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

U.S. General Accounting Office 
Washington, D.C. 20548 

Dear Mr. Conahan: 

This letter and enclosures are the Department of Defense 
(Dol)) 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 recommendations. 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. 

International Affairs Division 

With respect to the second GAO recommendation, i t  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 
-3 

r- !E 1 analysis that forms the basis of the second recommendation for 
c ~ ,. independent review, such as to the Office of Technology c. 1 
& .  t 

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 l o r .  
Yoreover, the GAD 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 i t  is 
misleading to conclude the doses are understated. 

cloud sampling personnel were experiencing adverse health effects 
as a result of their radiation exposure. For various reasons, 
the GAO could not undertake this analysis. 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. 

recommendations are provided in enclosure 1. Thank you for the 
opportunity to comment on the draft report. 

One of the original GAO objectives was to ascertain if the 

The detailed DoD comments on the findings and 

Enc 1 os ur e s 
As stated 

m y ,  
dhLu---- 

Richard P. Godwin 
$- 



GAO DRAFT REPORT - DATED MAY 11, 1987 
(GAO CODE 301726) OSD CASE 7299 

"NUCLEAR HEALTH AND SAFETY: RADIATION EXPOSURE ESTIHATES 
FOR CLOUD SAMPLING PERSONNEL ARE UNDERSTATED" 

DEPARTMENT OF DEFENSE COMMENTS 
t t l . .  

FINDINGS 

b FINDING A: Manned Nuclear Cloud Sampling. The GAO 
reported Department of Defense tDoD1 estimates that between 
1935 and 1962, nearly 200,000 Americans participated in the 
atmospheric nuclear weapons testing program, with more than 
half receiving some radiation exposure. The GXO observed 
that a principal activity at these tests was to confirm 
efficiency and nuclear yield by cloud sampling. The GAD 
noted that, whereas in the 1940s this was done by drone 
aircraft, in 1.951 manned aircraft were assigned to this 
task. During the period 1951 through 1962, approximately 
4,000 personnel (DoD estimate) were involve6 in manning or 
decontaminating the aircraft. 
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 reuort. 

The GAO explained that during 

I - r  
Experimental Irradiation of Air Force Personnel Durin 
OPERATION REDWING, by the Environmental Policy Institite, 
which indicated radiation exposure to Dersonnel manning 
these aircraft may have been-understatbd. Because of ?his, 
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 saapling work at 
three operations--TUMBLER-SNAPPER (19521, REDUING (1956), 
and DOMINIC I (1961)--and how much radiation was received. 
(p. 2 ,  pp. 8-15/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, samplingandtracking from 1951-1962. 
Of this 4 , 0 0 0  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 
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FINDING B: OPERATIONS TUMBLER-SNAPPER, REDWING, And 
DOMINIC f . 
consisted of einht low-to-intermediate-vield detonations 

The GAO reported that Operation TUMBLER-SNAPPER 

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 . 5 5  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 1 9 5 6 ,  the annual exposure limit recommended 
by the National Council on Radiation Protection and 
Measurement was 1 5  rem.) The GAO further reported that, 
according to the DoD, the aircrews received an average 
radiation exposure of 6 . 8 5  rem and the entire test group 
averaged 4 . 0 5  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 
1 2  rem annually, except for aircrews who were allowed 2 0  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. (pp. 16-19/GAO Draft 
Report) 

Dol) Position: Concur. 

FINDING C: Responsibilities Of The Defense Nuclear Agency. 
The GAO reDorted that in December 1977. in resDonse to 
various teit Participants' claims to the VeterHns 
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; 
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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 

researching and providing a s  complete data as possible on 
individual participation and radiation doses. 

- providing assistance to veterans, the VA and others by 

The GAO observed that with its October 1984 re ort on 
OPERATION CROSSROADS, the DX'A completed its puglication of a 
historical report on each of the 20 atmospheric nuclear 
weapons test operations. According to the GAO, each report 
(includin those on OPERATIOSS TUMBLER-SNAPPER, REDWING, and 
DOMINIC I 7 provides an overview of the operation, an 
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 i f  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. 19-20/GAO Draft Report) 

DoD Position: Partially Concur. It was not until - 1980 that 
the DoD began an investigation of internal dose from alpha, 
beta and gamma. In the summer of 1987, the DNA w i l l  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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a FINDING D: Reported Underestimates Of Exposure. The GAO 
observed that, according to the report of the Environmental 
Policy Institute, the OPERATION REDKING early cloud 
penetration report admitted that film badges of aircrew 
members registered readings lower than actual exposure (in 
some cases by a factor of two and a half). The GAO examined 
the preliminary draft and final DKA reports, Earl Cloud 
Penetration Report--OPERATION REDKING. The GAO o serve the 
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. 

L 

a FINDING E: Gamma Radiation--Problems With Film Badges. The 
GAO found that film badges were the official record of eamma 

Y -  

radiation exposure for ihose 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. 2 9 - 3 3 ,  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 - 1 5  rem) between the two badges in the film 
packet. I t  should be noted, however, that although the 
information provided by the GAO was correctly applied to the 
example given for OPERATIOS TUMBLER-SNAPPER, it was 
incorrectly applied for the example given for OPERATIOS 
REDWING. Tnis incorrect interpretation of the statement was 
also used to calculate and report incorrect film badge 
inaccuracy ranges on page 3 3  o f  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 filed in which 
a single fila badge fell in the overlap range. This is true 
for all operations that used this type of film badge packet. 
If a VA claim should be forwarded that involves a single 
film badge reading in the overlap range, the DoD will 
certainly bring this error variarion 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-5-rem 
medical follow-up program and were informed of the potential 
hazards that might be associated with their exposure. 

e FINDING F: Film Badge Exposure Records Contained Errors. 
The GAO reuorted that. beyond the need to accurately measure 
radiation hxposure, there- is the equal need to mainiain 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, a film badge was lost 
or not turned in, 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 rea, 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 



dose, and 
further c 
identif ie 

that these errors should be corrected. 
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The GAO 
ncluded that, given the frequency of th 

~ ~ ~~~ errors, a review should be made to identify 
similar errors in each Air Force f i l m  badge exposure record 
for each individual who participated in the atmospheric 
nuclear weapons testing program. (p. 4 ,  pp. 33-42, 
p. 5 8 / G A O  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 V A  claims, it is 
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 REDYING f i l m  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. 

Radiation Than Anticipated Compared To The Film Badges Horn 
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 b y  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 i t s  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 

0 FINDING G: MonitorinR Devices Read Higher Levels Of 
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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. SS/CAO 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 
REDKING 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 .  

rn FINDING H: Gamma Radiation--Film Badges Worn Under A Lead 
Vest. - The G m  
using protective barriers to reduce the c t e u  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. (pp .  14-15, pp. 46-47, pp. 59-60fGAO Draft 
Report ) 

DoD Position: Partially Concur. The DoD agrees that lead 
vests were used during OPERATIOHS TUMBLER-SXAPPER and 
REDNIXG, 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 by both the vest and 
seat. With the exception of the eye, this 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. 

FINDING I: Internal Radiation. The GAO observed that, in 
addition to namma radiation. cloud samolinn Dersonnel were 
subject to aipha and beta radiation, rksuliiig 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. 
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 

The GAO concluded, however, 

. 
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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. (?he 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) 

DoD Position: Partially concur. The DNA dose 
reconstruction methodology has been, and continues to be, 
fully consistent with this GAO finding, 
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 n o t .  

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. 

Respiratory 

0 FINDING J: Testing For Internal Radiation. The GAO 
reported that internal exposures. which can occur through - 
thiee 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 TUaLER-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 9 8 - 5 4 2 ,  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. 5 3 - 5 5 ,  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 1320), 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 
plutoni urn. 

" 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. 



RECOUnENDAT I ONS 

0 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, reviec- 
€or 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. 4 

In addition, i t  is (and has been) DoD policy t o  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 €or 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.) 

0 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 ( s e e  DoD response to Finding G). 
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MEWORANDUH FOR THE RECORD 

SUBJECT: DoD Response to FINDING G in GAO Draft Report 
"Nuclear Health and Safety: Radiation Exposure 
Estimates for Cloud Sampling Personnel arc 
Unders ta t ed" 

I have reviewed the  DoD response t o  FINDING G of t h e  GAO Draft 
Report, "Nuclear Health 4nd Safety: Radiation Exposure Estimates 
for Cloud Sampling Personnel are Understated" and agree with the 
attached DoD responac. 

br. L .  Ken Street 

ENCLOSURE 2 
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LOS Alamos Natlona( Laboratory 
Los Alamos Nea Mexlco8795 

June 8, 1987 

MEMORANDUM FOR THE RECORD 

SUBJECT: DoD Response to FINDING G in GAO Draft Report 
’Nuclear Health and Safety: 
Estimates for Cloud Sarnpl Ing Personnel are Understated” 

Radiation Exposure 

I have reviewed the DoD response to FINDING G of the GAO Draft Report, 
“Nuclear Health and Safety: Radiation Exposure Estimates for Cloud 
Sampling Personnel .are Understated” and agree with the attached Do0 
responses. n / 

Pa; k. ththal s 



MEMORANDUM ?OR THE RECORD 

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

I have reviewed the DoD response to FINDING C of the GbQ Draft 
Report, "Nuclear Health and Safety: Radiation Exposure Estimates 
f o r  Cloud Sampling Personnel are Understated" and agree with the 
attached DoD response. 

Dr. A r r y  Hicks 



June 9, 1987 

MIMOBANDUM FOR THB RECORD 

SUBJECT: DoD Response to PINDlNG C in CAO Draft Report 'NucIear Health 
and Safety: Radiation Exponut Estimates for Cloud Sampling 
Personnel are fJndentated' 

I have reviewed the DoD response to FINDING C of the CAO Draft Repon, 
'Nuclear Heeltb and Safety: Radiation Bxporurc Estimrter for Cloud Sampling 
Personnel are Ugdenuted'  and agree with the attached DoD rerponsc. 

I would add further that a comparison # b o d  be made of tbe readings of the film 
badges on t h e  integrons with t h e  readings o f  the film badger worn by the  crew 
rnembc%. Since the readings of the € i i  badges on the i n t e r m  correlrted well 
with the integrcn readings themselves, lower readinas of the film badges worn by 
t b e  crew compared t o  those of the f b  badger 00 tbe integrmu (apples compared 
to apples) would clearly indicate that tbe former were a more accurate indicator 
of dose t o  the crew members than were the  i n t e r n .  

ENCLOSURE 5 



MEMORANDUM FOR THE RECORD 

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

I have reviewed the DoD response to FINDING G of the GAO Draft 
Report, “Nuclear Health and Safety: Radiation Exposure Estimates 
for Cloud Sampling Personnel are Understated“ and agree with the 
attached DoD response. 

-.-- / Q%4. 
Dt. Warold Plank 

6 -29 -J’? 
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June 5 ,  1987 

J. Dexter Peach 
Ass is cant  Comptroller Gene ra 1 
U.S. General  Accounting Off ice  
Uasington, D.C. 20548 

Dear Mr. Peach: 

Thank you f o r  t h e  oppor tuni ty  t o  review t h e  d r a f t  repor t  of t h e  GAO on 
'Xuclear Health and Safe ty :  Radiation Exposure Est imates  f o r  Cloud Sampling 
Personnel  a r e  Understated". L .  

I have made a number of comments and sugges t ions  t h a t  I hape vi11 be 
h e l p f u l .  
r a t i o n a l  e x p l a n a t i o n  f o r  t h e  i n t e g r o n  readings  t o  be higher  t h a n  f i l m  badges 
on t h e  body and t h a t  t h e  l a t t e r  readings  are not i n v a l i d a t e d  a s  a result. 
my view t h e r e f o r e .  even t h e  words " a r e  unders ta ted" ,  in the  t i t l e .  a r e  
i n a p p r o p r f a t e .  I trust  t h e  GAO w i l l  f i n d  i t  p o s s i b l e  t o  r e v i s e  i t s  approach 
i n  t h e  l i g h t  of t h i s  important po in t .  

However. I t h i n k  t h e  main p o i n t  is t h a t  t h e r e  is v e r y  probably a 

I n  

Dr. Harold Wyckoff, S c i e n t i f i c  Councel lor  t o  t h e  ICPU and former Chairman 
of t h e  ICKU, has also mde so= comwnts  a t  my r e q u e s t ,  w i n l y  d e a l i n g  v i t h  
che l a c k  of rigor i n  some of t h e  terminology used. I cnclose his  comments. 
Uhile i t  is not  noted i n  his comment$, i n  d iscussfon  with w, Dr. Wyckoff has 
s t a t e d  t h a t  h e  a g r e e s  vfrh my e x p l a n a t i o n  f o r  the d i f f c r e n c e  in i n t e g r o n l f i l m  
badge readings.  

D r .  Ted Webster, p h y s i c i s t  a t  Massachusetts General  Hospi ta l ,  a member of 
t h e  NCKP 4nd exper t  on film badge dosimetry,  has a160 made comments, which 
a r e  be ing  sent t o  you reparare ly .  Again. i n  d i s c u s s i o n  he agrees  w i t h  my 
e x p l a n a t i o n  f o r  t h e  d i f f e r e n c e  i n  l n t e g r o n / f i l m  badge readings 4nd I t h i n k  h i s  
comments w l l l  r e f l e c t  that. 

I hope t h e s e  reviews vi11 be h e l p f u l  t o  t h e  '30 i n  i t s  work. If t h e r e  
a r e  any q u e s t i o n s  o r  I c a n  be of f u r t h e r  a s s i s t a n c e ,  please c o n t a c t  me. 

Uarren K. S i n c l a i r  
Pres ident  

ENCLCSUFS 7 



Cnr-.en:s on GAD Drdft 2epor t :  
Kuclear Health and S a f e t y :  

Radia t ion  Frcp?sure Est imates  for C l n u d  
Sa2pLiiig Personnel ere Understated 

Yarren K. S l n c l a i r  
Xay 1987 

I t h i n k  the t l t l e  is mlsleadlng.  I would d e l e t e  "are unders ta ted ' .  I 
t5 ink  t h i s  is not proven. "May be unders ta ted"  could be t rue but  i t s  

i m p l i c a t i o n s  a r e  unnecessary.  I recomnend d e l e t i n g  "are  unders ta ted" .  

Executive S u m a c y  

Pege 3, Resul t s  i n  B r i e f ,  Line 8. "is  understated' '  is too s t r o n g .  This i s  
not proven l a t e r .  It may be unders ta ted  a t  most and probably i s n ' t .  

Page 4, Paragraph 1, Lines 9-10. -... could not e f f e c t i v e l y  measure r a d i a t i o n  

betveen 4 t o  9 rem." 
g e t s  explained l a t e r  ( u n l e s s  the f i lm  pack included one f i l m  w i t h  a = a i m u r n  

of f o u r  rem and another  v l t h  J m i n i m u m  of n i n e  rem). However, i n  a.:y event 

a t  Tumbler-Snapper smong 1,803 badged personnel ,  48 had doses  betveea 3 and 

5 and 10 only above 5. l h u s ,  t h e  impact i s  not  l a r g e .  

f don' t  understand vhy t h i s  would be and I hope i t  

Page 4, Paragraph 2. Not mentioned here is  t h a t  i n  t h e  Dominic o p e r a t l o n ,  

about 5X had a r i t h m e t i c a l  e r r o r a ,  of which understatements  and 

overs ta tements  were about cquzl  (page 42). This fairer s ta tement  could 

have been quoted a s  w e l l .  

Page 5 ,  Paragraph 1. Una 4. I d o n ' t  know who thls i n d i v i d u a l  w u l d  be. 

According t o  the  l i s t  euppl ied t o  me t h e  maximum i n d i v i d u a l  exposure vas 

1 6 . 4  rem. 
Page 5 ,  Paragraph 2. mere is a p o s s i b l e  explana t ion  for the d i f f e r e n c e s  and 

t h e  v a r i a b i l i t y  i n  i n t e g t o n  VI f i l m  badge readings. 
badges have many i n a c c u r ~ c i c c  they have u s u a l l y  been agreed to be the 

record of choice and they  probably s t i l l  a r e  t h e  b e s t  measure of what  t h e  

wearer a c t u a l l y  rece ived  (me l a t e r ) .  

Granted t h a t  f i l m  

Pages 6-7. Of course ,  i t  would be d e s i r a b l e  t o  e s t a b l i s h  what can be s a i d  

(even a t  this l a t e  d a t e )  about i n t e r n a l  exposure. 



I .  

Paje  7 ,  Reconsctidatlons. h e  f i r s t  one 0 3  c o r r e c t i n g  iden:!fied a r i t h m e t i c  

a,d ocher e r r o r s  i s ,  of course ,  sound and s e n s i b l e .  On the  f a c e  o f  i t ,  

:+erz secms t o  be more of these  than o-e w u l d  expect buc f o r t u n a t e l y  the  

ln2iv<d11al  e r r o r s  seem mainly t o  be m a l l .  

Second. Assuming t h e r e  is more informat ion  a v a i l a b l e  sonevhere t o  

reexacine,  a reexamination of t h e  t i l=  badgel in tegron  readings may wel l  be 

x a r t h  doing,  with the aim of throwi-tg more l i g h t  on t h e  probable  phys ica l  
explanat ion f o r  the  d i f f e r e n c e  i n  f n t c g r o n  v s  f i l m  badge readings .  

Hazever, the second p o r t i o n  of t h i s  recommendation " a d j u s t ,  a s  n e c e s s a r y ,  

the  r a d i a t i o n  doses ass igned  t o  cloud sampling a i r c r e v  personnel." seems t o  

have the impl ica t ion  of r e v i s i n g  the  f i lm  badge readings upward according 

t o  the  in tegron  readings.  I f  my e x p l a n a t i o n  i s  c o r r e c t  t h e r e  is no need t o  

do t h i s  ( see  below, r e  pages 4 3 - 4 9 ) .  The f i lm  badge has i t s  l i m i t a t i o n s  as 

is wel l  known. These a r e  noted s p e c i f i c a l l y  i n  the N A S  r e p o r t  which 

i n c l u d e s  a p o s i t i v e  b i a s  of up t o  402 ;or up t o  100 mr and of t h e  o r d e r  of 
+30 t o  +&OX f o r  random e r r o r s  i n  h i g h e r  exposures, but  t h e s e  l i m i t a t i o n s  

cay  be no w r s e  i n  t h e s e  c i rcumstances  than in many o t h e r  occupat iona l  

circumstances.  

- - 

*Revlev of the Methods Used to i lss ign Radia t ion  Doses t o  S e r v i c e  

Personnel a t  Nuclear Weapons Te6tS. U S  1 9 8 5 .  

Page 37,  Paragraph 2. . "... t h e  10 mission badges not  record  a11 r a d i a t i o n  

received." 

the missions he a c c u a l l y  undertook. 

vay o r  t h e  o t h e r .  now. 

Not n e c e s s a r i l y ,  t h e  10 d s s l o n  b a d g o  = h a v e  recorded a l l  

1 doubt t h i s  can be e s t a b l i s h e d  one 

Pages 3 9  md 40. Since t h e  permanent badge record extended t o  2 2  and 23 of 

J u l y ,  except f o r  t h e  m a t t e r  of swirmcing, i t  could have included the  fal lou:  

dose.  Tbus. i t  is d i f f i c u l t  t o  a s s e r f  that t h e  mission t o t a l  is s t r i c t l y  

C O O  lov ,  s ince  i t  is r u b s t a n t i a l l y  h igher  than t h e  permanent r e c o r d ,  

probably including f a l l o u t .  

Page L2. Cer ta in ly  the  absence of a r e c o r d  on an i s s u e d  film badge is of 

concern. How to  a l l o v  for t h a t  nov? If t h e  h ighes t  previous exposure vere 

ajded t o  the record i t  w u l d  rise f r o o  2 . 4  t o  3.3 rem. Neither  dose is 
l a r g e .  



' 

Pages 43-29. The d i f f e r e n c e s  between thc i n t e g r a n  and :he f i l m  badge M C O  on 

the  body is probably q u i t e  r e a l  and h a s  a physical  explanat ion.  
Lostru:.ic.?c ( i n t e g r o n  ion  chamber o r  film badge) placed i n  a r a d i a t i o n  f i e l d  

uhfch m y  be i s o t r o p i c  o r  approximately so (1.e.. r a d i r t l o n  coming i n  

e q u a l l y  from a l l  d i r e c t i o n s )  vlll read a c e r t a i n  dose (kerma) value 

depend!% on how I t  vas c a l i b r a t e d .  Presumably, the in tegron ,  a p a r t  from a 

few pieces  of surrounding m a t t e r .  mainly c o c k p i t  and e tc . .  is e s s e n t i a l l y  

or a t  l e a s t  approximately,  " f r e e  i n  a i r "  and rece iver  r a d i a t i o n  from a 4n 

s o l i d  angle .  

r a d i a t i o n  reduced from bn by the  presence  of  the body, e s p e c i a l l y  from t h e  

back. 
than a f a c t o r  of two but  v e r y  l i k e l y  of  t h e  o r d e r  of 1.2 t o  1.6 o r  so. 

Evidence f o r  t h i s  e x p l a n a t i o n  is a v a i l a b l e  f ron  three  sources:  

h y  

Hwever ,  the  f i l m  badge on t h e  body has the s o l i d  a n g l e  of 

Tnis vi11 reduce the  apparent  reading  by an mount  probably l e s s  

4 .  

i t  i s  noted, page 48-49,  t h a t  tw f f lm badges s i t u a t e d  i n  the  c o c k p i t  

l i k e  t h e  in tegron  but not on the  p i l o t ,  read s l i g h t l y  h i g h t r  than t h e  

in tegron!  This s t r o n g l y  s u p p o r t s  this explanat ion.  

I n  t h e  Redwing  series DUA g i v e s  informat ion  on r a t i o s  of in tegron  t o  
f i l m  badge and f i n d s  i t  d i f f e r e n t  f o r  two d i f f e r e n t  a i r c r a f t .  It i s  

about 1.25 f o r  B-57 and about 1.6 for the  F84. Presumably, t h e  

c o n f i g u r a t i o n  of t h e  integron vis-a-vis  t h e  p i l o t  in the  tvo c o c k p i t s  

is d i f f e r e n t .  

m a t e r i a l  around i t  and ME perhaps f u r t h e r  from the p i l o t .  

V a r i a t i o n s  in the i n t t g r o n / f i l m  badge r a t i o  a r e  cons iderable  and th i s  

vould  be expected I f  t h e  r a d i a t i o n  f i e l d  i t s e l f  e r e  not cons tan t .  

Even the sire of  t h e  p i l o t  could make d i f f e r e n c e ,  IO a l s o  vould t h e  

c o n f i g u r a t i o n  of  the r a d i a t i o a  f i e l d ,  (whether f u l l y  i s o t r o p i c  or n o t ,  

whether the  a i r p l a n e  van a t  t h e  edge of  t h e  cloud or I n  t h e  c e n t e r ,  

e t c . )  and the  energy of t h e  r a d i a t i o n  f i e l d .  

Cme muldpuccs that the incegron on the FBb had less 

In viev of t h e  above, 1 see no reason  not to  assume t h a t  the f i l m  

badge on the wearer 's  body is not  AS good (or as poor) a record of h i s  

exposure a s  f o r  o t h e r  occupat iona l  c i rcumstances vhen f i lm  badges a r e  

used.  In  my opin ion ,  t h e  CAO should r e v i s e  Its t e x t  t o  take account of 
t h i s  very l i k e l y  explana t ion .  Thus, s ta tements  l i k e ,  page 48, 
paragraph 1, l i n e  6 I... should have been about the came." a r e  
i n c o r r e c t ,  they should have been d i f f e r e n t .  

, .  

. . .  . -. . 



I .  

Another point  ? 1 ~ t  should be made is t h a t  t h e  co-F>si t fon  of t h e  

r a d i a t i o n  f i e l d  a t  d i f f e r e n t  p.>?nts i n  the  c l o u t  (and r t  d i f f e r e n t  

f l i g h t  times a f t e r  the b u r s t )  mlyht be q'i i tc  varfr?!e. I t  m!gl~t 

?nclude not only Gahnas, h e t a s ,  a lphds ,  some flssim products  and 

p o s s i b l y  neutrons and  the e n e r g i e s  may cover a br;ad range, The 

response of both t h e  f i l m  badge and the  in tegron  w y  be pr imar i ly  to  

gamsas. but p o s s i b l y  o t h e r  p a r t i c l e s  could i n f l u e x e  one o r  the o t h e r  

reading and  perhaps d i f f e r e n t l y .  Much more uoul: r .ed t o  be known 

about t h e  c:rcumstances. v h i c h  have probably var?cd in ind iv idua l  

cases .  Again t h i s  probably accounts  fo r  some of t h e  v a r i a t i o n  seen ,  

b u t  does not i n d i c a t e ,  v i t h o u t  f u r t h e r  i n f o r n a t i o n ,  any preference f o r  

the i n t e g r o n  over  t h e  f i l m  badge. 

Another r e l e v a n t  mat ter  is j u s t  e x a c t l y  hou :he h t e g r o n  and f o r  

t h a t  m a t t e r ,  the  f i l m  badge, vas  c a l i b r a t e d .  It s e e s  u n l i k e l y  t h a t  an 

i s o t o p i c  f i e l d  would be used for  t h i s  purpose. >,en the  angular  

response of the i n t e g r o n  and of the,fi lm badge b2th become h ighly  

r e l e v a n t .  It s o u l d  have been very  h e l p f u l  i f  the  in tegron  i tself  and 

t h e  method of  c a l i b r a t i o n  had been much more fu1:g descr ibed .  

Indeed t h i s  problem of the aircrew doses  touches on an i n t e r e s t i n g  

g e n e r a l  q u e s t l o n  on what doses  should be s p e c i f i e d  i n  occupat ional  

c i rcumstances? 

person may be pur ( the in tcgron  reading  may appraxiGate this), 2 )  the 
dose a t  the  s u r f a c e  of the  body in the  f i e l d ,  the f i l s  badge presumably 

approximates  thls. 3) a dose t o  a s p e c i f i e d  orgaats) in t h e  body such 

as bone marrow [chis w i l l  u s u a l l y  be s u b s t a n t i a l l y  less than (1)  of 

( 2 ) ] ,  or 4) M average  dose throughout t h e  body which v y  be l ess  or  
more than (3) or about the same depending on the organ considered i n  
(3). It vi11 be less than ( 1 )  or (2) .  

Choices might b e ,  1) t h e  f r e e  f i e l d  lurma i n t o  which a 

I n  c u r r e n t  occupat iona l  p r a c t i c e ,  the dose a t  the  s u r f a c e  of the 

body as measured by t h e  f i lm  badge on t h e  body, is the  dose t h a t  i s  
measured and recorded. Pending J d i f f e r e n t  approach t o  the 

r p c c i f i c a t i o n  of  occupat iona l  doses  by a u t h o r i t a t i v e  bodies ,  such a s  
ICRU,  ICRP and N R P ,  It  m u l d  seem that the  f i l n  badge reAding i n  t h l s  

case  of t h e s e  a i r c r e w s  Is as l i k e l y  t o  be c o r r e c t  a s  la o t h e r  

occupa t i o n a l  c i rcumstances.  

4- 



Page 45, Footnote .  Tils c l e a r l y  shows t h a t  t h e  Icad ves:s were e s r e l t i a l l y  

i r r e l e v a n t  and a t  must 15% reduct ion.  nus tlic J:>se t o  t h e  t z a d l e r ,  ta t h e  

r y e  and the  thyrold could only be 152  higher  a t  most and perla;s  r:>t a t  s i1  

l f  allowance is made f o r  the  depth o f  t h e  c r i t i c a l  t i s s u e  in the  h o l y  (even 

the  lens is 1 cm o r  so deep). 

,. 

In  Sunnary 

I have made a number of suggesclons f o r  improve:nent i n  t h i s  d r a f t  r e p o r t  

( s t a r t l n g  w i t h  the  t i t l e )  which I hope w i l l  be found h e l p f u l .  

On the recommendations, f i r s t ,  I t h i n k  the  CAO r e p o r t  c o r r e c t l y  

recommends t h a t  a r i t h m e t i c  and l i k e  e r r o r s  be c o r r e c t e d .  

Second, a reexaminat ion of the i n t e g r o n  v s  f i l m  badge readings could be 
very u s e f u l ,  asswing t h e r e  is more m a t e r i a l  t o  examine, in order  t o  throw 

more l i g h t  on the  probable  fact t h a t  t h e r e  is a r e a l  phys ica l  ex;Ianat:on f o r  

the  i n t e g r o n  (in "free a i r " )  t o  read highem than the  f i l m  badge on che body. 

Hovevcr, g iven  t h i s  f a c t ,  the  in tegron  readings do not i n v a l i d a t e  the 

f i l a  badge readings  on t h e  body, which presumably t h e r e f o r e ,  a r e  a s  t r u e  a 

record of t h e  exposures  of t h e  aircrews a8 f i l m  badger a r e  fo r  o t h e r  

occupat iona l  c i rcumstances.  



- 
Subject: Coin?ents on "Sucl-.ar Health and Safety: R~di3:i~n 

F.>:po+iJre Estimates for Cloud Sampling Perfonnel are Undrrzcated" 

C o l n x n t s  are keyed t o  the page, paragraph and 8en:ence OK line in that 

pdragraph. 

8, 3 and 9, 1 .  Before attempting to compare nurnertcal values obtalne2 

for  different messurcnents, it 1s necessary first to see whether or not t5e 

two rreasurements are uf the same quantity. In an attempt to understand s?a: 

quantities might be constdered in this document for measurement, the Section 

labeled "Glossary" was nex& consulted. Difficulty arose when attempting to 

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

When one detemlines the calibration of a given Instrument for a specified 

physical quantity. one determines the instrument response in terms of the 

aagnitude of the desired quantity. Here, "magnitude" represents the numerical 

value as well as the unit. There ie difficulty in saying how one can 

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

definition of 'calibrating" given in this glossary. One can imagine a 

requirement for the calibration of an instrument to measure the absorbed dose 

in a specified material and for a given geometry when the instrument traverses 

a cloud containing a concentration of radioactive material. One can also 

iesgine the requirement for the determination of the absorbed dose under 

specified conditions from rsdfonuclfder deposits upon the sircraft during its 

traversal of the cloud. It is difficult to understand how either of these 

could "measure...radiation emitted from a particular radiation eource." The 

sources in the cloud and those deposited on the aircraft provide a radiation 

field that may be expressed In terms of its variation with location in the 

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



of f l s c ~ r r ,  energy f luence  or t h e i r  r a t e s .  However, f o r  t h e  purposes 

h e r e ,  one would d c s t r c  a numerical  va lue  f o r  t h e  dSsorbeC dose i n  body t l s s w  

f o r  s p e c i f i e d  geometr ica l  cond i t ions .  T h u s ,  the  de te rmiqa t ion  of i n t e r e s t  

h e r e  cannot be the r a d i a t i o n  emi t ted  from a source bu t  must be measured ln 

t e r n s  of t h e  energy depos i ted  per u n i t  mass under s p e c i f i e d  cond l t fons  i n  

t i s s u e - l i k e  ma te r i a l .  Thus, t he  t e r n  i n  t h e  g l o s s a r y  labe led  "calibrating.' is 

not  of much u s e  i n  t h e  present  con tex t .  

The term labe led  " in tegron"  i n  t h e  g l o s s a r y  i s  not edequate  f o r  t h e  

p r e s e n t  purposes.  

p resent '  but t h e  energy per  u n i t  mass t h a t  t h i s  r a d i a t i o n  might d e p o s i t  i n  

The q u a n t i t y  of i n t e r e s t  he re  i s  not t he  "gamma r a d i a t i o n  

I .  s p e c l f i e d  l o c a t i o n s .  

L 

The d e f i n i t i o n  for "ion chamber" a l s o  seeus  to  be s t range .  Usual ly  t h i s  

t e r n  i s  a synonym f o r  " i o n i z a t i o n  chaober." However, an i o n i z a t i o n  chamber i s  

no t  n e c e s s a r i l y  one w i t h  a ' pos i t i ve ly  charged wire s t rung  through t h e  

center." Depending p r imar f ly  upon t h e  e l e c t r i c  f i e l d ,  such a chamber may be 

used under condi t ions  vhereby t h e  ions c o l l e c t e d  a r e  j u s t  t hose  produced by 

t h e  incoming r a d i a t i o n .  A l t e r n a t i v e l y .  t h e  f i e l d  may be l nc reased  so t h a t  i t  

a c c e l e r a t e s  i ons  and produces a d d i t i o n a l  ones. 

requirement  i n  t h i s  d e f i n i t i o n  f o r  a nonuniform e l e c t r i c  f i e l d ,  t h i s  may be 

t h e  type of inst rument  cons idered  here .  Such ins t ruments  may be used i n  the  

so-ca l led  'p ropor t iona l  reglon" whereby t h e  number of ions is p r o p o r t i o n a l  t o  

t h e  number of i nc iden t  r a d i a t i o n  p a r t i c l e s  or i t  my be used as a "Geiger" 

counter  where each e n t e r i n g  charged p a r t i c l e  produces approximately t h e  sane  

number of charged p a r t i c l e s  by m u l t i p l i c a t i o n .  l h u s ,  it a n  be seen t h a t  t h i s  

d e f i n i t i o n  i s  not of much use i n  t h e  p r e s e n t  context .  

Because of t h e  appa ren t  

2 



It is not c l e a r ,  under the definitton of "rem" b-!?a: 1 s  ric-i~lt hy tIie ? i r , c  

sentence. How can a unit "express biological effects- a?Z ;~ ; ia t  does i t  

nr.in? The "dose equiwalent" is the quantity of interes: fo r  such 

deterninations. Here the dose equivalent is the product of the average 

absorbed dose in a given organ and the relative biol.>Sical effectiveness for 

the radiation type and energy delivering the absorbed dsse. In view of the 

apparent lack of understanding of the physical principles involved, it is 

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

disseninated. 

Several other impressions of this document reinforce the idea that this 

. document should not be disseminated. 

- 
29, last paragraph. Here it is indicated that the 'radiation monitoring 

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

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

instrument panel in front of the pilot or behind the pilot's seat). As the 

reading of the instrument depends upon its location because of possible 

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

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

31, 2. According to Enclosure 1, (Tumbler-Snapper Operation) page 7, the 

number of bsdgrs vIth doses indicating greater than 5 rea 1s 10. A t  least for 

these badges the tvo badge readings for each aircraft as vel1 as comparison 

vfth the integron should be glven. Do these data support opinion (4-9 rem) or 

(10-15 rem)? 

31, Footnote 1. This comment needs to be answered. 

3 



33, 3 .  If the Doninic ba?&c 2;s prone to e w t r o n x n t a l  dB:d;e. how can 

co7,parisons of the results of badze aqd integroii rcadinzs have any ceanitid? 

44, last paragraph and 4 5 ,  1. Should one interpret the worzs here to 

mean that the radiation sensing device is located on the cockpit floor but the 

meter indicating the r2ading was on the instrument panel? In the next 

paragraph, it is  indicated that the intcgron was relocated to a "chest-level 

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

attenuating or scattering material in the vicinity. 

44, 3. %at are "box-like dimensions"? 

45, Footnote 11. The rationale for the 2.25 value is not understood. 

2 

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

large and is different for the two types of aircraft. The median value for 

the F-84 is in the range from 1.51 to 1.75. However, for the B-57 the median 

is between 1.01 and 1.25. How can one say that the ratio should be above a 

certain number in view of the range of the distribution for the tvo 

aircraft? If there is a rationale for this magic number, it is not apparent 

%ere. 

46, last paragraph and 47, 1. ICRP Publication 26, paragraph 105, 

indicates the radfosenritivity for a number of the organs, including 

thyroid. There it appears that thyroid is about one tenth as sensitive as the 

whole body. 

small differences in absorbed dose for these organs ahould be relatively 

unimportant. 

Also, if one considers the lens of the eye equally sensttive, 

4 . .. . 



& 7 ,  4 .  K i t h  the small a n x n t  of  a t t e n u a t i o n  by the v e s t s  and t h e  : ~ : ; e  

oncrrtAlaity f n  absorbed dose ,  vhy is t h e  wearing of a v e ~ t  impor t an t?  

A8, l a s t  l i n e  of t e x t .  Having seen t he  v ide  range i n  t h e  d is t r ibu : lons  

of dose ,  t h e  "slightly higher"  is not s u f f i c i e n t l y  s p e c i f i c .  

4 8 ,  Footnote  IS. In  t h e  present  c o n t e x t ,  i t  is not understood vhy 

'speeds" of r a d i a t i o n  are i n p o r t a n t .  Actua l ly  t h e  r a d i a t i o n  p e n e t r a t i n g  t h e  

s k i n  of t h e  a i r c r a f t  must r e s u l t  from e i t h e r  photons o r ,  perhaps,  neut rons .  

Up t o  t h i s  p o l n t  i n  t h e  document t h e r e  i s  no mention of p o s s i b l e  neu t roa  

exposure.  

4 9 ,  3. This  s t a t e m e n t  is s u s p e c t  on a t  least  tvo theses .  The " f a i r l y  

uniform" i s  n o t  q u a n t i f i e d  and t h e  r e s p o n s 6 ' i s  an untes ted  opinion.  

5 8 .  1 .  According t o  Enclosure 1 on Tumbler-Snapper t es t s ,  there were 

only  10 gamma r a y  exposures  of g r e a t e r  t h a n  5 roentgens out of a t o t a l  of 

1 , 6 8 4 .  Also, i n  Enclosure  1 f r o n  DNA, o n l y  12 of 14,643 badges at Redving had 

r e c e i v e d  more t h a n  10 rem. With t h i s  small number involved, i t  might be 

worthwhile  t o  spend a l i t t l e  more time t r y i n g  to  understand whether or not  t h e  

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

5 9 ,  2 ,  f i r s t  f o u r  l i n e s .  m e r e  i s  a s ta tement  f o r  S e c t i d n  3 . 1 . 4  from a 

l e t t e r  of Plank i n d i c a t i n g  t h a t  t h e  r a t i o  of  t h e  fn tegron  reading  to  t h a t  

under  t h e  l e a d  v e r t  vas 1.25 p r i o r  t o  Operat ion Redving. I f  t h i s  is tme,  one 

needs LO knov why t h e  d i s t r i b u t i o n  i s  so l a r g e  i n  t h e  r a t i o  t a b l e  of 

Enclosure  5 .  

5 



60, last paragraph.  T h i s  is not c l e a r .  Does i t  me.m t h a t  a c u r r e l l c  tes: 

of the c o n c e n t r a t i o n s  of i n t e r n a l  r a d l o o u c l i d e s  c o u l d  be used t a  i*i .: ic.i:e t : : ~  

concentrations some decades ago? 

?fay 28 .  1987 Harold 0. Wyckoff 

6 



SfA5S.4CHC'SETTS CESEIUL HOSPITAL .t H.4RVARD MEDICAL SCHOOL 

Mailing Addrrri 
.5ia$wchurelti General Hcs; .a: 
Boston. Maaiachuxtts 021 :4 

(61 7) 726-832613036 

June 5, 1987 

Mr. J. Dexter Peach 
Assistant Comptroller General 
U. S. General Accounting Office 
Resources, Community and Economic 

Washington, DC 20548 
De ve lopme n t Di v i si on 

Subject: Draft Report o n  
Nuclear Health and Safety 

L Dear Mr. Peach, 

Dr. Warren Sinclair, President of the NCRP, has asked me to 
assist in the review of the above draft report. I have discussed 
the principal findings of my review with him and ve are in 
general agreement on them. At the suggestion of Dr. Sinclair I 
am enclosing herewith m y  suggestions for revision plus detailed 
comments on specific items. 

My review has been facilitated by receiving from Dr. 
Sinclair copies of several other relevant docurcents as follows: 

1. DNA Fact Sheet on Operation Tumbler-Snapper 

2. DNA Fact Sheet on Operation Redwing 

3. DNA Fact Sheet on Operation Dominic I 

4. A letter from Dr. David Auton of the DNA t o  Dr. Sinclair 
dated Feb. 12, 1987, with several enclosures as follows: 

5. A memorandum from R. A .  Goeke on Filffi Dosimetry 
Procedures employed at Redwing dated July 23, 1957. 

6. A copy of Paragraph 3.1.4 of a letter from Dr. I?. Plank 
dated April 16, 1956 on Cloud Sampling Mission Plans for 
Redwing. 

and 8-57 aircraft for Operation Redwing. 
1. A comparison of Integron-to-Film-Badge Ratios for F-84 



Mr. J. Dexter Peach 
Page 2 
June 5 ,  1987 

8 .  32CFR218 on guidance for dose determination and - 
reporting by DNA, DOD (Federal Register 16/21/85, pp. 
4 2 5 2 0 - 2 5 )  

9. Review of DNA dose assignment methods. National 

For your information I am a member of the Board of 

Research Council, 1985. 

Directors, NCRP, and was Chairman of the NCRP Committee 17 which 
prepared Report 57  'Instrumntation and Monitoring Methods fo r  
Radiation Protection' ( 1 9 7 8 ) .  

Yours sincerely, 

E.. . W. Webster, Ph.D. 
Professor 

EW/bh 
Enc. 

cc: W .  K. Sinclair, Ph.D. 
D. R. Auton, P h . D . 4  



Comments on GAO Draft Report 
Nuclear Health and Safety: Radiation Exposure Estimates for 
Cloud Sampling Personnel 

by Edward h'. Webster, Ph.D. 

A. General Comments. The most important finding in this review 
concerns the large emphasis placed in the draft on the elevation 
of the dose ratio between the integron and film badge readings 
( I / F B ) .  The validity of the conclusion that the integron 
readings should be preferred over the film badge readings,and 
that on this account the current personnel doses are understated, 
is seriously questioned. There are good physical reasons why the 
I /FB ratio is greater than 1.0 and in general this ratio should, 
in the opinion of this reviewer,be greater than 1.25 (see later). 
On the other hand the errors of omission and arithmetic in the 
dose record should be remedied and appear to be the major reason 
for any .understatement.. Conversely, no attention is given in 
the report to the opinion of the National Research Council 
Committee and to the DNA Fact Sheets (particularly Dominic I) 
which suggest that doses are overstated. 

Probably the most significant&finding in the report is that 
on page 48 which notes that f i h  badges mounted in the cockpit 
independently of the pilot (i.e., not on his person) read the 
same as, or slightly higher than the integron. The significance 
of this is that a film badge worn on the body surface (with or 
without a lead vest) records considerably lower doses than a film 
badge 'in free air,- as would be expected for good physical 
reasons in a 'cloud- of radiation. The fact that in free a i r  the 
film badge reads higher than the presumably 'energy independent' 
integron confirms the opinion of the NRC Committee that the f i h  
badge (which is "energy dependent') probably overestimates the 
per sonne.1 dose. 

Figure 1 (attached) suggests the principal reason why the 
film badge on the body will read lower than the integron in an 
omni-directional radiation field: and Table I gives, the 
approximate values of I/FB ratios for several different gamma ray 
energies, with and without a lead vest (assumed equal to 0.5 mm 
thick). It is evident that a ratio of 1.6 for fission product 
irradiation (Cs-137, 1-131) would be expected when the lead vest 
is worn. [In Table 1 the backscatter factor is applied to the 
frontal exposure and an estimate of the mean Tissue-Air-Ratio 
(T-A-R) is applied t o  the rear exposure. (Brit. Jour. Rad. 
suppl. f i  1972). The shielding effect of 0.5 mm lead is taken 
from NCRP Report 49.1 It is of interest that none of the 
advisers (p. 48) noted this basic difference in response. 

with a standard deviation of + 0.25 between various sampling 
flights. Moreover the elevated ratios appear to correlate with 
the use of the F-84 plane rather than the B-57 in the Redwing 

- 

The I/FB ratio according to DNA data appears t o  vary widely 

. .  



series. This suggests that the position of the integron m a y  
atfect its reading - particularly its closeness to the pilot. 
The closer to the pilot, the greater the shielding of the device 
by the pilot and the lower the ratio. 

The National Research Council Report on page 12 (3rd para.) 
suggests that with about 10% of the radiation having energies 
below 0.2 MeV, the film badges in use in early atomic tests 
(about 1952) overestimated personnel dose by 30 to 40%. We 
assume that the integron reading was energy independent. The 
recorded I /FB ratio would then be too l o w  by 30 to 508. 

1.75 in terms of true roentgens of exposure. If in later tests 
the bad9e filters were changed to reduce the amount of 
over-response at low energies, the I /FB ratio would r i s e ,  but 
probably only to the 1.4 level recorded for Dominic I (see next 
paragraph) which is in line with the estimates made in Table 1 
for unshielded badges for CS-137 and 1-131 with an admixture of 
low energy ( <  0.2 MeV) gamma rays. The 1.4 estimate in Table 1 
assumes that the film badge is - not energy dependent. 

I On Page 47 (last paragrAph) it is noted that the integron 
reading exceeded the 'expected' 1.23 ratio in about 72% of the 
Dominic I missions. This suggests that the mean ratio at Dominic 
was about 1.4 (i.e., 50% be low,  50% above). This lines up 
reasonably well with the values expected (Table I) for missions 
without a lead vest. 

A 1.25 ratio would therefore correspond to 1.625 to 
- 

This reviewer therefore concludes that there is no reason to 
suspect that the film badge readings 'understate. the skin dose 
received by the sampling creus because of the Integron readings, 
and that the substitution of the higher integron values would be 
inappropriate. Specifically t h e  suggestionrin the examples in 
Appendix I 2  that the integroa readings show a higher 
.hypothetical. dose are presumptions since a ratio of 2 (as in 

energy and/or directionality of the incident radiation. 
.example c )  could be explained through considerations of gamma 

B. Review of Recommendations (pp. 7-81, (p. 61). This reviewer 
believes that the errors of arithmetic and omission should be 
corrected for all Air Force participants in the atmospheric 
nuclear weapons tests. 

The second recommendation is not entirely justified by the 
discussion in the draft report. The fourth line should be 
modified to read as follows .. . . badges worn, and reconsider, 
i f  necessary, the radiation doses . . . '. (The sentence as 
presently written appears to conclude that indeed an upward 
adjustment will be necessary when the Integron/film badge ratio 
exceeds some nominal value, such as 1.25.) 

C. Specific Comments (by page). 
Title: The present title is biassed and assumes the 

c o n c l G s  of the present report are unchallengeable. Either 
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omit .are understated' or change as follows: Haclear Health and 
Safety: - Some Radiation Exposure Estimates for Cloud Sampling 
Personnel are Too Low or Too High'. 

either understated or overstated and .... Page 3. tine 17: Amend as follows: ..... Dominic I is 
Page 5, Last Para.: The 1.25 f i g u r e  would appear to be too 

l o w  if, as noted above, the film badge reads too hish for low 
gamma ray energies. Improvements in-the badges usei for Redwing 
or Dominic regarding energy response [ i f  so), would increase the 
I / F B  ratio. 

Page 6, Para. 1: Changes in film badge energy response or 
in energy spectrum could account for an increase in I/FB ratio so 
that reached the predicted values of about 1.6 (Redwing) and 1.4 
(Dominic). 

Page 7, Para. 1: It would be nice to know whether the urine 
samples which were measured (particularly i f  taken from personnel 
considered to be more likely exposed) were negative or very low. 
This would g i v e s o m e  reassurances that Pu inhalation was not a 
problem. - 

Page 22, Line 16: The word 'actual. is biassed - it assumes 
without proof that the integron reading is the correct measure 
of personnel dose. My Table 1 indicates that the ratio I / F B  can 
cover a wide range, particularly i f  the badge is shielded by lead 
and gamma energy is low. 

Page 28, Para. 2: This completely omits any suggestion that 
the personnel doses may have been overstated because of: a) 
energy response problems of the film badge; or b) the effect of 
environmental conditions - heat, light, and hunidity - on the 
badge densities, as claimed vigorously by DNA for the Dominic I 
tests. 198% of all badges with density above 0.4 as noted in the 
DNA Fact Sheet, Page 3, with one-third of higher exposures most 
probably zero.] 

Page 29, Lines 12-14: It should be indicated how the 
Personnel selected for  whole body countins were selected. The 
kesults should be reviewed befor; hasty conclusions are drawn. 

Page 29, Last 4 Lines: The integron argurent is ambiguous 
and may not . s h o w  that exposure is understated.. The film badae 
actualiy - on the person is-probably the best final arbiter of 
dose. 

- 

Page 30, Line 13: Processing conditions do not have to be 
'carefully controlled' i f  known standard exposures with film 
badges (calibration films) are measured with each new batch of 
badges. 
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Pape 31, L a s t  6 Lines :  The  s i g n i f i c a n c e  of a 'gap' between 
10 and 1 5  rem seems s m a l l  i f  t h e  m a x i m u m  recorded  dose  was 7.6 
rem w i t h  o n l y  two r e a d i n g s  > 5 rem a c c o r d i n g  to t h e  DNA H i s t o r y  
a t  Tumblar-Snapper.  

Page 37, L i n e s  10-14: The arguments  a r e  not  b o l s t e r e d  by 
known f a c t s .  How l o n g  would a person  be w o r k i n g  a r o u n d  a 
p a r t i c u l a r  c l o u d  sample ,  and how f a s t  does  t h e  sample exposure  
r a t e  decay  w i t h  time over  t h e  f i r s t  f e u  days?  What were t y p i c a l  
exposure  r a t e s  t o  p e r s o n n e l  removing t h e  samples (mR/hr)? 

Page 40, F i g u r e  2.2: I t  c o u l d  be t h a t  t h e  4 0 9 5  m R  permanent 
badge i n c l u d e d  both J u l y  missions ( s i n c e  1 badge c o u l d  read l e s s  
t h a n  two s i n g l e  badges ,  e s p e c i a l l y  i f  t h e r e  were env i ronmen ta l  
background e fFec ts ) .  Probably  t h e  o n l y  m i s s i n g  d a t a  i n  t h e  t o t a l  
is t h e  725 mrem from 7/22 t o  7/23.  

Page  4 3 ,  L a s t  Para . :  Should be r econs ide red  i n  v i e w  of t h e  
. l ack  of h o l i n e s s '  of t h e  1.25 v a l u e  fo r  t h e  I/FB r a t i o  d i s c u s s e d  
above.  

Page 4 7 ,  3rd P a r a . :  A diagram of t h e  l e a d  ves t  would be 

have a f r o n t  and a backT-Tf  t h e  wid th  was 1 .5  and t h e  l e n g t h  vas 
t h e  b l a d d e r  would be cove red .  

:age 48;  t;e. The I/FB r a t i d e v e r a g e  of  abou t  1 . 4  would n o t  be  

u s e f u l .  

2 ' ,  

s u r p r i s i n g  i t e f i l m  badge over - reading  a t  low e n e r g i e s  had been 
c o r r e c t e d .  1.4 is a n  expec ted  v a l u e  based on t h e  "body-sh ie ld ing"  
e f f e c t .  

Page 57,  3rd p a r a .  Delete f i r s t  f o u r  words. S t a r t  w i t h  "Other  
i n f o r m a t i o n  ,......". Change l a s t  t w o  l i n e s  t o  ' . . . . .could r e s u l t  ir. 
a f e w  cases i n  an  i n c r e a s e  i n  a p a r t i c u l a r  i n d i v i d u a l ' s  r eco rded  dose 
t o  a l e v e l  i n  e x c e s s  .....-...I 

S u g g e s t s  a n o t h e r  paragraph  t o  p recede  t h i s  which r e a d s  roughly 
" P h y s i c a l  c o n s i d e r a t i o n s  i n d i c a t e  t h a t  t h e  h i g h e r  r e a d i n g s  of t h e  
m o n i t o r s  are t o  be expec ted  and by themselves  do no t  j u s t i f y  any upwarc 
a d j u s t m e n t  of  t h e  personnel doses r eco rded  by f i l m  badges" .  

.Three s q u a r e  Feet wide. d o e s  n o t  make senTe. Does t h e  

- 

Page 58, a f t e r  3rd p a r a .  Add a new p a r a  which i n d i c a t e s  t h e  
" o v e r s t a t e m e n t s "  due  t o  envi ronmenta l  fogg ing ,  p a r t i c u l a r l y  a t  Dominic - ~ _ _ ~ ~  - ~ 

Such as: 
i n c i d e n c e  ( 9 6 8 )  of envi ronmenta l  f o g g i n g  of t h e  f i l m  badges r e s u l t e C  
i n  a c o n s i d e r a b l e  o v e r s t a t e m e n t  of p e r s o n n e l  dose  such  t h a t  o n e - t h i r l  
of t h e  badges  showing h i g h e r  d o s e s  shou ld  a c t u a l l y  r e a d  ze ro .  The i a p a  
of t h i s  on personnel r eco rded  w i t h  t h e  h i g h e s t  d o s e s  (above 5 rem) i s  
n o t  y e t  d e f i n e d  and should  be f u r t h e r  explored:  

t h e  o l d e r  1 .25 r a t i o  (average)  and t h e  l a t e r  1.4 t o  1 .6 .  F i r s t  t h e  
1.25 ( 5 t h  l i n e )  s h o u l d  be 1.252 0.25. Second, - add " T h i s  f a c t o r  cou l f  
w e l l  be 1 . 5  0.3 i f  accoun t  were t a k e n  of t h e  over - reading  of  t h e  lev 
e n e r g y  component of g a m a  r a y s . "  T h i r d ,  a l s o  add -- ' I n  Redwing i t  is 
e v i d e n t  t h a t  t h i s  r a t i o  was dependent  on t h e  a i r c r a f t  t y p e ,  p o s s i b l y  
due  t o  d i f f e r e n t  placement  of t h e  i n t e g r o n  r e l a t i v e  t o  t h e  p i l o t . "  

"On t h e  o t h e r  hand, p a r t i c u l a r i y  a t  Dominic I t h e  h igh  

Page 59, 2nd P a r a .  Too much i s  made of the d i f f e r e n c e  between 
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P a g e  5 ( c o n t )  A l s o  d e l e t e  a s t  s e n t e n c e  of para "Cpc- e x x :  
a t i o n  ..... readings. '  Ad5 ne% s e n t e n c e :  "The i n t e g r o n  id  n o t  rea? 
h i g h e r  however  compares  w i t h  f i l m  badge  r e a d i n g s  o n  baCges  i n  t h e  
c o c k p i t  i n  f r e e  s p a c e  -- n o t  o n  p e r s o n n e l .  T h i s  s u g g e s t s  t h a t  t h e  
i n c r e a s e  i n  the r a t i o  was b a s i c a l l y  r e l a t e d  to t h e  l o c a t i o n  of the 
b a d g e  o n  t h e  to rso  of t h e  p i l o t  and  under  a l e a d  v e s t ,  b o t h  of whic:. 
v o u l d  s h i e l d  t h e  f i lm  and r e d u c e  t h e  dose t o  t h e  f i l m  b a d g e ,  b u t  ncz 
a f f e c t  t h e  v a l i d i t y  of t h e  s k i n  dose m e a s u r e n e n t . "  

' I t  seems l i k e l y  t h e r e f o r e  t h a t  t h e  f i l m  badge  r e a d i n g s  are the moc: 
r e l i ab le  m e a s u r e  of t h e  surface dose r e c e i v e d  by t h e  p i l o t s " .  

Page 60 1st P a r a .  OK, but a s m a l l  p o i n t .  T h e  o r g a n s  p r i n c :  
ally at r i s k  a r e  m a i n l y  unde r  t h e  v e s t  -- most of t h e  a c t i v e  bone 
marrow, t h e  l u n g s ,  G I  t r a c t ,  GU t r a c t ,  l iver .  T h e  t h y r o i d  h a s  a lc;. 
w e i g h t i n g  factor  b e c a u s e  o f  t h e  l o w  m o r t a l i t y  from r a d i a t i o n - i n d u c e 5  
t h y r o i d  c a n c e r .  

E n c l o s u r e s .  T a b l e  1, F i g u r e  1 
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Page 5 9 ,  3 r d  P a r a .  S u b s t i t u t e  i n  p l a c e :  

E N D  
L 



T a S l c  1 

Es t ima ted  I / F B  R a t i o s  
( E l l i p t i c a l  section 20 an thick) 

I / F B  - I Energy Fi lm Badge - 
Hiah 1 . 2  MeV Dose from f r o n t  1.06 1 . 0  - -  

Dose from r e a r  0.39 1 . 0  
* T o t a l  

T o t a l  w i t h  97\ t ransm. 
1 . 4 5  2.0 1 . 3 8  
1 . 4 1  2.0 1.42 

-60 
Backscatter 1.06 

High 0.66 MeV Dose from f r o n t  1.07 1 . 0  
CS-137 Dose from r e a r  0.30 1.0 

Backscatter 1.07 T o t a l  c 1 - 3 7  2.0 1 . 4 6  
T o t a l  w i t h  93% transm. 1 - 2 7  2.0 1 . 5 7  

L 

I n t e r m e d i a t e  Dose from f r o n t  1 .15  1.0 
0.36 N e V  Dose €rom rear  0.25 1.0 
1-131 T o t a l  1 - 4 0  2.0 1 .43  
Backscatter 1.15 T o t a l  w i t h  8 8 1  t rans in?  1 .23  2.0 1.62 

LOW < 0.2 MeV** Dose from f r o n t  1.34 1.0 ~. 

Backscatter 1.34 Dose from rear  0.18 1.0 
T o t a l  1 .52  2.0 1.31 
T o t a l  w i t h  5 0 1  transrn? 0.76 2.0 2.632 

Integron dose 4wexposure * * W e l l - f i l t e r e d  2 0 0  kV x r a y s  
T-A-P. = t i s s u e / a i r  rat'o * 0.5 mn Pb. body shield (vest) ? 


