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- ABSTRACT i
: X radisactively contaminad,actively contam
' tact hazard whicia personnel experience when working on
urc::fl: was inv-stigated. Msasurements of the contaot hazard ure approximated by surgpproximated by
voying the aircraft with & gamms survey instrumont (T1B) and applyirg & oorreuticon lwm a correction {
tor to the readings obtatned; 110 times the T1D reading (r/hr) will give the upyroum:um the spproxim:
- contact dose “~ep/hr) to the skin in areas of direct impingement of the sontaminant, 1.¢ e yontaminant, %
‘ ) leading edge of the wing, acs?, eto., whereas 40 times the T18 reading 13 spmicable to 1‘“,‘ 1s applicable
- , §.¢., sides of the fuselcge. ¢
L tb:;:d:n:om::e; an';ndmmd from tho contact hazard realized by wesring gloVes uy vearing gloves
- ' was also investigated. All gloves tested reduced the rudiation intenst’y to the hinds by gty to the hands
i ’ at ieast 80 pdp'&n tn addition to preventing the coataniinant froia coming in direot contadning in direct cc
-5 with the skin. =Wearing of gloves in radiation fields of 0.1 r./hr or more is rooc mmendcénrs {3 recommes
1t 18 recommendad that Alr Force publicutiona be revised 1o Indicato tke lack of necedat, the lack of mx
sity for the decontamination of radicactively conteminated sircraft by Air Force cpera-y Alr Force ope:
» —/ tional organizations. ;
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Chapter |
INTRODUCTION

1.1 OBJECTIVES

The operations with which this report is concerned were carried out as part of Project
2.66. The objeciives were to: (1) determine whether any corr:iation exista between the
contact radtation hazard on aircraft that have recenuy flowu through nuclear clouds and
the dose rate measured on the surface by an AN/PDR~-39 (T1B) survey meter; (2) study
the distribution, intensity, and dacay of the conta'mination that causes the coutact hazard;
and (3) evaluate the amount of protection offered by each of a number of different types
of gloves.

1.2 BACKGROUND AND THEORY

During recent years concern has grown over thw patentially serjous contact radiation
ta .rd that might be encountered by personnel wino come in coutact with aircraft recently
contaminated by flight through nuclear clouds. This concern has been prompted in large
part by theoretical conside. ations as typified by anslyses such as those in References 1
and 2.

For the purpose of their theoretical analysi: of the problem of beta intensitiea, the
authors of Reference 1 essumed an idealized geometry {n which the contamination was
considered to be distributed uniformly over an infinite plane. Based on this azsumption,
the ratio of the beta intensity to that ¢. the gamma was calcilated to be about 130 to 1.

It was concluded that the beta hazard was of =uffizient magnitude to warrant special in-
strumentadon for measurement of the hazard in all areas cf fission fragmeont contamina-~
tion.

Similarly, it was shown in Rrfercace 2 that in air or tissuc tha fon track censity of
moderately energetic beta particles 1s about 756 times that of the photon of compareble
energy; hence, if two betas are emitted for each photon, the ratio of these ioniration
intenaities would be 150 to 1. :

As a result of analyses of this kind, expsriments were underiaken to measure the
relative tonization intensities of beta and gamma radiation under conditions that might
be encountered in the field. Reference 3 {3 an example of such & fteld experiment. In
this particular instance, the measurement of the beta- gamma ratio was undertaken in
desert fallout regions. While this was an expe.iment of primary {nterest to ground
troops, some of the resuits can be applied tc the aircraft problem. Of particular interest
is the finding that a somewhat-high ratio of veta to gamma jonization intensides could,
in some tnstances, be changed to a field of al:nost pure gamma by removal of one rela-
tively large particle in the vicinity of the area of neasuremsrt. Such & particle may
contribute most of the beta radiation for that pariicular 1n0asJrcwent. This demonsiraiss
the fact that the effects of beta radiation will bs experienced only in close proximity to
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antual radioactive material. Of more importance {s the indication that {n fallou. areas,
and perhaps under other conditions ag well, one may be dealing with {ndividual uvcint
sources rather than wniform a.eas of contamination. This esperiment concluded that
the total raciution hazard to ‘he scnsitlve layec ol the skin was Jess than six times the
gamma bazard at heights of % irnch to 6 feet zbove a desert suriace contandnated with
fallout fizslon fragmenis and neutron-induced activity.

Another undertakirg of considerabic importance was carried out during Operation
Greenhouse and cxtended during Operation Buster-Jangle (References 4 and 5). Meas~
urements of Loth gamma energies und so-called beta-gamma ratios were madc on fisalon
fragments collected on plagues that had been flown through nuclesr rlcuds or placed in
fallout areas. During Buster-Jangle, the beta-gamma ratio i.: faltout areas was found
to be 2 maximum of 14 for a surface shot »nd 24 for an undergrowad shot. During Green-
house this ratio was found to be 156 at times of 72 to 168 Fours ‘oldowing detonation. It
is apparent that a wide variation exists in (he results of experimental nicasuremests of
the ratio of beta to g.mma fonization intensities from fission frag.nents, dependl g on
the history of the radiation source and the experimental ~rrasgemeat.

One muy not infer from these results that the beta-gamma ratios obtained from math-
ematical considerations are 1ot correct. Instead, it rhould b empnasized thet the ex-
periraental ratios depart from theory because the experimental conitions differ from
those assumed in the calculations. The distribution of the contamination appears to be
the mosi-critical vartable. .

In any study of the contact radiation hazard on aircraft, the distribution of the con-
tamination must be determined. Certainly, the contamination consists of diacrete
particies of matter. ‘ihe flux of fiesion products, as ssen by an aircraft fly.ag throvgh
a nuciear cioud, could be such as to result in 3 rface contamination ranging from widely
spaved particles to a condition ap) oximating a uniform radiation fiLid. Insight into just
how much separation the paiticles inay kave and still he treated as a uniformly distributed
source may be had by counsidering thut the thinnest layer of inert skin is about 0.1 mm
thick. Thia inert layer will always intervene (except in the case of open wounds) between
the particles and the papillary, or sensitive, layer of the sidn. Consequently, uniform
particles separation not exceeding 0.1 mim will appear to the lving tissues as eagentially
uniform contamination. The problem of determining the ratlo of effective surface radia-
tion to gamma ifeld radi{ation becomes gruatly simplified {f uniform contamination exists
on the surface.

On the other hand, departure from uniform contamination might result in {ntAnse
radiation at a discrete particle that registers as a low J'ose rate ona standard survey
meter, such as the T1B. This apparent lack of intensity results from the fact that an
fon-chamber survey meter suitable for 1. 21d use must, of necedsity, have a rather large
fonization chamber. As a result of this large size, the intense fonization in a small
volume of the chember near a highly active particle appeara to be moderate when averaged
throughout a volume of several hundred cubic centimeters.

Nevertheless, if one touches this highly active particle, the scnsitive tissues nearest
the particle receive the full impact of the intense radiation, and a burn hazard exists.

Other important considerations in evaluating a skin -raffation hazard ar3 the effect of
scattering, filtration of beta and low-fnergy gamma radiction by fnsirument walls, and
the penetrating charac‘eristics of the radiation. To make an absolute measurement of
the dose rate near a surface contaminated with fission fragments and to translate this to
a personnel hazard is difficult. However, a few practical approaches developed in pre-
vious studies (References 3 and 6) permit one to make empirical measurements that ara
directly applicable to tne determination of dose.
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It has been shown (References 2. 3, and 7) that the papillary layer of skin where young
skin cells grow is the area. where the greatest hazard exists and is approximatsly 0.1 mm
beneatin an outside layer of d»ad, inert skin, except on the palms and soles (where the
thickness of the dead skin may be 6.5 mm or more). By devising instrume .ation with a
covering of no move than the thickness of this inert layer of skin {(approximataly 10 mg/cm’)
over the detecting element, one eliminates from his measurements ouly the radiation that
would nc! be seen by the sensitive tissue of the body cnyway. Difficulties engendered by
scattering are likewise minimize€ by instrumentation that limits its measurements to &
very-tkin layer and is surrounded by tissue-like material. Such a measurement gives

the highest ange rate one could expect for the most sens!tiv: layer, that is, the maximur
hazard. With reepect to the relative biological effectiveness (RBE) of betas as compared
with gammas in the irradiation of skin, it was concluded in Reference 3 that in dealing

with unknown proportions of betas rnd gammas mixed togethsr, it is reascuable {> accept
the net ionization per unit voivme s the total beta-plus-gamma dose. Corseguently, it

is not neceesary to differentiate between the two types of radiation in the empirical
measurements.

The work reported in Reference 6 undertook to determine the ratio between the greatest
total dose rate reaching the sensitive tissues o the skin if contact is mace with a con-
taminated aircraft surface and the dose rate indicated by standard field survey {nstrumente.
No atteiunpt was made to differentiate betwecn betas and gammas in determining this ratio,
and the ratios so t'ztermined are not beta-gamma ratios. The ratio was found to be about
90 to 1 on aircraft impact surfaces and less than 40 to 1 on aircraft surfaces other than
fir.pact surfacce. Some absorption studies were made from which an apparent beta-gamma
ratio coulc be inferred. These ratios agrecd with those deter mined by the former tech-
nique.

All of the mcasurements reported in Reference 6 were made on aircraft whose con-
tamination resulted from flying through the cloud of a detonation in the kiloton range.

The present project has undertaken to continue this work and to extend it to contamination
resulting {rom detonations in the megaton range.
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Chaater 2

PROCEDURE

2.1 OPERATIONS

On each shot of the test series, jet aircraf departed from Eniwstok Atoll, flew through
the cloud, and returned to bagse. It was on these aircraft that meus:rements were made.
During Shots Erie and Inca the F-84 aircraft vsed for sampling by the Test Aircraft Unit
were studied. During Shots Zuni, Flathead, Dakota, and Apache measurements were
mz de un B=-57B aircraft assigned to Project 2.66 from Tactical Air Command. Tha latter
were flown through the cloud at somewhat earlier times than those employed by the
sampling aircraft.

Studies were made on aircraft which flew threugh the cloud at times varying from 41
to 81 minutes after detonation. The aircraft were on tha ground within an hour after the
cloud penetration. Contamination studies were begun immediately and extended for about
9 hcurs. Decay studies continued for an additional 12 hours.

When the planes landed, a survey was made at predetermined spots using a T1B. The
areas were clearly marked and the average dose rate was used to calculate the exposure
time for the photographic fil.

Radieratepraphs were made at intervals continuing up to 9 hours after ttme of detona-
tion. These¢ were intended to measure the amount and distribution of the contamination.
/dditioaal exposures were made in the evaluation of protective gloves.

2.1.1 Instrument Survey. The survey of the aircraft was made with a T1B. These
readings were made ut a distance of % to %} inch from the surface. In addition to the
surface survey, several decay studies were made for times up to 44 hours after detona-

tion. The T1B was used for these studies, and measurements were made at several
locations on the contaminated aircraft.

2.1.2 Radioautographic Techniques. A8 suon as .he surface dose rates on the aircraft
had been established by the T1B survey, exposure of the photographic film was bezun.
The ereas sclected for the exposure were protected with a thin covering of polyvinylacetate
sheet plastic. This covering protected the contaminaivisn from rainfall and other physical
disturbance.

A film of appropriate speed was selected and placed over the chosen area. Masking
tape was used to hold the film in close contact with the surface. At least two exposures
were made on each area. Exposure times differed by a factor of two or three. This was
done in order to ensure that filins of readable density would be obtained. To reduce
darkening by the gamma field surrounding the aircraft to a minimum, the film was kept
at a distance of about 100 feet from the aircraft, both before and after the controlled
contact expogure. Since this could not eliminate gamma exposure entirely, control filma
were kept in a simiiar environment. The density of these conirol films was subtracted
from that of the exposed films.

The exposed film was developed with uniform agitation in Kedak !1quid X-ray developer
(4 quarts of developsr, 4 gallons of water) for 5 minutes at 67.45 = 0.02 ¥, immersed in
an acetic acid stop bath for 2 minutcs, fixed for 7 minutes in Kodak Hquid X-ray fixer,
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washed briefly, treated with Kodak HE-1 hypo eliminator, washed for 5 minutes {a run-
ning water, rinsed in a wetting agent, and dried in a Fisher anhydrator for i0 to 16
minutes.

A set of calibration films was processed with each batch of filin. These flima had
been ex;oged to a standard Sr¥~Y¥ gource for predetermined lengths of time. A density-
versus-exposure curve was plotted from these films. The curve was then used to de-
termine the radiation dose received by the films thet had been exposed to the surface
contamination.

Density measureraents on the proceased filin were made with two densitometers. One
of these was a Macbeth-Ansco Color Densitometer equippzd with a 0.1-mm-~diameter
aperture and the other was a Los Alamos Film Densaitometer, manufactured by the
Eberline Instrument Division of the Reynoldr, Eiectrical and Engineering Company, Inc.

Depth-dose measurements were made . n the leading edge of the aircraft just inboard
of the engine and, also, on the tip tank. ‘chese two positions were chosen in order to

TABLE 2.1 CHARACTERISTICS OF YILMS USED

Film Type Range Emulsion Total Thickness*
rep mg/cm?
65135 0.02~2.0 Double 34.0
0523 04 4.0 Single 28.4
DF-19 4.0 700 Single 27.0

+Inclides both emulafon and {ilm support or backing.

allow a comparison between the apparent beta-gamma ratios near and at a greater dis-
tance from the stronger gamma field that exists at or near the jet engine.

As a practical application of the absorption measurements, an attempt was made to
evaluate tke protection offered by varfous types of gloves. This involved cutting a rep~
resentative swatch from each type of glove and interpesing the material between the film
and the contaminated surface. By comparing inese films with shnilar films exposed to
the same area without the interposed swatch, the reduction in dose caused by the glove
could be determined.

2.2 INSTRUMENTATION

2.2.1 Military Issue Instrument. The T1B is a standard Air Force instrument used
for gamma survey. Since detalled specifications are readily available through Air Force
channels, it will not be described here.

2.2.2 Densitometers. The densities of the exposed films were measured by two den~
sitowleters. One was the Ansco color densitomaoter. It has a urable range of from 0 to
6 density units. For the purpose of this study, it was fitted with an aperture having a
dismeter of 0.1 mm. It was used primarily for determining the density of the small
areas of film darkened by exposure to particulate contamination. The other densitometer
was the Los Alamos film densitometer, Model FD-2, manufactured by the Eberline In-
strument Divizicn of the Reynolda Electrical and Engineering Company, Inc. This {n-
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strument has the capabilily of measuring the average density of areas of film as large
as ¥, by 4 inch, even though the density is nonuniform.

2.2.3 Photographic Film for Radioautographic Studies. One method of studying the
surface contamination and relath g it to the contact hazard is that of photographic film .
dosimetry. To obtain accurate measurem: = ts of dose rates of all tissue-damaging radi-
ation and the distribution of this rdiation, special film packs were developed. These
had the following characteristics: .

1. Size: Denial pack size cf 1%, by 1% inches.

2. Emulsion: Single emulsion of abeut 5 mg/om? In thicknesas. A thin s e ;
emulsion oliminates the necessity for the use nf corrections to account for the absorp- !
tion of the beta radiation in the material of the film itself. !

3. Wrapping: (1) Individually wrapped by hand in a light-tight covering 8.6 mg/cm’
*hi~k consisting of red cellonhane ‘nndﬂunal.munum foil. (2) Pilm stacks for depth-dose }

ourerncnts wrapped e Ao spks ¥1 0 i . scribed above. A stack consisted of 30
ims wita 8-mg/cm? paper sracers betweew adjacent films. Two types of films were
uaed. The composition of each stack was as fcllows: /1) six to ten of the less sensitive
film; (2) five of each film type placed alternately; and ;2) sufficient of the more sensitive
film to bring the total number of pieces of film to thirty.

4. Range of Sensitivity: Several types of film with varying sensitivities were
obtained in order lo assure that all anticipated dose rates could be moasured. Tablz 2.1
lists these films, along with their respective characteristics. In octual practice only the
0523 and DF-19 tynee were uec  inasmuch as they covered the entire range of exposures .
that was encountered.

e w e ————

2.2.4 Calibration Stardards. Since densities of film are relative measurements, the :
accuracy uf dosc measuremeats made with film is no better tnan the standard to which ;
the densitiea refer. The standards used by the authors of iteference 6 were used for the ;
present study. They were 5:*-Y* und tuballoy.

Through exposure of a particular type of film to one of these standurds, a characteristic
exposure-versus-iensity curve was obtained. Figures 2.1 and 2.2 show typlcal curves :
obtained for 0523 and DF-13 film. These curves were used to convert density measure- ;
ments to dosage for those films that had beza cxposed to fissfon-fragment contamination. .
In order to eliminate wny variation that might have resulted from varlations in processing :
conditions, control films were exposcd and processed with cach batch of film. The dc=~-~
sities of these control films were averaged, and a chara:teristic exposure~-versua-density
curve was drawn for each shot. The variation {n these curves from one shot to another
was never more than 10 percent and usually wes 1988 than 5 percent.

2.3 DATA REQUIRED

The data required to 2ccomplish the objectives of this project included: (1) radiation
dose rate surrounding a co.~tarainated aircraft as measured by a standard survey instru-
ment; (2) actual radiation dose rates on the surface of the aircraft and the distribution of i -"."\ s
the activity; (3) 2 measure of the absorption characteristics of this contamination; and -
(4) measurementa c. the rate of decay of the contamination as a function of elapsed time
after detonation.
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Chapter 3
RESULTS

The alrcraft that were surveyed had surface gamna dose rates at the same lecation of
from 1 r/br to 10 r/hr. The airoraft had penetrated the nlond at an early time and were
highly cotamingted. The dotailed instrument survoy and radioautographic studies re-
quired three of the project personnsl to remain in the vicinity of the alrcraft for 8 to 12
hours {mmediately after the aircraft lended. The radiation doses roceived under these
circumstances were of the crder of 0.5 to 1 r for the day. The total radiation dose after
participation in seven shots did not exceed the maximum permissibie exposure of 3.8 r
establisted for the opevation by the Commander of Joint Tas..- Force S8even. The experi-
mental plan and procedure proved to be sntisfactory. Considerable data which are direotly
spplicable to operations in the fleld were colleciad.

8.1 DISTRIBUTION OF CONTAMINATION

The radioautographs obtained showed generally a uniform field of radution on which
were superimpoased small areas of relatively more {ntense radiation. The uaiform field
avus the garmma field that surrounded the aircraft. The number of intc.use regions varied
from lesa than ten to several hundred per square ceantimeter. These arsas of greatest
intensity showed up on the film as dark spots runging in diameter {rom 0.1 mm to a8
mwich as i or 2 mm. The radicautographs of the contamination showed no diff-rence be-
tween kilotso-range and megaton-range shots nor between F-84 and B-57 aircraft. Figure
3.1 shows two typical radioautographs. The areas of contamination appear es darkened
porttons of the Him.

The contamination was most prominent in crovices on the aircraft, in ocracks, and around
xivei heads or ogher {rregularities in the surface. In these cases he radioautograph was
‘2 sharp outlins of the object beneath the film with the crevices showing collections of
relafively intense contamination. This is iitustrated by Figure 3.2, which is the radio~
autograph of the canopy release button on an F-84. For the purposos of extensive study,
Telatively sr.outh surfaces were chosen, since such surfaces predominate in the total

surface area afthe aircraft. As might be expucted, the leading edge of the wing, nose,
or any other suriace at which a sharp change in the cirection of the air flow occurred,
‘exhibited grester contamination than those surfaces where a smooth flow prevailed.
“Thege wiil be referred to a8 impingement and sliding surfaces, respectively. Examples
of sliding surfeces are the top and bottom surfaces of the wing and the wide of the fuse-
lzge. Figure 3.1 ehows examples of the contamination pattern on both impingement and
sliding suriaces. Table 3.1 shows values for the intensities messured on F-84 aircraft
contaminated by flights thrcugh the clouds from kiloton-range bursts. Table 3.2 shows
simflar values Sor B-57 aircraft contaminated by fiights through clouds from multimegaton
. dstonations. THhe values shown are the average of a number of measurements made
during the peetod from 2 to 4 hours after detonation. More complete tables can be found

in Appendixes 4.1 and A.2.

32 INTENSTY OF RADIATION

A wide reage of dose rates was measured. The dose ratea varied from shot to shot
17
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and from location to location on the atrcraft. The variations are indicated in Tables 3.1
and 3.2, which show the surface dose ratcs as measured by the T1B and by photographic
film., For t4e film the maximum, average, and minimum dose rates are given. The
maxima and minima were measured through a densitometer zperture 0.1 mm in diameter.
The average value was dorived from a densiton.eter aperture that encompassed nearly
the whuie area of the film. The intensity of radiation showed wide variaticns cover very
small areas. For example, one film placed on the nose of a B-57 about 2 hours after

Side of fuselage of B-57B just below
canopy. {Blurring near edges due tn
poor countact with aircraft surface. )

Leading edge cf wir;; of B-67B just
outbcard of engine

Figure 3.1 Typical radioautographs, showing distribution of contamination
on amooth surf:.ces.

detonation showed a maximum of 400 rep/hr and a : "v'-wer of 15 rap/he. 7% latter
value {8 only 4 percert of the foriver.

As might be expected, the variition in dose rates from one shot to another was yr cat-
ect on impingement surfaces. This holds true for both T1B and film measurements.

4.2 COMPARISON OF MEASUREMENT METHODS

Dose-rate measurements with 2 T1B and photographic film were made over as nearly
the same ares as possible. (It should be remembered that the gensitive area of the T1B
i3 approximaiely ten times that of the film.) Care was taken not to disturb the contami-
nation. The ratios between the two methods of measurement are shown {n Tahles 3.3
and 3.4. The values shown are the average of a number of measurements. Morse com~
prehensive “ables are given in Appendix A (A.3 and A 4).

The valt .g shown in the columns headed “Film Max/T1B” and “Film Ave/T1B"” are
the ratios ¢’ the maximumn and average dose rates measured by the film to the T13 moas~
urement. These r2tios are not beta-gamma ratios nor are they ratios of beta plus gamma
to gamma. They are ratios of the total surface doge rates as measured by two entirely

18
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different methods. The ratio of the maximum doee rate on “hot spots,” 1.c., small areas
of intense radiation, measured by film to that incicated by the T1B varied from 650 to

€. Mean values of 110 for Impingement surfaces and 49 for sliding surfaces were found.
The comparable variation in the ratio of average film dose rates to T1B dose rates was
from 300 to 3 with mean values of 55 and 20 for impingement and sliding surfaces, re-
spectively. It i3 also apparrnt from the tables that 2 wider variation exists on "mpinge-
ment scrfaces than on siiding surfaces.

The values shown in the columns headed “Hot Spot 8/y” and “Area g/y” are apparent
beta-gamina ratios as determined by depth dose studies with photographic film. Detaila
of this study will be given in a later section. In almost all cases tbere is fair agreement
between these ratios and the [iim-to~-T1B ratios.

3.4 OTHER FACTORS AFFECTING THE WATURE OF
THE CONTAMINATION

rom an examination of Tables 3.1 and 3.2, it can be <zen that there (s considerable
variation from one shot to .aother In the general level of contamination picked up by the

TABLE 3.1 SUMMARY OF INSTRUMENT SURVEY AND FILM XEASURCMENTS ON P-84 AIRCRAFT
DURING PERIOD 2-4 HOURS AFTER DETONATION

Erie Iaca
Time of Penetration Tino of Ponetrstion
L";“’:“z’r:""": H + 87 min; Ii + 62 main H+ 81 min; H + 85 min
oz F- raft T1B r/hr Film rep/br T1B r/bs Fin cep/br
Masx Ave Min Max Ave Min
Side of Alr Intake 65 3300 1,500 1.300 o8 (4 8 s
Side of Fuselsge Below Compt. 0.7 56 12 7 0.9 1) 14 13
Wing Low Edge, Halfway Out 8.4 3.5G0 1,600 $00 10 50 18 [
Side of Tip Tank 1.2 80 30 18 08 60 14 10

aircraft. A number of variables can be suggested that might account for this. Among
them are time and altitude of penctration, total tinw ia cloud, type and y.eld of nuclear
device, type of burst, prevailing weatner conditions, condition of aircraft, and airspeed.
No doubt there are others. The data collected are ot sufficiently complete to llow
inferences concerning the effects of these variables. all that can be said is that the
surfaces of some of the aircraft became more heavily contaminated than others.

3.5 DEPTH DOSE STUDIES

Approximately fifty depth dose studies were made by ineans of stacks of photographic
film. Two representative examples of the results are shown in Figures 3.3 and 3.4.
They show the dose experienced at various depths {n stacks of film exposed to the leadiag
edge of the wing at a point just inboard of the engine and to the tnboard side of the tip
tank. The dashed lines represent average values over the total area of the {ilm, whereas
the solid linca represent & single “hot spot,” or area of intenee radiation.

'The film stacks consisted of Eastman DF-19 and 0523 film. Iu the unalysis ot the data,
the film nearest the surface was considered to have recelved 100 percent of the dose.
This is justified for the purposes of this study, inasmuch as the 8.8-mg/cm? wrapper
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TABLE 12 SUMMARY OF INSTREMENT SUPYVEY AND FILM MEASUREMFNTS ON B-678 AIRCRAFT DURING PERIOD

2-4 HOURS APTER DETONATION .
Time cf Penetration Time o Denetradon Time of Pemstration .
Locstion of *sim ¥« 52 min HeodSmin; H« T8 min M+ 41 min *
on B-&7B Aircrzit Titm rep/hr ¥ilm rep/ar i'nm_r-p,'l:r .
TIBIMr g TR Wm Ave M TIBI/Ar g i Os .
;
. :
Tog of Nose 19 w  » 18 [X) " u M o8 “ 1 [l %
fide of Puneisge Bslow Canopy 0.2 20 4 ] ¥ 3 12 [ ] 3 [ X} " 4 3 1
Unptinted Gun Cover, Leading Fage 20 00 109 & 14 e w0 38 “w n 19 i
Fainied Leading Fdge, inboard 20 1 w20 35 - 210 148 .0 W 18 1 %
Side of Tip Tank ) 18 0 16 ‘4 o8 TP TR 1.0 e 12 ] 2
- 3
"
{
H
A
a
3
TABLE 1.3 SUMMARY OF FILM/T1B AND APPARENT BETA/GAM.IA RATIOS FOR P-34 AIRCRAFY 1
AS MEASURED FROM 2 TO 4 HOURS AFTER DETONATION 4
Bhot Erie Bhot Inca ;
Time of Penstration Time of Pesetradon
bogpodaibunt W + 52 min W+ A1 min: 1+ 88 min
L Filin Max Fot Spot  Film Ave Ares Film Max Hot fipot Fi'm Ave Area
TiB sx T TIB ary TiB 17 Tib A 3
de of alr intake 510 - 2% - ”» - 1¢ — 3
Side of fuselage below 80 — 17 -— [ 33 — 146 -— A
canopy i .
Wing lower sdge, half 650 7 200 I 50 [ 18 14 1 -
way out 3 »
Bude of Up Lank 7% —_ 25 - [} [ 18 20 | 8
o e
b3
x - .
¢ ¢
: ] e p
FARLE 34 SUMMARY OF FILM/TiB AHD APPARENT BETA/GAMMA RATIOS FOR B-57B AIRCRAFT AS MEASURED 3 .
3 TO ¢ HOURS AFTER DETONATION : E
. ;
Bhot Zund #hot Fisthosd “Ehot Dakots o
Time of Penetration ' Time of Penstratioa Time of Pemstration
Location of Pl 3
_B_';’:M::n H + 62 min # + o8 mun; H ¢ 78 mia M+ 41 mis { § :
Film #n HotBpot  Film Ave Area Fllm Max HolBpot Fim Ave Ares  Film Max Tiok Bpat Film Ave Area : E 3
TIR Bl Tib__ 8/7 TiB 8/y e ply TiB 2/Y TIB Ay | '}
Top of nose 200 - 1 - 120 - s — 10 - 1 - ] E
2ide of fuselage 100 -— 0 o, % — 10 - Pry — T - ; . '.'
below canopy H 3
Unpainted giin ouver 100 — 33 — 200 - .0 — [Ty - [ p— (
Palated leading odge, 63 - 13 - - 100 % . - 3 s bk
{aboard .
Side o Ly tasd. ] - 1 - 8 £ “ % 3 0 12 1
a
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plus the polyvinylacetate surface covering is very ncarly equal to the thickness of the
inert layer of the skin.

The apparent total dose (Figures 5.3 and 3.4) decreases smoothly as the absorber
thickness i8 incrvased nd finally reaches a constant value. If this constant value is
tak2n to be the gamma dose to which the stack waa exposed, the apparent beta dose can
be calculated by subtracting this amount {rom the apparent total dose. A curve that ro-
presents the absorption characteristics of the beta contamination alone can then be drawn.
This was done in Figures 3.3 and 3.4.

The results of this method of analysie are summarized for all of the {{lm atacks in
Tables 3.3 and 3.4 under columns headed "‘Hot Spot 8/y” ard “Arca 8/y.” In general,
these ratios agree rather well, e.pecially for the average dose rates measured by the
individual films and the T1B. i

3.6 ABSORPTION BY STANDARD GLOVES

An attempt was made b - zluste s extent to which various types of gloves would .
reduce the contact hazard > wrich the s+-arer would be subjected. A complete descrip- H
tion of cach of the thirteew - " 2v¢.1t woves 13 yiven in Appendix B. ;

A preliminary cvsluation was obtained by interposing the glove swatches hetween film
and the Sr®-Y® standard source. The column headed “Absorption Sr®-Y®” (n Table
3.5 shows tne percentage of the incident radiation which was absorbed by the glove fn
question. f.ach percentage is the average from at least eight exposures ranging from
0.5 to 60 rep. The average deviation for each percentage value was leas than 5 percent.

A series of exposures was made in which fi!ms .ere exposed to a contaminated sur-
face, both with and without the interposition of a glove swatch. The area chosen was
the leading edge of the wing of a B-57B that had penetrated the cloud from a megaton-
range burst. The fourtn column of Table 3.5, headed ' Reduction of Average Dose Rate
To Hand,” shows the percentage by which the Gose reaching the film from the aircraft
is reduced by the glove. The film densities were read through the large aperture on the
densitometer. This cuiuinn, then, represents the percentage by which the dose to the ;
hand as a whole would be reduced. Hopeat measurements for some of the gloves were
made on subsequent shots. These are indicated on the table.

1t will be noted that the percentage absorption on the aircraft exposures s greater
than that on the Sr**-Y™ calibration source. This is an indication that the averige energy
of the contamination is less than that of the radiation f om Sr*¥?-y®, i

Since the primary contact hazard {8 caused by the e mall “hot spots” of Intense radia- :
tion, it s instructive to compare the maximum dose rates observed on a surface with
and without the interposition of a4 glove swatch. The percentage by which the max!mum
dose rate is reduced is shown in the last column of Table 3.5. It {8 observed that all
glover reduce the maximum at least 50 percent. This i3 due in part to actual absorption
by the glove matertial and {n part to the scattering caused by the increased lfnear separa-
tion between the contamination and the film. In addition, no residual contamination was :
observed on the hands of personnel who wore leather, rubber, or vinyl-coated gloves '
Figure 3.5 shows 4 number of radiozutographs made with and without the interposition
of several different glove swatches.

From the standpoint of ease of movement and comfort to the wearar, as well as from
the standpoint of the protection provided, the vinyl coated cotton glove (N». 13) or &
combination . u jersey liner and leather flying glove was found to be morc satis{actory.

Any of the gl 28 not containing leather could be decontaminated by laundering. The
vinyl-coated g.ve had the advantage that the wearer could remove most of the contami-
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TABLE 3.6 ABSORPTION BY GI WES

——

Reduction of

Reduction of

Number and Brict Welght of Absorption Average Dose Maximum Dose
Descrlption of Glove Glove Sr¥ —y¥  Rate to Hand  Rate to Hand
mg, cin* pet pet pet
1 Synthetic rubber 27 23 50 89
2A Lightweight flying 39 41 56 60
2B Mosquito bar - 2A 18 18 48 65
3 Standard Flying 36 33 49¢ 85¢
4 Neoprene-coated cotton 90 56 78 92
5 Cottwn work ) 36 35 40 86
6 Cotton Uner 27 25 38 63
7 PRayon lincr 14 17 18 7
8 Ilayon liner 12 16 22 71
8 Hcavy colton work 36 48 45¢ age
10 Light work 22 21 41 81
11 Nylcen liner 18 17 30 51
12 S.:.rical rubber 28 21 42 81
13 Vinyl-coated cotton 7 49 74+ 90*

Tested on two or more ghots.

TABLE 3.6 CCMPARATIVE RADIATION EXPOSURES, HAND TO WHOLE BODY

Dose, r Do-eont Ratio to Whole Body
Outside Inside Reduction Outsaide Inside
Lecation Glove Glove by Glove Glove Glove
Breast pocket 1.0
Right wrist 2.0 1.1 45 2.0 1.1
Right palm .0 1.9 37 3.0 1.9
Left palm 2.1 1.2 43 2.1 1.2
Right finger 4.3 3.6 18 4.3 3.6
Left finger 5.1 1.8 65 5.1 1.8
Average 41 3.3 1.9
24
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Leather flying

Bare suriace*
glove (No. 3)

Cotton work

Bare surface®
glove (No. 9)

Rubber surgical

Bare surface*
glove (No. 12)

Vinyl-coated cotton

Bare surface®
glove (No. 13)

phs of leading edge of the wing of & B-37B
with and without interposition of glove swatches.

Figure 3.5 Radioautogra

* Slight blurring at edge due to incomplete contact with surface.
26
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A\\B A-Front Cockpit
B-Rear Cockpit

\ Slope A= - 1.6
Slope B= —i.5

Dose Rate , mr/hr
o

50 io®

Time After Detonation , Minutes

Figure 3.6 Decay of radiation dose rate in cockpit o1 contaminated
aircraft, Shot Zunl, aircraft no. 527.
26

SECREY




natinn merely by scrubbing them while he still wore the.n. In this manner they could be
used continua’ly and decontaminated as nceded. The foregoing stalements refer to the
gloves (vund to Y most convenient by the personcel of thia project. It can be scen from
Table 3.5, however, that all of the gloves tested provide a reasonahle dagree of protec--
tion. Therefore, the ultimate choice can be left to the individual wearer.

3.7 RADIATION EXPOSURE OF PERSONNEL

Since It 18 the actual radiation exposure to personnel that is of Importance, an experi-
ment was carried out to compare the whoie-body exposurs to that recelved by the kands.
Measurements were made on the tour personnel who conducted the inatrument survey and
the radioautographic studies on approximately eighteen aircraft. The whole-body exposure
was measrred Ly a film badge worn on the bresst pochet. Exposurcs to the hand were
measured by [ilm badges attached at various locations both inside and outside ihe protec-
tive rubber surgical glove. The results of this experiment are shown in Table 3.8. All
of the films showed a uniform blackening. This indicates that the exposure conditions
are such as to minimize the importance of the hct spow. The average percentage by
which the gloves reduced that radiation dose was 41. The final column of Table 3.8 shows
that the average ratio between the whole-body exposure and the dose to the hands of per-
sonnel wearing gloves 18 very close to two. This s true deapite the large dose rates
measured direcily on the surface. This inuicates that the hands of personnel who work
on contaminated alrcraft spend little time in close contact with the suriace and relatively
more tile »way from the surface in a position exposing them to essen*ially the same
vadiation field as the rest of the body

3.8 DECAY STUDIES ON CONTAMINATED AIRCRAFT

A record of the intensity of radiation in the crew compartments of the contaminated
B-57's as measured by the T1B was kept. The measurements were begun as early as
90 minutes after detonation and continued {or pericds as long a3 24 hours. The average
alope of the ducay curves was --1.6 with an avorage deviation of 10.4. A typical decay
curve is shown in Figure 3.6. These decay curves are discussed more thoroughly in
Reference 8.
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Chapter 4 .
DISCYSSION

“The object of this study was to evaluate thu contact hazard that existe for personnel who
must come in contact with aircraft contaminated by flight through nuclear clouds. In

. achioving thls goal, the apparent beta-gamma ratio of fission-frugn:¢nt contamination
was mcasared.

Moasurement of the actual beta-gamma ratic was not attemptod. The aotual ratio 5
would be extremely difficult to determine and would have some theorctical value, but
Little practical use. The requirement is for a meana of determining a working ratio thut
can b» expressed in terms of the intensity indicated by gome standard survey ‘nstrument
suck as the T1B.

The ratlo between the total contact dose rate and the T1B reading was found to vary
betwen 6 amd 650. Considering the lack of uniformity of the surfaces involved and tha
widely differing circumsiances in which the aircraft became ocntaminated, this variation
ig nut surprising.

e de s
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The probdem is to evaluate these measured ratios and to determine the importunce T #
that must be attached to them. Ratios less than ten muy be regarded as unimportant, . ,’, 2
siace the skin-toleran.c dose s probably at least ten times groater than the t lerance .
for whale-body radiation. Under these conditions, the whole-body radiation dose would 11
be the fimiting factor, and the contact hazard would not hamper the activities of personnel . F'

in an operational situation. Obviously, the higher ratios are the oncs that must be given

. considerat.an. From the limited experimental data shown in Tabie 3.8, {t can be seen
that the actwal ratio of the contact dose {o the whele-body exposure is approximately two
for those pexsonnel who wear gloves. Even though this ia true, it ie instructive to carry
aut a further theoretical analysis of the problem. [

The highest contact-dose rate measured during the entire study was 3,600 rep/hr. The

ratlo betwaen this dose rate and the T1B reading was 650. This dose rate was measured

by means of a film tightly taped to an impingement suriace. In order for & human being
to sustaia & beta burn, the bare surface of the skin would have to be held {n equally close :
contact with the surface for an extended period. The mean ratios between the maximum i
contact dose rate and the T1B readings were found to be 110 for impingement surfaces b
and 49 for sliding surfaces. When an area of several square centimuters i3 considered, :
these mesa values can be halved. For practical purposes, and without {ntroducing a sig-
nificamt uncertainty, the contact radiation hazard can be evaluated by the uge of these
ratios im eonjunction with a survey of the aircraft with a T1B.

An anslvsis of probable operational situations tends to minimize the significan e of
" the highest ratios and focus attention on the intermediate values. Personnel who perform
_ work om an aircraft do not grasp any one part (especially impingement surfaces) fo- long
" geriods of time. Instead, the grip is changed conatantly from one point to another . with .
the result that the exposure becomes nearly uniform and the het spots of high activity are
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eliminated. This was shown by the uniform blackening of the films that were placed on
she hands of the men who handled the survey film. If one considers the average dosc u .
rate over the entire {ilm Lo be representative of the actual s{tuation, the mean ratio of §
the totsll dose rate to TiD reading becomes 55 for impingement surfaces and 20 for sliding
28 : ;
&. e
SECRET :




surfaces. Tne<e me~n vaiues can be applied to casee where personnel are wearing
gloves. If no gloves are worn, the ratfos of 110 and 40, measured vver small ureas,
should be applied. The use of one ¢f several types of gloves will reduce the radiation
dose to the hands to about 60 parcent of that which bare hands would recoiva under the
same clrcumstances (see Table 3.6). Additionally, the hot spots of intense radiation
are reduced to between 10 and 60 percent of the ungloved values. The vinyl-coated
cotton glove, a combination of rubber surgical and broadcloth gloves, or a leather flying
glove with liner were found to be aatisinctory, since they were flexiblo but not too alip-
pery for easy grasping. All three ccmbinations suffer the disadvantage of incressing
sweating of the hands. All three arc impervious to the roriculate contamination; thus,
removal of the gloves loaves the hancs [ree of contamination. There ars undoubtedly
other combinations that would prove more satisfactory to other inajvidual uxers.

When all factors are taken into account, it becomes apparent that the whole-body
gamma-radiation dose is the limiting factor in operational situations requiring work on
aircraft contaminated by flight through the clouds from nuclear detonstions, provided
personnel wear gloves. Facts leading to this conclusion include: (1) personnel working
on the aircraft are in the gamma field at all imes; (2) high dose rates are encountered
only by direct contact with impingement surfac-:s, an infrequent occurronce, and (J) the
dose rate to the skin can be reduced appreclably by the wearing of gloves. The whole-~
body dose is measured by the standard Rad-Safe film badge and pencil doalmeters, It can
be estimated with the dose rates measured by the T1B.

Since the whole-body gamma dose {8 the limiting factor, it is appropriate to consider
what this dose will be under various conditions. If the dose rate at 3 + 1 hour, I, 18
known, the dose ratc at any subsequent time can be computed from the relationship:

It = It™12 “4.1)

Where: It .: Dose rate at time t, r/hr
I, = Dose rate at H + 3 hours, r/hr
t = Time after detonation, hrs

The total dose received during any given interval of time is:
D =5 {I;t;- Lty 4.2)

Where: D = Total dose, r

1; = Dose rate at time t;, r/hr
I; = Dose rate at time t;, r/hr
t; = Time after detonation, hrs
t; = Time after detonation, hrs

This expression is derived in Reference 9.
The most-hizhly contaminated aircraft survcyed during this study was an F-84 that
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had penetrated the Shot Erie cloud. It had the following surface dose rates:

Lncation Measured Rate Time mmﬂi
Air Intuke 9 r/hr H + 2:18 26 r/hr
Stde of Fuselage 0.9 2:21 2.6
Leading Edge 6.0 2:21 17.0
Tip Tank 1.5 2:25 4.2

Since the two highest values represent impingement surfaces, u veiue of 8 r/hr can be
considered as a conservative value to represent the aircraft as a whole. (Note that 8 r/hr
is more than three times the do-2 rate on a typlcal sliding surface, such as the side of
the fuseluge.) The effective center of the body will be at least & foot from the airoraft
surfice. Experiment has shown that the gamma dose rate at & distance of 1 foot from the
surtace i8 very near to half the surface dose rate. Hence, ‘the whole-body dose rate can
be taken to be half of the surface dose rate, or 4 r/hr at H + 1 hour.

From this dose ratc, the whole body radiation dosa caa be calculated for various situa-
tions through Equations 4.1 and 4.2.

1f exposure began at H + 2 hours and continued for 8 hours, the dose rate at the end of
the period would be 0.25 r/hr. The accuraulated doso would be 8 r.

If exposure began at H + 24 hours and continued for 8 hours, the dose rate at the end of
the period would be 0.06 r/hr. The accumulated dose would be 0.8 1.

If expostire began at h + 24 hours anc continucd at & rate ot 8 hours per day ‘or 10 con~
sucutive days, the dose rate at the end of the tanth dey would be 0.005 r/hr. The accumu-~
lated cose would be 1.2 r.

These calculations aseume the extreme case, {n which exposure is continuous and the

center of the body 18 only a foot trom tho surface of the most-highly coutaminated airoraft.

In any actual situatioa the dose would undoubtedly be smaller. These calculations wers
performed using the value of —1.2 as the siope of the decay ourve for fission produots.
1t was pointed out in Section 3.8 that the contamination on the aircralt seems to decay
with n slope of —1.6. if this value had bee: used in the computations made sbove, the
accumulated dose would have been reduced hv a factor of three.
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Chapter 5
CONCLYSIONS end RECOMPENDATIONS

Although the results reported and discussed in this report 1o not have the precision ofa
carefully controlled laboraiory experiment, they are adetacte to support several conclu-
sions.

6.1 CONCLUSIONS

1. The aniouat and distribution of contamination tuat alrcraft joour during flights
through nuclear clouds is fairly uniform, considering the widely varying circumstances
under which the contamination i{s {ncurred. There do not seem to oe any significant
variatiors due to device yield or aircraft type.

2. The ratlo between the surface intensity us measured by photographic film and the
T18B was found to have a mean value of 110 for impingement surfaces and 4G for sitding
surfaces. The measured values varied by a factor of five above and balow the mear..

3. The total contact-radiation dose rate can be evaluated satisfactorily through the
use of the T3 and theae ratios.

4. Therc {3 o requirement for special field Inscrumentation for operational organi-
zations to measure the total surface radiation intensity, provided that certain precautions
are ohserved: (1) Personnel should avold direct contact between the skin and the surface
of highly contamirated aircraft and (2) the whole-body exposure should be monitored care-
fully. Skin-surface contact can be avoided through the use of disposable clothing, es-
pecially gloves. 1f the whole-bodv exposure is kept within permissible limits, there is
little possibility of a serious contaci cxposure.

5. All of the gloves teated were found to reduce the intensity of radiation hot epots
by at least §0 percent. Therefore, the important considerations are comfort, ease of

. movement, imperviousness to radicastive particles, and ease of laundering and cleaning.

6. Maintenince, refueling, and reariming personnel could begin work as early as
H + 2 hours and continue to work for a period of 8 hours on the most-highly contaminated
aircraft obtained in this project (without docontamination) at the expenss of 5 r of whole-
body gamma dose.

7. Aftor (H + 24) hours, personnel could begin work and continue to work for 10 days,
at a re’a of 8 hours per day, on the most highly contaminated aircralt obtained in this

project (without docontamination! at the expense - less than 1.6 r of whole-body gamma
dose.

5.2 RECOMMENDATIONS

1. When working on contaminated aircraft on which the surface gamma radiation dose
rate exceeds 0.1 r/hr, personnel should wear gloves, as well as adeguate clothing, and
exercise caution to prevent contact of bare skin with the aircraft surface.

2. Alr Force Technical Orders and SOP’s should be revised to reflect the lack of
necessity for decontamination of aircraft by Afr Force operational o~ganizations.
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Appendix A
ADDITIONAL TABLES

TABLE A.1 BUMMARY OF INSTRUMENT SURVEY AND FILM MEASUREMENTS
ON F-84 AIRCRAFT

shot Erfe Shot Inca

Time o! Pencirallorn Time of -eaetration
t‘:}“x‘:“::r:::z g’_‘;:m"g‘" H > 51 min; H + 62 min H + 81 pudn; H + 85 min

’ on Film rep/hr Film rep/hr
Hours TiB Max Ave Min TIB Max Ave M'n

r/vr r/hr
Side of air Intake 2tod 6.5 3,300 1,500 1,300 0.8 50 8 ]
407 — -— — -_— 0.4 30 ] 3
Tt0 8 — — —_ — 0.1 20 2 1
Side of {usclage 2104 0.7 s 12 7 0.9 58 14 12
below canopy 4to? — - — —— 0.4 60 8 1
Tt0d — —_ —_ -— 0.2 12 4 3
Leading cdge of wing, 2t04 5.4 3,500 1,600 900 1.0 50 18 [}
midway between root 4 to? 3.1 700 330 70 0.8 18 [ 3
and tip Twh —_ —_ - — 0.2 14 3 2
Side of tip tank 2t04 1.2 90 30 15 0.8 50 14 10
4t07 0.5 50 8 4 0.8 30 8 []
T7t0® — -— — — 0.1 13 4 2
2
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TABLE A.2 SUMMARY OF INSTRUMENT SURVEY AND FILM MEASUREMENT® ON B-57B AIRCRAFT

8hot Zund Shot ¥1athead dhot Dekotla
Time of 4" snetration Time of Penstratica Tiue of Penetration
"°;::‘1"; :m:"“ ’;.":: A;':" H + §2 min # + 68 min: H + 78 min H+41rds
oo ror nation __¥ilmrep/hr Fiira rep/hr Filo rep/he
Hours TI1IB Max Ave Min T1B Max ave Min TIB  Max Ave Min
r/hr t/ur r/nr
Top ot nuse itwd 2.0 400 30 18 0.3 (13 7] 3 0.8 [ ) 11 L]
407 — — — 0.3 64 23 1 ¥4 0.1 20 4 2
Twe —— ot - — 0.2 26 1¢ 1t 0.1 is 3 2
filde of tuselage 2% 4 0.2 20 4 <1 LK. 13 ] 3 0.8 27 4 1
below canopy 47 — — -_— -— 0.1 L] 3 3 0.1 ] 1 <1
T09 —_ - - = 0.1 s 2 1 08 10 1 <1
Uapaintod gun coser 24 3.0 W0 100 60 1.6 410 o (1] 28 1 1] 2 18
on Jeadicg edge 4017 -_— —_ -_— -_— 0.3 116 83 2 0.8 " 13 10
T —_— —_— — — 0.4 “ 38 8 04 21 8 8
Painted loading edge, 24 3.0 190 “ 20 3 — 270 148 4.0 as 18 s
inboard of anglue 407 0.3 80 18 10 1.8 190 20 38 1.2 14 4 3
Twe Ed - _— 0.8 200 w0 38 0.6 8 3 b
8ido of tip tank 24 1.5 80 18 4 0.8 118 38 % 10 0 12 17
4t01 0.2 30 10 4 0.3 25 12 10 0.2 17 4 3
Twd — — —_ — 0.1 20 1 [ 0.k kg 3 1

TABLE A.3 BUMMARY OF FI1LM/T1D AND APPARENT BETA/GAMMA RATIOS FOR F-84 AIRCRAFT

" TRhot Erin &hot Inca
Tims of Penst aiion ‘fime of Penetration
H + 67 min; H + 62 min if + 81 min; H + 86 min
Film Llax Ilol Spot Film Ave Area Film Max HW S5pot Fllm Ave Area

Location of Film Time After
on ¥-84 Alroraft D

Hours T1B Aly 118 p/y TiB . TiB 8y

Bde of air intake 3to 4 S10 — 200 — % -_— 10 —
4t07 — —-— - _— T3 - 12 -—

T7t09 _ -— — — 185 —_ 18 -

Side of fuselage 2to4 80 —-— 17 —— [ 39 — 18 —
below canopy 407 — — — —_— 128 — 20 -
Tto9 - -— -—_— — 60 —_— 20 .

Lesding edge of wing, 2to 4 650 70 300 38 80 (5] 16 14
midway between root 4 to 7 228 80 100 50 e 60 12 23
and tip T3 —_ _— — -— 58 68 12 ——
8ide of tip tank 2t0 4 78 — 28 —_ 62 (1] 18 20
407 100 — 16 - L] 190 16 28

Tto® —_ —_— — —_— 1 2] [ ] 29 28
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Appendix B
DESCRIPTION OF GLOVES

1. Glove, rubber, synthetic; Spec Mil~-G-4197A,
Grade C; AF Btock No. 8415-263-0533.

2. Glove, flylng, very light, mosquito resistart,
Type K-1, Spec No. 3261-A; AF Stock No. 8415-201-
7014; leather palm and fingers designated 2-A; poplin
upper designated 2-B.

3. Glove, flying, leather, Type B-3A; Spec No.
3176-B, Claas P- pique scwn; AF Stock No. B416-
208-7850.

4. Glove, nccorene coated cotton, oll-proof; AF
Stock No. 8415-208 8342.

8. Glovo, cotton, olive drab; knit wrist, fuzzy
snish insida; AF Stock No. 8415-268-B347.

8. Glove, flying, iner; light cotton jersey glove
with knit wrist; A¥ Btock No. B300-456030.

7. Glove, flying, liner; light rayon jersey glove
with knit wrist; AF Stock No. B415-242-2527.

8. Glave, flying, licer; much like No. 7, axce;t
no wristlet.

o, Glove, cotton, work; heavy cotton with long
wristlet. This is the standard Rad-Safe glove.

10. Glove, work; light twill glove with kait
wristlet.

11. Glove, flying, liner; light nylon jersey giove
with knit wristiet; AF Stock No. 841%-269-G501.

12. Glove, surgical, rubber; manufactured by
Wiltex Rubber Company.

17 Glove, cadet size, protactive solvent rosia-
tant, vinyl coated; knitied cotton, Style No. 410;
manufsctured by Edmont Manufacturing Co.,
Coshocton, Ohio.
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