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The Honorable Alan Cranston 
Chairman, Committee on Veterans’ Affairs 
United States Senate 

Dear Mr. Chairman: 

This report is in response to your request that we determine how many personnel were 
involved in manning or decontaminating aircraft that flew through nuclear clouds during 
operations Tumbler-Snapper (1952), Redwing (1956), and Dominic I (1962), and how much 
radiation was received. 

As arranged with your office, unless you publicly announce its contents earlier, we plan no 
further distribution of the report until 30 days from the date of this letter. At that time, we 
will send copies to interested parties and make copies available to others upon request. 

This work was performed under the direction of Keith 0. Fultz, Associate Director. Other 
major contributors are listed in appendix VII. 

Sincerely yours, 

J. Dexter Peach 
Assistant Comptroller General 



Executive Summary 

Purpose mates, nearly 200,000 Americans participated in the atmospheric 
nuclear weapons testing program, with more than half receiving some 
level of radiation exposure. The Veterans Administration uses DOD expo- 
sure estimates in adjudicating former weapons test participants’ radia- 
tion-related disability claims. However, a report released by a public 
interest. group in late 1985 indicated that certain radiation exposure 
estimates may have been understated. The report questioned the esti- 
mates for personnel involved in manning or decontaminating aircraft 
that had flown through nuclear clouds during the tests to collect radio- 
logical samples. 

Because of that report, the chairman of the Senate Committee on Veter- 
ans’ Affairs asked GAO to determine how many personnel were involved 
in nuclear cloud-sampling work at three operations-Tumbler-Snapper 
(1952) Redwing (1956), and Dominic I (1962)-and how much radiation 
they received. 

Background DOD assigned responsibility to the Defense Nuclear Agency (DNA) in 1977 
to estimate both the external and internal radiation doses test partici- 
pants received. DNA has published an historical report on each of the 20 
atmospheric nuclear weapons test operations, summarizing the external 
radiation (from radiation sources located outside the body) received by 
participating personnel. Usually, estimat.es of external radiation are 
based on film badges worn. Because film badges cannot measure internal 
radiation (from radioactive sources deposited within the body), DNA is in 
the process of estimating the amount of radiat.ion test participants 
received from this mode of exposure. (See ch. 1.) 

Results in Brief Approximately 300 Air Force personnel were involved in nuclear cloud- 
sampling work at each of the three operations included in GAO'S review, 
and the amount of radiation they received is subject to some question. 
As best GAO could determine, based principally upon a review of film 
badge exposure records, external radiation for some personnel who 
were at operations Redwing and Dominic I is understated and, because 
of that, needs to be reexamined. Further, ground personnel during oper- 
ations Tumbler-Snapper and Redwing did not consistently wear protec- 
tive breathing devices when working around radioactively contaminated 
cloud-sampling aircraft and the effect of that lack of protection on how 
much internal radiation they may have received needs to be evaluated. 
(See ch. 2.) 
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Executive Summary 

Principal Findings 

Accuracy of Film Badges Film badges are the official record of personnel exposure to external 
and Film Badge Exposure radiation for those who participated in the atmospheric nuclear weap- 

Records ons testing program. However, problems were identified with some of 
the film  badges used, particularly at operations Tumbler-Snapper and 
Redwing. For instance, about 10 years after the film  badge’s use at Tum- 
bler-snapper, the manufacturer reported that the badge’s two film  com- 
ponents could not effectively measure radiation between 4 to 9 rem. (See 
ch. 2.) 

In addition, GAO found errors in about 26 percent and 13 percent of the 
records used to tabulate the readings from all film  badges worn by per- 
sonnel at operations Redwing and Dominic I, respectively. For example, 
at Operation Redwing, an estimated 2 to 3.5 rem of radiation fell on 
islands housing cloud-sampling personnel but was not added to about 8 
percent of the individuals’ cumulative exposure totals. Arithmetical mis- 
takes were also found in about 6 percent of the Redwing individual 
exposure records-most being understatements of less than 1 rem but 
one understatement was over 8 rem. Correction of these errors would 
increase some individuals’ doses and also add to the number of individu- 
als who received more than the current 5-rem per year federal limit. 
Furthermore, one Redwing participant’s dose, once his record is cor- 
rected, would exceed the 20-rem limit established for that operation. 
(See ch. 2.) 

Readings of Other 
Radiation Monitoring 
Devices 

While a film  badge has its advantages, one disadvantage is that it does 
not provide an immediate measure of external radiation. To provide air- 
crews with immediate radiation readings, another radiation monitoring 
device, the integron, was installed in the aircraft cockpit to help crews 
operationally monitor and control their exposures during cloud-sampling 
missions. However, the integron readings were not used in developing 
aircrew exposure estimates, 

For two of the three operations included in this review, GAO found that 
the integron read higher levels of radiation than anticipated compared 
with the film  badges worn by the crew. On the basis of earlier weapons 
tests, a ratio between the reading on the integron and film  badges used 
was known to exist. This meant that the integron and the film  badges 
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used were consistently measuring a somewhat different amount of radi- 
ation, but the difference remained essentially fixed, which resulted in a 
rat.io. In 65 percent and 72 percent of 147 and 189 comparisons at oper- 
ations Redwing and Dominic I, respectively, however, the reading on the 
integron exceeded this ratio, suggesting that either the integron read 
high or the film  ba.dges read low and, if the latter occurred, aircrews 
received a larger amount of external radiation than has been officially 
recorded. (See ch. 2.) 

Possibilities for Internal 
Radiation Exposure 

In addition to possible external radiation, it is generally recognized that 
personnel participating in the atmospheric nuclear weapons testing pro- 
gram could also have received an internal radiation exposure. Internal 
exposures can occur through three pathways-inhalation, ingestion, or 
cuts or open wounds-and cannot be measured by an integron or a film  
badge. 

Generally, GAO found indications that ground crews may have received 
some int,ernal radiation exposure, particularly during operations Tum- 
bler-snapper and Redwing. At Dominic I, ground crews wore respirators 
while removing radiological samples from cloud-sampling aircraft. How- 
ever, at Tumbler-Snapper and Redwing, this was not consistently done. 
Further, no personnel at Operation Tumbler-Snapper and only a few 
personnel at Operation Redwing were monitored for internal radiation 
exposure, and the limited monitoring that was done may not have been 
reliable. For example, to test Redwing personnel for plutonium, only one 
24-hour urine sample was taken after possible exposure (considered to 
be the acceptable practice then). However, according to four health 
physicists GAO contacted, it is now recognized that repeated urine sam- 
ples should be collected over several days to accurately estimate a pluto- 
nium exposure. (See ch. 2.) 

DNA began it.s internal radiation exposure assessment in 1980, but it 
found problems in the methodology used by its contractor, and it. is cur- 
rently in the process of estimating such exposure for cloud-sampling 
personnel at all atmospheric nuclear weapons tests. As part of this pro- 
cess, DNA should recognize that-for cloud-sampling ground personnel at 
operations Tumbler-Snapper and Redwing-protective breathing 
devices were not consistently worn. 
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J?xecutive Summary 

Recommendations GAO recommends that the Secretary of Defense direct DNA to 

l correct the GAO-identified errors in the 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 the film  badge exposure record of each Air Force individ- 
ual who participated in any of the other atmospheric nuclear weapons, 
tests; and 

. use integron readings in conjunction with film  badge readings to better 
define the radiation dose received by cloud-sampling personnel for all 
atmospheric nuclear weapons tests, including operations Redwing and 
Dominic I. 

Agency Comments DOD agreed with most of the draft report’s findings and first recommen- 
dation However, DOD did not agree with the draft report’s second rec- 
ommendation and indicated that film  badges worn by each cloud 
sampler is a better indication of the individual’s dose than the integron. 
GAO has reworded its recommendation to indicate that GAO is not advo- 
cating using integron readings in lieu of film  badge readings, but that 
integron readings be used in conjunction with film  badge readings to bet- 
ter define cloud-sampling aircrew dose. (See app. III for DOD'S comments 
and GAO'S detailed evaluation of those comments.) The Veterans Admin- 
istration stated that if DNA'S reexamination results in increased dose 
estimates, it would want to review the records of any of those individu- 
als who had previously filed compensation claims that were denied on 
the basis of low dose estimates. (See app. IV.) Comments received from 
the Office of Technology Assessment and the National Council on Radia- 
tion Protection and Measurements are included in appendices V  and VI. 
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Chapter 1 

Introduction 

From 1945 to 1962, the United States-like other countries developing 
atomic arsenals-detonated nuclear weapons in the atmosphere. The 
detonation occurred by various means, such as dropping the weapon by 
aircraft and exploding it at a prescribed altitude, or placing the weapon 
on a steel tower 500 feet high and exploding it by remote control. A 
principal activity at these weapons tests was to confirm the efficiency 
and nuclear yield’ of the detonation by cloud sampling-obtaining gase- 
ous and particulate samples of the radioactive mushroom cloud. 

In the 1940s cloud sampling was done by remot.ely controlled drone air- 
craft,” but beginning in 1951, manned aircraft were assigned this task. 
This change occurred after a manned aircraft accidentally penetrated a 
nuclear cloud without the crew’s experiencing any outwardly apparent 
ill effects. Between 1951 and 1962, the Department of Defense (DOD) 
estimates that approximately 4,000 personnel were in units responsible 
for manning or decontaminating aircraft that flew through nuclear 
clouds or that tracked nuclear clouds downwind, but only a portion of 
the men in the units performed these specific tasks. 

In late 1985, a public interest group-Environmental Policy Institute- 
reported3 that, at Operation Redwing in 1956, a radiation monitoring 
device installed inside aircraft that had penetrated the nuclear clouds 
read more than twice the level of radiation recorded on film badges 
worn by the aircraft crews4 Because of the potential significance of the 
higher readings reported and the knowledge that film badge results are 
normally used as the official record of an individual’s radiation expo- 
sure, the Senate Committee on Veterans’ Affairs asked us to review this 
matter further. Specifically, the committee asked that we evaluate how 
many personnel were involved in manning or decontaminating aircraft 
that flew through the nuclear clouds at operations Tumbler-Snapper 
(1952), Redwing (1956), and Dominic I (1962) and how much radiation 
was received. 

‘Yield is the total effective energy released in a nuclear detonation. It is usually expressed in terms of 
the TNT equivalent required to produce the same energy release in an explosion. Nuclear detonation 
yields are commonly expressed in kilotons or megatons (thousands or millions of tons) of TNT 
equivalent. 

2A drone is a pilotless, radio-controlled aircraft. 

“The Institute reported its findings in Experimental Irradiation of Air Force Personnel During Opera- 
tion Redwing-1956, issued in November 1985. 

4A film badge is a small piece of film or films sensitive to ionizing radiation that are encased in a 
metal or plastic container usually clipped to the wearer’s clothing. 
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Elements of Nuclear 
Cloud Sampling 

collect the samples necessary for analysis. As shown in figure 1.1 (see 
p. lo), the F-84 fighter aircraft used at weapons test operations from 
1952 to 1957 was fitted with two different sampling systems to fulfill its * 
mission. On the wings of the aircraft, a wingtip tank-sampling system 
was attached to collect particulate samples during transit through the 
nuclear cloud. A  valve at the front of each tank, remotely controlled , 
from the cockpit, allowed the passage of air through the tank. W ithin 
the tank, a filter paper attached to a mesh screen collected particulate 
matter in the air. Protruding from the nose section of the aircraft, a 
long, hollow, cylindrical probe allowed the collection of gaseous samples 
in a plastic bag positioned within the nose. 

Aircrews also received special instruction on how to perform the cloud- 
sampling mission, Before each cloud-sampling flight, scientific and mili- 
tary advisors briefed cloud-sampling crews on the upcoming mission, 
discussing with them the effects of radiation, the expected levels of 
radiation to be encountered, and the flight patterns to be flown. 
Expected radiation doses were determined by using such factors as the 
time of the sampling flight after detonation and the length of time spent 
in the cloud. In addition, aircrews were instructed on operating and 
reading radiation monitoring devices installed on the aircraft as well as 
on using the aircraft’s oxygen-breathing system to prevent possible 
inhalation of radioactively contaminated outside air.5 

The specific flight paths of the cloud-sampling aircraft and entry points 
into the nuclear cloud to collect the radiological samples were deter- 
mined by a control aircraft-positioned within viewing distance of the 
nuclear cloud-carrying the scientific and the military advisors as crew. 
The cloud-sampling aircraft made several passes through the cloud, but 
the aircrew was advised not to exceed a specified radiation dosage limit. 
To assure that they did not, a monitoring device measuring cumulative 
radiation exposure on an immediate basis was available for the crew’s 
use. This device was either a pencil dosimeter-a cylinder about the size 
and shape of a fountain pen- or an instrument called an integron.6 Once 
the crew either obtained a successful cloud sample or estimated, on the 
basis of the radiation monitoring device, that the prescribed dosage limit 
would be exceeded, the sampling aircraft ended its mission and returned 
to base. 

50utside air is normally brought into an aircraft for pressurization, heating, and ventilation. 

6An integron was an ion chamber device used on cloud-sampling aircraft to provide an immediate 
measure of gamma radiation present. See glossary for the definition of an ion chamber. 
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Figure 1 .l: F-84 Sampler Aircraft 
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Source: DNA s Hlstorlcal Report on Operatton Ivy, DNA 6036F. p.97 

Upon returning to base, the cloud-sampling aircraft was taken to a 
remote airfield area to be secured until it could be tested and declared 
radiologically safe. The first order of business was removal of the crew 
to minimize further radiation exposure. For the one-person F-84 fighter 
aircraft illustrated in figure 1.1, the ground crew used a forklift to 
remove the pilot to preclude his receiving additional radiation exposure 
by contacting the exterior of the aircraft. Next, the ground crew-using 
B- to IO-foot poles-promptly removed t.he samples collected and placed 
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them in lead containers for immediate shipment to a designated labora- 
tory for analysis. Finally, the ground crew surveyed the aircraft using 
radiation measuring instruments to determine the level of radioactive 
contamination. Depending upon the level of contamination, the aircraft 
was either immediately decontaminated with a special chemical washing 
compound and water or allowed to decline in radioactivity before decon- 
tamination commenced. When the aircraft was decontaminated, the j 
ground crew moved it onto the parking ramp for routine maintenance. 
Here, personnel removed, checked, and recalibrated the radiological 
instruments for the next mission.7 

History of Manned 
Nuclear Cloud 
Sampling 

nuclear test operation known as Sandstone. At that time, an aircraft on 
a cloud-tracking mission accidentally penetrated a nuclear cloud without 
the crew’s experiencing any outwardly apparent ill effects. This inad- 
vertent penetration flight caused the military to rethink the future 
course of nuclear cloud sampling. Prior to that time, drone aircraft were 
used for cloud sampling because it was believed that such work posed 
too great a risk for aircraft crews. However, over the next 3 years, the 
military performed a series of theoretical studies that predicted a mini- 
mal radiological risk to personnel involved in such work. On the basis of 
these studies, the military decided to conduct nuclear cloud sampling 
using manned aircraft at the next test operation (Ranger), which 
occurred in January and February of 195 1. 

During Operation Ranger, two propeller-driven bomber aircraft were 
used to sample three of the five detonations, while only one such air- 
craft participated in the other two. According to available information, 
the crew breathed 100 percent oxygen from the aircraft’s oxygen- 
breathing system prior to cloud entry and throughout the remaining 
portion of the flight. The radiological safety instructions given the crew 
were simple ones. The aircraft crew were to continue their cloud-sam- 
pling mission until their instruments showed a 200-millirem radiation 
dosage limit had been achieved,* and then the crew was instructed to 
abort its mission and return to base. As a result of its successful use at 

7Calibrating, or recalibrating, refers to checking an instrument by testing its ability to accurately 
measure a known amount of radiation emitted from a particular radiation source. 

‘A rem is a unit of dose of any ionizing radiation that produces the same biological effect a~ a unit of 
absorbed dose of ordinary x-rays. One mihirem is one one-thousandth of a rem. The present permissi- 
ble radiation dose for radiation workers in the United States is 5 rem per year. 
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Operation Ranger, cloud sampling by manned aircraft became a main- 
stay of future atmospheric nuclear weapons test operations. 

Over the next 12 years-from 1951 to 1962-the military conducted 
cloud-sampling work using many different aircraft and exercising many 
different precautions to keep aircraft crews’ exposures within accepta- 
ble radiological safety limits. Commencing with Operation Greenhouse 
in the spring of 1951, the military recognized that radiological risks 
could be reduced by using aircraft that more quickly traversed the 
nuclear cloud and required fewer crew members. Whereas the propeller- 
driven bomber aircraft employed during Operation Ranger required a 
crew size of 10, the military concluded that a jet aircraft with 1 or 2 
crew members would be better for cloud-sampling work. Thus, such air- 
craft were phased into future weapons test operations as the demands 
of the Korean War and of operational readiness allowed. 

During Operation Buster-Jangle in the fall of 1951, the military experi- 
mented with improving the in-flight environmental condit.ions within 
the cabin and cockpit areas on cloud-sampling aircraft. At operations 
Ranger and Greenhouse, the air ducts used to pressurize” the cloud-sam- 
pling aircraft were closed prior to cloud entry to keep radioactive parti- 
cles from entering the cabin area. This depressurized condition, 
however, caused the windshield to frost over, which limited visual 
sighting of the cloud. The depressurized condition also allowed a rapid 
drop in temperature, which made the crew uncomfortable and reduced 
its efficiency. To resolve these problems, the military experimented with 
placing a filter on the pressurization system and allowing the sampling 
aircraft to remain pressurized during its entire mission. 

During Operation Ivy in the fall of 1952, the military began using pro- 
tective barriers to reduce the sampling crews’ radiation exposure. At 
this operat.ion, a loose lead-glass cloth shroud was selected as an appro- 
priate safety feature. (See fig. 1.2.) The shroud fit over the head, draped 
down the back, and extended over the sides and front to just below the 
knees of the crew member. Later operations saw the introduction of 
lead-lined vests and lead-lined seats for further radiological protection. 

“Pressurizat.ion is a process of creating a nearly normal atmospheric environment, as in an aircraft,. 
where normal breathing is possible without the aid of any apparatus. However, even on pressurized 
cloud-sampling missions, according to one cloud-sampling scientific advisor. aircrews breathed 100 
percent oxygen from the aircraft’s oxygen-breathing system. 
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Figure 1.2: Protective Lead-Glass Cloth 
Shroud Being Placed on Sampler Pilot, 
Operation Ivy 

Source: DNA’s Historical Report on Operation Ivy, DNA 6036F, p. 100. 

Operation Tumbler- 
Snapper 

Operation Tumbler-Snapper consisted of eight low- to intermediate-yield 
nuclear detonations, or tests, conducted at the Nevada Proving Ground 
in the spring of 1952. The operation was divided into two phases, with 
the Tumbler phase consisting of four tests for studying weapons effects 
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and t,he Snapper phase consisting of four tests for improving the design 
of nuclear weapons. DOD estimated 10,600 of its personnel took part in 
the operation. l’) 

Cloud-sampling dut.ies at Operation Tumbler-Snapper were carried out 
by a test group of approximately 270 Air Force personnel, about 80 of 
whom flew through nuclear clouds. The Atomic Energy Commission (a 
predecessor agency of the Department of Energy) and DOD established a 
limit of 3.0 rem of radiation exposure per 13 weeks for all personnel 
participating in the operation, except for cloud-sampling aircrews, who 
were authorized to receive up to 3.9 rem. Operation Tumbler-Snapper 
consisted of 63 cloud-sampling missions using both propeller and jet air- 
craft. According to DOD, the cloud-sampling aircrews received an aver- 
age radiation exposure of 1.13 rem, and the entire t.est group an average 
of .55 rem. 

Operation Redwing Operation Redwing consisted of 17 nuclear tests conducted at the Pacific 
Proving Ground in the spring and summer of 1956.” The operation was 
held primarily to test high-yield thermonuclear devices that could not be 
tested in Nevada. Numerous technical experiments were carried out in 
conjunction with each of the 17 t.ests. DOD estimated that 10,800 of its 
personnel took part in t.he operation.]’ 

Cloud-sampling duties at Operation Redwing were carried out by a test 
group of approximately 205 Air Force personnel, about 35 of whom flew 
through nuclear clouds. The Atomic Energy Commission and DOD estab- 
lished a limit-slightly higher in comparison with Operation Tumbler- 
Snapper-of 3.9 rem of radiation exposure per 13 weeks for each per- 
son participating in Operation Redwing, except for cloud-sampling air- 
crews, who were authorized to receive up to 20 rem.‘:’ However, if a 
cloud-sampling aircrew member accumulated 3.9 rem or more on any 

‘%ecause of the lack of surviving historical documentation, DOD-as of May 1987-had identified 
by name only 7,696 Tumbler-Snapper participants; film badge data were available on 5,378 of these. 
Film badge data indicate that 307 of the 5,378 had a recorded exposure greater than 1 rem. 

1 ‘The Pacific Proving Ground consisted principally of Enewetak and Bikini atolls in the northwestern 
Marshall Islands in the central Pacific Ocean. 

‘“Film badge data indicat.e, according to DOD, that 5,000 of the estimated 10,800 DOD personnel at 
Operation Redwing received a recorded exposure greater than 1 rem. 

13The Atomic Energy Commission and DOD established the 3.9.rem and ZO-rem limit on the basis of 
their judgment of what represented a safe level of radiation exposure and would allow cloud-sam- 
pling personnel to accomplish their mission. In 1956, the annual exposure limit, as recommended by 
the National Council on Radiation Protection and Measurements, was 15 rem per year. 
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one mission, no second mission would be authorized before a lapse of 13 
weeks had occurred. During Redwing, 104 cloud-sampling missions were 
flown using jet aircraft. According to DOD, the cloud-sampling aircrews 
received an average radiation exposure of 6.85 rem, and the entire test * 
group received an average of 4-05 rem. 

Also at Operation Redwing were about 70 Air Force personnel partici-, 
pating in a project called early cloud penetration, the primary objective 
of which was to measure the radiation dose and dose rate one would 
experience in flying through the cloud. A major difference between 
these and the cloud-sampling personnel was the period of time after the 
detonation that passage through the cloud occurred. Early cloud pene- 
tration aircrews flew into the cloud as soon as 20 minutes after detona- 
tion, whereas cloud-sampling aircrews made their flights into the cloud 
60 to 120 minutes after the detonation. During Operation Redwing, 
about 20 early cloud penetration personnel using jet aircraft flew 22 
missions, resulting in 27 penetrations through the clouds. According to 
DOD, the early cloud penetration aircrews received an average radiation 
exposure of 5.65 rem with all project personnel receiving an average of 
1.83 rem. 

Operation Dominic I Operation Dominic I consisted of 36 nuclear tests conducted, for the 
most part, near Christmas and Johnston Islands in the Pacific Ocean 
from April to November 1962.14 Twenty-nine of the tests were conducted 
for the purpose of weapon development, 5 were for the purpose of stud- 
ying the effects of nuclear detonations as defensive weapons against 
ballistic missiles, 1 was a test of the Polaris weapon system, and 1 was a 
rocket-launched antisubmarine nuclear depth charge. DOD estimated that 
20,700 of its personnel took part in the operation.15 

Cloud-sampling duties at Operation Dominic I were carried out by a test 
group essentially comprised of about 330 Air Force personnel, about 85 
of whom flew through nuclear clouds. At Operation Dominic I, all indi- 
viduals except cloud-sampling personnel were limited to receiving an 
exposure of 3.0 rem per 13 consecutive weeks with an annual maximum 
limit of 12 rem. However, cloud-sampling personnel were authorized to 
receive a maximum permissible exposure of 20 rem for the operation. 

14Christmas Island is a United Kingdom possession located 1,200 nautical miles south of Honolulu. 
Johnston Island is a United States possession located 780 nautical miles west-southwest of Honolulu. 

%ilm badge data indicate, according to DOD, that only 525 of the estimated 20,700 DOD personnel 
at Operation Dominic I received a recorded exposure greater than 1 rem. 
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During Dominic I> aircrews flew 244 cloud-sampling missions using jet 
aircraft. According to DOD, the cloud-sampling aircrews received an 
average radiation exposure of 5.68 rem with the entire test group 
receiving an average exposure of .68 rem. 

Responsibilities of the Operations Tumbler-Snapper, Redwing, and Dominic I represented only 

Defense Nuclear 
Agency 

3 of 20 atmospheric nuclear weapons test operations conducted by the 
LJnited States between 1945 and 1962. During this period, an estimated 
200,000 American military personnel and civilians participated in the 
atmospheric test operations, and more than half received some level of 
radiation exposure. Responding to various test participants’ claims to 
the Veterans Administration (VA) for radiation-related disability com- 
pensation, DOD, in December 1977, assigned responsibility to the Defense 
Nuclear Agency (DNA) to begin a program of wide-ranging actions. 

DN,4, in turn, established a nuclear test personnel review program that, 
has included (1) compiling a roster of the American milit.ary personnel 
and civilians involved in the at.mospheric nuclear tests, (2) developing 
an historical report of each atmospheric nuclear test that involved 
American military personnel and civilians, (3) providing estimates of 
atmospheric test radiation doses (both as a comparison with film  badge 
readings and as a substitute for them in cases where badges were not 
worn or readings were not recorded), and (4) providing assistance to 
veterans, the VA, and others by researching and providing as complete 
data as possible on individual participation and radiation doses.lfj 

W ith its October 1984 release on Operation Crossroads, DNA completed 
its publication of an historical report on each of the 20 atmospheric 
nuclear weapons test operations. I7 Each report-including those on 
operations Tumbler-Snapper, Redwing, and Dominic I-provides an 
overview of the operation, an identification of the principal organiza- 
tions and branches of the military service involved, a description of the 
radiological safety procedures in place, and a summa.ry of personnel 
exposure to external radiation. 

“‘Radiation doses received by active force personnel who did not participate in the atmospheric 
nuclear weapons testing program are kept under a separate registry. 

l7We evaluated radiation exposure estimates for Operation Crossroads in our report Operation Cross- 
roads: Personnel Radiation Exposure Estimates Should Be Improved (GAOjRCED-86-lb, Nov. 8, 
1985). 

, 
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Usually, specific discussion in the historical reports on personnel expo- 
sure to external radiation is based upon exposure to external gamma 
radiation (expressed in units called rem).** This exposure may be taken 
from film  badges worn by participants during the various test opera- s 
tions or, in cases where film  badges were not worn or were lost, may be 
the result of a dose reconstruction. The reports list, by participating 
organizations, the total number of individuals who were badged and the 
number of radiation exposures by exposure ranges. 

In addition, DNA is in the process of estimating possible personnel expo- 
sure to internal alpha, beta, and gamma radiation.lg DNA began its inter- 
nal exposure assessment in 1980 with a contract effort aimed at 
identifying those individuals who received significant internal radiation 
doses. Because of problems with the methodology used by the contrac- 
tor, DNA redirected its effort in 1984. It plans to publish, by the summer 
of 1987, a report identifying those individuals who participated in any 
of the various nuclear weapons test operations within the continental 
United States and who received an estimated 50-year radiation dose of 
less than 150 millirem to the bone.‘0 Aircrew members who flew on 
cloud-sampling missions at Operation Tumbler-Snapper have been iden- 
tified in the report as having received an estimated internal dose below 
this amount because they were protected by the respiratory breathing 
devices they wore. Successively, DNA is preparing a similar report identi- 
fying individuals with equally low internal radiation doses who partici- 
pated in any of the various oceanic nuclear weapons test operations. As 
a culmination of its efforts, DNA is further developing internal radiation 
doses for those individuals who presumably received a radiation dose of 
greater than 150 millirem to the bone. According to the DNA assistant 
nuclear test personnel review program manager, specific internal radia- 
tion doses are being calculated first for those units that include an indi- 
vidual or individuals who have submitted a claim to the VA for radiation- 
related disability compensation. 

t8Gamma radiation is electromagnetic radiation accompanying many nuclear reactions. Gamma rays 
can travel great distances through air and can penetrate a considerable thickness of material. 

lgAlpha radiation has a range of only a few inches in the air and is incapable of penetrating clothing 
or even the outer layer of unbroken skin. However, alpha radiation is a primary hazard when 
absorbed internally. Beta radiation may travel several feet in the air before being absorbed. In more 
dense material, such as body tissue, beta radiation may travel up to half an inch. Clothing normally 
provides adequate protection from beta radiation. Therefore, beta radiation is a hazard only when 
beta-emitting materials are either in direct contact with the skin or absorbed internally. 

20This dose-150 millirem to the bone-is 1 percent of the radiation protection guideline (annual 
limit) for occupational exposure currently recommended by the National Council on Radiation Protec- 
tion and Measurements 
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Objectives, Scope, and In late 1985, a public interest group-Environmental Policy Institute- 

Methodology 
issued a report based largely on its evaluation of a 1956 military docu- 
ment, Early Cloud Penetrations- Operation Redwing (Preliminary 
Draft). The public interest group’s report indicated that an experiment 
was conducted at Operation Redwing in which Air Force personnel and 
aircraft were deliberately and repeatedly flown through highly radioac- 
tive mushroom clouds. More importantly, the public interest group’s 
report stated that. the Redwing early cloud penetrat,ion report admitted 
that film  badges of aircrew members flying through nuclear clouds reg- 
istered readings lower than actual exposure-in some cases by a factor 
of 2-l/2. Thus! when the film  badges measured radiation levels of 15 
rem to the crew: more sensitive and accurate instruments on the aircraft 
measured 35 to 40 rem. 

Because of the higher exposure readings reported and the knowledge 
that film  badge results are normally used as the official record of an 
individual’s radiation exposure, the Senate Committee on Veterans’ 
Affairs asked us to review this matter further. Specifically, the commit- 
tee asked us to determine the number of personnel manning or decon- 
taminating aircraft that flew through the nuclear clouds at Operation 
Redwing and how much radiation they received. In addition, the com- 
mittee asked that we do the same analysis at two other atmospheric 
nuclear test operations selected at our discretion, subject to its approval. 
We used three criteria to select the other two test operations: (1) each 
involves the same approximate number of personnel manning or decon- 
taminating aircraft flying through nuclear clouds as occurred at Opera- 
tion Redwing (about 300), (2) one represents a Nevada Test Site 
operation-given that. Redwing took place in the Pacific Ocean, and (3) 
each occurs several years apart from Redwing (to allow an evaluation of 
any changes in procedures followed). On the basis of these criteria, we 
selected, and the committee approved, operations Tumbler-Snapper 
(1952) and Dominic I (1962) for review. 

We performed our review between February 1986 and January 1987. As 
a first step, we attempted to determine whether radiation instruments 
on aircraft flying through nuclear clouds at Operation Redwing had 
indeed read radiation doses 2-l/2 times higher than doses recorded on 
film  badges worn by the aircraft crews. To make that determination, we 
analyzed information contained in two principal documents: Early Cloud 
Penetrations-Operation Redwing (Preliminary Draft) and Early Cloud 
Penetrations-Operation Redwing (Final Report). The preliminary draft 
discussed a radiation monitoring device called a P-meter, which was 
installed in the nose section of the aircraft and which read radiation 
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doses 2-l/2 times higher than doses recorded on film  badges worn by 
the aircraft crews. The final report stated that the apparent discrepancy 
between the readings of the P-meter and the film  badges led to further 
evaluation after Operation Redwing. 

According to the final report, two checks of the P-meter were ultimately 
made. The Air Force tested the P-meter in aircraft at Kirtland Air Force , 
Base, New Mexico, and found that the nose section of the aircraft expe- 
rienced extremely cold temperatures in flight and that extremely cold 
temperatures apparently caused the P-meter to read more than two 
times too high. In addition, the National Bureau of Standards tested the 
P-meter and found that extremely cold temperatures would cause this 
device to malfunction by a similar amount. As a result of both checks, 
the final Redwing early cloud penetration report discounted the radia- 
tion readings made by the P-meter. During our work, we contacted a 
radiation expert at the National Bureau of Standards to confirm the 
findings of the final report. This expert advised us that the Bureau had 
tested the P-meter for the Air Force in the mid-1950s and had deter- 
mined that extremely cold temperatures would cause the P-meter to 
read more than two times too high. 

To better analyze events and circumstances surrounding personnel man- 
ning or decontaminating aircraft that flew through nuclear clouds, we 
sought information from numerous sources. We researched material per- 
tinent to the three operations selected for our review at such locations 
as the Defense Nuclear Agency; U.S. Department of Energy; National 
Archives; Federal Records Center; Reynolds Electrical and Engineering 
Company’s Coordination and Information Center;21 Air Force Weapons 
Laboratory in Albuquerque, New Mexico; Air Force Nuclear Test Per- 
sonnel Review Team Office at Brooks Air Force Base in San Antonio, 
Texas; and the Smithsonian Institution’s Air and Space Museum. In 
addition, we contacted outside sources such as the National Association 
of Radiation Survivors, National Association of Atomic Veterans, Feder- 
ation of American Scientists, and Radiation Research Project. These 
efforts showed that many aircrews were involved in many different 
tasks during the atmospheric nuclear weapons testing program. Air- 
crews were involved in such activities as dropping the nuclear weapon, 
testing the effects of the weapon by positioning their aircraft within 

‘lThe Reynolds Electrical and Engineering Company is a private contractor that provides dosimetry 
service to the U.S. Department of Energy at the Nevada Test Site. This company operates, for the 
Department of Energy, the Coordination and Information Center, which has been designated a~ the 
ultimate repository for all unclassified information regarding the atmospheric nuclear weapons test- 
ing program. 
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proximity of the weapon’s blast, and tracking the nuclear cloud down- 
wind by contacting the periphery of the cloud. Our review did not cover 
those aircrew activities; instead, our work was limited to those aircrews 
with the specific mission of flying through the nuclear clouds at opera- 
tions Tumbler-Snapper, Redwing, and Dominic I, plus the related groun:; 
crew personnel involved in decontamination work. 

To evaluate the accuracy of the radiation film  badges used, we review:ec 
the historical reports prepared by DNA on operations Tumbler-Snappr?r, 
Redwing, and Dominic I, and DNA’S supporting documentation. We also 
interviewed experts in film  badge dosimetry, including officials witch the 
Kational Bureau of Standards, U.S. Nuclear Regulatory Commissi;on, and 
Reynolds Electrical and Engineering Company. In addition, we in’ter- 
viewed several film  dosimetry experts who participated in two ot” the 
three operat.ions we reviewed. Further, we researched and analyzed 
available information on film  badge accuracy from such sources as the 
US. Department of Energy, the Reynolds Electrical and Engineering 
Company’s Coordination and Information Center, and t,he Los AJamos 
National Laboratory. 

To assess whether film  badge exposure records of personnel manning or 
decontaminating aircraft that flew through nuclear clouds at operations 
Tumbler-Snapper, Redwing, and Dominic I accurately reflected their 
exposure to radiation, we analyzed these records for possible inaccura- 
cies. For instance, in the case where a film  badge was reportedly lost. 
during the operation, we attempted to determine whether an appropri- 
ate dose-based on exposures received by others doing similar work- 
had been added to the pertinent individual’s film  badge exposure record. 
To the ext.ent that an individual was known t.o be present for a specific 
period of time during the operation, we attempted to determine whether 
the film  badge doses recorded in the individual’s exposure record cov- 
ered this entire period of time. Finally, we reviewed individual film  
badge exposure records for arithmetical mistakes. 

To evaluate the amount of external gamma radiation received by per- 
sonnel manning or decontaminating aircraft that. flew through nuclear 
clouds, we sought all available information on all gamma radiation mon- 
itoring devices used to monitor personnel exposure during the subject 
operations. We observed that, particularly in t.he aircraft, other 
devices-beyond the P-meter previously discussed-were positioned in 
the cabin or cockpit area to monitor the crews’ exposure to gamma radi- 
ation. The readings from these devices were recorded on data sheets or 
in ledgers, which were available on all atmospheric nuclear weapons 
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testing operations. During our review, we obtained copies of such docu- 
ments for the three subject operations and compared the readings from 
these devices against the readings recorded on the film  badges worn by 
the aircraft crews. 

To analyze the relative accuracies of these other devices used to monitor 
gamma radiation, we researched available information on these devices, 
at the Los Alamos National Laboratory, the Reynolds Electrical and 
Engineering Company’s Coordination and Information Center, and the 
US. Department of Energy. In addition, we interviewed an official who 
helped design one of the devices-the integron-and two individuals 
who calibrated the integron and the other devices prior to each Redwing 
nuclear test. 

To evaluate the amount of internal radiation received by personnel man- 
ning or decontaminating aircraft that flew through nuclear clouds, we 
sought information on whether personnel were protected from or moni- 
tored for internal radiation exposure. In this regard, we noted that some 
personnel participating in early cloud penetration flights during Opera- 
tion Redwing were subjected to urinalysis and whole body counter test- 
ing before and after the operation. 22 As part of our review, we obtained 
the results of such testing and interviewed the official responsible for 
the design and operation of the whole body counter during these tests. 
We also asked four nationally known health physicists from the Brook- 
haven National Laboratory, Monsanto Research Corporation, Inhalation 
Toxicology Research Institute, and Battelle Pacific Northwest Laborato- 
ries to estimate previous internal radiation exposure for these Redwing 
cloud penetration personnel on the basis of traces of plutonium found in 
their urine after the operation. 

Finally, to develop a greater appreciation of the precautions taken to 
protect personnel manning or decontaminating aircraft that flew 
through nuclear clouds, we interviewed many of the individuals who 
participated in such work. Specifically, we interviewed several scientific 
advisors who directed cloud-sampling aircraft on these missions and the 
officer who directed and participated in the early cloud penetration 
flights at Operation Redwing. We also interviewed many of the aircrew 
members who flew through the nuclear clouds and the ground crew 
members who performed the aircraft decontamination. 

‘21n 1956, the whole body counter was a large, long cylindrical device in which a human subject was 
placed to measure radiation emanations from the subject’s body. Since 1956, the design and configur- 
ation of the whole body counter has changed. 
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During our review, we did not analyze the health effects of exposure to 
low-level ionizing radiation or the duties of the ~4 in adjudicating veter- 
ans’ radiation-related disability claims. We did note, however, that of 
the cloud-sampling personnel included in our review, one Tumbler-Snap- 
per and seven Redwing individuals have submitted claims, none of 
which has been granted. We made our review in accordance with gener- 
ally accepted government auditing standards. 
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Nuclear Cloud-Sampling Personnel 

A majority of the estimated 200,000 American military personnel and 
civilians who participated in the atmospheric nuclear weapons testing 
program received an average aggregate external gamma radiation expo- 
sure of about 0.5 rem, according to DNA data. In comparison, personnel 
who manned or decontaminated aircraft that flew through nuclear 
clouds received, at one test operation, a recorded average external 
gamma radiation exposure dose of more than 4.0 rem. 

During our review, we evaluated the accuracy of the recorded radiation 
doses cloud-sampling personnel received at three nuclear test opera- 
tions-Tumbler-Snapper (1952), Redwing (1956), and Dominic I (1962). 
For the latter two operations, we found information indicating that the 
recorded exposure to external gamma radiation for some personnel is 
understated. The amount of that understatement varied from individual 
to individual but could result in a doubling of a particular individual’s 
recorded exposure (see app. 11). 

This understatement is based on determining that, for external radiation 

. certain problems were or are known to exist with the film badges used 
to officially record exposure, particularly during operations Tumbler- 
Snapper and Redwing; 

. certain individuals’ cumulative film badge exposure records contained 
errors, such as exposure totals in some Redwing cases-not reflecting 
radiation received from fallout; and 

. monitoring devices installed in the cockpit of the cloud- sampling air- 
craft at operations Redwing and Dominic I read higher levels of radia- 
tion than anticipated compared with the film badges worn by the 
aircraft crews. 

We also found that possibilities existed-particularly during operations 
Tumbler-Snapper and Redwing- for some level of internal radiation 
exposure. Specifically, 

l ground personnel participating in operations Tumbler-Snapper and Red- 
wing, in comparison with Operation Dominic I, were not fully protected 
against possible internal radiation exposure; and 

. no personnel at Operation Tumbler-Snapper and only a few personnel at 
Operation Redwing were monitored for internal radiation exposure. 
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External Gamma Film badges are the official record of personnel exposure to gamma radi- 

Radiation Exposure 
ation for those who participated in the atmospheric nuclear weapons 
testing program. However, for personnel who manned aircraft flying 

Assigned to Personnel through nuclear clouds, crew exposures were also measured by other 

Needs to Be radiation monitoring devices located in the cockpit or elsewhere. For 

Reexamined 
example, in cloud-sampling aircraft, radiation monitoring devices were 
routinely positioned either on the instrument panel in front of the pilot 
or behind the pilot’s seat. Our comparison of the readings on these 
devices and on the film  badges, along with other information we devel- 
oped, suggests that external gamma radiation exposure assigned to some 
personnel at operations Redwing and Dominic I is understated. For that 
reason, using the readings from these other devices in conjunction with 
film  badge readings to establish personnel exposure would seem advisa- 
ble and could lead to more accurate aircrew doses. 

Certain Problems Were or Beginning with the first successful testing of a nuclear weapon at Ala- 
Are Known to Exist W ith mogordo, New Mexico, in 1945, film  badges were used to measure 

Film Badges Used to gamma radiation exposure for personnel participating in the atmos- 

Record Radiation pheric nuclear weapons testing program. There are several reasons for 

Exposures 
this. According to a DOD radiological safety manual prepared in 1947, 
film  badges are small and light, provide a permanent record of exposure 
amount, and have no complicated circuits to become unadjusted. How- 
ever, film  badges also have some drawbacks. Problems can exist in the 
ability or sensitivity of the film  to measure radiation as well as in the 
processing of the film -unless processing conditions are carefully con- 
trolled. These problems manifest, themselves in varying degrees as 
inherent inaccuracies associated with all film  badges. Because of these 
inaccuracies, we identified, in an earlier GAO report,l that. film  badge 
dosimetry has been in error by 2 100 percent or more in assigning 
gamma radiation doses. (This amount of error agrees with the findings 
of the 1986 National Academy of Sciences study, Review of the Methods 
Used to Assign Radiation Doses to Service Personnel at Nuclear Weap- 
ons Tests, inasmuch as one of the principal film  badge experts serving 
on t,hat study also reviewed and concurred in the findings on film  badge 
accuracy in our earlier report.) 

Available information suggests, however, that several additional prob- 
lems were or are known to exist with t.he film  badges used, particularly 
during operations Tumbler-Snapper and Redwing. For instance, in some 

‘Operation Crossroads: Personnel Radiation Exposure Estimates Should Be Improved (GAO/ 
RCED-86-15; Nov. 8, 1985). 
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cases, additional problems are identified in the historical reports DNA 
has prepared on these operations or in a 1985 report DNA issued on film  
badges used in the atmospheric nuclear tests. In other cases, additional 
problems are identified in documents that were prepared during or soon 
after these two operations. Collectively, these additional problems raise 
questions about the accuracy of the gamma radiation exposure doses 
that were measured. 

Film Badges Used at Tumbler- 
Snapper 

DNA’S historical report on Operation Tumbler-Snapper does not provide a 
great deal of information about the film  badges worn by cloud-sampling 
personnel during that operation. The report indicates that a type 558 
film  packet was used and that this film  packet was given to each air and 
ground crew member at a briefing held the day before each nuclear test. 
The report also indicates that, after the second of the eight Tumbler- 
Snapper tests, there were indications that some of the film  badges were 
giving erroneous readings. Therefore, it became the standard procedure 
for personnel to wear two film  badges, taped side-by-side, with the aver- 
age of the two readings recorded as the person’s official dose.2 

DNA’S 1985 report on film  badges used at the various atmospheric 
nuclear tests, including Tumbler-Snapper, also indicates that there were 
problems with the 558 film  packet used. According to the report, there 
were two film  components in the packet-a component designed to mea- 
sure low amounts of radiation and a component designed to measure 
higher amounts of radiation. The data presented in the report indicate 
that a gap of between 6 and 20 rem apparently existed in the amount of 
radiation the two film  components could effectively read. Similarly, 
according to a 1961 publication by the manufacturer of the film  badge, 
the two film  components could not effectively read radiation between 4 
to 9 rem. However, according to a film  badge expert at the Reynolds 
Electrical and Engineering Company and a major contributor to this 
1985 DNA report, the two film  components could effectively measure 
radiation up to 10 rem; but between the lo- to 15-rem range, the two 
film  components had an inaccuracy of about plus 60 to minus 30 per- 
cent. In other words, this film  badge expert estimated that if the film  
packet were exposed to 12 rem of radiation, the film  components could 
interpret that exposure as being anywhere between 8.4 and 19.2 rem. 
According to information contained in DNA’S 1985 film  badge report, the 

‘Neither the report nor supporting documents described what was meant by, or the basis for, indica- 
tions that film badges were giving erroneous readings. Further, we could not determine if averaging 
the readings from two film badges corrected this problem. 
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558 film  packet was used at only one other test operation-Ivy (in the 
fall of 1952)-before it was discontinued. 

Film Badges Used at Redwing Over the next 5 years-from 1953 to 1957-a type 559 film  packet was 
used. Each 559 film  packet -like the film  packet worn at Tumbler-Snap- 
per-also contained two film  components. 

According to DNA'S report on Operation Redwing, the 559 film  packet 
was issued on both a permanent and a mission basis. A  permanent badge 
was given to all operat,ion personnel, beginning on April 15, 1956, with 
exchanges scheduled for every 6 weeks, to me’&ure their inadvertent 
exposure to radiation. A  mission badge was given to those personnel 
specifically authorized to enter known radioactive areas (radioactivity 
over 0.010 rem per hour). The DNA Redwing historical report also indi- 
cates that, as the operation progressed, it was found that the first set of 
permanent badges worn longer than 4 weeks became badly 
watermarked, showed severe light leaks, and were generally quite diffi- 
cult to read. As a result, the exchange period for all task groups at the 
operation was shortened to no more than 4 weeks. 

As with the Tumbler-Snapper film  badge packet, information also sug- 
gests there was a certain inaccuracy associated with the two film  com- 
ponems in the Redwing film  badge. Specifically, the radiological safety 
reports prepared on two of the three test operations immediately pre- 
ceding and one operation immediately following Redwing each com- 
mented on an inaccuracy problem associated with this particular type of 
film  badge. For instance, the radiological safet.y report on Operation 
Castle (1954) indicated that the two film  components in the Redwing- 
type film  badge were reasonably accurate up to 3 rem, but were unable 
to accurately evaluate exposures in the region of 10 rem. According to a 
major contributor to DNA'S 1985 film  badge report, in the region of 10 to 
15 rem, the two film  components in the Redwing-type film  badge were 
able to distinguish radiation to an accuracy of plus 40 t,o a minus 20 
percent. In other words, this expert said if the film  packet were exposed 
to 10 rem of radiation the film  components could interpret that as being 
anywhere between 8 and 14 rem. 

Film Badges Used at Dominic I In 1962, at Dominic I, a type 556 film  badge packet was used that also 
contained two film  components. While no additional inaccuracy prob- 
lems are known to exist with the Dominic I badge, as existed with the 
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badges used at operations Tumbler-Snapper and Redwing, the Dominic I 
badge was prone to environmental damage. 

For instance, in a December 27, 1962, letter, the head of the Dominic I 
radiological safety section indicated that the Dominic I film badge did 
not stand up to the temperature and humidity. This caused the film 
badge, according to this officer, to register a radiation dose where none 
actually occurred. He also said that in cases where the dose could have 
been significantly high, such as with cloud-sampling pilots, the badges 
were changed with such frequency that no trouble was experienced. 

Later, in 1980, a private dosimetry company reexamined approximately 
1,350 Dominic I film badges at the request of the Navy because of anom- 
alously high film badge readings on some ships remote from the Dominic 
I nuclear test sites. This company found that film damage was a major 
contributor to the elevated doses on these ships. The relevance of this 
information, however, to the film badges worn by cloud-sampling per- 
sonnel is unclear. In comparison, cloud-sampling personnel were mem- 
bers of the Air Force who were island-based. Also, cloud-sampling 
personnel wore their film badges for a shorter duration and, thus, their 
film badges were susceptible to less environmental damage. 

Individual Cumulative While it is important that a film badge accurately measure an individ- 
Film Badge Exposure ual’s radiation exposure on a particular occasion, it is equally important 

Records Contained Errors to correctly tabulate the results of readings from film badges worn on all 
occasions. These tabulated results form the permanent record of cumu- 
lative film badge exposure. In turn, these permanent records-during 
the atmospheric nuclear weapons testing program-served to identify 
those persons approaching or exceeding the maximum permissible expo- 
sure for their respective operation. A determination could then be made 
as to those persons’ continued participation in the operation. 

At each of the three atmospheric weapons test operations we reviewed, 
it was standard practice to record individual cumulative exposure on 
file cards, For Operation Tumbler-Snapper, those file cards have been 
lost or destroyed during the intervening years and, thus, were unavaila- 
ble for review.3 For Operation Redwing, about 26 percent of those file 
cards contained errors. The most significant errors identified were (1) 

3Radiation exposure doses have been assigned to Tumbler-Snapper personnel on the basis of a sum- 
mary list of exposures prepared soon after that operation. 
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gaps on the file cards indicating missing film  badge readings or occa- 
sions when a film  badge was not worn and (2) situations where gamma 
radiat.ion received from fallout during the Redwing tests was not added 
to cumulative exposure totals. For Operation Dominic I, about 13 per- 
cent of the file cards contained errors, primarily because no reading wac 
assigned when a film  badge was lost or not turned in. 

During our review, we provided DNA and the Air Force with a list of 
those errors we identified. According to the Air Force nuclear test per- 
sonnel review project manager, the Air Force has not, in the past, 
checked for accuracy a veteran’s film  badge exposure record, but 
inst.ead has relied upon the Reynolds Electrical and Engineering Com- 
pany-present repository for all military film  badge exposure records- 
to provide the Air Force with an accurate exposure total for its person- 
ne14 At the time of our review, the Reynolds Electrical and Engineering 
Company had not analyzed the Air Force film  badge exposure records in 
its possession for accuracy but has since begun doing so at DNA’S 
direction. 

Individual Cumula.tive Exposure At Operation Redwing, the film  badge exposure record listed the indi- 
Records for Redwing vidual’s name, organization, and each permanent or mission badge worn 

For each permanent and mission badge, the exposure record listed the 
date it was returned, its number, density (a measure of blackening of the 
film  as an indicat.ion of radiation exposure), and radiation reading 
expressed in millirem. By listing the date the film  badge was returned, a 
check could be made to see whether the individual had in his possession 
a film  badge covering the entire period of the operation. The exposure 
record also listed cumulative exposure by adding the readings of the 
individual permanent and mission badges worn.” 

Our evaluation of approximately 280 individual Redwing exposure 
records showed that 74, or about 26 percent. contained errors.” A  small 

4Conversely, according to the DNA assistant nuclear test personnel review program manager, the 
Navy and the Army have made a check of the film badge exposure records for some of their respec- 
tive personnel, particularly when an individual submits a Veterans Administration radiation-related 
disability claim. 

‘Individuals were instructed to wear both permanent and mission badges during a mission. Thus, 
combining the badge readings could result in a redundant recording of radiation dose. In practice, 
however, some individuals did not wear their permanent badges on a mission, in which cases the 
readings from their permanent and mission badges were combined. 

“Eight of the film badge exposure records contained more than one type of error. Thus, a listing of 
the number of records with errors. by error type, does not agree with this total (74). 
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;ap in Redwing Cumulative 
lxposure Records 

number-17, or about 6 percent- involved arithmetical mistakes. All 
the arithmetical mistakes, except one, resulted in an understatement of 
radiation dose, usually on the order of a few hundred millirem, with 
only four mistakes greater than 1 rem. These four were an overstate- 
ment of 1.1 rem and understatements of 1.4, 3.9, and 8.6 rem. An even 
smaller number-7, or about 2 percent-were occasions where a film  
badge was reportedly lost and no radiation dose credited to the particu- 
lar individual’s exposure record. According to DNA officials, it was and is 
now the military’s policy to credit a particular individual’s exposure rec- 
ord, when that person had lost his film  badge, with the highest radiation 
dosage received by any member of that individual’s party. As stated, 
however, for about 2 percent of the exposure records, this was not done. 
In a greater number of records (58 or about 21 percent), we identified 
two other types of errors. 

At Operation Redwing, after the issuance of the first set of permanent 
badges worn on April 15,1956, with exchanges scheduled every 6 
weeks, it became established policy that permanent badges were to be 
worn for no longer than 1 month. This policy was put into effect, as 
previously mentioned, because it was found that the first set of perma- 
nent badges worn longer than 4 weeks became badly watermarked, 
showed severe light leaks, and were generally quite difficult to read. 
Therefore, over the entire period of Operation Redwing, permanent 
badges should have been worn and turned in on roughly a monthly fre- 
quency-around June 1, July 1, and August 1,1956. In about 13 percent 
of the exposure records, however, a gap in or deviation from this fre- 
quency exists. 

For example, figure 2.1 -an actual exposure record for a person 
involved in removing cloud samples from aircraft-shows that only one 
permanent film  badge was worn and turned in on June 6,1956. His 
cumulative exposure total is based on the reading from that 1 perma- 
nent badge plus readings from 10 mission badges worn subsequently. 
There are two possibilities why no other permanent film  badges were 
recorded in this exposure record: either (1) other permanent badges 
worn after June 6, 1956, were unexplainably not added to the exposure 
record7 or (2) no other permanent badges were issued. 

70ne Operation Redwing report stated that film badge readings for some participants had not been 
added to their exposure records. 
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Figure 2.1: Example of a Gap in a 
Redwing Cumulative Exposure Record 

INDIVIDUAL RADIATION EXPOSURE RECORD INDIVIDUAL RADIATION EXPOSURE RECORD 

Source: Reynolds Electrical and Engineering Company. 

In either case, the net effect would be an understatement of this individ- 
ual’s exposure total to the extent that, after June 6, 1956, the 10 missior 
badges did not record all radiation received. Regarding that possibility, 
this individual told us he was a member of a section responsible for (1) 
removing the cloud samples from the aircraft and ferrying them from 
Enewetak Island to Parry Island and (2) retrieving, calibrating, and rein, 
stalling the radiological monitoring devices on the aircraft. Our analysis 
of other personnel in the individual’s work party who wore a similar 
number of mission badges, plus permanent badges, showed they had an 
average radiation exposure of 5.6 rem, or approximately 2 rem higher. 
Thus, there is a strong indicat.ion that the mission badges worn by the 
individual did not record all radiation received and, as a result, his radi- 
ation exposure total is understated. 
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FaIlout Not Added to Redwing 
Cumulative Exposure Totals 

At Operation Redwing, the only significant fallout on Enewetak and 
Parry Islands-on which cloud-sampling personnel were stationed- 
occurred after the Tewa nuclear test on July 21, 1956.8 Fallout began at 
approximately 3:00 p.m. on July 21 and ended at approximately 8:00 
a.m. on July 22, 1956. The Operation Redwing radiological safety report 
showed the average dosage received by any individual on Enewetak or 
Parry Islands as a result of the fallout varied from 2 to 3.5 rem, depend- , 
ing on the length of stay of the individual and the type of work in which 
he was engaged. In about 8 percent of the exposure records, however, a 
radiation dose resulting from this fallout was not added to the individ- 
ual’s cumulative exposure totals, 

Figure 2.2, presents an actual exposure record for a cloud-sampling 
pilot. It shows his permanent and mission film  badges worn with his 
cumulative radiation exposure totaling 6.587 rem. This total was based 
on mission badges worn because the total for those badges worn 
exceeded the permanent badge total.g The last entry in the mission 
badge column for July 21, 1956, represents the dose the pilot received in 
sampling the Tewa nuclear cloud that morning, as determined by evalu- 
ating his pilot data sheet. Any dose of between 2 to 3.5 rem received 
from the Tewa fallout later that day or the following day has not been 
added to the 6.587 rem mission badge total. 

8Enewetak and Parry Islands are two of the several islands comprising the Enewetak Atoll. 

%lividuals were instructed to wear both permanent and mission badges during a mission. Thus, 
combining the badge readings could result in a redundant recording of radiation dose. In practice, 
however, some individuals did not wear their permanent badges on a mission, in which cases the 
readings from their permanent and mission badges were combined. 
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Figure 2.2: Example 01 Radiation From 
the Tewa Fallout Not Being Added to the 
Cumulative Exposure Total 

Source. Reynolds Electrrcal and Engrneerrng Company 
aTwo film badges were worn per mIssion wrth the average of the two added to the cumulative total. 

bThe Tewa fallout commenced at 3 00 p.m. on July 21 and did not end until approximately 8:00 a.m. on ,. ,. 
July 22. Thus, the mrssrng dose that was not auaea to the 6.587 rem assrgned radiatron total IS the 725 
MREM permanent badge for the penod of July 22 to July 23, and a portion on the permanent badge wrth 
the 4095 MREM readrng returned on July 22 

The pilot whose exposure record appears in figure 2.2 told us that he, 
indeed, remembered the Tewa fallout upon his return to Enewetak 
Island and instructions being given to stay indoors for a couple of hours, 
but no longer. He also said there was no restriction placed on swimming 
in t.he adjacent Enewetak lagoon. 
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Our review of the report on the task group comprising cloud-sampling 
personnel showed, however, that such a restriction was put into place- 
as a result of high radiation intensity levels being reported in the 
Enewetak lagoon-but not until some time on July 22,1956, which was 1 
near the end of or after the fallout period. Any radiation dose received 
by an individual while swimming in the Enewetak lagoon prior to this 
restriction would also probably not be reflected in the individual’s expo- 
sure record because of the unlikelihood, while swimming, that any film ’ 
badge would have been worn. 

Individual Cumulative Exposure At Dominic I, the badging system used for cloud-sampling personnel was 
Records for Dominic I nearly identical to that used at Redwing. Aircrew members wore two or 

more mission badges on each sampling flight. These badges were usually 
processed on the same day. The exposure for each badge was posted on 
their exposure record, and a cumulative total was maintained. While not 
on a sampling flight, these men- according to DNA’S historical report on 
Dominic I-wore a permanent badge for 1 to 2 weeks’ or for 1 to 2 
months’ duration. The DNA report also indicates that ground crew per- 
sonnel, though not issued mission badges, were issued new permanent 
badges every 7 to 10 days. 

Our evaluation of approximately 295 individual Dominic I exposure 
records showed that 37, or about 13 percent, contained errors.lO A small 
number-15, or about 5 percent-were the result of arithmetical mis- 
takes. For those, seven mistakes were understatements and eight mis- 
takes were overstatements of radiation dose, with only one of the 
mistakes greater than 1 rem-an overstatement of 9.04 rem. In a larger 
number of records-26, or about 9 percent-film badges were lost or 
not turned in by individuals and, thus, any dose on those badges was not 
added to the individuals’ exposure totals. 

Figure 2.3 presents an actual exposure record that shows this individ- 
ual’s exposure total was 2.363 rem, based on 10 permanent film badges 
worn. The record also shows that an eleventh permanent film badge was 
issued on October 10, 1962, but no recording was made of a process date 
or exposure dosage for this badge. Any dosage that existed on this 
badge was not added to this individual’s exposure total. 

“Four of the film badge exposure records contained both arithmetical mistakes and lost or missing 
badges. Thus, a listing of the number of records with errors, by error type, does not agree with this 
total (37). 
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Figure 2.3: Example of a Film Badge 
Dose Not Added to an Individual’s 
Cumulative Exposure Total 

Film Issue Process Dosage Accumulated 
Badge No. Date Date Cm) Dosage (mr) 

56092 19 Jun 62 20 Jun 62 0 2115 

14147 24 Apr 62 11 May 62 100 2215 

63818 30Sept 62 11 act 62 108 2323 

62497 10 Ott 62 

12702 24 Ott 62 2 Dee 62 40 2363 

Serial No.: Sot. Sec. No.: Date of Birth: 

Source Reynolds Electrical and Englneenng Company 

The individual whose exposure record appears in figure 2.3 t.old us that 
he was continually involved in removing radiological samples from 
cloud-sampling aircraft and was not absent for any period of time dur- 
ing October from the Dominic I operation. Therefore, it seems probable 
that, given the nat.ure of this individual’s work, a dosage may have 
existed on the October 10, 1962, badge that was not posted to his expo- 
sure record. 

Monitoring Devices Read While a film badge has its advantages, one disadvantage is that it does 
Higher Levels of Radiation not provide an immediate measure of gamma radiation. It must first be 

Than Anticipated sent to a lab and processed, like photographic film, before a radiation 

Compared With the Film exposure can be read. Therefore, at each weapons testing operation in 

Badges Worn by the 
which cloud-sampling flights were made, another radiation monitoring 
device was used by aircrews to operationally monitor and control their 

Aircrew exposure. This device told the aircrews when they were approaching 
their prescribed dosage limit and, thus, needed to abort their mission 
and return to base. 

For two of the three operations included in this review, we found that 
the monitoring device used to operationally control gamma radiation 
exposure, the integron, read higher levels of radiation than anticipated 
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Integron Used at Operation 
TumblerSnapper 

compared with the film  badges worn by the crew. As a result of readings 
kept during earlier weapons tests, a ratio was known to exist between 
the radiation reading on the integron and the film  badges used. This 
meant that the integron and the film  badges used were consistently mea- 
suring a somewhat different amount of radiation, but the difference 
remained essentially fixed, resulting in a known ratio. In 65 percent and 
72 percent of 147 and 189 comparisons at operations Redwing and 
Dominic I, respectively, however, the radiation reading on the integron 
exceeded this ratio, suggesting that either the integron read high or the 
film  badges read low. If the latter occurred, aircrews received a larger 
amount of gamma radiation than has been officially recorded.” 

When we presented these data to DNA for its review, the agency dis- 
counted the data’s importance. DNA said that (1) the film  badge has been 
considered the best indicator of personnel exposure to gamma radiation 
for more than 40 years and (2) the difference in readings by the integron 
and the film  badges, on average, was not statistically significant. We dis- 
agree. While the film  badge has been extremely useful over the years in 
measuring gamma radiation, it is not regarded as an infallible instru- 
ment. Indeed, information presented earlier in our report shows, we 
believe, that problems can and did occur with the use of film  badges. 
Therefore, it seems prudent to take advantage of those situations where 
readings from other radiation monitoring devices are available to verify 
film  badge readings. In addition, integron readings that are, in some 
cases, at least l-1/2 times higher than readings by film  badges are sig- 
nificant. Further, however, the integron was also not an infallible instru- 
ment and, for that reason, it would be unwise to advocate, without 
reexamination, its use-over the film  badge-as the official record of 
personnel exposure to radiation.12 

The integron was an ion chamber device with box-like dimensions. At 
Operation Tumbler-Snapper, according to a ledger kept by a scientific 
advisor during the operation, the integron was mounted on the cockpit 
floor near the crew’s feet. A  meter showing the results of cumulative 
gamma radiation exposure measured by the integron was placed on the 
instrument panel for ease in reading by the aircraft crew. According to a 

“The numbers-147 and 189-represent comparisons of integron and film badge readings. On a two- 
person cloud-sampling ah-craft, two integron-tofilm badge comparisons were possible. 

“One cloud-sampling scientific advisor informed us that at the various atmospheric nuclear weapons 
testing operations he participated in the integron was maintained by Air Force personnel who may or 
may not have kept it in good working order. 
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report on the integron prepared by one of its developers, the integron’s 
accuracy was similar to that of the film badges used. 

Our review of data comparing 30 readings at Tumbler-Snapper showed 
that! in about two-thirds of the comparisons, the integron and t,he film 
badges agreed with each other within plus or minus 25 percent. Because 
it apparently gave readings in general agreement with the film badge 
used, the integron was ultimately used at all remaining atmospheric 
nuclear weapons tests. After Tumbler-Snapper, the integron was relo- 
cated in the cockpit from a floor to a chest-level position and proof- 
tested for susceptibility to shock and atmospheric stress. 

Integron Used at Operation 
Redwing 

At. Operat.ion Redwing, t.he integron was positioned in the cockpit to pro- 
vide a better indication of aircrew dose. Specifically, for the single seat 
F-84 fighter aircraft, the integron was mounted in the instrument panel 
in front of the pilot and, for the double seat B-57 fighter-bomber air- 
craft, the integron was mounted in the instrument panel behind the pilot 
and in front of the radiological observer. 

In addition to the integron operationally controlling aircrew exposure, b) 
the time Operation Redwing commenced, it was known that the integron 
could be used to provide a check on the film badges worn by the aircraft 
crew. According to an April 16, 1956, memo by a Los Alamos cloud-sam- 
pling scientific advisor, a ratio of 1.25 existed-based on past weapons 
test experience- in the reading on the integron and the reading on film 
badges worn under the crews’ lead vests.‘” If such a ratio were not 
found, the scientific advisor suggested that perhaps the film badges had 
become contaminated through improper handling after the mission. 
Therefore, this scientific advisor advocated a check of this int.egron-to- 
film badge ratio aft.er each Redwing nuclear test. 

While we found no evidence that such a check was made, our review of 
Redwing data comparing 147 readings showed the reading recorded on 

13-4n integron reading of 5 rem compared with a film badge reading of 4 rem would represent, for 
example, a ratio of 1.25. Our analysis of cloud-sampling data for Operation Teapot in 1955 supported 
this scientific advisor’s statement about a 1.25 rat.io. Apparently, the ratio was due, in part, to the 
film badges being shielded from radiation by the lead vests. Available information indicates that the 
lead vests worn at Operation Redwing were comparable to ones worn at previous weapons tests. The 
lead vest, according to the early cloud penetration report on Operation Teapot, covered 15 percent of 
the body, reduced radiation exposure to that covered portion of the body by 1.5 percent and, thus, 
reduced the gamma radiation dose to the whole body by about 2.25 percent (15 percent times 15 
percent). 
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the integron exceeded this 1.25 integron-to-film badge ratio in 96 com- 
parisons, or approximately 65 percent of the timeel For Redwing cloud- 
sampling personnel, the readings on the integron, if accurate, suggest 
that these individuals received a somewhat larger gamma radiation 
exposure than that recorded by the film  badges worn. For instance, 
readings from film  badges worn during Redwing cloud-sampling mis- 
sions show that only six individuals received a recorded gamma radia- 
tion exposure greater than 10 rem. However, according to integron ’ 
readings during these same missions, 22 personnel received an exposure 
greater than 10 rem.15 

In addition to these comparisons of film  badge and integron readings, 
there is the question of whether film  badges worn underneath a lead 
vest can accurately approximate a person’s radiation exposure. As 
stated in a 1978 report by the National Council on Radiation Protection 
and Measurements,16 if a lead-lined apron is worn and only one film  
badge is used, then the film  badge should be worn underneath the apron 
to estimate the radiation exposure to the person’s whole body. The 
report also noted, however, that the exposure of the face and neck will 
exceed the exposure recorded under the apron. Therefore, the report 
stated that the recorded dose should be increased to express thyroid 
and/or eye lens doses.17 

According to the DNA assistant nuclear test personnel review program 
manager, DNA has not used the dose recorded on film  badges worn under 
a lead vest to assign increased doses to the thyroid and the eye lens for 
cloud-sampling personnel. However, no cloud-sampling individual has 
submitted a VA claim for radiation-related disability because of an expo- 
sure to that portion of the body. 

As best we could determine, the lead vest worn at Operation Redwing 
was not as large as an apron and covered an area only approximately 3 

14At 6 of the 17 Redwing nuclear tests, the integron-compared with the film badges worn-read, on 
the average, at least l-1/2 times higher. 

r6According to the scientific advisor who authored the April 16, 1956 memo, the integron-where 
positioned-provided an accurate indicator of the exposure to the unshielded portions of the crew’s 
body. Thus, the use of integron readings to establish exposure provides a conservative estimate of 
radiation dose. 

16The National Council on Radiation Protection and Measurements is a private non-profit organiza- 
tion chartered by the Congress that publishes reports on all aspects of radiation protection. 

17The present permissible radiation dose for radiation workers in the United States to the whole 
body, head, trunk, lens of the eye, and gonads is 5 rem per year. 
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square feet. Thus, the head and neck were exposed to radiation as per- 
haps was the area below the waist.ls Of the seven Redwing cloud-sam- 
pling personnel who have submitted VA claims for radiation-related 
disability, one person’s claim was for cancer of the bladder, an organ 
which lies below the waist. 

At Operation Dominic I, the integron was mounted in a cockpit location 
similar to the position it had for the Redwing nuclear tests. According to 
a cloud-sampling scientific advisor, the aircraft crews did not wear lead 
vests-as at Redwing-but instead wore a partial-pressure suit and reg- 
ular flight clot,hing with their film  badges located between the two. 

Our review of data comparing 189 readings showed that the reading 
recorded on the integron exceeded the 1.25 integron-t,o-film badge ratio 
in 136 comparisons, or approximately 72 percent of the time? In mak- 
ing these comparisons: we recognized that the 1.25 integron-to-film 
badge ratio may not be entirely applicable during Dominic I nuclear 
tests. Because aircrews did not wear lead vests during their missions, 
the readings on the integron and on film  badges should have been in 
closer agreement than the 1.25 ratio, which was based on film  badges 
being worn underneath a lead vest.. 

Therefore, we asked several cloud-sampling scientific advisors why the 
integron may have read measurably higher amounts of gamma radiation 
at both operations Redwing and Dominic I. The advisors explained that 
perhaps the integron (1) had malfunctioned, (2) was not properly cali- 
brated with a radiation source, (3) overresponded to low-energy radia- 
tion,‘O or (4) had become contaminated from airborne radioactive 
particles that entered the cockpit during the flights. Upon further exam- 
ination, none of those explanations seem to adequately account for the 
integron’s higher readings. 

For instance, we found the following: 

“According to the 1963 History of Air Force Atomic Cloud Sampling. the seats of the cloud-sampling 
aircraft were also lined with lead, beginning with Operation Castle (1954), to further protect the crew 
from the radiation present. 

“At 11 of the 29 Dominic I nuclear tests, the integron-compared to the film badges worn-read, on 
the average, at least l-l/2 times higher. 

“Radiation consists of particles that can travel at a wide range of speeds, or energies. The different 
radiation energies arise from the radioactive decay of the various fission products that are produced 
by the detonation of a nuclear bomb. Low-energy radiation is less penet,rating than high-energy radia- 
tion and t,hus less likely to cause biological damage. 
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. In addition to those film  badges worn by the aircraft crew, two other 
film  badges were also situated in each aircraft cockpit at Dominic I. Both 
film  badges, in 86 comparisons with the integron, read-on the aver- 
age-a 4 percent and 19 percent higher level of radiation, indicating 
that the integron probably did not malfunction. 

. It seems likely that the integron was properly calibrated, given that both 
it and the crews’ film  badges were checked for accuracy using cobalt 60 
as a radiation source. 

. A  1966 scientific paper prepared on the integron by one of its develop- 
ers indicated that the integron was specifically designed to protect it 
from overresponding to the presence of low-energy radiation. 

l Airborne radioactive particles entering the cockpit would have contami- 
nated the integron as well as the aircraft crew. According to one of the 
developers of the integron, the integron was designed to measure only 
high-energy gamma radiation, which would likewise have irradiated the 
crew. 

If the integron readings are accurate, then Dominic I cloud-sampling per- 
sonnel received, in comparison with film  badges worn, a somewhat 
larger gamma radiation exposure. For instance, readings from film  
badges worn during Dominic I cloud-sampling missions show that 14 
individuals received a recorded gamma radiation exposure greater than 
10 rem. However, according to integron readings during these same mis- 
sions, 16 personnel received an exposure greater than 10 rem. 

Personnel Exposure to Apart from external gamma radiation, personnel participating in the 

Internal Radiation 
atmospheric nuclear weapons testing program were also subject to pos- 
sible internal alpha, beta, and gamma radiation exposure. Such exposure 

Needs to Be Evaluated can occur through three pathways-inhalation, ingestion, or cuts or 
open wounds-and cannot be measured by a film  badge worn. Instead, 
other diagnostic techniques have been used during the atmospheric 
nuclear weapons testing program to detect personnel exposure to inter- 
nal radiation. In some cases, for instance, urinalysis testing has been 
used to determine the presence of plutonium or other radioactive ele- 
ments within the body. 

We found that possibilities existed-more during operations Tumbler- 
Snapper and Redwing than during Dominic I-for internal radiation 
exposure. Figures 2.4, 2.5, and 2.6 show the evolution of protective 
clothing used by ground crew personnel from the earlier operations- 
Tumbler-Snapper and Redwing-to Dominic I. At Dominic I, ground 
crews wore respirators while removing radiological samples from cloud- 

Page 39 GAO/RCED-fU-134 Nuclear Weapons Testing 



Chapter 2 
Evaluation of Radiation Doses Received by 
Nuclear Cloud-Sampling Personnel 

sampling aircraft (fig. 2.6). At Tumbler-Snapper and Redwing, though, 
this was not consistently done (figs. 2.4 and 2.5). Despite this lack of 
consistent use of respirators by ground crew personnel, only a few per- 
sonnel at Operation Redwing were arbitrarily monitored for possible 
internal radiation exposure. The results of that monitoring concluded 
t.hat those personnel monitored generally received insignificant expo- 
sure doses. U7e found, however, that conclusion somewhat tenuous given 
the monitoring methods used. DNA, aware of the possibilities for internal 
radiation exposure, is currently in the process of more specifically esti- 
mating such exposure for cloud-sampling personnel at all atmospheric 
nuclear weapons tests. 

Internal Radiation 
Exposure Possibilities at 
Operations Tumbler- 
Snapper and Redwing 

At operations Tumbler-Snapper and Redwing, it appears that necessary 
precautions to prevent imernal radiation exposure were generally fol- 
lowed by personnel who manned cloud-sampling aircraft. According to 
the 1963 IIistory on ,4ir Force Atomic Cloud Sampling and cloud-sam- 
pling pilots with whom we spoke, the crews breathed 100 percent oxy- 
gen from the aircraft’s oxygen-breathing system throughout the mission. 

On the other hand, it does not appear that similar protection was gener- 
ally afforded ground crew personnel who decontaminated cloud-sam- 
pling aircraft. Available information indicates that ground crews wore 
film  badges, fatigue suits and caps, and cotton gloves in the performance 
of their work. However, respiratory prot.ection devices apparently were 
not. worn. 

In Figures 2.4 and 2.5, ground crew personnel at Tumbler-Snapper and 
Redwing are shown monitoring the radiation intensity of a cloud sample 
taken from an aircraft and washing a cloud-sampling aircraft. In neither 
figure is there evidence of respiratory breathing devices being used. 
While DNA'S historical report on Operation Tumbler-Snapper stated that 
respiratory breathing devices were used and the DNA assistant nuclear 
test personnel review program manager advised us that. figure 2.4 may 
depict a rehearsal and not represent an actual work-monitoring situa- 
tion, the officer in charge in this figure told us that this was an actual 
work-monitoring situation and that no respirators were worn. 
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:ontrast of Radiological Safety 
%otection Used at Operations 
Xunbler-Snapper, Redwing, and 
lominic I 

Figure 2.4: Ground Crew Personnel at Tumbler-Snapper 
Monitoring the Radiation lntenslty of Cloud Sample (1952) 

Source: Operation Tumbler-Snapper, DNA 6019F, p. 153. 

Figure 2.8: Ground Crew Personnel at Dominic I Placing a 
Radioactlve Filter In a Lead Container (1962) 

Source: Operation Dominic I, DNA 604OF, p. 102. 

Figure 2.5: Ground Crew Personnel at Redwing Washing a 
Cloud-Sampling Aircraft (1956) 

Source: DNA 
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Despite the appearance from these pictures of a possibility of internal 
radiat,ion exposure, only certain Redwing individuals were monitored 
for such exposure. As disclosed in the early cloud penetration report 
mentioned in chapter 1, the pilots and a few of the ground crew person- 
nel participating in that project were monitored before and after the 
operation by whole body counter and urinalysis testing. The test. results 
concluded t,hat none of those tested had a significant amount of radioac- 
tive material within their bodies. However, we found that conclusion 
may not be reliable given the monitoring methods used. 

According to the person responsible for the design and operation of the 
whole body counter used in testing certain Redwing personnel, the 
device was not reliable for sensing those radioactive elements, such as 
iodine, strontium, or plutonium, which either localize in particular parts 
of the body or are not strong emitters of radiation. For instance, iodine 
collects in the thyroid. Unless the whole body counter used in 1956 was 
placed directly over the thyroid, which, according to this person it was 
not, the whole body counter would not have detected any iodine. 

According to four health physicists whom we contacted, the urinalysis 
testing that was done to determine the presence of plutonium within the 
body also contained some uncertainties. 21 For instance, for the Redwing 
personnel tested in 1956, only a single 24-hour urine sample was col- 
lected after their possible exposure during Redwing. Although a single 
collection was acceptable in 1956, each health physicist told us that it is 
now recognized that repeated urine samples should be collected over 
several successive days to accurately estimate the intake of plutonium. 
Illustrating the importance of that point, one health physicist said it 
would not be inconceivable for an individual’s excretion of plutonium to 
vary by a factor of 10 from day to day. 

In addition, each health physicist stated that an assumption must be 
made regarding whether the plutonium intake was in a soluble or insolu- 
ble form requiring weeks or years to excrete from the body. Depending 
upon what form is assumed, the estimated internal radiation exposure 
dose that was received by the Redwing personnel in question could vary 
considerably. 

“The four health physicists are from the Rrookhaven National Laboratory. Monsanto Research Cor- 
poration, Inhalation Toxicology Research Institute, and Battelle Pacific Northwest Laboratories. 
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Rather than rely upon an estimated dose, each health physicist sug- 
gested, instead, that a more prudent course may be to obtain current 
urinary or other bioassay results for these Redwing personnel to estab- 
lish their internal radiation exposure. 22 The Veterans’ Dioxin and Radia- 
tion Exposure Compensation Standards Act, (P.L. 98-542) dated October 

: 24, 1984, requested the Secretary of Health and Human Services to pre- 
pare a report to the Congress on the reliability and accuracy of urinary 
or other bioassay testing techniques in determining previous radiation ’ 
exposure. However, that report will not be available until the fall of 
1987. 

It is worth noting that at Operation Redwing, early cloud penetration 
personnel, who were the only ones tested after the operation, may not 
have received the highest internal radiation exposure doses during the 
operation. In comparison with those personnel, Redwing cloud-sampling 
personnel received a higher average recorded external radiation expo- 
sure-4.05 rem compared with 1.83. To the extent that a relationship 
existed at Operation Redwing between the degree of internal and exter- 
nal radiation exposure, then cloud-sampling personnel could have 
received an internal radiation exposure dose that was measurably 
higher. 

Internal Radiation 
Exposure Possibilities at 
Operation Dominic I 

At Operation Dominic I, it appears that necessary precautions to pre- 
elude internal radiation exposure were generally followed by personnel 
who manned cloud-sampling aircraft. According to cloud-sampling pilots 
with whom we spoke, aircrews were instructed to and did breathe 100 
percent oxygen from the aircraft’s oxygen-breathing system throughout 
the cloud-sampling mission. 

Similarly, though in striking contrast to either operations Tumbler-Snap- 
per or Redwing, it appears that necessary precautions to prevent inter- 
nal radiation exposure were also generally followed by ground crew 
personnel. Figure 2.6 shows ground crew personnel at Dominic I placing 
a radioactive filter in a lead container for shipment to a designated labo- 
ratory for analysis. In the figure, ground crew personnel are wearing 
cloth head coverings and complete coveralls-with tight closures 
around the wrists, ankles, and neck--and respirators. In photographs 
provided to us by DNA, use of such clothing and devices was generally 

22Such urinary or other bioassay results cannot distinguish between an internal radiation exposure 
received 30 years ago or more recently. 
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indicative of the protection offered ground crew personnel during the 
Dominic I operation. 

Even though figure 2.6 indicates that adequate respiratory breathing 
devices were apparently used, no individuals or groups of individuals 
Dominic I were monitored for internal radiation exposure. According t 
the Air Force nuclear test personnel review team chief, no specific crit 
ria were ever developed by the military during the atmospheric nucles 
weapons testing program on who was or who was not to receive such 
monitoring. Any specific decision to monitor an individual or group of 
individuals at. a particular weapons test, according to the Air Force team 
chief, would have been made by the commander-in-charge or the respon- 
sible health and safety personnel in attendance on the basis of that per- 
son’s judgment as to who might have received an internal radiation 
exposure. 

Of those personnel participating in Operation Dominic I, likely candi- 
dates for internal radiation exposure monitoring, if specific criteria had 
existed, might have been members of the Air Force test group con- 
ducting nuclear cloud-sampling work. Twenty persons? according to 
DNA'S historical report on Dominic I, received a recorded external radia- 
tion exposure of 10 rem or higher. All but one of these persons were 
members of this group. 
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Conclusions Reviewing any specific aspect of the atmospheric nuclear weapons test- 
ing program is not without uncertainties and underlying risks. All perti- 
nent program information was not permanently stored in one central 
location, and over the intervening years, key pieces of information have 
been lost, destroyed, or misplaced. 

In reviewing nuclear cloud-sampling activities at three nuclear test oper- 
ations-Tumbler-Snapper (1952), Redwing (1956), and Dominic I ’ 
(1962)-we found some information relevant to these operations that 
had not been used in developing DNA'S historical reports. Specifically, we 
were able to locate the data sheets used to record the radiation readings 
measured by various monitoring devices installed in the cockpit of 
cloud-sampling aircraft. We compared these readings with those 
recorded on the film badges worn by cloud-sampling personnel. 

That comparison, along with other information we developed, suggests 
that recorded exposure to external gamma radiation for some personnel 
is understated and, because of that, should be reexamined. The amount 
of that understatement varied from individual to individual but could 
result in a doubling of a particular individual’s recorded dose to levels in 
excess of the annual federal exposure limit. However, the exact number 
of cases in which this could occur can only be determined by further 
analysis. 

Film badges were the official record of external gamma radiation expo- 
sure for those who participated in the atmospheric nuclear weapons 
testing program. However, certain inaccuracy problems, beyond the 
inherent inaccuracies associated with all film badges, were or are known 
to exist with the film badges used at operations Tumbler-Snapper and 
Redwing. For instance, at those two operations, it is acknowledged that 
problems existed in the badges’ ability to effectively measure external 
gamma radiation over particular radiation ranges. According to a film 
badge expert used by DNA in preparing a 1985 report on film badges 
used during the atmospheric nuclear tests, the Tumbler-Snapper film 
badge-between 10 to I5 rem-had an inaccuracy of plus 60 to minus 
30 percent. According to this same expert, the Redwing film badge- 
between 10 to 15 rem-had an inaccuracy of plus 40 to minus 20 per- 
cent. Because of such inaccuracies, uncertainties exist in the amount of 
external gamma radiation that was measured. 

In addition to the need to accurately measure radiation exposure, there 
is the equal need to maintain an accurate, cumulative record of each 
film badge worn. However, for operations Redwing and Dominic I, an 
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unusually large number of the film  badge exposure records contained 
errors. 

In some instances, arithmetical mistakes were made. In other instances, 
a film  badge was lost or not turned in, and no radiation dose was 
credited to the particular individual’s exposure record. In other 
instances, as at Operation Redwing, external gamma radiation that was 
received during fallout from one of the nuclear tests was not added to 
some of the individuals’ cumulative exposure totals maintained on their 
exposure records. 

The net effect of these and other errors identified during our review 
generally was an understatement of external gamma radiation exposure 
dose. In our view, these errors should be corrected. Moreover, given the 
frequency of such errors identified, a review should be made for similar 
errors in the film  badge exposure record of each Air Force individual 
who participated in the atmospheric nuclear weapons testing program. 

For personnel who flew aircraft through nuclear clouds, exposure to 
external gamma radiation was not only monitored by film  badges worn 
on or inside clothing! but also by other devices positioned within the 
aircraft cockpit itself. One device in particular, the integron, was used at 
each of the three operations included in our review to operationally con- 
trol aircrew exposure. The integron was capable of providing both an 
immediate measure of external gamma radiation and a check against the 
radiation readings on the film  badges worn by the crew. 

Of the three operations included in our review, at Tumbler-Snapper the 
integron and the film  badges worn provided comparable readings. 
Because of that and other experiences with the use of the integron, prior 
to Operation Redwing in 1956, a ratio of 1.25 between the readings mea- 
sured by the integron compared with film  badges worn under a lead vest 
was known to exist. Our review of both Redwing and Dominic I readings 
showed, however, that, in a large percentage of the comparisons, the 
integron’s rea.dings exceeded the 1.25 ratio. Several different explana- 
tions were offered as to why the integron may have read measurably 
higher, including the possibility that the integron either had malfunc- 
tioned or was not properly calibrated with a radiation source. Upon 
examination, however, none of these explanations seemed to adequately 
account for these higher readings. 

If indeed accurate, these integron readings suggest that the film  badges 
read low and t,hat cloud-sampling personnel received a larger amount of 
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gamma radiation exposure than has been officially recorded. Therefore, 
a reexamination of integron readings should be made. This reexamina- 
tion does not, however, advocate the use of integron readings in lieu of 
those readings made by the film  badge. On the other hand, it does envi- 
sion that using integron readings in conjunction with film  badge read- 
ings can better define aircrew dose. 

As part of this reexamination, an analysis should also be made of a per- 
son’s total gamma radiation exposure based on film  badges worn under- 
neath a lead vest. According to available information, the lead vest 
covered only the area from the shoulders down to the waist. While this 
would protect the organs principally at risk-most of the active bone 
marrow, the lungs, gastrointestinal tract, and liver-it would not pro- 
tect the thyroid, eye lens, and area below the waist. Doses to those parts 
of the body could lie somewhere between the readings that were 
recorded on the integron and the film  badges shielded by the lead vest. 

In addition to external gamma radiation, cloud-sampling personnel were 
also subject to possible internal alpha, beta, and gamma radiation expo- 
sure. That is why, particularly at Operation Dominic I, air and ground 
crew personnel were fully protected from such exposure. For instance, 
where airborne radioactive particles were possibly present, ground 
crews wore respirators. At operations Tumbler-Snapper and Redwing, 
however, similar respiratory protection devices were not consistently 
worn. The lack of consistency in wearing such devices during the vari- 
ous test operations should be recognized by DNA in its internal radiation 
exposure evaluation. This evaluation should also probably include esti- 
mating the internal radiation exposure received by Redwing cloud-sam- 
pling personnel who were exposed to fallout from one of the test shots 
and possibly inhaled radioactive materials, or who swam in the 
Enewetak lagoon and possibly swallowed radioactive materials. DNA, 
generally aware of the possibilities for internal radiation exposure, is 
currently in the process of estimating such exposure for cloud-sampling 
personnel participating in all atmospheric nuclear weapons tests. 

To the extent that the Secretary of Health and Human Services reports 
back to the Congress that urinary or other bioassay testing can reliably 
and accurately determine previous radiation exposure, then possible 
testing of Tumbler-Snapper and Redwing ground crew personnel may be 
more prudent than simply estimating the internal radiation exposure 
doses they received. According to four health physicists whom we con- 
tacted, estimated internal radiation exposure doses can vary considera- 
bly depending upon the assumptions made. 
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Recommendations We recommend that the Secretary of Defense direct DNA to 

. correct the GAO-identified errors in the 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 the film  badge exposure record of each Air Force individ- 
ual who participated in any of the other at.mospheric nuclear weapons 
tests; and 

. use integron readings in conjunction with film  badge readings to better 
define the radiation dose received by cloud-sampling personnel for all 
atmospheric nuclear weapons tests, including operations Redwing and 
Dominic I. 

Agency Comments We provided draft copies of t,his report to DOD, the VA, the Office of Tech- 
nology Assessment (OTA), and the National Council on Radiation Protec- 
tion and Measurements (NCRP). DOD concurred with most of the draft 
report’s findings and the first recommendation that errors in film  badge 
exposure records should be corrected. However, DOD disagreed with the 
second recommendation in our draft report and indicated that film  
badges worn by each cloud sampler is a better representation of the 
individual’s dose than the integron. (See app. III.) 

In completing this report, we have clarified our position on this matter 
to indicate that we are not advocating using integron readings in lieu of 
those readings made by the film  badge. Rather, we recommend that DOD 
use integron readings in conjunction with film  badge readings to better 
define cloud-sampling aircrew dose. This recommendation which is 
founded on publications of the NCRP and International Commission on 
Radiation Units (ICRU), recognizes that readings from two monitoring 
devices can better establish a radiation exposure estimate for an indi- 
vidual than can the reading from only one monitoring device. In addi- 
tion, analytically, this recommendation recognizes that the integron 
reading can help establish a radiation exposure estimate for an individ- 
ual when it is obvious t,hat the film  badge reading is in error. Appendix 
III contains our detailed evaluation of DOD’S comments, including exam- 
ples of obvious errors in film  badge readings. 

The VA stated that if DNA’S reexamination results in increased dose esti- 
mates for Air Force personnel involved in cloud sampling, it would want 
to review the records of any of those individuals who had previously 
filed compensation claims that were denied on the basis of low-dose esti- 
mates. An increase in the dose estimates would constitute new and 
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material evidence requiring reconsideration of the claims under 38 Code 
of Federal Regulations 3.3 1  lb, if the veteran had a  radiogenic disease 
that became manifest during the appropriate time  period. (See app. IV.) 

CFA informally expressed support for the findings, conclusions, and rec- 
ommendat ions contained in the draft report. In officially comment ing on 
the draft report, WA offered m inor comments for us  to consider. (See 
an. V.> 

NCRP'S president, the former head of the ICRU, and a  distinguished radi- 
ologist and film  badge expert reviewed the report. Collectively, these 
NCRP individuals agreed with the first recommendat ion that errors in 
film  badge exposure records should be corrected. However, they inter- 
preted the second recommendat ion in our draft report as  suggest ing that 
integron readings should be preferred over film  badge readings in 
assigning radiation exposure estimates to cloud-sampling aircrew per- 
sonnel and, because of that, did not favor its implementation. (See app. 
VI), 

In completing this report, we met with each of the three NCRP individuals 
in question to clarify our position on the integron-film badge issue. W e  
indicated that it is our position that because problems were or are 
known to exist with the film  badges, the integron readings can be used 
in conjunction with the film  badge readings to better define cloud-sam- 
pling aircrew personnel dose. Each of the three NCRP individuals agreed 
there was merit to using the integron readings to confirm or deny, in 
general terms, the readings made by the film  badge. 
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Recorded Film Badge Exposure Doses for Cloud- 
Sampling Personnel 

snges (rem gamma) Dose Ri _ _ -......-, 
0-1.0 
1.0 - 3.0 

Tumbler- 
Snaoaer Redwina Dominic I ----D-l--- 

229 74 211 
24 66 70 .___ 

3.0 - 5.0 14 73 9 _ 
5.0+ 2 60 38 
Total 269 273 328 

Source: Operation Tumbler-Snapper (DNA 6019F), Operation Redwing (DNA 6037F), and Operation 
Dominic I (DNA 604OF). 
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Comparison of Assigned Versus Hypothetical 
Exposures for TumblerSnapper and Redwing 
Cloud-Sampling Personnel Who Have Submitted 
Veterans Administration Claims 

Dose Estimated (rem gamma) 
Assigned Hypothetical 

Individual A 
Non-samblina mission dose 

Based on badges worn 2.030 2.030 
Sampling mission dose 

Based on badaes worn 1.860 . 

Based on integron . 2.600 
Total 3.8908 4.630 

Individual B 
Non-SamDiinCI mission dose 

Based on badges worn 1.412 1.412 
Exposure from fallout not previously added 
to cumulative exposure (estimated) 

Samtolina mission dose 

. 2.750b 

Based on badges worn 9.143 . 

Based on integron . 12.000 
Total 10.655’ 16.182 

Individual Cc 
Non-samclina mission dose 

Based on badges worn 
Sampling mission dose 

Based on badaes worn 

. . 

3.060 . 

Based on integron . 6.000 
Total 3.0608 6.000 

Individual Dcnd 
Non-sampling mission dose 

Based on badges worn 
Samolina mission dose 

2.680 2.680 

Based on badaes worn . . 

Based on integron . . 

Total 2.880’ 2.880 

Non-samolina mission dose 
Based on badges worn 
Arithmetical mistake (film badge dose not 
oreviouslv added to cumulative exbosure) 

,280 ,280 

. 8.620 
(continued) 
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Cloud-Sampling Personnel Who Have 
Submitted Veterans Administration Claims 

Sampling mission dose 
Based on badges worn 
Based on integron 

Total 

Dose Estimated (rem gamma) 
Assigned Hypothetical 

14.800 --- . .-.. 
Failed to operate. 

Assume film 
badge reading 

. of 14.800 
15.060~ 23.700 

Individual Fcld 
Non-sampling mission dose 

Based on badges worn 
Sampling mission dose 

Based on badges worn 
Based on integron 

Total 

~- 
,695 ,695 

. . 

. . 

.6958 .695 

Individual Gc,d 
Non-sampling mission dose 

Based on badges worn 
Sampling mission dose 

Based on badges worn 
Based on integron 

Total 

--- 

4.150 -4.150 .-. 
-.. .- 

. . 
.~ ____-- --. 

. . 

4.150a 4.150 
Individual He 
Non-sampling mission dose 

Based on badges worn 
Sampling mission dose 

Based on badges worn 
Based on integron 

Total 

-- -- 

. . 
- .-- 

.___ ___-~ -. 
. . 
. . 

.160= 

Note: HypothetIcal exposures used integron readings and observed errors. 

aThis is the individual’s asslgned exposure based on mtsslon and permanent badges worn 

‘In about 8 percent of the exposure records, radiation received from fallout during one of the nuclear 
tests-which fell on the islands housing cloud-sampling personnel-was not added to the recorded 
cumulative exposure According to information contained in the Operation Redwing radlological safety 
report, the number-2750 rem-represents the average amount of radiation that was received by an 
individual from this fallout. 

‘Individuals C,D,E.F, and G have clalmed Messes that are presently not included on the VA’s list of 
radiation-related diseases. 

dlndlviduals D F and G were ground crew members who did not fly on any cloud-sampling missions 

elndividual H participated in Operation Tumbler-Snapper photographlng the nuclear detonations from 
alrcraft. Because Tumbler-Snapper fi lm badge exposure records are no longer available for review, and 
integron readings, if any, pertinent to this individual are unknown no analysis of his asslgned dose was 
possible. 
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See Comment 1. 

Note: GAO comments 
supplementing those in the 
report text appear at the 
end of this appendix. 

THE UNDER SECRETARY OF DEFENSE 

WASHINGTON, DC 20301 

ACQUISITION 

Mr. Frank C. Conahan 
Assistant Comptroller General 
National Security and 

3 AUG 1987 

International Affairs Division 
U.S. General Accounting Office 
Washington, D.C. 20548 

Dear Mr. Conahan: 

This letter and enclosures are the Department of Defense 
(DOD) response to the General Accounting Office (GAO) Draft 
Report, “NUCLEAR HEALTH AND SAFETY: Radiation Exposure Estimates 
For Cloud Sampling Personnel Are Understated,” dated May 11, 1987 
(GAO Code 301726/OSD Case 7299). 

The DOD concurs with most of the GAO findings and one of the 
GAO recommendat ions. The DOD has, as a matter of fact, been 
correcting errors in the film badge exposure records since 1979. 
The Department plans to continue this effort and appreciates the 
GAO pointing out areas that need particular focus. 

With respect to the second GAO recommendation, it continues 
to be the Department’s position that the film badges worn by each 
cloud sampler are a better representation of the dose to the 
individual than the integron. The DOD view is supported by the 
five scientists involved in the project at the time and who were 
contacted by the GAO for this study. Also, the current President 
of the National Council for Radiation Protection and Measurements 
(NCRP) reviewed the GAO report (at the GAO request), and he 
independently arrived at the same conclusion. All six statements 
are provided (see enclosures 2 through 7). Also attached to 
enclosure 7 is the statement by the former head of the 
International Commission on Radiation Units (ICRU). Another 
statement by a distinguished radiologist and film badge expert is 
provided at enclosure 8. Since the DOD does not agree with this 
GAO recommendation, the GAO may want to consider submitting the 
analysis that forms the basis of the second recommendation for 
independent review, such as to the Office of Technology 
Assessment. 
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There are uncertainties in measuring any radiation exposure, 
but these uncertainties do not affect the conclusion that the 
dose received by most cloud sampling personnel was low. 
Moreover, the GAO draft report suggests that the dose was 
overstated as well as understated. It is, therefore, the DOD 
position (along with the President of the NCRP) that it is 
misleading to conclude the doses are understated. 

One of the original GAO objectives was to ascertain if the 
cloud sampling personnel were experiencing adverse health effects 
as a result of their radiation exposure. For various reasons, 
the GAO could not undertake this ana1ysi.s. The DOD regards this 
issue as important, and intends to ask the National Academy of 
Sciences to conduct a mortality study of the men in the cloud 
sampling, tracking and penetration units. 

The detailed DOD comments on the findings and 
recommendations are provided in enclosure 1. Thank you for the 
opportunity to comment on the draft report. 

Enclosures 
As stated 

s- 
Richard P. Godwin 
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GAO DRAFT REPORT - DATED MAY 11, 1987 
(GAO CODE 301726) OSD CASE 7299 

"NUCLEAR HEALTH MD SAFETY: RADIATION EXPOSURE ESTIMATES 
FOR CLOUD SAKPLING PERSONNEL ARE UNDERSTATED*'  

DEPARTMENT OF DEFENSE COMMENTS 
l * l f f 

FINDINGS 

0 FINDING A: Manned Nuclear Cloud Sampling. The GAO 
reDOrted Department of Defense (DOD) estimates that between 
1945 and 1962, nearly 200,000 Americans participated in the 
atmospheric nuclear weapons testing program, with more than 
half receiving some radiation exposure. The GAO observed 
that a principal activity at these tests was to confirm 
efficiency and nuclear yield by cloud sampling. The GAO 
noted that, whereas in the 1940s this was done by drone 
aircraft, in 1951 manned aircraft were assigned to this 
task. During the period 1951 through 1962, approximately 
4,000 personnel (DOD estimate) were involved in manning or 
decontaminating the aircraft. The GAO explained that during 
sampling flights a monitoring device (either a dosimeter or 
an integron) warned when crew exposure was reaching certain 
limits. The GAO further explained that after the flight, 
ground crews removed radioactive samples and decontaminated 
the aircraft. The GAO referenced a November 1985 report, 
Experimental Irradiation of Air Force Personnel During 
OPERATION REDWING, by the Environmental Policy Institute, 
which indicated radiation exposure to personnel manning 
these aircraft may have been-understated. Because of this, 
the Senate Committee on Veterans’ Affairs and the House 
Committee on Energy and Commerce, Subcommittee on Energy 
Conservation and Power, asked the GAO to determine how many 
personnel were involved in nuclear cloud sampling work at 
three operations--TUMBLER-SNAPPER (1952), REDWING (1956), 
and DOMINIC I (1961)--and how much radiation was received. 
(p. 2, pp. 8-lS/GAO Draft Report) 

DOD Position: Partially Concur. The DOD. estimate ,of 4,000 
men was for all the men in the units that had responsibility 
for cloud penetration, sampling-tracking from 1951-1962. 
Of this 4,000 total, only a limited number were involved in 
flying and decontaminating aircraft, while a large number 
were involved in maintenance, administration, meteorology 
and the other aircraft squadrons support functions. 

ENCLOSURE 1 

See Comment 3. 
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0 FINDING B: OPERATIONS TUMBLER-SNAPPER, REDWING, And 
DOMINIC I. The GAO reported that Operation TUMBLER-SNAPPER 
consrsted of eight low-to-intermediate-yield detonations 
conducted at the Nevada Proving Ground in the Spring of 
1952, and cloud sampling was carried out by 270 Air Force 
personnel, about 80 of whom flew through nuclear clouds. 
The GAO found that the Atomic Energy Commission and the DOD 
established a limit of 3.0 rem of radiation exposure per 13 
weeks, except for aircrews who were authorized to receive up 
to 3.9 rem. The GAO noted that, according to the DOD, the 
aircrews received an average of 1.13 rem and the entire test 
group averaged .55 rem. The GAO further reported that 
OPERATION REDWING took place in the Spring and Summer of 
1956, at the Pacific Proving Ground and, of 205 Air Force 
personnel in the cloud sampling group, about 35 flew through 
nuclear clouds. The GAO found that in this case, 3.9 rem 
was established as the 13-week limit, except for aircrews 
who were authorized to receive up to 20 rem. (The GAO 
observed that in 1956, the annual exposure limit recommended 
by the National Council on Radiation Protection and 
Measurement was 15 rem.) The GAO further reported that, 
according to the DOD, the aircrews received an average 
radiation exposure of 6.85 rem and the entire test group 
averaged 4.05 rem. In addition, the GAO reported that 
OPERATION DOMINIC I was conducted from April to November 
1962, near Christmas and Johnston Islands, and cloud 
sampling involved 330 Air Force personnel, about 85 of whom 
flew through nuclear clouds. For this operation, the GAO 
found the limits were set at 3.0 rem for 13 weeks, and 
12 rem annually, except for aircrews who were allowed 20 rem 
for the operation. The GAO reported that, again according 
to the DOD, these aircrews received an average of 5.68 rem 
and the entire group averaged .68 rem. 
Report) 

(pp. 16-19/GAO Draft 

DOD Position: Concur. 

l FINDING C: Responsibilities Of The Defense Nuclear Agency. 
The GAO reported that in December 1977, in response to 
various test participants’ claims to the Veterans 
Administration (VA) for radiation-related disability 
compensation, the DOD assigned responsibility for a program 
of wide-ranging actions to the Defense Nuclear Agency (DNA). 
The GAO found that, in turn, the DNA established a nuclear 
test personnel review program, which has included: 

- compiling a roster of the American military personnel and 
civilians involved in the atmospheric nuclear test; 

2 I 
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- developing a historical report of each atmospheric 
nuclear test that involved American military personnel 
and civilians; 

- providing estimates of atmospheric test radiation doses 
(both as a comparison with film badge readings and as a 
substitute for them in cases where badges were not worn 
or readings were not recorded); and 

- providing assistance to veterans, the VA and others by 
researching and providing as complete data as possible on 
individual participation and radiation doses. 

The GAO observed that with its October 1984 report on 
OPERATION CROSSROADS, the DNA completed its publication of a 
historical report on each of the 20 atmospheric nuclear 
weapons test operations. According to the GAO, each report 
(includin those on OPERATIONS TUMBLER-SNAPPER, REDWING, and 
DOMINIC I provides an overview of the operation, an f 
identification of the principal organizations and branches 
of the Military Service involved, a description of the 
radiological safety procedures in place, and a summary of 
personnel exposures to external radiation. The GAO observed 
that these reports usually discuss specific personnel 
exposure to external radiation in terms of exposure to gamma 
radiation, in rems as measured by film badges (or where 
these were not worn or were lost--by dose reconstruction). 
The GAO noted that, in addition, the DNA is currently in the 
process of estimating possible personnel exposure to 
internal alpha and beta radiation. The GAO explained that 
both are hazards if the material is absorbed internally, and 
materials emitting beta radiation are a hazard if in contact 
with the skin. The GAO found that the current schedule 
calls for the DNA to publish its report on internal exposure 
by the Summer of 1987. (pp. 19-ZO/GAO Draft Report) 

DOD Position: Partially Concur. It was not until 1980 that 
the DOD began an investigation of internal dose fro-alpha, 
beta and gamma. In the summer of 1987, the DNA will release 
its report on internal dose to DOD personnel who witnessed 
atmospheric nuclear tests in the continental United States. 
The internal dose report for tests in the Marshall Islands 
and the other oceanic tests will be released at a later 
date. 
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l FINDING D: Reported Underestimates Of Exposure. The GAO 
observed that, according to the report of the Environmental 
Policy Institute. the OPERATION REDWING early cloud 
penetration report admitted that film badges’of aircrew 
members registered readings lower than actual exposure (in 
some cases bv a factor of two and a half). The GAO examined 
the preliminary draft and final DNA reports, Earl 
Penetration Report--OPERATION REDWING. M  the The GAO o serve 
preliminary draft report discussed a radiation monitoring 
device called a P-meter installed on the nose of the - 
aircraft that indicated radiation doses two and a half times 
higher than did film badges worn by aircrews. The GAO found 
the final report showed tests of the P-meter by the Air 
Force and the National Bureau of Standards indicated that 
the P-meter, at the extremely cold temperatures encountered 
in the nose of the aircraft, read two and a half times too 
high. The GAO reported it had contacted a radiation expert 
at the National Bureau of Standards, who confirmed this 
phenomena. (pp. 22-24/GAO Draft Report) 

DOD Position: Concur. These findings are consistent with 
what the DOD reported to the Congress in November 1985. 

0 FINDING E: Gaua Radiation--Problems With Film Badges. The 
GAO found that film badges were the official record of gamma 
radiation exposure for those who participated in the 
atmospheric nuclear weapons testing program. The GAO 
observed, however, that certain inaccuracy problems--beyond 
the inherent inaccuracies associated with all film badges-- 
were known or are known to have existed with the film badges 
used at OPERATIONS TUMBLER-SNAPPER AND REDWING. For 
instance, the GAO reported that, at those two operations, it 
is acknowledged problems existed in the badge ability to 
effectively measure gamma radiation over particular 
radiation ranges. The GAO noted that, according to a film 
badge expert used by the DNA in preparing a 1985 report on 
film badges used during the atmospheric nuclear tests, the 
TUMBLER-SNAPPER film badge-- in the range between 10 and 15 
rem--had an inaccuracy of plus 60 to minus 30 percent; and 
the REDWING film badge-- in the range between 10 and 15 rem-- 
had an inaccuracy of plus 40 to minus 20 percent. Because 
of such inaccuracies, the GAO concluded that uncertainties 
exist in the amount of gamma radiation measured. 
(pp. 29-33, pp. 57-58/GAO Draft Report) 

, 
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DOD Position: Partially Concur. The Department agrees that 
the inaccuracy of the film badges is greater in the area of 
overlap (10 - 15 rem) between the two badges in the film 
packet. It should be noted, however, that although the 
information provided by the GAO was correctly applied to the 
example given for OPERATION TUMBLER-SNAPPER, it was 
incorrectly applied for the example given for OPERATION 
REDWING. This incorrect interpretation of the statement was 
also used to calculate and report incorrect film badge 
inaccuracy ranges on page 33 of the report. These errors 
should be corrected. 

In addition, even though the badges used in the operations 
cited did have some additional error in this range, it 
should be clarified that no VA claim has been fifed in which 
a single film badge fell in the overlap range. This is true 
for all ooerations that used this tvne of film badge oacket. 
If a VA claim should be forwarded thit involves a single 
film badge reading in the overlap range, the DOD will 
certainly bring this error variation to the attention of the 
VA. It should also be noted that individuals with recorded 
exposures in this range are already part of the over-s-rem 
medical follow-up program and were informed of the potential 
hazards that might be associated with their exposure. 

0 FINDING F: Film Badge Exposure Records Contained Errors. 
The GAO reported that, beyond the need to accurately measure 
radiation exposure, there-is the equal need to maintain an 
accurate, cumulative record of each film badge worn. The 
GAO, however, found errors in about 26 percent and 
13 percent of the records used to tabulate the readings from 
all film badges worn by personnel at OPERATIONS REDWING and 
DOMINIC I, respectively. For example, at OPERATION REDWING, 
an estimated 2 to 3.5 rem of radiation fell on islands 
housing cloud sampling personnel! but this radiation was not 
added to about 8 percent of the individual cumulative 
exposure totals. In other instances, 
or not turned in, 

a film badge was lost 
and no radiation dose was credited to the 

particular individual’s exposure record. Also, the GAO 
found arithmetical mistakes in about 6 percent of the 
REDWING individual exposure records--most being 
understatements of less than 1 rem, but one understatement 
was over 8 rem. The GAO concluded that the net effect of 
these and other errors identified during its review 
generally was an understatement of gamma radiation exposure 
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dose, and that these errors should be corrected. The GAO 
further concluded that, given the frequency of the 
identified errors, a review should be made to identify 
similar errors in each Air Force film badge exposure record 
for each individual who participated in the atmospheric 
nuclear weapons testing program. (p. 4, pp. 33-42, 
P* 58/GAO Draft Report) 

DOD Position: Partially Concur. Since 1979, the DOD has 
been aware that some source documents have arithmetic 
errors, and that reconstructions are necessary for periods 
when badges were lost or not issued. For VA claims, it j-3 
the DOD policy to conduct individual analyses of the records 
before responding to the VA, and will continue to conduct 
these rigorous analyses. The DOD has also corrected errors 
in the records for selected operations and will continue 
this effort until those source documents have been checked. 

The DOD nonconcurs, however, with the GAO presumption that 
if REDWING film badges were not turned in at four week 
intervals, then the badges were lost. There are, in fact, 
records of issue and turn-in dates for the badges that show 
badges were not lost, but were worn more than four weeks (at 
REDWING, this would result in an overestimated dose). 
Moreover, at REDWING, there was an organized system to 
account for all badges, and any lost badges should have been 
noted on the source documents. 

l FINDING G: Monitoring Devices Read Higher Levels Of 
Radiation Than Anticipated Compared To The Film Badges Worn 
By The Aircrew. 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, was used at each of the three 
operations included in its review and was capable of 
providing both an immediate measure of gamma radiation and a 
check against the radiation readings on the film badges worn 
by the crew. The GAO found that at TUMBLER-SNAPPER, the 
integron and the film badges worn provided comparable 
readings. The GAO reported that, because of this and other 
experiences with the use of the integron, prior to OPERATION 
REDWING in 1956, a ratio of 1.25 between the readings 
measured by the integron and the film badges worn under a 
lead vest was known to exist. The GAO review of both 
REDWING and DOMINIC I, however, showed that in a large 

6 

- 
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percentage of the missions flown, the integron readings 
exceeded the 1.25 ratio. The GAO noted that several 
different explanations were offered as to why the integron 
may have read measurably higher, including integron 
malfunction or improper calibration with a radiation source. 
The GAO concluded, however, that none of these explanations 
seemed to adequately account for these higher readings. The 
GAO also concluded that, if indeed accurate, the integron 
readings suggest that the film badges had read low and that 
cloud sampling personnel received a larger amount of gamma 
radiation exposure than has been officially recorded and, 
therefore, a reexamination of integron readings should be 
made. (pp. 43-49, p. 59/GAO Draft Report) 

DOD Position: Nonconcur. The ratio of 1.25 plus or minus 
25 percent between the integron and the film badge 
measurements may be valid for the earlier tests, but is not 
applicable to REDWING or DOMINIC I. In OPERATION REDWING, 
both the B-57 and the F-84 aircraft were used. The ratio of 
the integron to film badge measurements for the B-57 at 
REDWING was 1.23 plus or minus 15 percent. The ratio for 
the F-84 aircraft at REDWING was 1.61 plus or minus 30 
percent. The higher ratio for the F-84 aircraft does not 
indicate that the film badge measurements were inaccurate, 
but does indicate that the relative shielding afforded the 
integron by the B-57 aircraft at REDWING was higher, thus 
bringing down the ratio between the integron and the film 
badges worn by the crew. 

In OPERATION DOMINIC, where only B-57 aircraft were used, 
the ratio between the integron and the personnel film badge 
measurements was 1.39 plus or minus 30 percent. The reason 
for the increase over the previously established ratio of 
1.25 was a change in the relative radiation environments, 
not errors in film badge measurements. 

At DOMINIC, a film badge was also placed on the ion chamber 
of the integron where it would be exposed to the same 
radiation environment as the integron. These film badges 
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 
integron and the integron was close: 0.97 plus or minus 30 
percent. This data demonstrate that the difference in 
readings between the integron and the film badges worn by 
personnel was due to differences in the radiation 
environment they were exposed to and not errors in either 
the integron or the film badges, and confirms that the film 
badge provided an accurate indication of radiation exposure. 
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Because the DOD conclusion that the radiation environment 
varied with location in the aircraft is in conflict with the 
GAO statement that “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 few percent,” 
the DOD contacted the five scientists interviewed by the GAO 
and asked them to review the DOD analysis of the data. All 
five scientists concurred in the DOD analysis of the data. 
Their statements are provided as enclosures 2 through 6. 

8 FINDING H: Gaua Radiation--Film Badges Worn Under A Lead 
Vest. The GAO reported that in 1952, the military began 
using protective barriers to reduce the crew radiation 
exposure, and that lead-lined vests were introduced with 
later operations. The GAO noted that a 1978 report by the 
National Council on Radiation Protection and Measurements 
stated that if a lead-lined apron is worn and only one film 
badge is used, the film badge should be worn underneath the 
apron to estimate the radiation exposure to the person’s 
whole body. The GAO observed that the report also noted 
greater face and neck exposure and, therefore, that recorded 
doses should be increased to express thyroid and/or eye lens 
doses. The GAO found that, according to the DNA assistant 
nuclear test personnel review program manager, the DNA has 
not done this. The GAO observed that the lead vest covered 
only a small portion of the cloud sampling person’s body. 
The GAO concluded, therefore, that the gamma radiation 
exposure, which affected the unshielded portion of the 
person’s body, including the thyroid, eye lens, and area 
possibly below the abdomen, could lie somewhere between the 
readings recorded on the integron and the film badges 
shielded by the lead vest. The GAO further concluded that, 
as part of the DNA reexamination of integron readings, an 
analysis should also be made of each person’s total gamma 
radiation exposure based on film badges worn underneath a 
lead vest. 
Report) 

(pp. 14-15, pp. 46-47, pp. SQ-60/GAO Draft 

DOD Position: Partially Concur. The DOD agrees that lead 
vests were used during OPERATIONS TUMBLER-SNAPPER and 
REDWING, but not OPERATION DOMINIC I. 

The DOD provides the VA with a whole body dose, not an organ 
dose. According to the assistant scientific director for 
cloud sampling at REDWING, the lead vest covered the front 
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of the body from the shoulders down to and including the 
bladder and gonads. According to a 1957 study of cloud 
samplers, the vest reduced the level of radiation by 
6 percent. Based on a 1962 study of cloud samplers at 
DOMINIC I, the pilot’s seat offered at least as much 
shielding from radiation as a lead vest would have provided. 

Thus, a pilot at REDWING was shielded b 
ii- 

both the vest and 
seat. With the exception of the eye, t is shielding 
effectively covered what the National Council on Radiation 
Protection and Measurements (NCRP) calls the “whole body.” 
The NCRP defines whole body exposure as that to the blood 
forming organs, gonads, and the lens of the eye. 

Since the vest and seat shielded the gonads and more than 
80 percent of the blood forming organs, the only uncovered 
area was the eye lens (which the VA does not regard as a 
site for radiogenic illness). Consequently, the film badge 
worn under the lead vest reflects the whole body dose as 
defined by the NCRP. If the VA submits a request for dose 
information on a case involving thyroid cancer or some eye 
lens disability, and the man wore a lead vest with a film 
badge under it (which has not occurred to date), the DOD 
will inform the VA that the dose to the eye or thyroid could 
be 6 percent higher. 

0 FINDING I: Internal Radiation. The GAO observed that, in 
addition to gamma radiation, cloud sampling personnel were 
subject to alpha and beta radiation, resulting in possible 
internal radiation exposure. The GAO found, however, that 
OPERATION DOMINIC I air and ground crew personnel were fully 
protected from such exposure. For instance, where airborne 
radioactive particles were possibly present, ground crews 
wore respirators. The GAO also found that at OPERATIONS 
TUMBLER-SNAPPER and REDWING, it appeared that necessary 
precautions to preclude internal radiation exposure were 
generally followed by aircrews. The GAO concluded, however, 
that respiratory protection devices were not consistently 
worn by ground crews at these two operations. The GAO 
further concluded that the lack of consistency in wearing 
such devices during the various test operations should be 
recognized by the DNA in its internal radiation exposure 
evaluation. The GAO also concluded that this evaluation 
should include estimating the’internal radiation exposure 
received by REDWING cloud sampling personnel exposed to 
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fallout from one of the test shots and possibly breathing in 
radioactive materials, or swimming in Bikini lagoon and 
possibly swallowing radioactive materials. (The GAO noted 
that the DNA is generally aware of the possibilities for 
internal radiation exposure and currently in the process of 
estimating such exposure for cloud sampling personnel 
participating at all atmospheric nuclear weapons tests.) 
(pp. 50-52, pp. 55, p. 60/GAO Draft Report) 

Doll Position: Partially concur. The DNA dose 
reconstruction methodology has been, and continues to be, 
fully consistent with this GAO finding. Respiratory 
protective devices, although available, were not 
consistently worn by ground crews at certain nuclear testing 
operations. The devices were on hand and the decision to 
wear them was up to the radiation safety officer who 
supervised the work. The DNA modifies internal dose 
estimates by protection factors attributed to respiratory 
protective devices when there is evidence concerning the 
thorough testing and use of the devices and the magnitude of 
the protection offered. Otherwise, internal doses are high- 
sided by the presumption that no respiratory protection was 
used. In so doing, the DNA overstates the dose to personnel 
who wore respiratory protective devices, but never 
underestimates the dose to those who did not. 

The GAO discusses a person who was swimming in Bikini 
Lagoon, even though he lived at Enewetak Atoll. It is noted 
that Bikini Lagoon is not adjacent to Enewetak Atoll, but 
some 190 miles away. Notwithstanding, the individual would 
have received a lower dose while swimming than if he had 
been on land where his film badge would have been. 

0 FINDING J: Testing For Internal Radiation. The GAO 
reported that internal exposures, which can occur through 
three pathways--inhalation, ingestion, or cuts or open 
wounds- - cannot be measured by an integron or a film badge. 
The GAO found that no personnel at OPERATION TUMBLER-SNAPPER 
and only a few personnel at OPERATION REDWING were monitored 
for internal radiation exposure, and the limited monitoring 
that was done may not have been reliable. The GAO noted, 
for example, that to test REDWING personnel for plutonium, 
only one 24-hour urine sample was taken after possible 
exposure. The GAO reported that, according to four health 
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physicists it (the GAO) contacted, it is now recognized that 
repeated urine samples should be collected over several days 
to accurately estimate plutonium exposure. The GAO 
concluded that, as part of its internal radiation exposure 
assessment, the DNA should recognize the protective 
breathing devices were not consistently worn for cloud 
sampling ground personnel at OPERATIONS TUMBLER-SNAPPER and 
REDWING. The GAO noted that Public Law 98-542, The Veterans 
Dioxin and Radiation Exposure Compensation Standards Act, 
requested the Secretary of Health and Human Services to 
prepare a report on the reliability and accuracy of urinary 
or other bioessay testing techniques in determining previous 
radiation exposure. The GAO concluded that, to the extent 
the Secretary of Health and Human Services reports back to 
the Congress that such techniques can reliably and 
accurately determine previous radiation exposure, then 
possible testing of TUMBLER-SNAPPER and REDWING ground crew 
personnel may be more prudent than estimating the internal 
radiation exposure doses they received. (PP. 6-7, P. 50, 
pp. 53-55, p. 60/GAO Draft Report.) 

0 DOD Position: Partially Concur. The monitoring conducted 
at REDWING was reliable for determining if any significant 
exposure occurred. While additional tests might have 
refined low dose estimates --it would not have changed a low 
dose to a high dose. Therefore, there is no reason to 
disagree with the REDWING Early Cloud Penetration report 
(WT 13201, which states as follows: 

“1 . No internal radiation hazards (sic) arises from 
flights through thermonuclear clouds, regardless of the 
oxygen control setting. Urine samples showed no 
significant amounts of gamma-emitting fission product, 
beta-emitting fission products, or unfissioned 
plutonium. 

“2. Flight through thermonuclear clouds may lead to some 
external fission-product contamination, but the amount 
is not significant from the standpoint of radiation 
hazard. 

“3. Individuals who participate in nuclear test operations, 
but who do not fly through thermonuclear clouds, do not 
exhibit internal activity which is significantly 
different from the ordinary population.” 

The DOD concurs that the HHS investigation of possible 
bioassay techniques for determining previous radiation 
exposure is worthwhile and would welcome the application of 
any reliable technique to TUMBLER-SNAPPER and REDWING cloud 
sampling and decontamination personnel. 
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RECOMMENDATIONS 

a RECOMMENDATION 1: The GAO recommended that the Secretary of 
Defense direct the DNA to correct the GAO-identified errors 
in the 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 Air Force individual film badge 
exposure record. (p. 61/GAO Draft Report) 

DOD Position: Concur, but this recommendation is 
essentially moot. Since 1979, the DOD has been carrying out 
error correction. To date, source document errors have been 
corrected for about two thirds of the test series. The DOD 
will continue to work on the remaining records and 
anticipates that this project will be completed in another 
four years. 

In addition, it is (and has been) DOD policy to check the 
source documents before responding to VA requests for doses. 
To make sure this policy has been followed, the DOD recently 
conducted an internal review of VA cases. Moreover, the DNA 
will assume the responsiblities of the Services to ensure 
consistency and sustain the effort required for this task. 
(The Navy and Marine Corps responsibilities have already 
been assumed by the DNA; the Army and Air Force 
responsibilities will be assumed in October 1987.) 

l RECOMMENDATION 2: The GAO recommended that the Secretary of 
Defense direct the DNA to reexamine, for all atmospheric 
nuclear weapons tests including OPERATIONS REDWING and 
DOMINIC I, the radiation readings measured by the integron 
in comparison to film badges worn and adjust, as necessary, 
the radiation doses assigned to cloud sampling aircrew 
personnel. (p. 61/GAO Draft Report) 

DOD Position: Nonconcur. The data cited by the GAO not 
only fail to indicate that there were possible errors in the 
film badge measurements as opposed to those of the integron, 
but the GAO data actually confirm the accuracy of film badge 
measurements (see DOD response to Finding G). 
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The following are GAO’S comments on the Under Secretary of Defense 
Acquisition’s letter dated August 3, 1987. 

GAO Comments 1. It is not our belief nor our report’s position that integron readings 
should be used in lieu of film  badge readings in assigning radiation expo- 
sure estimates to cloud-sampling aircrew personnel. Rather, we 
believe-in view of the problems known to exist with film  badges-that 
integron readings used in conjunction with film  badge readings can be 
helpful in better defining cloud-sampling aircrew personnel dose. This 
position, in our view, has an adequate scientific and analytical basis. 

For instance, according to the NCRP’S report #57 on Instrumentation and 
Monitoring Methods for Radiation Protection, 

“Unless the body is subjected to a uniform distribution of dose, the ‘whole body 
dose’ and doses to critical organs cannot be strictly determined from measurements 
at one point or a few points. . . . At levels approaching or exceeding the maximum 
permissible dose, the dose to the whole body and the critical organs should be more 
carefully evaluated and correction factors relating to the circumstances of the expo- 
sure should be applied.” 

Given that there is no certainty that cloud-sampling aircrews were sub- 
jected to a uniform distribution of dose, use of integron readings in con- 
junction with film  badge readings to better define aircrew dose would 
seem advisable. 

In addition, there is an adequate analytical basis for using integron read- 
ings in conjunction with film  badge readings, particularly when it is 
clear a film  badge reading is in error. Table III. 1 shows readings from 
four actual cloud-sampling missions performed by two-person aircraft to 
illustrate this point. 

Table 111.1: Comparison of Film Badge 
Readings With lntegron Reading on Two- 
Person Sampling Missions 

In rem gamma 
Redwing Dominic I 

Example 1 Example 2 Example 1 Example 2 
Pilot’s film badae readinn ,330 2.675 1.000 1.700 
Observer’s film badge reading 2.157 7.100 0 0 
lntearon readina 4.100 1.800 1.500 2.950 

In each of the four examples, it is clear, we believe, that because of the 
disparity in readings, either the pilot’s film  badge reading or the 
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observer’s film  badge reading is incorrect. For such situations, the 
integron reading could arbitrate which film  badge reading is correct and 
which is not. 

Moreover, we discussed our position regarding the use of integron read- 
ings with NCRP'S president, the former head of t.he International Commis- 
sion on Radiation Units, and a distinguished radiologist and film  badge 
expert, each of whom agreed there was merit to using the integron read- 
ings to confirm or deny, in general terms the readings made by the film  
badge. Furthermore, we asked UTA to review a draft of the report, and 
t,hat office, in response, informally expressed support for the findings, 
conclusions, and recommendations contained in the draft report. 

2. Our report title has been changed to focus on t.he need to reexamine 
exposure levels. However, it is our position that far more of the radia- 
tion exposure estimates assigned to cloud-sampling personnel are under- 
stated than overstated. This position is essentially based on our review 
of film  badge exposure records. For Operation Redwing, we found that 
about 26 percent of the records were in error and nearly all of that 26 
percent represented understat.ements. For Operation Dominic I, we 
found that about 13 percent of the records were in error and 11 of the 
13 percent represented understatements. 

We also discussed with the president of the NCRP whether our report was 
misleading because it did not include certain information that might sug- 
gest radiat.ion exposure estimates were overstated. In our evaluation of 
NCRP comments (see app. VI), we present our reasons why certain infor- 
mation was not included in our draft report. 

3. Between 1951 and 1962, DOD estimates that approximately 4,000 per- 
sonnel were in units responsible for manning or decontaminating air- 
craft that flew through nuclear clouds or that tracked nuclear clouds 
downwind, but that only a portion of the men in those units performed 
these specific tasks. Because we only reviewed cloud-sampling activities 
at three atmospheric test operations-Tumbler-Snapper, Redwing, and 
Dominic I-we were unable to independently develop our own estimate 
of the number of individuals between 1951 and 1962 involved in the 
aforementioned tasks. Thus, our final report has been revised t,o reflect 
the caveats placed by DOD on the 4,000 personnel estimate. 

4. As provided to DOD for official review, our draft report indicated that 
DOD began its internal dose investigation in 1980. We also said that DOD 
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planned to release its internal dose assessment reports in two install- 
ments. For those DOD personnel who witnessed atmospheric nuclear tests 
in the continental United States, we indicated that DOD planned to 
release a report in the summer of 1987 and, for those DOD personnel who 
witnessed oceanic atmospheric nuclear tests, we indicated that DOD was 
preparing a similar report. However, our final report has been revised to 
reflect the fact that DOD'S internal dose assessment will include an evalu- 
ation of the hazards of internal alpha, beta, and gamma radiation. 

5. Our final report has been revised to more precisely reflect the opin- 
ions of DOD'S film  badge expert on the accuracy of the Redwing film  
badge. According to that expert, in the region of 10 to 15 rem of radia- 
tion, the two components in the Redwing film  badge were able to distin- 
guish radiation to an accuracy of plus 40 to minus 20 percent. In other 
words, this expert said, if the film  badge were exposed to 10 rem of 
radiation, the film  components could interpret that as being anywhere 
between 8 and 14 rem. 

6. Contrary to DOD'S statement, there has been at least one \IA claim for 
radiation-related disability compensation in which the claimant had a 
film  badge reading that fell in the overlap range. The claimant partici- 
pated in early cloud penetration work at Operation Redwing. His total 
assigned dose was 15.08 rem, which included a single cloud penetration 
mission dose of 14.8 rem. Interestingly, we observed that this individ- 
ual’s film  badge record included an arithmetical understatement of 8.62 
rem, bringing his correct total dose to over 23 rem. This individual 
claimed compensation for varicose veins, defective hearing, hemor- 
rhoids, heart disease, and a degenerative spine, none of which is consid- 
ered radiation-related. Thus, it is uncertain whether his claim for 
radiation-related disability compensation would have been granted even 
if his correct total dose had been reported to the VA. 

7. We disagree. Our review of available records confirms that, for 18 
Redwing cloud-sampling personnel, film  badges were issued and not 
turned in, and their film  badge records did not note the missing badges. 
We also question whether a film  badge worn for more than 4 weeks 
would result in an overestimated dose. Specifically, we found that 13 
Redwing cloud-sampling personnel apparently wore particular film  
badges for more than 6 weeks. Under the environmental conditions that 
were present at Operation Redwing of about 80 degrees Fahrenheit tem- 
perature and about 80 percent relative humidity, several scientific pub- 
lications we reviewed suggest that film  badges tend to fade or 
underestimate dose. For instance, according to a 1963 article, “Accuracy 
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and Sensitivity of Fi lm Measurements of Gamma Radiation - Part III,” in 
Health Physics, decreases in film  badge radiation readings as low as 50 
percent were found in all experiments at 80 degrees Fahrenheit temper- 
ature as relative humidity increased above 60 to 70 percent. 

8. In an April 16, 1956, memo, a Los Alamos cloud-sampling scientific 
advisor identified a 1.25 integron-to-film badge ratio, based on observed 
differences in readings by these two devices at earlier atmospheric 
nuclear tests. To independently confirm this advisor’s observations, we 
compared integron and film  badge readings from cloud-sampling flights 
held at Operation Teapot in 1955. On 59 Teapot cloud-sampling missions 
in which the single seat F-84 aircraft. was used, we found that the aver- 
age integron-to-film badge ratio was 1.24. However, on 61 Redwing 
cloud-sampling missions in which the single seat F-84 aircraft was used, 
we found that the average integron-to-film badge ratio was 1.64. This 
change in ratio on identical aircraft used during atmospheric nuclear 
weapons testing operations held in consecutive years shows, we believe, 
that a further examination of integron readings compared with film  
badge readings should be made. 

9. According to the April 16, 1956, memo prepared by the Los Alamos 
cloud-sampling scientific advisor, the 1.25 integron-to-film badge ratio 
was based on film  badges being worn underneath a lead vest. At 
Dominic I, aircrews did not wear a lead vest. Thus, it would be expected 
that the integron’s and the film  badge’s reading would be in closer agree- 
ment than the 1.25 ratio, inasmuch as neither device was shielded from 
the radiation present. Because the ratio at Dominic I was higher than 
1.25, as DOD has calculated, a further examination of integron readings 
compared with film  badge readings seems warranted. Though DOD said 
the increase in ratio was caused by a change in the relative radiation 
environments it could offer us no proof that this caused the increase. 
Until that proof is developed, it cannot be ruled out that the increase in 
ratio was not caused by errors in film  badge measurements. 

10. In reviewing our draft report an NCRP distinguished radiologist and 
film  badge expert prepared a series of calculations that illustrated why 
the integron and the film  badge worn by the aircraft crew may read 
differently even when both devices operated as intended. Those calcula- 
tions showed, in part, that because radiation was hitting each crew 
member from all directions and because each crew member’s body was 
shielding some of the radiation from reaching the film  badge worn on 
the chest, the film  badge could conceivably read only one-half of the 
amount of radiation present in the surrounding environment. 
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Those calculations, we believe, seriously challenge DOD'S assertion that 
the film  badge provided an accurate indication of radiation exposure. At 
a minimum, the film  badge would not have accurately recorded the radi- 
ation that was absorbed by the crew member’s body and shielded from 
reaching the film  badge. In view of those calculations, our report recom- 
mends that DOD use integron readings in conjunction with film  badge 
readings to better define cloud-sampling aircrew dose. 

. 

11. In responding to our draft report, DOD contacted five cloud-sampling 
scientific advisors and provided them with an analysis of Redwing 
integron-to-film badge comparisons separately for the F-84 single seat 
and B-57 double seat cloud-sampling aircraft. The DOD analysis showed 
that the average integron-to-film badge ratio for the F-84 aircraft was 
1.61 and for the B-57 aircraft was 1.23. Because the integron was not 
similarly positioned in both aircraft at Operation Redwing, DOD con- 
cluded that positioning accounted for the difference in average ratio for 
each aircraft, and the five scientific advisors agreed. 

If DOD had also provided these advisors with a similar analysis of data 
for Operation Teapot, held in 1955 (the year before Operation Redwing), 
the analysis would have shown that the average integron-to-film badge 
ratio for the F-84 aircraft was 1.24 and for the B-57 aircraft was 1.35. 
Whereas, at Operation Redwing, the integron-to-film badge ratio was 
higher in the F-84 as opposed to the B-57 aircraft, at Operation Teapot 
the reverse was true. Thus, an historical review of other test operations 
would not support DOD'S conclusion that differences in radiation read- 
ings can simply be explained on the basis of the type of aircraft used. 

12. Our report does not state that lead vests were worn at Operation 
Tumbler-Snapper. To our knowledge, no protective lead clothing was 
worn at that operation, but beginning with Operation Ivy, which suc- 
ceeded Tumbler-Snapper, lead-glass cloth shrouds were used. According 
to the 1963 History of Air Force Atomic Cloud Sampling, lead vests were 
instituted at Operation Upshot-Knothole in 1953. 

13. In preparing our report, different opinions were provided to us on 
the area of the body covered by the lead vest. Figure III. 1 of cloud-sam- 
pling personnel at Operation Plumbbob (1957) shows that the lead vest 
extended from the shoulders down to just below the waist but did not 
cover the bladder or gonads. Redwing cloud-sampling pilots whom we 
contacted indicated that the lead vest used at that operation was of sim- 
ilar design and provided similar protection, and did not cover the blad- 
der or gonads. 
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Figure 111.1: Cloud-Sampling Personnel 
Participating in Operation Plumbbob 
(1957) 

Source DOD Still Media Depository 

14. The NCRP defines whole body exposure as exposure to the blood- 
forming organs, or specifically the red bone marrow, gonads, and to the 
lens of the eye. According to an NCRP distinguished radiologist and film 
badge expert, 50 percent of a person’s red bone marrow lies below the 
waist. To the extent that the lead vest extended from the shoulders 
down to only just below the waist, the film badges worn underneath the 
lead vest would not reflect the radiation dose to about 50 percent of the 
red bone marrow (lying below the waist), the gonads, or the lens of the 
eye. 

15. According to the early cloud penetration report for Operation Teapot 
(1955), the lead vest worn during that operation reduced the level of 
radiation exposure to the chest by about 15 percent. Thus, DOD may 
want to review the available information on the effectiveness provided 
by the lead vest for the various atmospheric nuclear weapons testing 
operations before it reports any adjusted dose to the bladder, eye, or 
thyroid to the W. 
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16. Our final report has been revised to show that the name of the 
lagoon adjacent to the island where cloud-sampling personnel were sta- 
tioned was Enewetak, rather than the Bikini lagoon. Irrespective of that 
change, it may be speculative for DoD to assume, without further analy- 
sis, that a person’s dose would be lower, while swimming, than if he had 
been on land wearing his film  badge. A  film  badge measures external 
gamma radiation. While swimming, a person could swallow or ingest 
internal alpha, beta, and gamma radiation. According to an official 
Operation Redwing report, high radiation intensity levels were reported 
for the Enewetak lagoon on July 22,1956 and, because of that, restric- 
tions on swimming were imposed. 

17. At our request, DNA and four health physicists whom we had con- 
tacted were asked to calculate a 50-year radiation dose for certain Red- 
wing early cloud penetration personnel who were detected as having 
traces of plutonium in their urine. The doses calculated varied consider- 
ably. For instance, for one individual, DNA calculated a 50-year radiation 
dose to the bone of less than 1 rem. However, for that same individual, 
one health physicist from the Brookhaven National Laboratory calcu- 
lated a 50-year radiation dose of 1500 rem to the bone and another 
health physicist from the Battelle Pacific Northwest Laboratories calcu- 
lated a 50-year radiation dose to all tissues and organs (bone included) 
of 137 rem. The two remaining health physicists were unable to com- 
plete the calculations because of their concerns regarding uncertainties 
in the information. Collectively, these calculations showed that, con- 
trary to DOD'S dose estimate of less than 1 rem, the internal exposure 
dose could have been significantly higher. It is because of the variation 
in the calculations that our report concludes that it may be more pru- 
dent to use urinary or other bioassay testing to determine previous 
internal radiation exposure than to simply estimate the internal radia- 
tion exposure dose received. 

18. It is unclear when DOD began checking source documents before 
responding to VA requests for dose information. As stated in our report 
and confirmed by DNA'S assistant nuclear test personnel review program 
manager, the Air Force had not been performing such a check prior to 
our review. As part of our review, we did not independently determine 
when and if the other military services had been performing this check. 
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Office of the 
Administrator 
of Veterans Affairs 

Washington DC 20420 

CD Veterans 
Administration 

. 
Mr. Richard L. Fogel 
Assistant Comptroller General 
Human Resources Division 
U.S. General Accounting Office 
Washington, DC 20548 

Dear Mr. Fogel: 

lhis responds to your request that the Veterans Administration (VA) 
review and comment on the General Accounting Office (GAO) kY 11, 
1987, draft report NUCLEAR HEALlH AND S~IXY: Radiation Exposure 
Estimates for Cloud Sampling Personnel Are Understated. lhe GAO 
review addressed the level of external and internal radiation doses 
received by Air Force personnel involved in nuclear cloud sampling 
work at three operations--Tumbler-Snapper (19521, Redwing (19561, 
and Dominic I (1961). GAO questions the accuracy of some of the 
film-badge readings, and reports that it also identified errors in 
the film-badge exposure records of certain personnel that in some 
cases resulted in understatements of gamma radiation doses. In 
addition, it noted that recorded doses do not include any measure of 
the internal commitments of radioactive particles, something the 
Defense Nuclear Agency (DNA) is currently analyzing. 

‘Ihe report recommends that the Secretary of Defense direct the DNA 
to correct the GAO-identified errors in the records of personnel 
participating in Operations Redwing and Dominic I and, given the 
frequency of the errors identified, review for similar errors the 
film badge exposure record for each Air Force individual who 
participated in any other atmospheric nuclear weapons tests. GAO 
also recommends that DNA reexamine the readings of the integrons 
(cockpit-mounted measuring devices) in comparison to film-badge 
readings to determine if adjustments in assigned doses are warranted. 

If DNA’s reexamination results in increased dose estimates for 
Air Force personnel involved in cloud sampling, we would want to 
review the records of any of those individuals who had previously 
filed compensation claims that were denied on the basis of low dose 
estimates. An increase in the dose estimates would constitute new 
and material evidence requiring reconsideration of the claims under 
38 CFR 3.311b, if the veteran had a radiogenic disease that became 
manifest during the appropriate time period. 

Sincerely, I 

ll-fMAS K. ‘IURNAGE 
Administrator 
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WASHIW~TOII. DC 706 lo-8025 

June 10, 1987 
The Honorable J. Dexter Peach 
Assistant Comptroller General 
General Accounting Office 
Washington, D.C. 20548 

Dear Dexter: 

As requested by you, Anthony Fainberg of OTA's International Security and 
Cormnerce Program has reviewed your draft report Nuclear Health and Safety; 

are Understaw. 

Dr. Fainberg had already discussed contents of earlier drafts with Robert 
J. Baney of GAO, and has only a few minor comments or questions to add. These 
are listed below by page number and line. 

1. 44-5-"it" has no clear antecedent, although presumably referring to 
DNA. 

2. 46-M-The number of 22 persons receiving more than 10 rem is based on 
integron readings. Does this assume and use the nominal ratio of 1.25 of 
integron to film badge results, or does it assume that the integron readings 
are absolutely correct when doses are calculated? This is not clear. If the 
latter, there seems to be no justification for using this calculation as a 
measure. 

3. 47-19-A nit-pick, but the bladder is generally considered to lie 
within, not below the abdomen. The operative question is whether the lead 
vest protected this portion of the abdomen or not. 

4. 49-la-The dismissal of airborne particles as a cause of increased 
integron to film badge ratios is not entirely convincing. Couldn't the 
different test series produce different size particles containing different 
amounts of radiation? Then, if those particles were responsible for the 
differences in integron from film badge readings in the first place, couldn't 
the ratios between those readings also change from test to test? 

5. 49-Last sentence. Same comment as 2: does the integron-based 
calculation assume the integron readings are absolutely correct or that they 
are 1.25 times the film badge readings? 

6. 57-19-Doubling the doses recorded would certainly raise some 
individuals' levels above the annual Federal limit, but apparently some of the 
doses exceed the 5 rem/year limit as they stand. 

Thank you for the opportunity to review the draft. We are pleased to be 
of help in this matter. If there are any questions regarding the above 
comments, please contact Tony Fainberg at 226-2017. 
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Note: GAO comments 
supplementing those in the 
report text appear at the 
end of this appendix. 

See Comment 1, 

See Comment 2. 

June 5, 1987 

J. Dexter Peach 
Assistant Comptroller General 
U.S. General Accounting Office 
Wasington, 0-C. 20548 

Dear Mr. Peach: 

Thank you for the opportunity co review the draft report of the GAO on 
“Nuclear Health and Safety: Radiation Exposure Estimates for Cloud Sampling 
Personnel are Understated”. 

I have made a number of comments and suggestions that I hope will be 
helpful. However, I think the main point is that there is very probably a 
rational explanation for the integron readings to be higher than film badges 
on the body and that the latter readings are not invalidated as a result. In 
my view therefore, even the words “are unders=d”, in the title, are 
inappropriate. I trust the GAO will find it possible to revise its approach 
in the light of this important point. 

Or. Harold Wyckoff, Scientific Councellor to the ICKU and former Chairman 
of the ICRU, has also made some comments at my request, mainly dealing with 
the lack of rigor in some of the terminology used. I enclose his comments. 
While it is not noted in his comments, in discussion with me, Dr. Wyckoff has 
stated that he agrees with my explanation for the difference in integron/film 
badge readings. 

Dr. Ted Webster, physicist at Massachusetts General Hospital, a member of 
the NCKP and an expert on film badge dosimetry, has also made comments, which 
at-e being sent to you separately. Again, Fn discussion he agrees with my 
explanation for the difference in integron/film badge readings and I think his 
comments will reflect that. 

I hope these reviews will be helpful to the GAO in its work- If there 
are any questions or I can be of further assistance, please contact me. 

Warren K. Sinclair 
President 
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Comnents on GAO Draft Report: 
Yuclear Health and Safety: 

Radiation Exposure Estimates for Cloud 
Sampljng Personnel are Understated 

Warren K. Sinclair 
xay 1987 

I think the title is misleading. I would delete “are understated”. I 

think this is not proven. “May be understated” could be true but its 

implications are unnecessary. I recommend deleting “are understated”. 

Executive Summary 

Page 3, Results in Brief. Line 8. “is understated” is too strong. This is 

not proven later. It may be understated at most and probably isn’t. 

Page 4. Paragraph 1, Lines 9-10. ‘I... could not effectively measure radiation 

between 4 to 9 rem.*’ I don’t understand why this would be and I hope it 

gets explained later (unless the fi lm pack included one fi lm with a maximum 

of four rem’and another with a min imum of nine rem). However, in any event 

at Ambler-Snapper among 1,803 badged personnel, 48 had doses between 3 and 

5 and 10 only above 5. Thus, the impact is not large. 

Page 4. Paragraph, 2. Not mentioned here is that in the Dominic operation, 

about 5% had arithmetical errors, of which understatements and 

overstatements ware about equal (page 42). This fairer statement could 

have been quoted as well. 

Page 5, Paragraph 1, Line 4. I don’t know who this individual would be. 

According to the list supplied to me the maximum individual exposure was 

16.4 ram. 

Page 5, Paragraph 2. There is a possible explanation for the differences and 

the variability in integron vs fi lm badge readings. Granted that fi lm 

badges have many inaccuracies they have usually been agreed to be the 

record of choice and they probably still are the best measure of what the 

wearer actually received (see later). 

Pages 6-7. Of course, it would be desirable to establish what can be said 

(even at this late date) about internal exposure. 

-l- 
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Page 7, Recommendations. The first ooe on correcting identified arithmetic 

and other errors is, of course, sound and sensible. On the face of it, 

there seems to be more of these than one would expect but fortunately the 

individual errors seem mainly to be sraall. 

Second. Assuming there is more information available somewhere to 

reexamine, a reexamination of the fi lm badge/lntegron readings may well be 

worth doing, with the aim of throwing more light on the probable physical 

explanation for the difference in integron vs fi lm badge readings. 

However, the second portion of this recommendation “adjust, as necessary, 

the radiation doses assigned to cloud sampling aircrew personnel.” seems to 

have the implication of revising the fi lm badge readings upward according 

to the integron readings. If my explanation is correct there is no need to 

do this (see below, re pages 43-49). The fi lm badge has its limitations as 

is well known. These are noted specifically in the NAS*  report which 

includes a positive bias of up to 40% for up to 100 mr and of the order of 

+30 to +40X for random errors in higher exposures, but these limitations - - 
may be no worse in these circumstances than in many other occupational 

circumstances. 

*Review of the Methods Used to Assign Radiation Doses to Service 

Personnel at Nuclear Weapons Tests. NAS 198.5. 

Page 37, Paragraph 2. ‘I... the 10 mission badges did not record all radiation - 
received.” Not necessarily, the 10 mission badges s have recorded all 

the missions he actually undertook. I doubt this can be established one 

way or the other, now. 

Pages 39 and 40. Since the permanent badge record extended to 22 and 23 of 

July, except for the matter of swimming, it could have included the fallout 

dose. Thus, it is difficult to assert that the mission total Is strictly 

too low. since it is substantially higher than the permanent record, 

probably including fallout. 

Page 42. Certainly the absence of a record on an issued fi lm badge is of 

concern. How to allow for that now? If the highest previous exposure were 

added to the record it would rise from 2.4 to 3.3 rem. Neither dose is 

large. 

-2- 
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Pages 43-49. The differences between the integron and the fi lm badge worn on 

the body is probably quite real and has a physical explanation. Any 

instrument (integron ion chamber or fi lm badge) placed in a radiation field 

which may be Isotropic or approximately so (i.e., radiation coming in 

equally from all directions) will read a certain dose (kerma) value 

dependLng on how it was calibrated. Presumably, the integron, apart from a 

few pieces of surrounding matter, mainly cockpit and etc., is essentially 

or at least approximately, “free in air” and receives radiatton from a 4n 

solid angle. However, the fi lm badge on the body has the solid angle of 

radiation reduced from 4% by the presence of the body, especially from the 

back. This will reduce the apparent reading by an amount probably less 

than a factor of two but very likely of the order of 1.2 to 1.6 or so. 

Evidence for this explanation is available from three sources: 

1) it is noted, page 48-49, that two fi lm badges situated in the cockpit 

like the integron but not on the pilot, read slightly higher than the 

integron! lttfs strongly supports this explanation. 

2) In the Redwing series DNA gives Information on ratios of integron to 

fi lm badge and finds it different for two different aircraft. It is 

about 1.25 for B-S7 and about 1.6 for the F84. Presumably, the 

configuration of the integron vis-a-vis the pilot in the two cockpits 

is different. One would guess that the lntegron on the FE4 had less 

material around it and was perhaps further from the pilot. 

3) Variations in the integron/fllm badge ratio are considerable and this 

would be expected if the radiation field itself were not constant. 

Even the size of the pilot could make a difference, so also would the 

configuration of the radiation field, (whether fully isotropic or not, 

whether the airplane was at the edge of the cloud or in the center, 

etc.) and the energy of the radiation field. 

In view of the above, I see no reason not to assume that’the fi lm 

badge on the wearer’s body is not as good (or as poor) a record of his 

exposure as for other occupational circumstances when fi lm badges are 

used. In my opinion, the 640 should revise its text to take account of 

this very likely explanation. Thus, statements like, page 48, 

paragraph 1, line 6 -... should have been about the same.” are 

incorrect, they should have been different. 

-3- 

-- 
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Another point that should be made is that the composition of the 

radiation field at different points in the cloud (and at different 

flight times after tile hur-;t) might he quite variable. It might 

include not only gammas, betas, alphas, some fission products and 

possibly neutrons and the energies may cover a broad range. The 

response of both the fi lm badge and the integron may be primarily to 

gammas, but possibly other particles could influence one or the other 

reading and perhaps differently. Much more would need to be known 

about the circumstances, which have probably varied in individual 

cases. Again this probably accounts for some of the variation seen, 

but does not indicate, without further information, any preference for 

the integron over the fi lm badge. 

Another relevant matter Is just exactly how the integron and for 

that matter, the fi lm badge, was calibrated. It seems unlikely that an 

isotopic field would be used for this purpose. Then the angular 

response of the integron and of the fi lm badge both become highly 

relevant. It muld have been very helpful if the integron itself and 

the method of calibration had been much more fully described. 

Indeed this problem of the aircrew doses touches on an interesting 

general question on what doses should be specified in occupational 

circumstances? Choices might be, 1) the free field kerma into which a 

person may be put (the integron reading may approximate this), 2) the 

dose at the surface of the body in the field, the fi lm badge presumably 

approximates this, 3) a dose to a specified organ(s) in the body such 

as bone marrow [this will usually be substantially less than (1) or 

(2)1, or 4) an average dose throughout the body which may be less or 

more than (3) or about the same depending on the organ considered in 

(3). It will be less than (1) or (2). 

In current occupational practice, the dose at the surface of the 

body as measured by the fi lm badge on the body, is the dose that is 

measured and recorded. Pending a different approach to the 

specificatfon of occupational doses by authoritative bodies, such as 

ICRU, ICRP and NCRP, it muld seem that the fi lm badge reading in this 

case of these aircrews is as likely to be correct as In other 

occupational circumstances. 

-4- 
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rage 45, Footnote. This clearly shows that the lead vests were essentially 

irrelevant and at most 15% reduction. Thus the dose to the bladder, to the 

eye and the thyroid could only be 15% higher at most and perhaps not at all 

if allowance is made for the depth of the critical tissue in the body (even 

the lens is 1 cm or so deep). 

In Summary 

I have made a number of suggestions for improvement in this draft report 

(starting with the title) which I hope will be found helpful. 

On the recommendations, first, I think the GAO report correctly 

recommends that arithmetic and like errors be corrected. 

Second, a reexamination of the integron vs fi lm badge readings could be 

very useful, assuming there is more material to examine, in order to throw 

more light on the probable fact that there is a real physical explanation for 

the integron (in “free air”) to read higher than the fi lm badge on the body. 

However, given this fact, the integron readings do not invalidate the 

fi lm badge readings on the body, which presumably therefore, are as true a 

record of the exposures of the aircrew as fi lm badges are for other 

occupational circumstances. 

-5- 
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The following are GAO'S comments on the president of the NCRP'S letter 
dated June 5, 1987. 

GAO Comments 1. Our report title has been changed to focus on the need to reexamine 
exposure levels. However, it is our position that far more of the radia- 
tion exposure estimates assigned to cloud-sampling personnel are under- 
stated than overstated. This position is essentially based on our review 
of film  badge exposure records. For Operation Redwing, we found that 
about 26 percent of the records were in error and nearly all of that 26 
percent represented understatements. For Operation Dominic I, we 
found that about 13 percent of the records were in error and 11 of the 
13 percent represented understatements. 

We also discussed with the president of the NCRP whether our report was 
misleading because it did not include certain information that might Sug- 
gest radiation exposure estimates were overstated. In that context, two 
specific documents were mentioned and thus further examined by us. 
Those documents were a 1979-80 reevaluation of approximately 1,350 
Dominic I film  badges, which showed that nearly half had been environ- 
mentally damaged and that the environmental damage, likely as not, 
had overstated the doses on those film  badges, and the National Acad- 
emy of Sciences’ 1985 report, Review of the Methods Used to Assign 
Radiation Doses to Service Personnel at Nuclear Weapons Tests, which 
indicated that film  badges irradiated under laboratory conditions with 
the radiation source essentially perpendicular to the badges overstated 
radiation by 40 percent. 

Our reasons for believing that information from the first document cited 
may not be relevant to our review of cloud-sampling personnel were 
twofold. First, Dominic I cloud-sampling personnel were members of the 
Air Force stationed on an island, whereas the approximately 1,350 
Dominic I film  badges included in the reevaluation were worn by Navy 
personnel stationed on ships. Second, in comparison with Navy person- 
nel, Dominic I cloud-sampling personnel wore their film  badges for a 
shorter duration and, thus, their film  badges were susceptible to less 
environmental damage. 

Similarly, we questioned the direct relevance of the information from 
the second document cited on two counts. First, cloud-sampling person- 
nel did not wear their film  badges under laboratory conditions and, sec- 
ond, it cannot be presumed that the radiation environment in which 
cloud-sampling personnel functioned was essentially perpendicular to 
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the film  badge worn. Recognizing the lack of direct relevance of the 
National Academy of Sciences’ 1986 report to the film  badges used 
throughout the atmospheric nuclear weapons testing program, DOD con- 
tracted with the National Academy of Sciences to specifically examine 
the accuracy of film  badges used during that program. 

That contract began in April 1987 and is due to be completed near the 
end of 1988. 

2. In finalizing this report, we met with Drs. Sinclair, Wyckoff, and Web- 
ster to clarify our position on the integron-film badge issue. We indi- 
cated that it is our position that because problems were or are known to 
exist with the film  badges, the integron readings can be used in conjunc- 
tion with the film  badge readings to better define cloud-sampling air- 
crew personnel dose. Each of the three NCRP individuals agreed there 
was merit to using the integron readings to confirm or deny, in general 
terms, the readings made by the film  badge. 
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Major Contributors to This Report 

Resources, Keith 0. Fultz, Associate Director, (202) 275-1441 
Carl J. Bannerman, Group Director 

Community, and Robert J. Baney, Evaluator-in-Charge 

Economic Robert P. Lilly, Evaluator 
Development Division Renae M. Gilbert, Secretary 

Washington, DC. 
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Giossaly 

Alpha Radiation Radiation that has a range of only a few inches in the air and is incapa- 
ble of penetrating clothing or even the outer layer of unbroken skin. 
However, alpha radiation is a primary hazard when absorbed internally. 

Beta Radiation Radiation that may travel several feet in the air before being absorbed. 
In more dense material, such as body tissue, beta radiation may travel , 
up to half an inch. Clothing normally provides adequate protection from 
beta radiation. Therefore, beta radiation is a hazard only when beta- 
emitting materials are either in direct contact with the skin or absorbed 
internally. 

Calibrating Checking an instrument by testing its ability to accurately measure a 
known amount of radiation emitted from a particular radiation source. 

Cloud Sampling A process of obtaining samples of the cloud resulting from a nuclear 
detonation to determine the amount of airborne radioactivity, both par- 
ticulate and gaseous, contained in the cloud. 

Depressurization A reversal of the process of creating a nearly normal atmospheric envi- 
ronment. See pressurization. 

A pilotless, radio-controlled aircraft. 

Film Badge A small piece of film or films sensitive to ionizing radiation that are 
encased in a metal or plastic container usually clipped to the wearer’s 
clothing. 

Film Badge Dosimetry The measurement and recording of radiation exposure doses by the use 
of film badges. 

Gamma Radiation Electromagnetic radiation accompanying many nuclear reactions. 
Gamma rays can travel great distances through the air and can pene- 
trate a considerable thickness of material. 
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Integron An ion chamber device used on cloud-sampling aircraft to provide an 
immediate measure of gamma radiation present. 

Ion Chamber One of three basic types of gas ionization detectors. The typical detector 
consists of a cylindrical or rectangular chamber with a positively 
charged wire strung through the center. The chamber is filled with air 
or a gas, such as argon. Radiation that enters the chamber ionizes- 
removes electrons from-the gas. Because they are negatively charged, 
the electrons are attracted to the wire and reduce its charge. This reduc- 
tion in charge can be measured and used as an indication of the amount 
of radiation present. 

Low-Energy Radiation Radiation consists of particles that can travel at a wide range of speeds 
or energies. The different radiation energies arise from the radioactive 
decay of the various fission products that are produced by the detona- 
tion of a nuclear bomb. Low-energy radiation is less penetrating than 
high-energy radiation and, thus, less likely to cause biological damage. 

National Council on 
Radiation Protection and 
Measurements 

A private, non-profit organization chartered by the Congress that pub- 
lishes reports on all aspects of radiation protection. 

Particulate Matter Matter having the form of an atom or minute particle. 

P-Meter An automatic recording radiation ratemeter installed in the nose section 
of aircraft used on early cloud penetration flights at Operation Redwing. 

Pressure Suit A suit designed to maintain normal respiration and circulation, espe- 
cially on high altitude or space flights. 

Pressurization A process of creating a nearly normal atmospheric environment, as in an 
aircraft, where normal breathing is possible without the aid of any 
apparatus. However, even on pressurized cloud-sampling missions, 
according to one cloud-sampling scientific advisor, aircrews breathed 
100 percent oxygen from the aircraft’s oxygen-breathing system. 
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Rem A unit of dose of any ionizing radiation that produces the same biologi- 
cal effect as a unit of absorbed dose of ordinary x-rays. One millirem is 
one one-thousandth of a rem. The present permissible radiation dose for 
radiation workers in the United States is 5 rem per year. 

Whole Body Counter In 1956, a large, long cylindrical device in which a human subject was 
placed to measure radiation emanations from the subject’s body. Since 
1956, the design and configuration of the whole body counter has 
changed. 

Yield The total effective energy released in a nuclear detonation. It is usually 
expressed in terms of the TNT equivalent required to produce the same 
energy release in an explosion. Nuclear detonation yields are commonly 
expressed in kilotons or megatons (thousands or millions of tons) of 
TNT equivalent. 
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