetrating aircraft, the badge 
is considered by all authoritative bodies to be a measure of 
the dose to the blood-forming organs of the body. Nonethe- 
less, the DoD ha8 asked the National Academy of Sciences to 
examine individual personnel dosage in order to determine the 
validity of exposures assigned, The DoD does not regard the 
GAQ report as a technically accurate assessment. 

A DQD review of the GAO examples found none of the apparent 
discrepancies that the GAQ alleges to be caused by problemel 
with the film badges. 

In the firnt example-the pilot should have worn three 
film badge#, two mission badges and his permanent badge. 
The two identical mission badges which read 0.330 rem 
document how well film badges can agree in the same en- 
vironment. No error resulted in the total dose assign- 
ment because the dose recorded by the permanent badge was 
u8ed in calculating this pilot's total radiation ex- 
posure. 

In the second exampla the GAQ apparently only relied upon 
the information on the integron data sheet and did not 
verify the 0b8erv.r dose by looking on the individual 
radiation expoaure record, which is the official record 
of do8e. The integron data sheet only showed the 
ob8erver'n ta8k group number (i.e., 7.1) which wa8 not 
hin doae in dllirem. The individual radiation exposure 
record ahwad that the observer had two mission badges 
for that day which averaged 2.118 rem. 

In #a third example, the GAO incorrectly reported the 
o b s a ~ a r  dona as zero. Again, the source records for 
that individual #hawed he had two mission badges for that 
day raading 0.07 rem and 0.94 rem, averaging 0.91 rem. 
The reproducibility of the two mission badges is excel- 
lent and they compare closely with the two mission badges 
that both read 1.0 rem (1000 mrem) for the pilot. 

In the fourth example, the GAQ again misinterpreted the 
records. The observer f i l m  badge read 1.650 rem and not 
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0 rem, as the GAO cited. In this case there is only a 
0.050 rem difference between the observer and the pilot 
film badge readings. The use of film badges tor estimat- 
ing whole body gamma radiation exposure is more ap- 
propriate than use of the integron readings because the 
film badges were worn next to individual bodies, while 
the integrons were mounted in the cockpits some distance 
away from the crew members. When the aircraft were ac- 
tually in the bomb clouds, the radiation intensities were 
assumed to be uniform throughout the cockpits, but on the 
the return flight to the base, the cockpit radiation 
levels caused by contamination of the surfaces of the 
aircraft by radioactive debris were not uniform because 
the amounts of contamination and its distribution on the 
aircraft were variable. In the April 16, 1956 memo cited 
by the GAO (provided at enclosure 3 )  , the Lo8 Alamos 
scientific ~dvisor stated: 

"The radiation background to which crew personnel are 
exposed after departing the cloud arises from the dis- 
position of radioactive debris on the extsrior surface, 
ducts, and anginas of the aircraft. Since the reten-l 
tion of dabris by these areas varies from aircraft t a  
aircraft of the aame type and from ahot to shot, varia-' 
tion in the backgrouncl acquired will be experianced." 

In his Way 5, 1955 memorandum, the same scientific advisor 
discussed tha variation of the radiation intensity in the 
cockpit of a %-57A aircraft flown on a cloud sampling mission 
during o P ~ T I O N  T a m .  On this mission the pilot received 
a total radiation dose of 0.460 rem, while the observer 
received a total dome of only 0.365 rem. 

"The differonce between tha two exposures in the B-57A 
appars to ba similar to the difference observed in the 
feathenmight B-36, No. 1086, during OPERATION CASTLE, 
batwean tho total urposure for the forward compartment 
and that for the raar scannar. The ratio of the scan- 
ner to forward crew total expoaure was about 1.3, the 
incrawit in axpoaura for the forward compart?aent behg 
0.4 and that calculated fo r  the scanners about 0.8. In 
thim case it is balieved that the higher increment for 
tha mcanners was the result of a greater disposition of 
radioactive cloud debris on the protruding scanning 
bliatara and supporting surfaces which gave a higher 
background radiation rate near them during return to 
base than in the forward compartment. The pilot's 
canopy on the B-57A and the scannerqs blistera in the 
B-36 fuselage extend into the atreamline airflow around 
the fuselage in the same way in the two airplanes. The 
difference in return increments for the two positions 
in the B-57hI therefore, appear to ba real and to be a 
function of the canopy configuration.H 

He mtatad: 
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This variation in both the amount and the distribution of 
radioactivo dabris once again attests to the importance of 
thm location of the measuring device. 

Because film badge readings provide a more accurate indica- 
tion of tha whole body external gamma dose than the integron 
and the only f i l m  badge problems identified resulted in over- 
estimates of the doses, there is no need to use the integron 
readings. 
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o G A O A L  2: nonit orina ' Do vices Read Hiah er L evels oc 
an Anti chated ComDared to Film Bada es Worn bv 

rcrew. The DoD did not agree with the GAO position 
that earlior readings by iilm badge and a radiation measuring 
device--the integron, carried in cloud-sampling aircraft 
cockp~ts--ostablished a known ratio between the two readings, 
and that no satisfactory explanation had been provided for 
this ratio being higher in OPERATION REDWING and DOMINIC I. 
The DoD also disagreed with the GAO recommendation that in- 
tegron readings should, therefore, be reexamined for all at- 
mospheric nuclear tests (including OPERATIONS REDWING and 
DOMINIC I) and used to adjust the radiation doses assigned to 
cloud-sampling aircrew personnel. (The experts also rejected 
any suggestion that film badge readings were cast into ques- 
tion by intogron readings.) The GAO took issue with the DoD 
response, as follows: 

is not our belief nor our report's position that in- 
togron readings should be used in lieu of film badge 
readings in assigning radiation exposure estimates to 
cloud-sampling aircrew personnel. Rathor, wo believe- 
in view of the problems known to oxist with fil 

film badgo roadings can bo helpful in bottor dofiniw 
cloud-sampling aircrew personnel dose. This pomition, 
in our view, has an'adoquate scientific and analytical 
basis. 

The GAO also citod language in NCRP Report 57, mtrumen ta- 
t ion nito&u Heth ods S or R a d m i o n  Prote ction, in- 
dicating that, unloss radiation was uniformly distributed, a 
measurement at on. point could not strictly determine the 
ttwhole body dose," and that at lovels near the maximum per- 
m i s s i b l o  doso, caroful ovaluation and correction factors 
should be appliod. 

qtGiven...thoro ia no cortainty that cloud-sampling 
aircrows wore subjected to a uniform distribution of 
dose, US. of intogron readings in conjunction with film 
badgo rmadinqs to bottor define aircrew dose would seem 
advisablo." 

Citing two instances were the pilot and obeomer film badges 
recorded vory different levols, tho GAO further concluded 
that tho intogron roading could arbitrate which was correct. 

In addition, tho GAO noted an April 16, 1956, marnorandurn in 
which a La m  Alamos cloud-sampling sciontific advisor iden- 
tified a 1.25 intogron-to-film badge ratio, based on observed 
diffarencos in readings by theso devices at earlier atmos- 
pheric nuclear tosts. 

badges--that integron readings usod in conjunction wi 4 

Tho GAO concluded: 
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!JPE=TI ON RED WING: The GAO stated that in 1955 it had 
independently compared ratios of readings for OPERATION 
TEAPOT, (1.24), as well as for 61 OPERATION REDWING mis- 
sions in which the F-84 aircraft was used (1.64). The 
GAO also noted the April 16 memorandum stipulation that 
the 1.25 ratio was based on film badges worn underneath a 
lead vest. The GAO concluded that this change in ratio 
in identical aircraft indicated a need for further ex- 
amination of integron and film badge readings. 

OPERATI ON DOMI NIC I: The GAO observed that lead vests 
were not worn in OPERATION DOMINIC I and, therefore, film 
badge and integron readings should bo closer than the 
1.25 ratio. The GAO concluded that, since the DoD had 
calculated the ratio was higher than 1.25 at OPERATION 
DOMINIC I, a further examination of, and comparison of, 
integron and film badgo readings seemed warranted. The 
GAO further obsemed: 

in ratio was caused by a 
change in the rolative radiation environments, it could 
offer us nu proof that this cauned the increase. UntiJ 
that proof is developed, it cannot be ruled out that 
the incraaso in ratio was not caused by errors in film 
badge measurements.* 

The GAO further reported, with rospect to the experts, the 
following: 

"In finalizing this report, we met with nrs. Sinclair, 
Wyckoff, and Wobster to clarify our position on the in- 
tagron reading issue. We indicated...our position that 
becauso probloms were or are known to exist with the 
film badpas, the integron readings can ba used in con- 
junction with the film badge readings to better define 
cloud-sampling aircrew personnel doae. Each of the 
thrao NCRP individuals agreed thoro was merit to using 
the intqron readings to confirm or dony, in genaral 
term, tha roadingm made by tho film badge." 

The GAO a180 reported that it had asked the Office of Tech- 
nology hssesnment to review a draft of the report, and that 
offico informally expressed support for the findings, conclu- 
sionn, and recommendations in the draft report. (pp. 67-70, 
p. 83/GAO Final Report) 

o -: Nonconcur. The variation of the film badge to 
integron ratio warn known at the time of these operations. 
The value of 1.25 was only an average that was valid when the 
aircraft were actually in the radiation clouds and the radia- 
tion f l u  in the cockpit was uniform. Aftor penetrating the 
cloud, the contamination on the aircraft vas not uniform and 
thus neither wan the radiation flux in the cockpit. This 
variation in radiation flux due to contamination on various 

I 

"Though D o D  said the increase 
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parts of the aircraft was discussed (by the Los lamos scien- 
tist cited by the GAO) in a memorandum of 1 rty 3, 1955. 
During OPERATION TEAPOT, the total dose to the pilot of a 
B-57A was 30 percent higher than the dose to the observer. 
The reason d v e n  for this difference was a hiaher backaround 
radiation rite for the pilot. In the memo of-April 16; 1956 
cited by the GAO, the LOB Alamos scientist states: 

"The radiation background to which crew personnel are 
exposed after departing the cloud arises from the 
deposition of radioactive dobris on the external sur- 
face, ducts, and ongine8 of the aircraft. Since the 
retontion of this dobri8 varias from aircraft to 
aircraft of the same type and from ahot to shot, varia- 
tion in the background acquired will be experienced." 

Because of the variation in the cockpit background, the ratio 
of the integron to film badge readings for total exposure 
also varies. 

While the GAO claimed that the NCRP scientiste supported 
their position, what war actualy 8aid i8 reflocted i 
encloaurea 12 and 13. Specifically, Dr. Sinclair statod, *f 
do not balieve (a) that integron roading8 ahould be uaed h 
liou of film badge roadings, but (b) I do beliove thoy could 
he holpful in car08 whore the film badgo im s ~ m p e c t . ~  A8 
discuamed above, however, thm GAO has failod to provide 
genuine examples in which t h e  correct doso cannot be ascer- 
tainod from the full set of historical film badge records. 
The GAO addre88ed only sdectivo portions of theso documents. 
The other rcientist, Dr. Wyckoff, 8aid the GAO statement was 
ambiguous and added, nRuthermore a value of 1.25 obtained 
from the f i l m  badge and intogron readinga not be used 
to corroct the f i b  badge reading." Lnetly, the Offico of 
Technology A8sas8ment wa8 not given the opportunity to reviow 
the DoD comments to the draft GAO report prior to making its 
iniormal commmnts. 
It would appear that thm GAO ha8 boen molective in its use of 
data and am a romult has attemptod to draw scientific conclu- 
sions not supportod by experts in the field. 
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0 -  A 3: Claim In volvina 1 0 to 15 R em Ranae Gama 
Radiation. The DoD noted that film badges worn in OPERATION 
TUMBLER-SNAPPER and OPERATION REDWING had some additional er- 
ror in measuring gamma radiation between 10 and 15 rem. The 
DoD pointed out, however, that no claim involving a badge 
falling into this range had been filed with the Veterans Ad- 
ministration (VA). According to the GAO, however: 

Vontrary to DoD's statement, there has been at least 
one VA claim for radiation-related disability compensa- 
tion in which the claimant had a film badge read- 
ing...in the overlap rang.. The claimant participated 
in early cloud penetration work at OPERATION REDWING. 
H i s  total assignod dose was 15.8 rem, which included a 
single cloud penetration mission dose of 14.8 rem. In- 
terestingly, we observed that this individual's film 
badge record included an arithmetical understatement of 
0.62 rom, bringing his correct total dose to over 23 
rom. Thi8 individual claimed compensation for varicose 
vein8, defective hearing, hammorhoid8, heart disease, 
and dogonerativo spine, none of which i8 conmidered 
radiation-rolated. Thu8, it 1s uncortain whothor hi 
claim for radiation-related disability compen8atio 
would hava boon grantod even if his corroct total d o n  
had baan reportod to tho VA.n (nCommont 6' p.69/GAO 
Final Roport) 

o -RESPONSE: Nonconcur. The DoD has found that tho REDWING 
cloud sampler reportod by GAO, with a 14.8 rem mission badge 
for one day, was not, a8 GAO stated, a VA claimant. H e  has 
no known illnesses and ha8 never filed a VA claim. As DoD 
stated in itm comments to the draft reportl any individual 
filing a VA claim w i t h  a singlo badgo in tho 10-15 rem range 
will bo prwidod the full information. 

htrthermora, an analysim of tho actual film badge at Reynolds 
and Electrical and Enginoering Company (REECO) by DoD 
rewaled that tha low componont portion of tho permanent 
badgo warn incorrectly recorded as 8.62 1.0. That particular 
film was SO dark that the density was woll above tho 10.0-.rem 
rangi, rapromanting an unreadable deneity. It was realizod, 
at tho tin, that it could not be reliod upon to determine a 
dose. Instoad, tho film badge procos~or raliod upon tho dose 
recorded on tho high component portion of t h o  mismion badge 
in a8siqning tho dose of 14.8 ram, Tho GAO i8 correct in its 
concern that thm 15.08 rom dose (datamined by the two m i s -  
sion badgos of 14.0 rem and 0.280 rem) does not fully reflect 
the individual's full dose. This kind of error is being 
resolved by tho systematic review of the sourco documents 
currently ongoing. With modern dose roconstruction tech- 
niques, it is now posmible to provide an additional dose 
based on contribution from island fallout. For this in- 
dividual, an additional estimated dose of 2.767 rem takes 

x 
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into account his exposure from July 1 until August 6, 1956, 
whon ho departed. This also includes the fallout contribu- 
tion from Shot TEWA. Current DoD procedures will assign him 
the 15.08 rem total from his mission badges and an additional 
estimated dose of 2.767 rem (covoring the period that his 
permanent film badge would have recorded) f o r  a total of 
17.847 rem, not the 23.7 rem proposed by the GAO. The addi- 
tion of the mission badges and the incorrectly reported per- 
manent badge reading, as used in the GAO computation, is not 
the proper method to resolve this particular individual's 
full dose potential. 
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o -REBUTTAL 4: gadae Issue and Turn - in Dateq . The DoD ad- 
vised that, for OPERATION REDWING, there are issue and turn- 
in date records showing the badges were not lost, but were 
worn more than four weeks (at REDWING, this would result in 
an overestimated dose). The DoD also advised that there was 
an organizad system to account for all badges at REDWING, and 
any lost badge should have been noted on the source docu- 
ments. The GAO reported, however, that its review of avail- 
able records confirmed 18 REDWING cloud-sampling personnel 
film badges were issued and not turned in, and the film badge 
records did not note the missing badges. The GAO also ques- 
tioned whether a film badge worn for more than 4 weeks would 
result in an overestimated dose. According to the GAO, (1) 3 
REDWING cloud-sampling personnel apparently wore particular 
film badges for more than s i x  weeks, (2) Under the environ- 
mental conditions present at OPERATION REDWING--about 80 de- 
grees Fahrenheit temperature and about 80 percent relative 
humidity--several scientific publications euggeet film badges 
tend to fade or underestimate dose, and (3) a 1963 article, 
"Accuracy and San8itivity of Fila Haasuraments OS Gamma 
Radiation - Part 111," in K.ealth Phvsics, [states: J 
decreases in film badge radiation readings as low as 50 per- 
cent ware Sound in all exparimente at 80 degrees Fahranheit! 
temperature as relative humidity increased above 60-70 pe+ 
cent. ("Comment 7' pp. 69-70, GAO Final Report) 

o PpD RES-: Nonconcur. The loss of a permanent badge does 
not mean that no radiation exposures were recorded for that 
period of time. Once again, the GAO has approached the 
problem aa though only one film badge had been worn by cloud 
samplers. The GAO should acknowladge that multiple dosimetry 
aided proper doae determination, even when a badge may have 
been lost or flawad. Specifically, for cloud samplers, mis- 
sion badges were issued Sor each mission and these would have 
recorded any radiation exposures .received during missions 
flown. Th. only radiation exposure not recorded would be 
that receivmd from background on the ialandn. These back- 
ground lovels have been calculated and are shown aa cumula- 
tive doses in the table at the end OS this response. For any 
time pmriodm wh8n prmanent film badge data is not recorded, 
data from this table is used to estimate background doses. 

The prob1.r with badges worn more than 8 i X  Weak8 at OPERATION 
REDWING was M a t  water spots were darkening the film. In a 
letter to his division leader, a Loa Alamos scientist d i s -  
cussed this ptoblu. 

W e  are still having some difficulties with the per- 
manent Silm badges. Thoae worn more than six weeks are 
showing what looks like water marka. Apparently the 
celluloae acetate ia sufficiently permeable" [so that] 
"the water vapor is getting through. Then it condenses 
during the night and does produce some spots. Ap- 
proximately one percent'of a relatively small sample 
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checked ate badly water spotted to the point that tney 
cannot be truly read with either the Shaler or A ~ S C O  
densitometers. However any reading will be on the safe 
side. 

The article cited by the GAO does not address this problem. 
Nor does the article conclude, as maintained by the GAO, that 
radiation readings taken under the environmental conditions 
present at OPERATION REDWING would cause film badges to read 
as low as 50 percent. It concluded, instead, that the 
response of unprotected film packets exposed to radiation was 
decreased by the presence of water vapor at temperatures up 
to 80 degrees Pahrenheit. As an effort to monitor this 
problem closely at REDWING, calibration badges were exposed 
to a known amount of radiation and processed along with 
badges worn by test personnel, i . 0 .  , monitoring badges. An 
accurate reading on the calibration film aerved to confirm 
the validity of the film badge processing procedures. A 
variation in response, though, would only effact dose assign- 
ments "if calibration films are exposed to wanner or dryer 
atmospheres than those to which the monitoring films are ex- 
posed.n At Operation REDWING, the calibration films were ex- 
posed to cooler tamperatures and to the same water vapor ad 
the monitoring films. Thus, the responne of the monitoring 
films would havo been higher than that of the calibration 
films and radiation doaei. would be overstated, not under- 
stated. 
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Date (19S6) -- 
July I 

2 
3 
9 
S 

6 
7 
8 
9 
10 
11 
12 
13 
I9 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
23 
26 
27 
28 
29 
30 
31 

Dose (rem) 

0.001 
0.002 
0.039 
0.061 
0.072 
0.078 
o.on 
0.087 
0.090 
0.100 
0.107 
0.1 11 
0.114 
0.117 
0.119 
0.121 
0.123 
0.124 
0.126 
0.127 
0.388 
I;))@ 
1915 
2.167 
29349 
2.471 
2.525 
2364 
2397 
2&27 
2.653 

Date - 
August 1 

2 
3 
9 
5 
6 
7 
8 
9 
10 
11 
12 
13 . 

11 

15 
16 
17 
I8 
19 
20 
21 
22 
23 
21 
25 
26. 
27 
28 
29 
to 
31 

Dose (rem) 

2.676 
2.69X 
2.7 17 
2.735 
2.752 
2.767 
2J80 
2.795 
2.807 
2.819 I 

2.830 
2.840 
2.850 
2.860 
2.867 
2.877 
2 . a ~  

.. 2.899 
2.901 
2.909 
2.9 I6 
2.923 
2.929 
2.936 
2.992 
2.948 
2.953 
2.959 
2.969 
2.970 
2.974 
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0 TAL 5: Diff erent Film Bada e and In tearon R eadinss. 
The DoD advised that, at OPERATION DOMINIC I. a film badge 
placed on the integron ion chamber (where it would be exposed 
to the same radiation environment as the integron) gave 
slightly higher readings on the average than the integron. 
(The correlation between the film badge on the intagron and 
the integron reading was close: 0.97 plus or minus 30 per- 
cent.) The DoD pointed out that these data demonstrate the 
integron and film badge readings were due to radiation en- 
vironment differences, not to errors in either integron or 
thO film badges, and confirm that the film badge provided an 
accurate indication of radiation exposure. The GAO asserted, 
however : 

HIn reviewing our draft report, an NCRP distinguished 
radiologist and f i l m  badge expert prepared a series of 
calculations that illurtrated why the integron and the 
film badge worn by the aircraft crew may read d i f -  
ferently even when both device. operated as intended. 
Those calculations showed, in part, that beCau8a each 
crew memberfs body was mhielding some of the radiation 
from reaching the film badge worn on the chest, thq 
film badge could conceivably raad only one-half OS m. 
amount of radiation present in the surrounding environ- 
ment. 

'Thosr calculations, we believa, aerioualy challenge 
DoDfs assertion that the film badge provided an ac- 
curate indication OS radiation exponure. At minimum, 
the film badge would not have accurately recorded the 
radiation that was absorbed by the crew member's body 
and shielded Srom reaching the Silm badge. In view of 
those calculations, our report recommends that DoD use 
integron raadinge in conjunction with film badge read- 
ings to better desine cloud-sampling aircrew dose.' 
('Comment 10' pp. 70-71, GAO Final Report) 

0 ~ R E S P O N S I :  Nonconcur. The GAO has seriously misquoted 
the information provided by the NCRP distinguished 
radiologint and Sila badge expert. He provided an explaka- 
tion for diSS.rurcas, and concluded thara was no reason to 
suspect that Silm badge6 underestimated the dose. His cal- 
culation. demonstrated that free-in-air measurements of 
radiation lavals ara higher than measurements made at the 
body surfaca bacauae a i  nhieldinq by tha torso, He also made 
it clear that, for determining the whole body radiation ex- 
posure, tho body surface measurement6 rhould be used. lie 
specifically stated the following: 

"This reviewer therefore conclude6 that there is no 
reason to suspect that the film badge readings 
funderstate* the skin dose received by the sampling 
crews because of the integron readings, and that sub- 
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s t i t u t i o n  of the higher integron values would be inap- 
propriate..." H e  goas on, V h e  fi lm badge actual ly  = 
t h o  person is probably t h e  best arbiter of dose.Il 

I n  a mor. recent l e t te r  of November 1 2 ,  1987 (provided a t  
enclosure 1 2 ) ,  D r .  Warren S inc la i r  s ta ted ,  "1 do not believe 
(a) t h a t  integron readings should be used i n  l i e u  of film 
badge readings, bu t  (b) I do believe they would be helpful i n  
cases where t h e  film badge is suspect. (Note the integron 
could bo suspect too and is unlikely t o  have a better perfor- 
mance than film badges.)" 

Also, Dr. Harold 0 .  Wyckoff, t h e  former Head of t h e  Interna- 
t i o n a l  Commission on Radiological Protection i n  a November 
2 4 ,  1987 l a t te r  stated: (provided a t  enclosure 13) 

Vurthermore, a valuo of 1.25 obtained fro= film badge 
and integron readings a o u l d  not  bo used t o  cor rec t  tho 
film badge reading." 

D r .  Wyckoff a180 providod information on tho offoc t  of in- 
togron placumnt i n  r e l a t i o n  t o  p i l o t  and obsorrar.  
ing, ho statod: 

. 

In  C ~ O S - ~  

"1 am m t i l l  of tho opinion that  the GAO repor t  8hould 
not bo published." 
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0 V A L  6: Emerts Reviews of DoD An alVSia. The DOD 
advised that, because its conclusion conflicted with the GAD 
statement--"radiation in the cockpit was fairly uniform and 
positioning should not alter the integron and the crew's 
film badge readings by more than a law percent"--it con- 
tacted the five scientists interviewed by the GAO and asked 
them to review the DoD analysis. The GAO notod that all 
five scientists concurred in the DoD analysis. According to 
the GAO, howover, the DoD provided the scientific advisors 
an analysis of REDWING integron-to-film badge comparisons 
separately for the P-04 single seat and B-57 double seat 
cloud-sampling aircraft. The GAO notod that the DOD ratio 
for the P-04 aircraft was 1.61 and for the B-57 aircraft was 
1.23. The GAO observed that, bocauso the integron was not 
similarly positlonod in both aircraft at OPERATION REDWING, 
the DoD concluded that pomitioning accounted for the dif- 
ference in avorage ratio for each aircraft, and the five 
sciantific advisors agreed. Tho GAO, on the other hand, as- 
serted the following: 

"If DoD had also provided those advimors with a similar 
analy8is of data for Operation Teapot, held in 1955 
(#e ymar before Operation Redwing), the analysis would 
havo shown that tho avorago intogron-to-film badg8 
ratio for tho P-84 aircraft wa8 1.24 and for the B-57 
aircraft was 1.35. Whmreas, at Operation Rodwing, tho 
intogron-to-film badgo ratio was higher in the P-84 as 
opposed to the 8-57 aircraft, at Oporation Toapot the 
revorm was truo. Thus, historical roviow of other 
tost oporations would not support D o D ' s  conclusion that 
differances in radiation readings can simply ba ex- 
plainod on tho basis of the typo of aircraft used." 
(Vomment 11" p. 71/GAO Final Report) 

o -: Nonconcur. Tho DoD has pointed out previously 
that many factor8 play a role in dotermining the ratio of in- 
tegron to film badgo roadings. The attompt to draw correla- 
tions betwoon tho ratio of intogron to film badge from test- 
to-test or aircraft-to-aircraft is not relovant to the as- 
signment of individual dose. This only proves #at tho film 
badge worn on t E m  body im still tho bemt indicator of dose'to 
the individual. 
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o UTTAL 7: Effects of Loa d Veats. Tho DoD advised 
that, according to the assistant scientific director for 
cloud-sampling at REDWING, the load ve8t covered the front of 
the body from the shoulder down to and including the bladder 
and gonads. The DoD pointed out that, according to a 1957 
study of cloud samplers, the vest reduced the radiation level 
by six percent, and based on a 1962 study of cloud samplers 
at DOMINIC I, the pilot seat offered at least as much shield- 
ing from radiation as a lead vest would have provided. A 
pilot at REDWING WUS shielded by both the vs8t and seat. The 
GAO responded: 

"In preparing our report, different opinions were 
provided to us on the area of the body covered by the 
lead vest. Figure 111.1 of cloud-sampling personnel at 
Operation Plumbbob (1957) shows that the lead vest ex- 
tended from the shoulders down to just below the waist 
but did not cover the bladder or gonads. REDWING 
cloud-sampling pilots whom wo contacted indicated that 
the lead vest umed at that operation was of similar 
dosign and provided sinilar protection, and did not 
cover the bladder or gonads. ( "Comment 13" p. 71/Gh? 
Final Roport) 

o -: Nonconcur. Information from the consultants, 
who knew most about the use of tho lead vest ( i . e .  , those 
responses provided at enclosure8 3 through e ) ,  indicate6 that 
when a pilot sitn in the seat of an aircraft, the heavy lead 
ve8t falls down ovor the pelvis and effectively shields the 
gonads, tho bladdar and pelvic bone structure. In addition, 
the heavy seat provides significant additional shielding to 
this region of tho body. 
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0 -UTTAL 4: Whole B odv Em osura. The DoD advised that 
the vest and seat shielded the gonads and more than 80 per- 
cent of the blood forming organs, and the only uncoverod area 
was tho eye lens (which the VA does not regard as a site for 
radiogenic illness). Consequently, the DoD concluded that 
the film badge worn under the lead vest reflects the whole 
body dose as defined by the NCRP. In response, the GAO 
contended: 

"The NCRP (National Council on Radiation Protection and 
Measuremonts) defines whole body exposures as exposure 
to the blood forming organs, or specifically the red 
bone marrow, gonads, and to the lens of the eye. Ac- 
cording to a NCRP distinguished radiologist and film 
badge expert, 50 percent of a poreon's red bone marrow 
lies below the waist. To the extent that tho lead vest 
extonded from the shoulders down to only just below the 
waist, the film badges WOM undernoath the load vost 
would not reflect the radiation dose to about 50 per- 
cant of the red bone marrow (lying bdow tha waist) , 
the gonads, or tho lons of the eye.* ("Comment 1 4 "  
p. 72/GAO Final Report) I 

o -RESPONSEI Nonconcur. As noted in the response to the' 
GAO Rebuttal 7 above, the load vost affordod much more 
protection than tho GAO iripliod ( i . e . ,  the GAO statod that 
the film badge worn boneath the lead vest would not refloct 
the radiation do8e to about 502 of rod bone marrow). DoD 
believes the load vest was effective in roducing exposure to 
much o f  the rad bone marrow in the pelvic rogion, which in- 
cludes 362 of the body red bone marrow. Tho additional ef- 
fect of tissue shiolding and the shielding of the seat would 
mean tho film badgo still over-estimated the dose actually 
received by the pelvis, gonads and red bone marrow. 
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o -: lllbyroid Cancer o r  Eve Len S Disabilit . The 
DoD advised that, if the VA submits a request for dose'infor- 
mation on a came involving thyroid cancer or some eye lens 
disability and the man wore a lead vest with a film badge un- 
der it (which has not occurred to date), the DoD will inform 
the VA that the dose to the eye or thyroid could be six per- 
cent higher. In response, the GAO contended: 

"According to the early cloud penetration report for 
Operation Teapot ( 1 9 5 5 ) ,  the lead vest worn during that 
operation reduced the level OS radiation exposure to 
the chest by about 15 percent. Thus, DoD may want to 
review the available information on the effectiveness 
provided by the load vest for the various atmospheric 
nucloar weapons testing operations before it reports 
any adjusted doso to the bladder, oyer or thyroid to 
the VA." ("Comment 15" p. 72/GAO Final Report) 

o -RESPONSE: Concur. Based on materials presented in the 
GAO rebuttal, ir the VA submits a requemt for dose inrorma- 
tion on a came involving thyroid cancor or mome eye lens dis- 
ability, and the man wore a lead vost with a film badqo under l 
it (which ham not occurred to date), tho DoD will info- tho . 
VA that the domo to tho eye or thyroid could be as much am 15 
percent highor. 
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* * e * * *  

RECOMMENDATIONS 

0 -: The GAO recommended that the Secretary of 
Defense direct the Defense Nuclear Agency (DNA) to correct 
the GAO-identified errors in tho film badge exposure records 
of cloud-sampling personnel participating in OPERATIONS 
REDWING and DOMINIC I and, given the frequency of such errors 
identified, review for similar errors each A i r  Force in- 
dividual film badge exposure record. (p. 5/GAQ Final Report) 

o poD ~68~~1342: Concur. This recommendation is assentially 
moot, however. Since 1979, the DoD has baen carrying out er- 
ror correction. To date, source document errors have been 
corrected for about two thirds of the test series. The DoD 
will continue to work on tha remaining record8 and an- 
ticipates that this project will ba complated in another four 
years. 

In addition, it is (and has barn) DoD policy to check the 
source documents before responding to VA requests for doses.I 
To make sure this policy has been followed, the DaD recently 
conducted an intarnal review of VA cases. Moreover, the DNh' 
will assume the respondbilities of the Servicem to ensure 
consistency and sustain the effort raquired for this task. 
(The Air Porce, Navy, Uarine Corps and Army responsibilities 
have already been asmumed by the DNA. 

o -2: Tha GAO recornended that the Secretary of 
Defense direct the Dafense Nuclear Agmcy to uae integron 
readings, in conjunction with film badge readings, to better 
define the radiation dosa received by cloud-sampling person- 
nel for all ataorpheric nuclear weapons test, including 
OPERATION# REDWING and DOMINIC I. (p. 5/GAO Final Report) 

o -: Nonconcur. The personno1 doses are not better 
defined by using integron roadings in conjunction with film 
bad98 raadings. Tha intagron readings are considered less 
accurate than tho Film badge readings in manuring the radh- 
tion dosos racaivad by the crews. This war effectively 
stated by Dr. Warren I[. Sinclair, tha Prasidant of the Na- 
tional Council on Radiation Protection and Moasuramants, as 
follows: 

"In currant occupational practice, the dose at the BUT- 
face of the body as measured by the film badge on the 
body, is the dose that is measured and recorded. Pend- 
ing a different approach to the specification of oc- 
cupational doses by authoritative bodies, such as ICRU, 
ICRP, and NCRP, it would seem that the film badge read- 
ing in this c a ~ e  of these aircrews is likely t o  be cor- 
rmct as in other occupational 
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ANNEX A 

TO APPEtiDlX A OF ENCLOSURE ?I 

1. F11m LIa\l&es: ThG f i l m  badge pragram was dusljncd t o  y r w I d <  a 
du.ap2 i nd lca t ing  d w r c e  t o  a l l  personnel in  l h e  Task Force I n  urder  
t ha t  conp lc t e  d o s y Q  information could be maintained on everyone cn tc r -  
ing t h r  Christmas and Johnston Islands during tho Operation. Film 
badgo, were rrsued lo a l l  indrviduals upon t h e i r  a r r i v a l  D L  those 
locations, with I tutructlons t h a t  t h e  badge would be worn a t  a l l  time., 
and would bc turnad I n  on r o c a l l  by Aadsafe Branch, upon exit  from any 
contamiiialcd arc., rcturn Irum a cloud sampling mission. or upon 
dcparturu from the  test  araa. The badge conr i s tcd  of Lbu W o n t  556 
fi lm p u k u t  (508 component 0-10r range and 834 ccmponcnt 0-1000r range) 
dipped in c o r e s l n  w a x  end tben packwcd in a r i g i d  polyvinly ch lo r ide  
(PWAcase. The purposo of t h e  ~ 8 %  d i p  and lhe  WC case was t o  mako the  
f i lm  packet impomious to moisture I n  order  t h a t  I t  might be worn for 
r eve ra l  months r i chou t  d e l u ~ i o ~ 8 t i O ~ .  Based upon extensive cxperience,  
and a check of overall e f f i c i ency  of l h e  packaging of simrlar barlgcs 
used during Opcratlon IURm'ACK (JTF 7) ,  i t  Was not CxpQCtCd t h a t  any 
8 Ign i f i can t  f a i l u r e  in packaging would occur. Horwer, near t hc  cnd 
of t he  ope ra t ion  when certain f i lm  l o t s  were being proceasfd, i t  cas 
observed t h a t  hlgber-than-expected dosage readings were bring oblolned. 
An immediate check ol t he  roa t e r s  revealed t h a t  the  lnd iv idua ls  who 
had worn t he  bad... could hard ly  have recelvcd such dosagas, since they 
had not p a r t i c i p a t e d  I n  any oporation which would have subjectud them 
to such an expomure. A aubaequeat analya is  uf the  f i lm  indicated tha t  
t h Q  film p u k  sulfsrrd deterioration due t O  environmental conditions.  
This  d e t e r r o r a t i o a  was a u f l i c l u n t  t o  catme an erronwus rending of t h e  
f i lm. Carc fu l  examination oi t he  film base To# m o a l e d  t h e  pa t i c rn  
obsolved to b. t h a t  Ch~r8Ctc r i ¶ t i c~1 l ly  nsaociated wilh envlronsental  
damye  such a8 hes t ,  lighC,and b t u i d l t y .  and no1 tha t  of ioniz ing 
ru l ln t lon .  The w u  dlp  w u  s u a p o c t d  of being inndequnte, rendering 

d w e .  

2. 

t he  Ill= p a c b t  V U l M t . b l e  t O  Sea1 faIlUre with re ru l tanc  l i g h t  

film Badge Pdaesslng and Record Posting: 

a. % d a i n t r y  aections were required f o r  the  P a c i f i c  Tes t  
Aron. One was es tab l lahcd  a t  Chr i s t sa r  I s land  an2 thc o the r  i n  Hono- 
l u l u ,  Hawaii. the Christus I s land  sec t ion  h a n d l d  e l l  film badge 
dosimetry for  t h e  Christmas Island OperStioCS. using thQ Honolulu 
i n s t a l l a t i o n  as a back-up. The HOnolulu i n s t a l l a t i o n  pcrformcd a11 
dosimetry f o r  Johnston 1SlMd t h e  Barbers Point personn.1 of tho Task 
Force. 

b. During the  pcriod 1 Aprll - 1 November 19G2. 43,000 f i l m  bndgcs 



- . . 

I 

werc issued. processed, and the  InfOlPStiOn recorded. Records wore 
maintained on appruxlmntely 30,000 individuals .  Pa lm was processed 
urlny standard tcchniquul.  
tne E b e r l i n e  densi tometer  and convcrtcd into d o s u e  using a atnndard 
ca l ib ra t lun  dosage curve. The cn l ib ra t lon  curve was e i tnb l i shed  under 
the noma1 proccrs  of uxposing unused film sgminst a k n a n  radiation 
sourcc s trnegth  f u r  spoc l f lcd  pcrlodr of t iac.  

O I N l t Y  s h w a  On f i l m  wan Chon rcnd using 

E. The dosc records cards (S x 8 cards)  W e n  prepared i n  the Hono- 
l u lu  section, u t i l i z ing  four  to u i x  female c l e r k s  liirod locally. 
Approxlmotely 20,000 f ive-by-olght  da t a  cards were typed a d  i n l t l a l  
dosages postcd. 

d. F l l n  badger worn by s u p l o t  airCrOft C m i  were col lec ted  1 
i&iat+ly .Iter each w e n t  and rwturned to RadsE'r Bronch Dosimetry 
Soction ror expedi t ious  p r o e e s s i y  (6 hrs)  of d o s y e  i n l u r u t l o n  to 
s ~ c e s s i v o  s u p l e r  craw.. 
USAF, Operated by JW 8 radsafo personnel,  -a5 locotad in t h e  JOC nrea. 
T h i s  trailcr contained t h e  necessary rquipment for developing and drying 
f i l m .  Subanquently, f i l m  was read i n  t h e  FS-3 deluitomoter manufactured 
by thc  Lbar l ine  I n i l M e n t  Corporation. Two such i n i t r m e n t r  with 
aux i l l l n ry  punch ca rd  readout,  t g e t b e r  with an sddnssograph machlne, 

A photodosimetry trailer un luau from t h e  

wore s l t u a t o d  i n  the  bui ld ing  nux* I7 t h e  C r O l l O r .  This complotely 
a i r  condltloned bui ld ing  b0w.d the  doalmotry Section and the TU 8 . Z . l  
radsafe office on one end, t he  JTG 8.4 instrument n p a i r  sec t ion  on 
t h e  o the r  end, and provlded u t i l i t i e s  se rv icu  to the photodosiwtry 
lroilcr. 

8 .  Near the end of the Chri5tlO. Xiland tes t  i*ri*#, l he  d o s i u t r y  
o p o n t l o n  a t  ChriatmU I s lond  was n l o c a t e d  In tlo.olulu, Hawr.11. 

1. On 1 I l a n b e r  lSS2 the  Honolulu d o s i u t r y  operat ions werc 
tominatod and pnpantlons were 1nltiat.d to  tr10sf.r n11 processed 
f i l m ,  f i l m  npulrin# procesoing, and records and r t a r i a l s  to  t he  
Nwda 7e.t Slta (m), k r c u r y ,  Nwadn. Wynold. tlectrical and 
Cnglmriw bpIUIy (neEcO), lCC*t.d a t  
portion of the film bdge proc*asing and prepan a f i n a l  IBY listins 
with the 4SSiSt.Dce of aweral sn1oct.d JTT 6 r a d s d e  porsonnel. ?our 
of the orMina1 J W  S r.ds.Ie porronnel arr ivod 4t NTS on 7 Nmcmber 
1-2. and the r a n i n i n $  t h m  s r r ivod  durlne the mriod 17-20 Novembar 
1962. mquipunt and u s 0 ~ 1 8 t e d  materiala bm#m to  a r r i v e  at  KFB 
betwwn 14-11 Ilovmbr 1W2. 

Appmximntoly 10,OOO f i l m  badge packets were opened by J1p 8 

had urwd to  do t h e  f i n a l  

g. 
radsafe  personnel and sent t o  the BBllCo d o m i u t r y  lnboratory for pro- 
cesslng. Approximntely 1,OOO addi t iona l  f i v e  by e U b t  d a t a  cn rd i ,  

a p p m x i u t o l y  30,000 llntings w e n  wstod, lina1ix.d ond coded for 
IBY Lay punching during the period 17 Novenber 1Q2 - 11 January 1963. 

NAvylo Io- (Naval YQdlCa1 F O r U  i n P i C a t i n #  U.S. N 4 T Y  i S S W ) ,  and 

N-A-1-2 - 



+ *  . 

h. In order t o  u t i l i z e  t h e  IBY SyStcm f o r  llstllq f i n a l  r o s t c r s ,  
organrzar ion codes rero established by croups i n  t h e  q u a n t i t l o s  l n d i -  
cuted below: 

GROLP - 
He JTP s 
U.S. Amy 
U.S. Navy 
U.S. A i r  ?Om* 
c1vi1inns 

W Z R  OF 
SEPAILLTX COD= 

10 
92 

162 
400 
85 

Total: 740 
- 

1. Interlm l i s t i nms  r e m  furnished by t h e  IBM dlv is lon  uf W C o ,  1 
and alter the f l n a l  review, a l l  doso card. wera m t t d  and the  f i n a l  
Iiatlngs wora prepared In  tbo q u a n t i t i e s  .I follows: 

TYPE U W m R  O? - 
LIstlKis 

Alphabet ical  ia  
A l p h s b c o c a 1 4 ~ a n i r a t l o n  la 
S e r v l c r A l p h a k t l c s l  4 
S e ~ i ~ c - O r g a n l z s t l ~  1 
N~ricel-Non-ibturaod Badge8 4 
Alpbabmtical-#on-Roturnd Badges , 4 
Un4ssllcl.d EUdcea 4 

j. All coplos  of tb. final rosters were d e l i v e d  to N q ,  JTP 8, 
Washington. 0. C. by thcIIX)IC, JTF 8 IUdsrie Branch. 
were then separrtd Ocld Wac to tho propr co#DlZMt Yency: Surwons 
0.norsl. U.8. m, U.S. Air ?orce; Chief, Bwrau of Udlc lne  and 
aurgory, ~ r y p p u t m n t ;  Chlof Udlcel Of f l ce r ,  U.S. Coabt G u a r d ;  

The reports 

-0 DIViSlOO Of mI%CiWl S U e t y ~  

k. lour m 8 rsdsrie p.rsonno1 rouiad at  ItTS for the :inal 
roll-up a i c h  imc1ud.d assmbling a l l  final da ta  r.cords and processing 
111. into acceptablo order for  proper s tor4e  at WR3 by ~ C O .  
c a p l e t t o n  of al l  dwlmotry  work for Operation DarINIC, r L t b  tho 
except ion of unmeirod fih bad.... the JTT 8 M s U e  Branch Uosimetry 
Svction wns d i s s o l v d  d a11 personnel returnd to Lhcir bone s t a t ion .  

3. Pocket Dosimters: Pocket doslrt*P*, Bondlx Yodel NO, 611, 0-5 r 
ruy. ,  were also ua.d u a maas of ob ta in ins  quick inforna t ion  on a i r  
Craf t  C m  dO8UO.  

Upun 

N-A-1-3 
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2.1.2.1 Cookpit Radiation Backround &'tar Panetration. 
The radi8tiOn backnround t o  which Craw DaCSOMal 
are axpoaed &ta r  &parting the cloud &lama rraa 
the  dapoaltionlot radlo8ct l re  debrlr  on the  ax- 
t a r i o r  rurlace, duct., and engines or tba a i r c ra f t .  
Slnce the re ten t ion  of habrir by there aman r r r i e a  
from aircr8ft t o  8 i rc r rZt  o f  the  same type a d  tram 
ahot t o  ahot, va r i a t ioo  in tha b.clcgrouod acquired 
w i l l  be axperlenced. Other fac tors  auch 8a 8lr8p.ad 
and a i r  d e n a i t j  may 8180 8f fac t  the mount of con- 
tamination acquirod but w i l l  not ba dircuraed b r a .  
For prac t ica l  purposes i t  can be sraunad that on the  

e the rad ia t ion  F8ta i n  r b  i n  the  codpit 
m F - & G  r l r p l r n e  w i l l  be approximatelf equal 
to  tha Integrated rad ia t ion  arpoaura i n  roentganr 
acquired in  the cloud, when tha 8lrplane a8mplar 
between 25,000 a d  40DOO0 faet .  I n  the  0.8. of the 
B-570 a l rp l am,  the radiat ion r a t e  In the cockpit 
should be approximately one-half (0.5) or the in te -  
grr ted expos&-a because of i t s  d i f fe ren t  air.duct- 
angine configuration. 'the80 r a t i o s  apply t o  clean, 
acid brightened and grease-free a i r c ra f t .  
presence of grease, dried gunk, m d  tmm bomb- 
cloud, o r  other aatickf matarla1 near the crew 
compartment w i l l  g rea t ly  incraase the cockpit back- 
ground r a t e  in proportion t o  tha radiat ion oxpornwe 
acquired within t h e  cloud. 

The 

. 
2.1.2.2 Hadlation EXDOS&I?O Hacairad Dur ilr: Return t o  h s e .  

b f rac t iona l  increase i n  r6diatioa exposure 
recelred by crev personnel while raturnlug t o  base 
.iter a cloud penetration Vi11 be detarmlned bi the 
idti81 mrgnltude of the coekplt rad,latlon r a t e ,  i t a  
r a t e  of decrease, ud how lvng the craw axposed. 
Naturally, the rrrriatlon betwaan a i r c r a f t  mentlonod 
.bora all Cauaa coluidar&bla V8rl.tiOn i n  th. 
i r a c t i o n a l  lneruaerrt t o  be axporienead;' Asaumlng 
t h l t  .hot# f i r e d  a t  Enlwatok V l l l  raqu1re:sm-&U 
or the tima for the a a q l l n q  a l r c r r t t  t o  Smd 88 
thoae firad at B l k l n l ,  and nnking u ~ e  of paat data 
8rOraged for n8ny shots and a i r c r a f t ,  the v6luee 
arsumed ror the  t r a c t l o ~ l  increaae in r rd i a t ion  
expoaura f o r  WdING arm given i n  Table 2.0. 
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1.0 ImoDucTIo19 n b -  .. 
1.1 Tho a l s o  of amplea which o a n b e  collected by 

aampler a i r c r a f t  Scorn cluuda at radioactive 
bomb dobrlr l a  d i r e c t l y  proportlorul t o  the 
radiat ion exporuro received b7 creu pe r so rwl  
a l e  in tho oloud, the length of tire d t r r  
burrt, tho iodlcated nlrapoed a t  *lch pene- 
t r a t l o a  of the cloud l a  portornod and the air- 
flow doroloped through the filter unit oarried 
by t h o  a i rc raf t .  

ambient d r  danaity which wl l l  c ~ u m  larger  
amp108 t o  be collectod a t  lower r l t l t udea  be- 
cauae of the  higher alr  donrlty. 
of amplo requlrod l a  known, it l e  poaslbla t o  
apeclfy taluea tor there  parametera uhich w l l l  
onable the  d r o r a f t  t o  co l lec t  the quantity of 
debrla required. 

The choice of valuer for thoro parmotera In 
r p . c m l r g  a alrrlon plan f o r  bmb cloud senpllng 
murt bo corulr tent  wlth the charac te r l s t lc r  of 
both tho rampl lq  aircraft ured rod the bomb cloud 
t o  be ampled, and wlth the l l m l t r t l o n  lmpoaed upon 
creu rad ia t ion  exporure. Rocoaelllation of thoro 
faotora m a t  in t u r n  incorporate an aaaupt ion  of 
ttu effect# crurod by probable uiod and weather 
coaditloru. It should inelude an oatlaote of the 
efroct uUch 60viatioM from the veathor picture 
aaaumod w i l l  hare on tho ampla oolloction cepability 
d f o r d o d  by the bar ic  plua. The chrrac tor l r t lca  
of tho &craft, bomb cloude, weather and collection 

Thoro data uy laeluded f o r  roforenco by the operatlonrl 
d i rec tor  of  tho ac tua l  8 a m p l h g  mlrrlona and vi11 
aupport the requiromeata of tho d 8 8 i O l r  plana deaor lbed  

1 . + .  
4, 

,.. E 
,f 

*< 

There l r  a lso  a d l rec t  depead- 
enem of ample  r i t e  upon the aqurre root of tho 

ifhen the a l t o  

. I ' : J .. 
I 

cap0bl l l t7  a r m e d  -0 glv.0 in t h e  SOllOvlng p q e a .  
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drvicer. 
S.3 ud Rguz3.5, it may k concluded that on0 m 9  fly through 

cbr cloud from M Y  fidd 100-prcmt-flrrlon weWn In a high-prformmcr aircraft at 
Jtitude of 46,000 hot U 20 minutor after datonatlaa for m oxpacud radiatloa &H 

of 25 r. U&r tko a.m. coodltlonr, one may fly rbrougb tho cloud (8t.m) at 50,000 to 
40,000 feet aa early a8 10 minuter after detonation for a radiation dow of 16 r o r  bar. 

. 

. 

. - TABU a.a AVIMOE -una DOOZ MTC DI DUYETCJI OF, AWD wncw 
~ G C  IN TMNSIT or, IUDIQAETIVC CLOV# noy YEWTON-mu) 
MA- AT VARIOVE ALnrUDCE AT 10 mWCE A I T r l l  DZTQNATIQl 

AuuaPpUonr: (1) 100-prCOol-flJJi~oo-yl~Jd &&athi 0 . L n d  8P.d d UO WOtr; (J) 
~opop.1~0  at 66,006 h.$ and (4) waur-aurfw 01 air hraL c 

: YWld *l6 - -  
a&- Mill .=*-- T?M#Lt 

r/mh I w e  r/ltr ' I  

Dhmrur DoaaRaw Dorr D i w l . r  Dowllur Dow 

0.8 0.4 1 0.6 0.6 
Q J  0.8 10 B.8 LZ 
3.6 I 16 a.8 & - 

-. 
i 

1 

1 

! 
! 

i 
i 
i 
I 

I 

I I 

3.6 COh'TAMIh'ATION FACTOR 
The contamination factor was defined and dircurred in Section 2.3.9. VJuea given 

In Table 3.1 arc  from compuutionr made uring each of the mthodr of cilculation 
which were dercrlkd. The avrrage cootarnInWon factor for 8-578 alrcraft la 
0.6 t 0.2 percent per minute. Both methodr of calculation p v e  .bout tbr u m e  valw. 
Witlfa contamination factor of thin nugnitud., a retun! to h r e  fllght of rewral  hourr ... . 
duration after an early penetration of a radiorctiw cloud would nrult la a rsdhtiod 
dore to the crow. during tba taturn N3J, of &cut 25 p r c e n t  of tb. tot81 QH. -e 
extremely higb contaminaUoa k c m r  compuud for a pnetratlon of tbr Shot Apehe 
cloud at 20,000 feet 18 d l r w r r d  in %eUon 3.8. 

Thc Cwumhstioa factor bt . a ~  pnlculsr typc of aircraft tr a function of tho dir- 
Unce betwoon t b  crew comprtmont md the reridual contamination on the aircraft. Iq 
general. the 8-1 uu cha moat bighly contaminated portlon of thr atrcraft after flight' 
through a radioactive cloudi Project 2.11 of Opratlon Teapot meaaured conumin8tioa 
factorr on awrd affemnt t y p a  of aircraft and concluded the contunination factor to 
be higher for thore aircraft w h r e  the c n w  companment war C l O M  to the mgtM or  en- 
Ontr (we Aefennce 11). I 3.7 .- DECAY OF COSTAMINAnOh' ON TIE AIRCRAFT 

Tho two mrtbodr uwd to mearure tba rat. of decay of W U B U  radIati,on ln tbr cockpit 
bruure.of contamination on tin rircrdt pcn errontially a h i l u  naulta, u rbown in I 
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Subject: Coinxonts on "Suclear Yealth and Safety: ' n ~ d i s : i ~ , r !  

E.:posure Esrimates for Cloud Sdopling Perqsnncl are C?der,tated" 

CoIment$ are keyed to the page, prragraph and sen:cnce or line in chat 

p r r a j r a p h .  

8. 3 and 9, 1. Before attempring to con,pare nunertcal values obtal-e: 

f?r dlfferent measurements, it is necessary first to see whether or not c%e 

t w o  iacasurements ace of the sane quantity. In an attempt to understand .Gb8a: 

quantities might be constdered in this docunent for measurement, the Secc:on 

labeled "Glossary" was next consulted. 

understand the meaning of 'calibrating' in the present context. 

Difficulty aroce h e n  attempting to 

I . 
When one determines the calibration of a glven inrtrument for a specified '1  

physical quantity, one determines the instrument response in t e r m  of the 

mgnitude of the desired quantity. Herr, "magnitude" represents the numerical 

value as well as the unit. 

associate calibration for the radiationr of interest in this document with the 

deflnition of 'calibrating' given in this plocsary. 

requirement for the calibration of M instrument to masure the absorbed dose 

in a specifid material a d  for a given geometry when the instrument traverses 

There is dlfficulty in raying how one can 

One can imagine a 

a cloud containing a concentration of radioactive mterial. 

imgine the roquirearat for the determination of the absorbed doce under 

specified conditions from radionuclides deporits upon the aircraft during its 

traversal of the cloud. It is dlfflculc to undrrrtand hov either of these 

One can a1s.o 

could 'measure...radiatioo emitted from a particular radiation aource.' The 

sources in the cloud and those deposited on the aircraft provide a radiatior. 

field that m y  be expressed in terms of its variation d t h  location in the 

cloud or distance from 4 contaminated aircraft. Such determinations can be in 



:erns of fl.;c~ce. energy fluence or t l i e l r  ratel. However, for the purposes 

here, one would dcslre a numerical v a l u e  f o r  the  r>sorbeC dose In body tiss, ,? 

f o r  specified geometrical conditlons. Thus, the decernination of intersst 

here cannot be the radiation emitted from a source but must bc measured i n  

ter:as of the energy deposited per u n i t  mass under specified conditions in 

tlssue-like aaterfa l .  Thus, the tern in the glossary labeled "callbratfng" f s  

not of much use in the present context. 

The tern labeled "incegron' in the glossary is not adequate for the 

present purposes. The quantity of interest here not the "gamma radiation '. 

present' but the energy per unit mass that this radiation might deposit in 

spec1 f ied locat ions. I 

I 

The definition for "ion chamber" also 8 e m s  to be strange. Usually this 

term is a synonym for 'ionization chamber." However, an ionization chamber is 

not necessarily one with a 'positively charged wire strung through the 

center." 

used under conditions whereby the ions collected are Just those produced by 

the incoming radiation. 

aceelerater ions and producer rdditiond ones. 

requirement in chis definition for a nonuniform electric field, this my be 

the type of i n r t m n t  considered here. 

so-called 'proportional region' whereby the number of iono is proportional to 

the number of lncident radiation particles or i t  u y  be used a0 J "Geiger" 

counter where each entering charged particle producer approximately the sane 

number of charged particles by .ultiplicatioa. 

definition is not of much uae in the present context. 

Depending primarily upon the electric field, such a chamber may be 

Alternatively, the field u y  be increased 80 chat i t  

kcaure of the apparent 

Such instruments may be used in the 

Ihur, it u n  ba aeen that this 

2 



I t  1s not clrqr. under the definition of "rem" L5a: f s  m a l l t  hy ~ i ~ , ~  

sentence. Hou can d unit 'express biological effects" a i d  .iiIdt does i t  

-e ;~n?  The "dose equivalent" is the quantity of interes: for  such 

decerainationr. 

absorbed dose in a given organ and the relative biolosical effectiveness for 

the radiation type and energy delivering the absorbed dare. 

apparent lack of understanding of the physical principles involved, it 1 9  

firmly recommended that this document in its present f o r a t  not be 

dirseainated. 

Here the dose equivalent is the producc of the average 

In viev of the 

Several other impressions of this document reinforce the idea that this 

. document should not be disseminated. 
i 

29, l a s t  paragraph. Here it is indicated that the 'radiation wnitoring 

devices" (should one infer from this that the radiation oonitoring devices are 

"integrons') are located at various positions in the cockpit ("either on the 

instrument panel in front of the pilot or behind the pilot'a rear ) .  

reading of the inatruocnt depends upon its location because of possible 

differences in attenuation from the outside of the aircraft to the location of 

the inscruoent, the readings for locations may not be conparable. 

A, the 

31. 2. AccoTdiq to tneloaure 1, (Tuobl~t-Snapper Operation) page 7, the 

A t  leeat for number of hdges with doaes indicating greater than 5 rea is 10. 

these badges the two badge readings for each aircraft as well  as comparison 

with the integron ahould bc given. 

(10-15 reo)? 

these data support opinion ( 4 - 9  rem) or 

31. Footnote 1. This comment needs t o  be answered. 

3 
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B L ,  last paragraph a:id 4 5 ,  1 .  Should one Interpret the vorCs here to 

mean that the radiation censing device is located on the cockpit floor bur the 

meccr indtcatlng the caading was on the instrument panel? 

paragraph, It i s  indlcated that the intcgron was relocated t o  a 'chert-level 

positton' in the cockpit but i t  doesn't indicate the geometry of possible 

attenuating or scattering material in the vicinity. 

In the next 

44, 3. Uhat are "box-like dimensions"? 

I 4 5 ,  Footnote 11. The rationale for the 2.25 value la not understood. 

46, 2. According to Enclosure 5 ,  the distribution of ratios is very 

large and f a  different for the two types of aircraft. 

the F-64 is in the range fro8 1-51 to 1.75. 

1s between 1.01 and 1.25 .  Ww can one 8.y that the ratio should be above J 

certain number in view of the range of the dlstrlbutioa for the two 

aircraft? 

here. 

The median value for  

Rowever, for the B-57 the median 

If there is a rationale for thlr M g i C  number, it is not apparent - 

4 6 ,  last paragraph and 57, 1. ICRP Publicstion 26, paragraph 105, 

indicates the rrdiorenslrivlt~ for A number of the orianr, including 

thyroid. 

vholc body. 

s m ~ l l  differences in ebsorbed dore for there orgens should be relatively 

unimportant. 

There it appears that thyrold is about ma t m t h  as sensitive as the 

Also, if one considers the l e n i  of the eye equally sensitive, 

4 
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4 7 ,  4 .  K i t 1 1  the ma11 a n x n t  1)f s t cenuat fon  by the v e s t s  and the : .-::e 

u n c t r t 3 1 1 i t y  i n  absorbed dose ,  d r y  is the ucrr lng  of r v c % t  important?  

A S ,  l a s t  I l n e  of t e x t .  Having seen the wide range I n  the dlitr1bu:fons 

of dose,  t h e  "slfghtly hlgher" is not s u f f i c i e n t l y  spec i f f c .  

4 8 .  Footnote 15. In  t h e  present  contex t ,  i t  is not understood why 

'speeds" of rad ioc lon  are  inportant .  Actual ly  the r ad ia t ion  pene t r a t ing  t 5 e  

s k i n  of t h e  a i r c r a f t  must r e s u l t  from either photons or,  perhaps,  neutrons.  

Up t o  t h i s  po in t  in t h e  document there is no mention of poss ib l e  neutron 

exposure.  

I 
4 9 ,  3.  This statement is suspect  on JC h J 8 t  tw theses. The - fafrIy*  

uniform' is not  q u a n t i f i e d  and t h e  ' responsi  fs an untested opinion.  

5 8 ,  1 .  According to Enclosure 1 on Tumbler-Snapper tes ts ,  the re  were 

only 10 gamma ray exposures of  greater than 5 roentgens out of J total of 

1 .684 .  

rece ived  more than 10 re.. Ylth t h i s  8-11 number involved, it nlght  be 

worthwhflr  t o  spend a llttle wre tior t r y l a g  t o  understand whether or not t h e  

c u r r e n t  e s t i m a t e s  are reasonable .  

Also, in Enclosure 1 from DNA, only  12 of 14,643 badger at Redving had 

59, 2, first four lioes. There Is a s ta tement  for k c t i d n  3.1.6 from J 

l e t t e r  of Plank f ad ieac ing  t h a t  t h e  r a t i o  of the lntegron reading t o  t h a t  

under t h e  l ead  vest UJS 1.25 p r i o r  t o  Operation Redwing. 

needs t o  knov uby t h e  dlsrrlbutlon is so large in  the  ratio t a b l e  of 

Enclosure 5. 

If t h i s  is true,  one 

5 



es: 

of the concentrations of internal rad1onucl : lcs  could be uscd L O  i*l.!:c.i:e c : : ~  

conccn:rationr sone decades ago? 

x:.y 28 ,  1987 

. 
Harold 0. Yyckoff 

I 



;HUSETTS GENE- HOSPITAL c - h ' A R D  MEDICAL S C H W  

MdinS Mdma: 
M a s u h u r r u  Gcnenl Hapii  
Baton, Muvchuvru 021 I4 

(617) 726.8326/3078 

J u n e  5 ,  1987 

Mr. J. Dexter Peach 
Assistant Comptroller General 
0. S. General Accounting Office 
Resourcea, Community and Economic 

Washington, DC 20548 
Development Divirion 

Subjec t :  Draft Report on 
Nuclear Health and Safety .~ 

Dear Mr. Peach, 

D r .  Warren Sinclair ,  President of t h e  NCRP, has asked me to  
a s s i s t  in t h e  review of t h o  abovo d ra f t  roport. I have discussed 
t h e  p r i n c i p a l  findings of my review wi th  h i r  and we are in 
general agreement on them. A t  t h e  suggest ion of D r .  S i n c l a i r  I 
an enclosing horewith my augger t ionr  for  revirion p lus  detailed 
comments on specific items. 

My review has bean faci l i ta ted by receiving from Dr. 
S i n c l a i r  copies of several other relevant documents a s  follows: 

1. 

2. 

3. 

1. 

S. 

6. 

7. 

DNA Fact Shoet on Operation Tumbler-Snapper 

DUA Fact Sheet on Operation Redwing 

DUA Pact Shee t  on Operation Dominic I 

A Letter from Dr. David Auton of tho DNA to Dr. Sinclair 
dated Feb. 12,  1987, w i t h  several enclorures as follows: 

A memorandru from R. A. Goeke on F i l m  Dosimetry 
Procedure8 employed a t  Redwing dated J u l y  23# 1957. 

A copy of Paragraph 3.1.4 of a let ter from D r .  €I. Plank 
dated Apri l  l b r  1 9 5 6  on Cloud Supl ing  Mi8SfOn Plan8 for  
Redwing. 

A compariaon of Integroa-to-Film-Eadg. Ratios for P-84 
and 8-57 a i r c ra f t  for Operation Redwing. 

8 
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He. J. Dexter Peach 
Page 2 , 

1 June 5,  1987 

8. 32CPR218 on guidance for dose determination and 
reporting by DNA, DOD (Federal Register 10/21/85, pp. 
42520-25) 

9. Review of DNA dose assignment methods. National 

For your information 1 am a member of the Board of 

Research Council, 1 9 8 5 .  

Directors, NCRP, and was Chairman of the NCRP Committee 17 which 
prepared Report 57 'Instrumentation and Monitoring Methods for 
Radiation Protection" (1978). 

Yours sincerely, 

--znJA>l - 
E. W. Webster, Ph.0. 
Prof e880r 

EWW/bh 
Enc. 

cc: W. It. Sinclair, Ph.D. 
D. R. Auton, Ph.D./ 
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Comments on GAO Draft  Report 
Nuclear Health and Safety: Rad 
Cloud Sampling Personnel 

ation Exposure Estimates for 

by Edward W. Webster, Ph.D. 

A.  General Comments. The most important f i n d i n g  i n  t h i s  review 
concerns the large emphasis placed i n  the d r a f t  on the elevation 
of t h e  dose r a t io  between the integron and f i l m  badge reddings 
( I / F B ) .  The validity of the conclusion that t h e  integron 
readings should be preferred over t h e  f i l m  badge readings,and 
that  on t h i s  account t h e  current Personnel doses arc understated, 
is seriously questioned. There are good physical reasons why t h o  
I/FB r a t io  is greater than 1.0 and in general t h i s  ra t io  should, 
i n  t h e  opinion of t h i s  reviewer,be greater than 1.25 (see l a t e r ) .  
On t h e  other hand t h e  errors of omission and arithmetic i n  t h e  
dose record should be remedied and appear to be the major reason 
for any 'understatement.' Conversely, no attention is g i v e n  in .  .. 
t h e  report to  t h e  opinion of the National Research Council  
Committee and to t h e  DNA Fact Sheets (particularly Dominic I) 
which  auggost t h a t  doses arc overstated. 

on page 48 which notes t h a t  fila badges mounted in t h e  cockpit 
independently of t h e  p i lo t  (i.e*t not on h i s  potson) read t h e  
same as ,  or s l i g h t l y  higher t h a n  th . in tegron .  
of t h i s  is t h a t  a f i l m  badge worn on t h e  body surface ( w i t h  oc 
w i t h o u t  a lead v e s t )  records conaiderably lower doses than a film 
badge 'in free a i r , '  as would be expected for good physical 
reasons i n  a 'cloud' of rad ia t ion .  The f a c t  that  i n  free air t h e  
f i l m  badge read8 higher t h a n  t h e  presumably 'energy independent. 
integron contirnr t h e  opinion of t h e  NRC Committee that t h e  film 
badge ( w h i c h  is 'energy dependent') probably overestimates t h e  
personnel dOS8. 

Figure 1 (attached) suggests t h e  principal reason why the 
f i l m  badge on t h e  body w i l l  read Lower than t h e  in tegron  i n  an 
omni-directional radiation f i e l d ;  and Table I g i v e s  t h e  
approximate VrlU.8  of I/PB rat ios  for 8evoral d i f f e ren t  gamma ray 
energies, witb and w i t h o u t  a lead vest (assumed equal to 0.5  mm 
t h i c k ) .  It  is evident  t h a t  a ra t io  of 1.6 for fission product 
i r radiat ion (Cs-137, 1-131) would be expected when the lead vest 
is worn. [In Table 1 t h e  backscatter factor is applied to t h e  
frontal oxgosure and an est inate  of t h e  mean Tissue-Air-Ratio 
(T-A-R) i8 applied to t h e  rear exporure. (Brit. Jour. Rad. 
Suppl. Ii 1972) .  The shielding effect  of 0.5 ma lead is taken 
from NCRP Report 49.1 It  is of intorest  that  none of t h e  
advisers (p. 48)  noted t h i s  basic difference i n  response. 

w i t h  a standard deviation of 0.25  between various sampling 
f l i g h t s .  
t h e  use of t h e  F-84 plane rather t h a n  the 8-51 i n  the Redwing 

I 

Probably t h e  most s i g n i f i c a n t  f i n d i n g  i n  the report i s ' t ha t  

The significance 

The I /FB r a t io  according to DNA data appears to  vary widely 

Moreover t h o  elevated rat ios  appear to correlate w i t h  
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series. 
af fec t  its reading - particularly its closeness to t h e  p i lot .  
The clorer to  t h e  p i l o t 8  t h e  greater the s h i e l d i n g  of the device 
by t h e  p i l o t  and t h e  lower t h e  ratio.  

The National Research Council Report on page 1 2  (3rd para.) 
suggests that  w i t h  about 10)  of t h e  radiation having energies 
below 0.2 MeV, t h e  f i l m  badges i n  use i n  early atomic t e s t s  
(about  1952) overestimated personnel dose by 30 t o  40%. we 
assume that the integron reading was energy independent. The 
recorded I/FB r a t i o  would t h e n  be too low by 30 to S o t .  

1.75 i n  terms of true roentgens of exposure. If i n  l a te r  tes t s  
the badge f i l t e r s  were changed to  reduce t h e  amount of 
over-response a t  low ener ies, t h e  I/PB ra t io  would rise , b u t  
probably only to -1 t 0 recorded for Dominic I (see n e x t  
paragraph) w h i c h  is i n  l i ne  w i t h  t h e  estimates made i n  Table 1 
for unshie lded  badges for Cs-137 and 1-131 w i t h  an admixture'of 
low energy ( <  0.2 MeV) gamma rays. Tho 1 . 4  estimate i n  Table 1 
assumes t h a t  t h e  film badge is energy dependent. 

On Pago 4 7  ( l a s t  paragraph) i t  ir  noted that the intogron 
reading oxceedod t h o  *expected8 1.25 r a t io  i n  about 72a of t h e  
Dominic I m i s a i o n ~ .  T h i r  sugges ts  t h a t  the mean ra t io  a t  Dominic 
was about 1 . 4  (i.o., S o t  below, 5Ot above). T h i s  lines up 
reasonably well w i t h  tho values expocted (Table I )  for missions 
w i t h o u t  a lead vest. 

suspect that  t h e  f i l m  badge readings *understate* t h e  s k i n  dose 
received by t h e  sampling crews because of the Intcgron readings, 
and t h a t  t h e  s u b s t i t u t i o n  of t h e  h ighe r  integron values would be 
inappropriato. Specifically t h e  suggestionsin t h e  examples i n  
Appendix 11 t h a t  tho  integron readings show a h i g h e r  
"hypothetfcal' dore are presumption8 since a r a t io  o f  2 ( a s  i n  
example C) could bo oxplained through consideration# of gamma 
energy and/or d i r o c t b n a l i t y  of t h e  i nc iden t  radiation. 

a. mviow of Recommendations (pp. 7-81, (p. 61). T h i s  revieuer 
believoa t h a t  t h o  errors of arithmetic and omission should  be 
corrected for a11 A i r  Force participants i n  t h e  atmospheric 
nuclear won.pon8 t O 8 t 8 .  

The socond racoucndation Is not ent i re ly  just i f ied by the 
discussion in tho d r a f t  report. The fourth l ine should be 
modified to read as follows ". . . badges worn8 and reconsider, 
i f  necesrary, t h e  r a d f d t h n  doses . . '. (The sentence as 
presently wr i t t en  appears to  concludo that  indeod an upward 
adjustment w i l l  be necessary when t h e  Integron/film badgo r a t io  
exceed6 some nominal value, such  a8 1.25.) 

T h i s  suggests  t h a t  the p O 8 i t f O n  of t h e  integron may 

A 1.25 r a t io  would t h e r ~ o r r e s p o n d  to 1 . 6 2 5  to 
- 

I 

T h i s  reviewer thorefore concludes t h a t  there is no reason to  

C. Specific Coaaentr ( b y  page) 

conclusions of the present report are unchallengeable. 
T i t l e :  The present  t i t l e  ia  biassed and assumes the 

Either . . 
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omit 'are understated' or change as follows: Nuclear Health and 
Safety: 
personnel are Too L o w  or Too High'. 

e i ther  understated or overstated and .... 

Some Radiation Exposure Estimates for Cloud Sampling - 
Page 3. L i n e  17: Amend as follows: ..... Dominic I is 

Page 5 ,  Last Para.: The 1 .25  f igure would appear to be too 
low i f ,  as noted above, the l i l m  badge reads too h i s h  lor l o w  
gamma ray energies. Improvements i n - t h e  badges u s 6  for Redwing 
or Dominic  regarding energy response ( i f  S O ) ,  would increase the 
I/FB ra t io .  

i n  energy spectrum could account for an increase i n  I/PB ra t io  so 
that reached t h e  predicted values of about 1.6 (Redwing) and 1.4 
(Dominic). 

Page 6 ,  Para. 1: Changes i n  f i l m  badge energy response or 

Page 7, Para. 1: I t  would be nice to  know whether t h e  urine 
samples w h i c h  were measured (particularly if taken from personnel 
considered to  be more l ikely exposed) were negative or very how. 
T h i s  would give some reassurances that Pu inhalation was not a 
problem. 

Page 22 ,  L i n e  16: The word 'actual' is biassed - it assumes 
without proof tha t  t h e  inteqron reading is t h e  correct neasurc 
of personnel dore. My Table 1 indicater that t h e  ra t io  I/Fe can 
cover a wide range, particularly i f  t h e  badge is sh ie lded  by lead 
and gamma energy is low. 

Page 28,  Para. 2: T h i s  completely omits any suggestion that 
the personnel doses may have been overstated because of: a) 
energy response problems of t h e  film badge; or b) t h e  a f lec t  of 
environmental conditions - hdat, l i g h t ,  and h u m i d i t y  - on t h e  
badge densi t ies ,  a8 claiaed vigorously by DNA for the Dominic I 
t es t s .  I988 of a11 badger w i t h  d e n s i t y  above 0.4 as noted i n  t h e  
DNA Fact  Sheet, Pago 3, u i t h  one-third of h i g h e r  exposures most 
probably zero.] 

Page 2 9 ,  L i n e s  12-14: I t  should be indicated how the 
personnol relected for whole body counting were selected. The 
result. rhould bo reviewed before hasty conclusionr are drawn. 

and may not 'show tha t  exposure i s  understated.a The f i l m  badge 
actually - on t h e  person is probably t h e  best f inal  arbi ter  of 
dose. 

'care?ully controlleda if known standard exposures w i t h  f i l m  
badges (calibration films) are measured w i t h  each neu batch of 
badges. 

Page 29, Last 4 L i n e s :  The  integron argument is ambiguous 

Page 30, L i n e  13: Processing conditions do not have to  be 
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Page 31, Last  6 L i n e s :  The  s i g n i f i c a n c e  O f  a 'gap. betwee 
10 and 15 rem seems small i f  t h e  maximum recorded dose vas  7.6 
rem with only two readings > 5 rem according to t h e  DNA History 
a t  Tumblor-Snapper. 

Page 37, L i n e s  10-14: The  arguments are not bo l s t e red  by 
known f a c t s .  Hov long would a person be vorkina around a . - p a r t i c u l a r  cloud sampie, and hob f a s t  does t h e  sample exposure 
ra te  decay with time over t h e  f i r s t  Cew days? What vcre  typica.  
exposure rater to personnel removing t h e  samples. (roR/hr)? 

It could be t h a t  t h e  4095 mR permaner. 
badge included both J u l y  missions (since 1 badge could read less 
t h a n  two s i n g l e  badges,  e s p e c i a l l y  i f  there were environmcncri 

Page 4 0 ,  F igure  2.21  

- . _--. - -__..___ 
background e f f e c t s ) .  
is t h e  725 mrea from 7/22 to 7/23. 

Probibly t h e  on ly  missing d a t a  in t h e  tots 
I 

Page 47 ,  3rd Para.; 

t h e  b l adde r  would be covered. 
Pa e 48 

A diagram o f  t h e  lead  vest would be 
u s e f u l .  'Three squa re  feet vide' doer  not mike sensa. Does h e  
v e s t  have a f r o n t  and a back-f t h e  width was 1.5' and t h e  ken$ 
2 * ,  

The I/FB ratidpverage of about  1 . 4  would not 
s u r p r  sang  film badge over-reading a t  low ene rg ie s  had bee 
correctod. 1.4 is an expected va lue  based on t h e  "body-shielding 
e f f e c t .  

Page 57, 3rd para. Delote  f i r s t  four words. S t a r t  wi th  "Othe 
in fo rma t ion  .......I. Change l a s t  two l i n e a  t o  *.....could resu l  
a few cams i n  an increase i n  a par t icular  i n d i v i d u a l ' s  recorded 
to a levo1 i n  oxcess ......... 

d ano the r  paragraph to precede t h i s  which reads r c  
"Phys ica l  Suggo8t cons Jpa orations i n d i c a t e  t h a t  the h ighe r  readings of the 
monitors are to  bo oxpectad and by thomselves do no t  j u s t i f y  any 
adjustment of tho personnel dosea recorded by f i l m  badges". 

to  . 

" - 

Pago Sa, after 3rd para. Add a new pa ra  which i n d i c a t e s  t h  
"overatatanent ."  due to environmental fogging, par t icu lar ly  a t  Dc 
Such is: 
incidence (988) of environmental fogging of t h e  f i l m  badges resul 
i n  a cons ide rab lo  overmtatement of personnol  dose  such t h a t  one-t 
of t h e  badges showing higher  doses should a c t u a l l y  read zero. The 
of t h i s  on personnel recorded with t h e  h i g h e s t  doses  (above 5 ren 
n o t  y o t  def inod  and should be f u r t h e r  explored: 

TOO much is  made of t h e  d i f f e r e n c e  betw 
t h e  older 1.25 r a t io  (average) and t h e  later 1 . 4  to  1 . 6 .  First t 
1.25 (5th l i n e )  should be 1.25+ 0 . 2 5 .  Second, add "This f a c t o r  c 
well be 1.5 +, 0.3 i f  account were taken of t h e  over-readlag of t h  
energy component of gamma rays."  Thi rd ,  also a% 'In Re ting it 
evident  t h a t  this r a t io  was dependent on t h e  a h c r a f +  +' 

'On tho o t h e r  hand, p a r t i c u l a r &  at.D&minic I thb  high 

Pago 59, 2nd Para .  

"- - . 
due to AI9Cm+r-b - - * - - -  
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Papa 59  (cent )  Also delete las t  sen tence  o f  p a r a  2 "Upon exami, ..... readings." Add new sentence:  "The in tegron  d i d  not  read 
nigher however compared w i t h  f i l m  badge readings on badges i n  t he  rdon cockpi t  i n  f r e e  space -- n o t  on personnel .  Th i s  s u g g e s t s  t h a t  t h e  
i n c r e a s e  i n  the ra t io  was b a s i c a l l y  r e l a t e d  to  t h e  location of t h e  
badge on t h e  t o r s o  of t h e  p i l o t  and under a l e a d  v e s t ,  both of which 
would s h i e l d  t h e  f i lm  and reduce t h e  dose to  t h e  f i l m  badge, b u t  n o t  
affect  t h e  v a l i d i t y  of the s k i n  dose measurement." 

" I t  seems l i k e l y  t h e r e f o r e  t h a t  t h e  f i l m  badge r ead ings  a r e  t h e  most 
r e l i a b l e  measure of t h e  s u r f a c e  dose received by t h e  p i lo t s" .  

Page 60 1st Para.  OK, b u t  a small p o i n t .  The organs p r i n c i l  
a l l y  a t  r i s k  are mainIy under t h e  v e s t  -- most o f  t h e  a c t i v e  bone 
marrow, the  lungs,  G I  t ract ,  GO t rac t ,  l i v e r .  The t h y r o i d  has  a low 
weight ing  f a c t o r  because of t h e  low m o r t a l i t y  from radiat ion-induced '  
t h y r o i d  cancer.' 

T 

Page 5 9 ,  3rd Para.  S u b s t i t u t e  i n  p lace :  

Enclosures .  T a b l e  1, F igure  1 t 

E N.D 
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High 1.2 MeV 

Backsattrr 1.0 
cod0 

Tab18 1 . 
E s t i m a t e d  I /FB Ratios 
(Ell ipt ical  SectLon 20 an thick1 

F i l m  Badge 

Dose from f r o n t  
Dose from rear 
Total  
Total  w i t h  978 transm? 

High 0.66 M8V Dore from f r o n t  

eackscattcr 1.07 
CS-137 Dose from rear 

mt.1 c Total w i t h  938 t r ansm,  

Int8rmediate Do$. from f r o n t  
0.36 H8V'  Dore Iron rear 
1-131 T o t a l  
-t* 1.15 Total w i t h  888 t r a n r m ?  

Low < 0.2 MeV- bone f rom f r o n t  
Dose from rear Ba&scattar 1.34 Tot.l 
Total  w i t h  508 transm? 

1 .06  
0.39 

1 . 4 1  
1 - 4 5  

1.07 
0.30 
1.37 
1.27 

1.15 
0.25 
1.40 
1.23 

1.34 
0.18 
1.52 
0 . 7 6  

I - 
1 .0  
1 . 0  
2.0 
2.0 

1.0  
1.0 
2.0 
2.0 

1.0 
1.0 
2.0 
2.0 

1.0 
1.0 
2.0 
2.0 

1.38 
1 . 4 2  

1.46 
1.57 

1.43 
1.62 . 

1 . 3 1  
2.63 I 

Inugron 4(r8%p==e ** Well-filtered 200 kV x rays 



LosAlamos National Laboratory 
Los Alamos.New Mexico 87545 

June 8, 1987 

MEMORANDUM FOR THE RECORD 

SUBJECT: DoD Response t o  FINDING G i n  GAO D r a f t  Report 
"Nuclear Health and Safety: Radiation Exposure 
Estimates f o r  Cloud Sampling Personnel are Understated" 

I 
I have reviewed the DoD response t o  FINDING G o f  the GAO Dra f t  Report, 
"Nuclear Health and Safety: Radiation Exposure Estimates f o r  Cloud 
Sampling Personnel are Understated" and agree w i th  the attached Do0 
responses. 

.' Paul @/&--& R. Guthalt 



MEMORANDUH FOR THE RECORD 

SUBJECT: DoD Response to FINDING G in GAO Draft Report 
"Nuclear Health and Safety: Radiation Exposure 
Estimates for Cloud Sampling Personnel are 
Understated" 

I have reviewed the DoD response to FINDING G of the GAO Draft 
R e p o r t ,  "Nuclear Realtb and Safety: Radiation Expoaure Entimates 
for Cloud Sampling Personnel are Understated" and agree with the 
attached DoD response. 

I 

Dr. &ry Hicks 



June 9, 1987 

MBMORANDUM FOP THB RECORD 

SUBJECT: DoD Relponre to FINDING G in GAO Draft Pepon "Nuclear Health 
bad Safety: Radirtion Bxpomrc Brthuater for Cloud Sarnpliug 
Penomel u e  Udentated" 

I h v e  reviewed the DoD response to FINDING C of the GAO Draft Pepon, 
"Nuclear Health and Safety: R . d i . t i o n  Expoaure Brtimrter for Cloud Sampliug 
Persane1 are uqdentated" and agree with the attached DoD reaponae. 

[would .db frrrrhar t b t  a compariim rhoold be rmdr of the readiaga ofthe  film 
badger on the integmm with the redings of the film badger worn by the crew 
memben. Since the re- of the film badger m the iatemnr correlated well 
with the integroa re-r thewelver, lower reading of the film badger worn by 
the crew compared to thore of the fikn badger on the htegoru (apples compared 
to appler) WQUU clearly indicate that the former were a more accurate indicator 
of dore to the crew membdn thm were the integppr. 



MEMORANDUM FOR THE RECORD 

SUBJECT: DoD Response to FINDING G in GAO Draft Report 
"Nuclear Health and Safety: Radiation Exposure 
Estimates €or Cloud Sampling Personnel are 
Undcrs ta tad" 

I have reviewed the DoD response to FINDING G o€ the GAO Draft 
Report, "Nuclear Health and Safety: Radiation Exposure Estimates 
for Cloud Sampling Personnel are Understated" and agree rith the 
attached DoD.rmsponse. 

' / 4 d Z v  V ?  I 
Dr. Harold Plank 

6 -Ae-P7 



=DING e: Uonitoring Devices Read Higher Lave18 of Radiation 
than Anticipated Compared to the Film Badge8 Worn by the 
Aircrews. The GAO reported that for personnel who flew aircraft 
through nuclear clouds, exposure to gamma radiation was not only 
monitored by film badges worn on or inside their clothing, but 
also by other devices positioned within the aircraft cockpit 
itself. The GAO noted that one device, the integron, warn used a t  
each of the three operations included in it8 review and was 
capable of providing both an immdiate maasure of gamma radiation 
and a check against the radiation readings on the film badges 
worn by the crew. The GAO found that at TUUBLER-SNAPPER, the 
inteqron and tho film badgas worn provided comparable readings. 
The GAO reportad that, because of this and other experiences with 
the use of the inteqron, prior to OPERhTION REDUING in 1956, a 
ratio of 1.25 botween the readings measured by the integron and 
the film badges worn under a lead Vest was known to exist. The 
GAO noted that several different explanations were offered why 
the integron ma have read measurably higher, including intogronl 
malfunction or L proper calibration with a radiation rource. The 
GAO concluded, however, that none of these .rplanation8 reomad to 
adequately account for these higher readingr. 
concluded that, if indeed accurate, the integron readings suggest 
that the fila badge8 had read low and that cloud sampling 
personnel receivad a larger amount of gamma radiation expoaura 
than has been officially recorded and, therefore, a re- 
examination of integron readings should be made. (pp. 43-49, p. 
59/GAO Draft Report) 

m: DOD nonconcur.. 'me ratio of 1.25 plus or minus 
2 5 1  between the intogton an& the film badge measurements for 
Operation TuMILtR-SNAPPER is valid only for the B-57 aircraft. 
In Qporatfon R t W N G ,  both tha B-57 and tha 9-64 aircraft were 
used. 
the 8-57 at REDWING mas 1.23 plus or minus 15%. The ratio for 
the 9-84 aircraft a t  R t m N G  was 1.61 plu8 or rinus 30%. The 
highar ratio 2or th. ?-e4 aircraft doer not indicate that the 
film badge n u u r u a n t e  were inaccurate, but does indicate that 
the rolativr mhialdinq affordod the integron by the 8-57 aircraft 
at REDWING ma8 biqher, thus bringing down the ratio between the 
intoqron .nd tha film badges worn by the crew. 

In Oparation DOHINIC, where only B-57 aircraft were u6ed, the 
ratio between the integron and the fila badge measuruents was 
1.39 plus or minus 30%. The reason for the increase over the 
previously established ratio of 1.25 was a change in the relative 
radiation environmonts, not errors in film badge measurements. 

The GAO also 

The ratio o f  the intoqron to film badge measuroments for 



FINDING: (Continuod) 
At WMINIC,  a film badge was placed on top of tho intogron where 
it would bo oxpasod to t h o  8amo radiation onvironmont a8 tho 
intogron. 
onvironmont a8 tho intogron gavo slightly highor roadings on the 
avoraga than tha intagron. Tho corrolation botwaen tho film 
badqa on tha intagron and the intagron was vary Cl080: 0.97 plus 
or minus 308. Thim data domon8tratos that tho difforanco in 
readings batwaon tho intogron and tho film badgos worn by 
porsonnol wore duo to difforonco8 in tho radiation onvironmont 
that thay wora Oxp08.d to and not orrors in aithor tho intogron 
or tho film badg08~ and confirms that tho film badgo providod an 
accurato moasuro of radiation oxpo8uro. 

variod with location in tha aircraft wa8 in conflict w i t h  the GAO 
statamont that "radiation in th8 cockpit waa fairly unifor8 and 
pomitioninq mhould not altor tho intqron and tho craw's fila 
badge reading8 by w r o  than a fow p.rcontal the DoD contactod thi 
fiva mciontimtm intorviwod by tha GAO and amkad thu to raviow 
tha DoD analysim of tho data. 

Thoso film badgos o~pomod to t h o  samo radiation 

Bocauma'tho DoD conclu8ion that tho radiation onvironmont 

. 

9 . 
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ANSWERS TO GAO QUESTIONS 

1. a) Within the probable error for film badges they are an accurate measure of 
radiation exposure. 
is used for various types of cancer therapy, Dr. Roland Finston. 
Health Physics, has told me that film badge error might be as much as22OX. 
He was thinking of uncontrolled, haphazard kind of use without well trained 
personnel in film badge evaluation. 
responsible for processing and evaluating exposed badges. 
operating environment our potential problem with badges lay in the possibi- 
lity that they could be contaminated on surfaces by radioactivity in post- 
shot handling and therefore give erroneously high readings. We, of course, 
took prudent measures to avoid this possibility. Two badges were used per 
pilot and the average of the two exposures was recorded. 

1. b) Within a bomb cloud the median energy of fission product and neutron- 
activated sources of gamma radiation energy is approxmately 1 MeV. 
process of multiple scattering by.air molecules converts 25% of the total 
g a m a  radiation energy into 70 Kev radiation. 
completely absorbed by very little lead shielding. Accordingly, in order 
to reduce pilot mission exposures, lead vests and thin lead shielding on 
the back and seat of the ejection seat assembly were devised. 
vest and the seat shielding protected the trunk and thighs of the main body 
including the gonads. 
not BO protected, I believe that the film gadge evaluation represents a 
fair measure of whole body exposure, taking account high badse readings 
that could arise from radioactive contamination. The protection afforded 
by the pilot shielding is similar to the protection used in dental and 
certain medical X-ray procedures. 

At Stanford University Medical Center .where radiation 
Head of 

In our case we had first rate people 
In the field 

t '  
' 

Radiation of this energy is 

The pilot's 

The 

Because only arms, lower legs, neck and head were 

2. a) The integron had the envelope and dimensions of an altimeter and was 
based on integrating ion chamber principles. 
strument was mounted in the instrument panel in front of the pilot in a 
single crev aircraft like the F-BGC. 
in tandem as in the &57B it was mounted in the instrument panel in front 
of the rear cockpit. 
that would be represeatative of the crew unshielded. 

2 .  b) The integron was an accurate indicator of unshielded exposure at i t s  
position. 
Its response was flat across the gamma radiation energy spectrum. 
instrument was developed and made in-house at the Los Alamos Scientific 
Laboratory. In the field it was routinely calibrated using a one curie 
radium source. 

Like an altimeter this in- 

In a two crew-member aircraft seated 

In either of these position it indicated the exposuure 

It was impervious to cockpit pressure changes while in flight. 
The 

Nalural Resource Development Pollution Management - lnnovalion Management 



3. a) As discussed above the integron was not shielded. Therefore, it 
included the 25% of the gamma radiation energy at 70 Kev and the ratio of 
its exposure to film badge was 1.25. 

3. b) As mentioned in paragraph 1. a), because of the possibility that film 
badges could be i n  error in a contaminated environment sitinttion, we d i d  
routinely check this ratio. 
The observed ratio also occasionally alerted operations to badge surface 
radioactive contamination from whatever source. 
were found to be 0.625, it would indicate that the badge(s) had received 
surface contamination some where: inflight, postshot handling, or in deve- 
loping. Our concern was to determine, as well as possible, what in fact 
our pilots exposure was on a particular mission. 
example the film badge(s) would have been in error by a factor of two high. 
In such a case the integron exposure multiplied by 0.80 would give a good 
estimate of the proper film badge exposure. 
3.9 R per quarter was biologically acceptable and scheduled exposure8 to 
that limit or less as required. . 

Results largely confirmed the 1.25 ratio. 

For example, if the ratio 

In the hypothesized 

We worked with a guideline ttfat 
' 

4. a) As we moved from B-29 and E-50D aircraft to fighter type aircraft (T-33, 
F-84G) we found that their pressurization systems blew contaminated air 
across the pilot's head. So, in late 1951 into 1952 we devised pressuri- 
zation filters to eliminate this problem. Of course, during post-flight 
decontamination, this radioactivity was detected iukdiately and removed. 
In larger aircraft like the B-578 with much larger volume and without dire- 
ct air flow to the head we considered the problem to be less significant. 
But, you will note that we suggested for other reasons that pressurization 
filters be installed in the B-57BD. 

4. b) Very high altitude aircraft like the B-57B maintain cockpit pressure 
ac about 2.5 psi above ambient outside pressure. For example at an al- 
titude of 50,000 ft. the cockpit pressure altitude would be equivalent. 
to 35,000 ft. Standard preflight procedure required 10 to 15 minutes 
spent on 100% oxypn before takeoff to denitrogenate the blood in order 
to avoid bends on climb out to sampling altitudes. As I recall, the 
aircraft had oxygen systems that used "pressure brenthing'ktarting at a 
certain cockpit pressure altitude; above this altitude system automatically 
supplied 100% OXYGEN. Accordingly, the crews chances for inhaling radio- 
active materials would have been negligible if pressurization filters 
were not used. 

. .. 
. . %  . 
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Palo A l t o ,  CA 94303 E-& A 

2454 W. Bayshore .Rd., # l o  
(41 5) 8 56-218 7 .), 

5 .  a) Am not certain just when 100% oxygen first was in effect before formally 
adopted in Operation Castle. As discussed in paragraph 4 .  b), the oxygen 
breathing system in the aircraft could automatically do the same thing. 

5 .  b) In view of the above discussion the question is rather moot. Our crews 
were not operating in a "shirt sleeve" environment. 
rate would have to be known required to maintain a cockpit pressure of 
2 . 5  psi above ambient as well as the hold up of radioactivity in the 
delivery duct work system estimated. In my opinion the crews' chances 
for increased inhalation under the circumstances were negligble or only 

Pressurization flow 

slightly higher if 100% Oxygen were not used. *,.i"G3 ! 

Natural Resource Development Pollution Management Innovation Management 
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united sutcs 
General Accounting Office M !  WuNngten, D.C. 2OM8 

R r c r ~ u r m ,  Community, and 
Economic Development Dlvislun 

March 4, 1987 

Dr. Harold P. Plank 
2454 West Bayshore Road 
Palo Alto, California 94303 

Dear Dr. Plank: 

My agency, the U.S. General Accounting Office (GAO), is an 
investigative arm of Congress. At the request of both the 
Senate committee on Veterans' Affairs and the House 
Committee on Energy and Commerce, Subcommittee on Energy 
Conservation and Power, GAO has been asked to gather 
information on the radiation doses received by nuclear cloud 
sampling personnel during the atmospheric nuclear weapons ,. testing program. 

The reason for the Committees' interest centers around 
information regarding one of the tests--Operation Redwing in 
1956--indicating there were devices installed on the cloud 
sampling aircraft that measured different radiation levels 
than was recorded on the film badges worn by the aircrews. 
Thus, both Committees asked us to specifically look at cloud 
sampling activities at Operation Redwing and at two other 
test operations arbitrarily selected subject to their 
approval. The two other operations selected have been 
Operations Tumbler-Snapper (1952) and Dominic I (1962). 

Knowing that you played a key role in nuclear cloud sampling 
activities during the earlier atmospheric nuclear tests, I 
thought you might be able to help answer some of the 
questions we are trying to address. 
been listed in enclosure 1. If you wish to know more about 
our work or discuss aspects about nuclear cloud sampling not 
touched on in those questions, please feel free to call me 
at (301) 353-5185. Otherwise, let me thank you in advance 
for your help. We feel your input is essential for us 
having a proper understanding of nuclear cloud sampling. 

Those questions have 

Sincerely, 

Robert J. Baney 
Management Analyst 



ENCLOSURE 1 ENCbOSURE 1 

GAO QUESTIONS 

1 .  The r a d i a t i o n  f i l m  badge was and is used now as t h e  o f f i c i a l  
record of cloud sampling crews' gamma r a d i a t i o n  exposure. 

a. To what e x t e n t  was the f i l m  badge an a c c u r a t e  i n d i c a t o r  of 
exposure? 

b. A t  cer ta in  tests, Operation Redwing i n  p a r t i c u l a r ,  t h e  
crews wore t h e i r  f i l m  badges underneath a lead v e s t  which  
covered o n l y  a p o r t i o n  of t h e i r  bodies. I n  s u c h  cases, 
d i d  t h e  reading  on t h e  f i l m  badge provide  a r e p r e s e n t a t i v e  
i n d i c a t i o n  of whole body exposure? 

. 
2. For test operations, conhencing wi th  Operat ion Tumbler-Snapper 

i n  1952,  a d e v i c e  c a l l e d  t h e  integron--an electronic t o t a l  
. gamma dosage instrument--was a p p a r e n t l y  used t o  o p e r a t i o n a l l y  

c o n t r o l  c loud sampling crews' exposures.  

a. Where was t h e  in t eg ron  g e n e r a l l y  positioned i n  r e l a t i o n  t o  
t h e  a i rc raf t  crew? 

b. To what e x t e n t  was t h e  in t eg ron  an a c c u r a t e  i n d i c a t o r  of 
exposure? 

3. Your April 16,  1956 memo on t h e  s u b j e c t  of 'Program 1 1 ' s  
Standard Cloud Sampling Mission P l a n s  f o r  Redwing" (see 
enc losu re  2 )  i n d i c a t e s  t h a t  a c o n s t a n t  r a t i o  of 1.25 existed 
between t h e  exposure on t h e  i n t e g r o n  t o  t h a t  on t h e  film 
badges worn by t h e  crew. 



ENCLOSURE 1 -ENCLOSURE 1 

. . 

4 .  

5.  

a. For what reason  d i d  t h e  i n t e g r o n  read h - j h e r  by t h i s  
ra t io?  

b. The memo a l s o  i n d i c a t e s  t h a t  a r o u t i n e  check O f  t h i s  r a t i o  
was necessary  i n  order t o  a p p a r e n t l y  a s s u r e  a c c u r a t e  f i l m  
badge r e s u l t s .  Was this, i n  fact ,  done and what were t h e  
results? 

Your January  24, 1957 let ter t o  t h e  Commander o f  t h e  4950th 
T e s t  Group (see e n c l o s u r e  3 )  i n d i c a t e s  t h a t  p r e s s u r i z a t i o n  1 
f i l t e rs  were n o t  used on t h e  B-57B sampling p lane8  a t  Redwing. 

a. When, i f  e v e r ,  d i d  it'.become a s t anda rd  p r a c t i c e  t o  use 
p r e s s u r i z a t i o n  f i l t e r s  on sampling p l a n e s  du r ing  t h e  
atmospheric  n u c l e a r  weapons t e s t i n g  program? //- 

b. To t h e  e x t e n t  t h a t  p r e s s u r i z a t i o n  f i l t e r s  were not  used, 
how d i d  t h i s  i n c r e a s e  t h e  crews' chances for  i n h a l a t i o n  of 
r a d i o a c t i v e  materials? 

The H i a t o r y . o f  A i r  Force Atomic Cloud Sampling (see e n c l o s u r e  
4 ,  pp. 102-103) s t a t e s  t h a t  for Opera t ion  Castle (1954) ,  y e t  
more p r e c a u t i o n s  were taken  for sampling pi lots :  "when t h e  
sampling p i l o t  f lew i n t o  the atomic c loud ,  he  went on 100 
p e r c e n t  oxygen and remained on it for t h e  d u r a t i o n  of the  
mission.  " 

2 



a.  Did t h i s  p r a c t i c e  of sampling p i l o t s  using 100 percent 
oxygen comance  with  Operation Cast le?  I f  n o t ,  when? 

b.  To the  extent t h a t  100 percent oxygen was not used, how 
d i d  t h i s  increase the crews' chances for inhalat ion of 
rad ioac t ive  mater ia ls?  

3 



ENCLOSURE 2 ENCLOSURE 2 
1 

TITLE : 

P r o g r a m  1 1 ’ s  S t a n d a r d  C l o u d  S a m p l i n g  M i s s i o n  P l a n s  f o r  Redwing,  
d a t e d  4/16/56. 

EXTRACT : 

P t .  3 . 1 . 4  “ R a d i a t i o n  exposures are  g i v e n  i n  terms of f i l m  b a d g e  
r e a d i n g s .  
sampler a i r c r a f t  p e r s o n n e l  a n d  t h e  v a l u e s  a v e r a g e d  i f  i n  
r e a s o n a b l e  a g r e e m e n t .  C o m p a r i s o n  w i t h  t h e  i n t e g r a t i n g  
d o s i m e t e r  ( i n t e g r o n )  s h o u l d  be made r o u t i n e l y  t o  d e t e c t  
possible errors i n  f i l m  b a d g e  exposures d u e  t o  
c o n t a m i n a t i o n  d u r i n g  p o s t - f l i g h t  h a n d l i n g  or o t h e r  
c a u s e s .  The  i n t e g r a t i n g  d o s i m e t e r  is  u s e d  o p e r a t i o n a l l y  
t o  c o n t r o l  f i l m  b a d g e  exposures. The  r a t i o  b e t w e e n  i t s  . 

. e x p o s u r e  and t h a t  o f  t h e  f i l m  b a d g e s  u n d e r  t h e  v e s t  has 
b e e n  1.25 i n  t h e  pas t .  A r o u t i n e  c h e c k  o f  t h i s  r a t i o  
from shot to s h o t  is n e c e s s a r y  i n  o r d e r  t o  a s s u r e  good 

Two e a c h  s u c h  b a d g e s  should be worn by 

control  of t h e  f i l m  b a d g e  e x p o s u r e s  s p e c i f i e d .  t 

NOTE: A copy of t h e  complete memo c o u l d  n o t  b e  p r o v i d e d  as it  
r e m a i n s  c l a s s i f i e d  (SECRET/RESTRICTED DATA) as  of t h i s  d a t e .  This 
p a r t  of t h e  memo h a s ,  h o w e v e r ,  b e e n  d e c l a s s i f i e d .  

4 
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ENCLOS!JRE 4 
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m- . . 
, .  

satisfacto& aboard tha Esl'S. 19 - 
demonstrated during Operation m. I n  August 1953, p i lo t s  Or the  s a z c r  

' squadron worked out a aew daslgri f o r  t h e  vest. This consisted of a nrloa 

rleevelesr vest &ich buttoned iround'the neck vlth f l k r g h s - l e a d  ~ . 
rhieldine attached four h t t c n r .  'Lhe fiberglass with lead u&n i n t o .  

It vu a quil ted pattern and pli .ble.  then the first cow of the new !. 

design arrived a t  Klr t lmd A i r  Force &e, the h926th p i l o b  took it, t o  - 
the mwicdng pool far  rafety tests. Etcapm frrn the vest, u M l e  i n  n t e  

n s  found r r t i s f a c t ~ .  Dr. Plank suggestad kt th. f i b e r w s - l e a d  ! , 

(. 

.. 

. .  . .  

CASTLt. - 

. .  



Y 

Sampling CJSTLZ Shots - - .  . : .. . .. 
. -  * After the tr.ining prop& had &en dr2rtically delayed, &ne& 

sai&g date of the a i n r a f t  c&?.icr, -. E S  
. .  

-'I 4 t w  8 m p d  to  . .  ham . . 'the .. i' 
. * .  

ZElOXO, delayed i o  'the pblotu could have more tim for th is  purpose. 
. .. . *  

f:icnlific personnel opposed bciuse the carrier yu taldng aome a i m $  . -  - . - . . . . * . . *  



MEMORANDUM FOR ‘THE RECORD 

SUBJECT: DoD Response to FINDING G in GAO Draft Report 
“Nuclear Health and Safety: Radiation Exposure 
Estimates for Cloud Sampling Personnel are 
Unders t a ted “ 

I have reviewed the DoD response to FINDING G of the GAO Draft 
Report, “Nuc1e.r Health and Safety: Radiation -0SUre Estimatea 
for cloud Sampling Personnel are Understated” and agree with the 
attached DoD re8pon8e. I 

I Dr. Ken Street 
I 



Lawrence Livermore National Laborator, 

Excerpts o f  meeting notes w i th  O r .  Edward Fleming and D r .  Kenneth 
Street, O c t .  16, 1986. 

Notes taken by Paul T. Schafer o f  LLNL 

In te rv iewers :  Robert Baney and Robert L i l l y  o f  GAO. 

w: We have reviewed data which shows i n  some cases in tegron  
readings which do n o t  match w i t h  recorded f i l m  badge 
exposures on e a r l y  c loud penet ra t ion  tes ts .  I n  f a c t  i n  some 
cases i n teg ron  readings double those o f  f i l m  badges were n o t  
uncOnmOn. What do you f e e l  i s  the  more accurate reading? 

I have always endorsed f i l m  badge readings as those which 

readings reg i s te red  r a d i a t i o n  doses a t  d i f f e r e n t  p o i n t s  I n  
t h e  a i r c r a f t .  

S t ree t :  
best  r e f l e c t  r a d l a t i o n  exposure t o  t h e  body. In tegron  I 

Fleming: Concurred wi th  S t r e e t  and noted t h a t  in tegrons were o f t e n  a 
p a r t  o f  an expcr lmental  program o f  r a d l a t f o n  measurements and 
w u l d  n o t  necessa r i l y  r e f l e c t  body dosages received. 

Do you t h i n k  t h a t  matching o f  t h i s  type o f  in fo rmat ion  i s  a 
reasonable t h i n g  t o  do? You know when you have an in tegron  
reading of 7 rads and f i l m  badge reading o f  3 rads -- 

t h e  f i l m  badge f o r  measurements o f  body dosage. 

Baney: 

Fleming: I don ' t  f i n d  a f a c t o r  o f  2 surpr is ing .  I would s t i l l  r e l y  on 

-: Concurred 

m: 
Fleming: Not surprlsing. 

-- St reet .  Not su rp r i s ing .  Those instruments d o n ' t  prov ide an absolute 

Fleminq: I thought o f  another poss ib le  reason why in tegron  readings 

H o w  about on tw o r  t h r e e  f l i g h t s  when you compare t h i s  data 
I n  a cumulat ive nature.  

mrsumnnt of  dose. 

might  be h igher  than those o f  f i l m  badges. 
when they removed t h e  instrument from t h e  a i r c r a f t .  
in tegron  meter remained i n  the  a i r c r a f t  a f t e r  the  p i l o t s  and 
observers were ou t  o f  t h e  a i r c r a f t ,  r a d i a t i o n  readings would 
cont inua t o  increase. 

I'm n o t  sure o f  
I f  t h e  

Baney: Changing t h e  sub jec t  s l i g h t l y ,  what do you know about p i l o t  
exposure through i n h a l a t i o n ?  
ind i ca ted  t h a t  it was t h e  p i l o t s  choice t o  use pure oxygen o r '  .- Our contacts with t h e  m i l i t a r y  

go on automix. (mix tu re  o f  ou ts ide  a i r  and oxygen). . .. - 



-2- 

Fleming: I f i n d  t h a t  hard t o  be l ieve ,  unless i t  was on ly  p r i o r  t o  
c loud penet ra t ion .  
assoc iated we gJJ breathed 100% oxygen, no t  o n l y  p r i o r  t o  and 
du r ing  c loud penetrat ion,  bu t  a l so  dur ing  t h e  f l i g h t  back t o  
t h e  land lng  s t r i p  and u n t i l  we l e f t  the  a i r c r a f t .  

I n  every s i n g l e  f l i g h t  i n  which I was 

- Street :  Concurs 

w: 
Fleminq: Never. 

Did you ever  run o u t  o f  oxygen and o r  swltch t o  automlx? 

6 hours on pure oxygen. We were never exposed t h a t  long. 
The capac i ty  o f  t h e  oxygen system provided about 5 - 

These statements a re  a f a i t h f u l  representa t ion  o f  the  notes taken by I me dur lng  t h e  i n t e r v i e w  on 10/lb/86. 

These statements r e f l e c t  my responses t o  quest ions ra i sed  i n  the  
in te rv iew,  and I cont inue t o  endorse them. 

(Or. S t m o t  has stnce r e t i r e d  f rom t h e  Laboratory and i s  n o t  present 
t o  c o n n n t ) .  



National Council on Radiation Protection 
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WARREN K. SINCLAIR. m o . - 
S. M E S  AOELSTEIN. M 0.. V Q  PmWml 
W. ROOER NEY. J.O.. E#- 

November 12, 1987 

Comander B.T. Bell, HSC, USN 
Program bnager  
Nuc lear Ter t Perronne 1 Rcviev 
fhfenre Nuclear Agency 
Washington, D.C. 20305-1000 

Dear Conmander Bell: 

I Thank you for your l e t t e r  received on November 12. 

I have not previourly had the opportunity to reviev the f ina l  verrioa' of 
the CAO report and a l l  the c m e n t r  arrociated v i t h  i t .  
would take conriderable time and you need a rerpome roon. 

I have acanncd the mater i r l  quickly a d  find rome o t  the  CAO rtaeements 

To do ro i n  d e t a i l  

ambiguous and a t  timer obrcure. Thur, i t  i r  not too clear  vhat the GAO d i d  
accept about my previour conmenti. Sonu of them obviously. 

Hy chief point vould r t i l l  be tha t  I only par t ia l ly  concur with GAO 
recommendation two m p 4 e  5. 

I do not believe (a) that intefron readings should be ured i n  l i eu  of 
f i l m  badge readiagr, but (b) I do believe they could be helpful i n  cases vhere 
the f i l m  badge ir aurpect. (Note the integron could be rurpect too and i r  
unlikely to have a better pe r fomnee  than film badger). 

i n t eg rm ahauld r iplace the f i k  badge e i ther .  h v e r ,  tha t  i r  exactly vhat 
they do io th. ~ o t h e t i c a l  recorda 00 pager 50 a d  51. Furthermore, i n  item 
10 ca pa~o-70  they imply t h a t  Dr. Ubr te r ' r  analyrir  indicate# the, film badfc 
i r  in erro&-'bhi.-med not be the case a t  a11 depondiryan the calibration. 
Calibratioli detail.  are' s ignif icant ly  lacking for both t h e  film badge and t h e  
integron. 

With rsgard to (a) CIO s t a t e s  00 pass 67 tha t  they don't  believe the 

with regard to  E, the examplei CAO quoter at the foot of pa8a 67 m y  be 
In the b d v i q  example 1, an instance i n  which t h e  i n t eg rm can bo helpful. 

for  instance, the integron would rugfeat the obaervarr reading m y  be correct 
a d  i n  example 2 that  t he  p i lo t r  reading may be correct. brumiag i n  both 
carer that  tho obe rve r  m d  the p i lo t  badxe are emacted to  read the aame. 
Thur the integron could be uaeful i n  ropc auspect cases. These m y  be 
i rolatcd exampler hovever. 



Page 2 - Cormnander Bell 

You ark s p e c i f i c a l l y  about (a )  item 10 page 70 and I have d e a l t  w i t h  t ha t  
I t  is t rue  tha t  50% of the red marrow may above and (b) item 14 page 72. ( b )  

be i n  the  lover pa r t  of the body and might only be  p a r t i a l l y  shielded by the 
lead ves t .  However, t h i s  is r a l l y  s p l i t t i n g  h a i r s  s ince  the lead v e s t  
accounted for  only about 15% reduct ion anyvay and the t r u e  dole t o  the bone 
marrow i n  the lower hal f  of the  body i s  less than t o  the f i lm badge because of 
t i s s u e  sh i e ld ing  vhich may be of the order  of 30% - 40%. 

In both cases, item 10 and item 14 exac t ly  what Dr. Webstcr s a i d  i a  not 
c i t e d .  I th ink  i f  Dr. Uebster were conrul ted he might not care  for these 
i n t e r p r e t a t i o n s  of h i s  statements. 

Regarding page 49, i n  paragraph 3, sentence 2 ,  i n  r p i t e  of t h e  tor tuous 
language used here ,  i t  i s  evident  t ha t  S i n c l a i r ,  Iiyckoff and Webstcr did not 
agree v i t h  replacing the f i lm badge readingr  by the  integron reading. 

In t he  last  paragraph page 49 aad on page 83 it i r  a l ro  char  t hu t  ve 
thought the integron could provide genera l  confirmation of f i lm badge readings 
(and vc would genera l ly  expect i t  t o  read higher11 and indeed i t  remu t o  do 
bO . . 

Regarding the  racond paragraph on page 82, I f ind  t h i r  paragraph 
e r p e c i a l l y  conturing. 
r epor t  i t r e l f )  refer t o  there  circumstance8 i n  which p o r r i b l e  over atatement 
of the  dore occur#. 
r a t h e r  than one with a clear b i a s c  That i r  r t i l l  my view. However, I would 
say chat the CAO has toned down t h e i r  c e e n t r  conriderably s ince  the  f i r s t  
var r ion .  

& far as I am aware the  CAO did  not  previourly ( i n k h e  

I merely f e l t  t h a t  a balanced account should be presented 

I hope t h i r  anrverr  your quest ionr .  

.Warren I(. S i n c l a i r  
President 

P . S .  I note tbe c-ut made i n  t h e  let ter by t he  Under Secretarp of Defenre 
tha t  W ' a  a e c d  recomeadat ion  d g h t  be  submitted t o  independent. 
revin such aa the Office of Technology Aarerrment. 
indepeudent &et review. 
technical peopla dea l  v i t h  the  technica l  i r r u e r  involved and their  
reviw i r  l ikely t o  have more meaning. 

I agree v i t h  an 
It murt r u r e l y  be more r e n r i b l e  t o  have 

, 
cc: Dr. qckoff 

Dr. Wbatcr  

IaCS/clo 
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HAROLD 0. WYCKOFF 

Phone: (MI) 460-1217 
--* 4108 MONTPELIER ROAD ROCKVILLE. MARYLAND 20853 

November 21, 19117 

Cdr. R.T. Rell, MSC. USN 
Program Manager 
Nuclear Test Personnel Review 
nefense Nuclear Agency 
Washington, D.C. 20305 

Dear Cdr. Bell: 

I apprec ia t e  very much rece iv ing  a copy of the  CAO repor t  e n t i t l e d ,  
"Radiation Exposures f o r  Soea Cloud-Sampling Personnel Need t o  be Re-uaminei" 
toge ther  with comments on an earlier d r a f t  of the  report .  The CAO d r a f t  and. 
t h e i r  present  report c.w a f t e r  the Don ana lys i s  of r ad ia t ion  exposure 
received by approximately 300 a i r  €orce personnel involved with rampling homb 
d e b r i s  clouds. The exposure information resu l ted  f r c n  f i lm badges mostly worn 
by personnel and a device c a l l e d  a "integron" that was located in each plane 's  
cockpi t  during the  operat ions.  I n  your t r ansmi t t i ng  letter of 10 Novemher 
1987. you asked t h a t  I review the  present  repor t  and, i f  ca l led  f o r ,  provide 
you with add i t iona l  comments. One f ind ing  of CAO was t h a t  there  were some 
e r r o r s  i n  copying from o r i g i n a l  d a t a  o r  in a r i thme t i c .  I f ,  indeed, there  were 
such e r r o r s ,  proper co r rec t ion  nacdr t o  be made. This is an area where the 
CAO personnel rhould be exper t s  and Don should review t h i s  f inding and make 
proper adjustments. 
CAO, Dol) concurs. 

- 

According t o  the  l e t t e r  f r c n  Barker of DoD t o  Conahan of 

The CAO c-nt starting on the  l a s t  paragraph of page 67 of the GAO 
repor t  doesn ' t  seea t o  accept t he  comments of S i n c l a i r  and Uebstcr w i t h  regard 
t o  the  i n t e r p r e t a t i o n  of the  d i f f e rences  observed between values recorded. from 
the  film badgem and tho tategron f o r  a given f l i g h t ,  
seem" becaura t h i a  paragraph indica te8  tha t  t h e  "integron reading could be 
used to a r b i t r a t e  uhich film badge reading is correct ."  This is a t  variance 
with the  contents of Itn 10 on page8 70 and 71 on t h i s  topic .  Item 2 (Dane 
75) r a i s a r  ques t ions  about the  value f o r  t h e  fntegron and vhether t h e  value 
has  zero uncertainty (with a large range of valuer  t ha t  provide the 1.25 
average given t h e r e ,  one muat ob jec t  t o  the  a r b i t r a r y  selection of such an 
average as applying t o  111 s i t u a t i o n s .  
from f i lm badge and in tegron  readings should not be used t o  cor rec t  the f i lm  
badge reading).  I n  add i t ion ,  t he  last sentence on page R3 with regard C o  ny 
agreement t h a t  in tegron  readings could be used " to  confirm o r  deny, i n  general  
t e r n e ,  the reading made by t he  f i lm badge" is ambiguous. Perhapa. CAO d idn ' t  
understand the  impl ica t ions  of t he  mclterial supplied i n  some d e t a i l  by 
Webster. This may not be s u r p r i s i n g  because CAO personnel have no background 

One must say "doesn't 

Furthermore, a value of 1.25 obtained 



that wuld provide thm an understandin,g of the meaning and importance of 
radiation attanuation for such measurements. 
some ertimated approximate relationahipr between the three readings for 
various locations and orientations of the plane. For convenience the relative 
values w i l l  be for a fixed location and orientation of the plane and for the 
same time increment for all situations. A cormon increment permits me to deal 
in terms of doee equivalent and not dose equivalent rate. 

It may be helpful to point out 

Prior to about 1977, it was usually asrumed that a badge (either 
photographic film or other indicator) when properly calibrated and located on 
the front of the trunk of a person gave an adequate measure of the risk to the 
wearer. For such an interpretation, it war assumed that the radiation was 
incident primarily on the front of the trunk and the radiation attenuation i n  
the trunk of the body was negligible. To more precisely estimate the value of 
a quantity that would taka into account the difference in radiation 
senritivity of the various organs of the body and the attenuation of the 
radiation by the body, the concept of effective dose equivalent (%) war 
developod and presented in Publication 26 of the International Comlsrion on 
Radiological Protection in 1977. 

In 1985 the International Camwission on Radiation hiti and Hearureeentq, 
(ICRU) producad a report on $he relationrhip between what was called the 
"ambient done aquivalent' (A ) and !$ (nee Figure 1 .of that report) rrh.n the 
incidant radiation van definad in term# of (a) monodirectional radiation 
incident upon the front of tho trunk of the body, (b) monodirectional 
radiation incident upon tho back of the trunk of the body, (c) radiation 
incident normal to the long r x i r  of the body when the body war slowly rotated 
about its u i r  and (d) radiation iaotropically incident upon the body for 
various photon energier. For photon energier below 1 or 2 MeV and the usual 
range of times after detonation that w u l d  be of interest here--ree, for 
example, "US-Japan Joint Reassesreant of Ataic Bomb Radiation Dorimetry in 
Hirorhirm and Nagasaki," publirhed by tho "Radittion Effects Research 
Foundation" in 1987. page 67-the valuo of %/E is about 0.9 for geometry a, 
0.8 for geometry b, 0.7 for goowtry c and 0.6 for goomtry d. One may infer 
from there data that a lateral irradiation of tho body would result in ratios 
of lesr than 0.7. In a report to be publirhed by ICRU next year, there will 
be further infonution for other geomtrier. 

, 

With such inforution and a fau additional goometry aaeumptionr, one may 
make ertimater of tha hd#e readings for the pilot, observer. and for the 
"integron.' 
behind tha+pilot, that the "integron" ir isotropically sensitive, that the 
valua of R ir tho 8 . y  for all locations in the cockpit except those poraihly 
shielded by the dag8 d uhan tho pilot and obrerver are not pre6ent. 
attenuation of tho radiation by the trunk of the pilot or observer la aasumed 
to be about A factor of 2. The location of the aircraft I6 said to be "far" 

It is ummed that the "obrarver" (when prrrent) is imediately 

The 
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from the f i r e b a l l  h e n  the d is tance  is many times the diameter of the 
c y l i n d r i c a l  p a r t  of the cloud and tha t  passes a r e  made through or near the 
edge of t h i s  cyl inder .  Let us now consider  estimates of 5 f o r  four  plane 
loca t ions  and d i r ec t ions .  

The plane loca t ion  is f a r  Erom the cloud but is pointed towards the 
cloud. 
t h e  rad ia t ion  a t t enua t ion  by the p i l o t .  However, the reading of t h e  observers 
dosimeter r e s u l t s  a f t e r  an a t tenuat ion  of about a €actor  of about 2 by the 
p i l o t .  For t h i s  a i t u a t i o n  the  integron reads approximately 10% more than W 
€or the  p i l o t  and within about 10% of t h e  reading of the  p i l o t ' s  dosimeter f f  
both dosimeter and integron read co r rec t ly .  However, t h e  reading of t h e  
observer 's  dosimeter vi11 be about 2 t i n e s  smaller than tha t  of e i t h e r  t h e  
p i l o t ' s  dosimeter or t he  integron. Rovevcr, the  5 f o r  t he  observer may be 
somevhat h i g h e r  than t h a t  of h i s  badge reading but s t i l l  less than tha t  f o r  
t h e  p i l o t  i f  the  l ineup of observer ,  p i l o t  and center  of t h e  f i r e b a l l  is not 
exact. 

In  t h i s  s i t u a t i o n  t h e  p i l o t ' s  dosimeter reading is not influenced hy 

Assume t h a t  the  plane loca t ion  is far from the cloud but pointed away 
from the  cloud. 

observer 's  badge w i l l  be about 1/2 of the  value of t he  inc ident  doaa on h i r .  
and the reading of the p i l o t ' s  dosimeter will be about 1 / 4  of t h i s  inc ident  
dose. f o r  A and t h e  integra! w i l l  read approximately the  aame aa t h e  p i l o t ' s  
badge. 
1/4. Of course,  i f  t he  observer i o  not present ,  then the  a t tenuat ion  f a c t o r s  
f o r  him and f o r  the  integron dl1 be about a f a c t o r  of 2 larger. Note €or 
t h i s  case t h a t  t he  film badges, a# well as the  integron,  read too small i f  one 
wishes t o  ob ta in  an approxination t o  the  e f f e c t i v e  dose equivalent .  

I f  the  center of the  observer ,  center of the  p i l o t  and the  
integron are on a line to  the  cen te r  of t he  cloud, the  reading on t he  3 -- 

Note t h a t  the  HE w i l l  be approximately 0.8 (see Figure 1) of 1/2 and 

Now le t  us consider  the plane i n  the  center of the  c y l i n d r i c a l  cloud so 
t h a t  the r ad ia t ion  without the  p i l o t  and observer being present is 
approximately i r o t r o p i c a l l y  inc ident  on t he  cockpit .  I f  &he integron is on 
the  dash of the  plane. i t  dll read an approximation t o  H . It is an 
approximation becaure tha s o l i d  angle subtended by the  p i l o t  will  a t tenuate  a 
por t ion  of t h e  r a d i a t i o n  +ich ia amuacd t o  ba i a o t r o p i c  when the  p i l o t  and 
observer a r e  not there .  Thia reduction i n  attenuation w i l l  hc somewhat lesr 
than a factor of 2.. me p i l o t ' s  badge vi11 read approximately a fac tor -of  2 
lesa than that of E 
Houevar, if t h e  integron is placed i m e d i a t e l y  under the  p i l o t ,  the  r ad ia t ion  
inc ident  oa t he  integrton from the  upper h s o l i d  angle w i l l  be at tenuated by 
the  p i l o t ' #  body, t h u i ,  t he  in tegron  i n  t h i s  l oca t ion  might read approximately 
ha l f  aa large u .II integron on t he  dash. For such a loca t ion .  the integron 
will, thua,  rsad approxiail taly the  same as t h e  p i l o t ' s  f i lm  badge. 

d, thua, wi l l  g ive  a reading approximating HE. 
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Nov consider  a hor izonta l  plane path ou t s ide  of.  but c lose  t o ,  the  
c y l i n d r i c a l  cloud. We will focus on t h e  incremental  readings when the plane 
is closesh t o  the  cloud and assume t h a t  the  a t tenuat ion  of the  wtng w i l l  
a f f e c t  a11 readings equally.  
t h e  inc ident  dose f o r  l a t e r a l  i r r a d i a t i o n .  Aowver, t h e  f i lm badges of hoth 
p i l o t  and observer will he l a r g e r  than ha l f  of t h e  integron reading. Thus, 
t h e  FE f o r  t h e  p i l o t  and observer Vi11 be about 0.7 of the reading of the 
integron. 

The cont r ibu t ion  to  RE will  be less than 0.7 of 

Thus, f o r  d i f f e r e n t  loca t ions  and or i en ta t ions ,  t h e  p i l o t ' s  badge mav 
read from something approximately equal t o  RE down t o  approximately 1/2 of WE 
i f  no observer is present t o  1 / 4  of HE if an observer is present .  
var ious  loca t ions  and o r i e n t a t i o n s  of the  plane, t he  observer 's  badge may read 
from approximately 1/2 t o  114 of Of course,  t he  actual reading of each of 
the badges and the  integron f o r  a misiion w i l l  depend upon the time spent in 
each of the loca t ions  and o r i en ta t ions .  
increment per un i t  of time w i l l  he l a r g e r  i n  t h e  cloud than i n  t h e  other 
Locations. Thus, f o r  a given mission, t he  p i l o t ' s  badge reading should 
approach HE provided the  in tegron  is placed inmediately under the  p i l o t ' s  s e a t  
o r  behind the  p i l o t ' s  seat i f  there is no observer. llovaver, because of t he  
range of pos r ih l e  HE t o  badge or integron readings,  "correct ions"  of o r i g i w  
badge o r  integron d a t a  should not be considered unless  they d i f f e r  by a f u c o r  
of 2 (or  pcrhepa 4 i f  one considers  t h e  uncer ta in ty  of both f i l m  badga and 
inregron reading). 

A l s o ,  fo r  

One should note t h a t  the  reading 

In  addi t ion  t o  the  foregoing, I have a few o t h e r  comments on t h e  comen t s  
of GAO. 

Page 68, second paragraph. It is not c l e a r  what is meant by "informally 
expressed support." Is t h i s  t n  be i n fe r r ed  from the  reproduction on page 
7S? I have reserva t ions  about the  use of 1.25. 

Page 6 9 ,  fou r th  paragraph. It is not clear whit the  CAO is disagreeing 
with. 
indeed, is t he  s u a  as t h e  e f f e c t i v e  dose equiva len t  f o r  t he  person wearing 
t h i s  badge. The chancer of h i s  later developing an e f f e c t  vhich could be 
considered t o  ha r a d i a t i o n  induced from t h i s  dose is only about 0.2XI Thus, 
t h i s  could not have k e n  t h e  f a c t  vhich CdO disagrees  with. 
s o w  badges m n  not turnod i n  does not mean that  these  are automatical ly  ones 
which wuld i n d i c a t e  UI excessive reading i f  they had been read. It is a l so  
not clear uhether  or not t h e  13 Redwing cloud sampling personnel i f  they wore 
t h e i r  badges for six wekr, would give excessive readings even i f  t h e  reading 
value was m l t i p l i e d  by i f a c t o r  of 2. 

One must u a m e  Char a value of 23 rem can he j u s t i f i e d  and t h a t  t h i s ,  

The f a c t  t hp t  

Page 70, t h i r d  f u l l  paagraph .  It is not clear how t h i s  paragraph helps  
the  i n t e r p r e t a t i o n .  The r a t i o  of 1.25 is an average value from a l a rge  number 
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of ind iv idua l s '  exposures. With the  v ide  range of these indiv idua l  r a t t o s ,  
how can one "see" a per turba t ion  which might amount to ,  perhaps, 15X due to  
t h e  vear ing of t h e  ves t ?  

Page 70, paragraph labe led  "IO." See my e a r l i e r  comments. 

Page 7 1 ,  second paragraph. One must ask whether or not the " s c i e n t i f t c  
advisors"  a c t u a l l y  perfonned experiments t o  j u s t i f y  t h e  d i f f e rence  or if these 
a r e  merely opinions.  Without such experimental  v e r i f i c a t i o n ,  these a r e  s t t l l  
only opinions and one should not be swayed by t h e i r  expression. 

Page 71,  p a r a g r a p h  labe led  12 and 13 and page 72,  paragraph labeled 
15. I n  v i ev  of the  l a rge  unce r t a in ty  of the  readings,  a cor rec t ion  of 1 5 X  
might be questioned a s  to  whether i t  is warranted or not.  

Page 72, paragraph labe led  14. The assumption vas made t h a t  the  whole 
body waa more or less uniformly expoaed and, I be l ieve ,  ind ica ted  t h e  organs 
of  highest  r a d i o a e n s i t i v i t y  a s  being the  ones of most importance fo r  uniform 
whole body expoaute. 

I am s t i l l  of the  opinion t h a t  t h e  GAO report should not be puhlirhed. I€- 
have no objec t ion  t o  mortifying t h e  exposure recorda i f  t he re  are, indeed, 
copying or a r i t h m e t i c a l  e t t o r a  involved. Rowevar, I do objec t  t o  the 
i n t e r p r e t a t i o n  of t h e  d a t r  which appear8 only t o  be f o r  the  purpose of 
increasing t h e  value of the  primary recorded data .  
only be considered when i t  can be shown from auxiliary experiments t h a t  t h e y  
a r e  j u s t i f i e d .  
knovledgeable i n  t a d i r t i m  p ro tec t ion  aasessment. Please l e t  me know i f  you 
don ' t  understand any of t h i s .  

Such an increase  should 

Cer t a in ly  c h a n p a  should not  be made by groups not  

S incere ly  yours, 

&- Harold 0. Uyc Lupy of 
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