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Clothing on dummies and fabrics on panels, protective cream on pan-
els, and boxes were exposed to the thermal radiation of Shots 6 and 8 of
Operation Snapper as part of Exercise Desert Rock IV. Exposures were
made at 4, 5, 10 and 13 langleys (1 langley = 1 calorie per sq. cm.)
Protection was measured with temperature indicators.

The clothing included standard items making up various ensembles,
such as hot wet, hot dry, temperate, cold wet and cold dry. The fabrics
on panels included essentially the same fabric combinations and various
other fabrics to study reflectance, insulation, a variety of materials,
including heat treated orlon, wool and synthetic fiber blends, and ar-
rangements, including spacing and order of layers.

Except for a few items there was little damage at 5 langleys. The
exceptions were the cotton nylon parka which shredded, the fur ruff which
melted and the wool fabrics which scorched slightly. At 10 to 13 lang-
leys all single layers of fabrics and all outer layers of fabric combi-
nations were badly damaged. The damage to fabrics as clothing and on
panels was about the same and any differences can be accounted for on
the basis of angle of incidence.

Generally the damage was less for fabrics in comtact with a solid
backing. High reflectance reduced the damage. Wool was more sensitive
than cotton at low intensities but less sensitive at high intensities.
Blends of synthetics with wool up to 15 percent were about as resistant
as wool but a 30 percent blend of dacron was damaged considerably. The
heat treated orlon was very resistant. An aluminized cotton was very
good.

There is still some uncertainty in interpreting protection from
temperature indications and the conclusions are subject to revision.
It seems, however, that the lighter ensembles, such as hot wet and hot
dry, did not provide adequate protection in single layers for intensi-
ties of 10 to 13 langleys. Under pockets, seams, plaits and folds, the
protection was adequate at this intensity. The temperate and heavier
ensembles provided adequate protection at this level. Temperatures be-
hind fabrics on panels were higher than behind clothing, largely on ac-
count of effects of angle of incidence and drape and spacing. White
fabrics did not provide as much protection as might be expected from
the resistance they offer to damage and generally not as much as dyed
fabrics. Likewise the black heat treated orlon did not provide out-
standing protection. The aluminized cotton was outstanding and for a
corresponding weight provided more protection than any other fabric. Be-
hind the black orlon most of this advantage was lost. The temperatures
back of the camouflage shades were just slightly higher than for higher
reflecting shades. There was no difference between the undyed and dyed
frieze back of 9 oz. sateen, 0G-107. Reversing the order of layers gave
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slightly lower temperatures as might be expected from the high reflect-
ance of underwear fabric. Moving the 1/4 in. space from between backing
and underwear to between underwear and wndershirt had little effect.
Varying the spacing had appreciable effect and 1/2 inch is much better
than 1/16 in. The protection improves rapidly with increase in weight.
All of these results are in fair agreement with results of previous
tests or with principles established from them and from theoretical
considerations.

QM protective cream afforded considerable protection and seemed to
be adequate up to 13 langleys if used in layers 1/16 in. thick and pos-
sibly adequate if somewhat thinner.

The packaging test was not very successful. Very likely the incon-
sistent results were due to dust obscuration at the higher intensities.
The temperatures of 56 to 74° C may be correct for 10 langleys but until
corroborated they can be taken only as a lower limit.
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CHAPTER 1

OBJECTIVES AVD GENERAL PLAN

1.1 OBJECTIVES

Materials were exposed to the thermal radiation of two shots of
Operation Snapper, in connection with Exercise Desert kock IV. There
were four phases of this test; studies of: 1. Clothing; 2. Clothing
fabrics; 3. Protective cream; and 4. Packaging; with corresponding
objectives;

(1) To determine the damage to and the protection afforded by
standard clothing ensembles.

(2) To compare clothing fabrics exposed on flat panels, as to
protection and damage, and to determine the importance of

a. Reflectance, especially of camouflage shades.
b. Spacing.

c. Weight and number of layers.

d. Arrangement of layers.

e. Blending of wool and synthetic fibers.

(3) To determine the protection afforded by QM cream, protective
flash burn.

(4) To determine the temperatures reached inside wood boxes.

1.2 HISTORY AND GENERAL PLAN

Fabric samples have been exposed in previous tests but clothing
ensembles have not been studied. There have been no QM tests of protec-
tive cream or packaging. On the latter three items then the tests were
of a preliminary nature, designed to learn how to test the items as
well as to get specific data. The results of Operation Busterl showed
that spacing affects the protection afforded by fabrics and according-
ly the drape of clothing is important. Also, since the protection in-
creases rapidly as the number of layers is increased, as shown at
Operation Ranger? the effects of folds, pockets, seams and similar
factors is important. It is difficult to simulate these effects on
panels and so it seemed desirable to expose clothing on dummies. Since
it was not possible to obtain full body dummies, torso dummies were
used, exposing only upper body clothing. This was not entirely satis-
factory but as Operation Upshot was at that time scheduled for the fall
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of 1952 and additional clothing exposures were planned for that test
and for Knothole, it seemed that torso dummies would give the informa-
tion needed to plan for future tests.

Some other principles of protection were established in previous
tests and it was desired to verify some of them and extend others. For
example, white fabrics were resistant to damage but did not afford cor-
respondingly better protection and since this did not seem to be gen-
erally accepted; one white fabric was included here. Camouflage shades
absorbed a little more energy than standard military shades with cor-
responding poorer protection but the differences were small. Since the
previous tests, two such shades were standardized and both were includ-
ed, 0G-107 on cotton and 0G-108 on wool. Simulated skin temperatures
were generally lower when the fabric was spaced from the backing and a
fow tests were included to determine whether the spacing distance is
important. In spite of the extreme sensitivity of nylon, blends of
nylon and wool were about as good as wool and accordingly, blends of
wool and other synthetics were exposed in this test. All of the fab-
rics were exposed on flat paggls

The cold-bar euit utilizing the vapor barrier protection prin-
ciple is undergoing extensive tests and a flat sample of the material
was included here.

Standard QM items afford considerable protection but with the pos-
sibility of surprise and lack of time for evasive action, there is con-
slderable concern about extegsive burns on unprotected skin. Skin
creams might protect parts of the body not usually covered, such as
hands, face and neck and samples were included to determine the pro-
tection afforded by QM flash burn cream.

Future tests will include studies of damage to stores; in part-
icular a packaging study is planned for Operation Knothole. To obtain
data to permit better planning for that test, a preliminary study was
made here which included determination of temperatures inside wood
boxes at fairly high thermal intensities.

In all cases the basis of temperature measurement and protective
value of various items was the performance of temperature indicators
of the type used in both Ranger and Buster. Those used in this test
were similar to those used at Buster with same improvement in a few
;n:lvidnal cases and they were used in about the same manner as at

ter.

RESTRICTED DATA
ATOMIC ENERGY
ACT - 1946
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CHAPTER 2
OPERATION AND GENERAL PROCEDURE

2.1 GENERAL

Samples were exposed at Shot 6 and Shot 8 of Operation Snapper
on 25 May and 5 June 1952. Both of these were tower shots, about 300
feet high and both were predawn, about 0400 hours. The test areas are
shown on the map on page 6 of the Test Director's Keport3. Clothing
on dummies and fabrics and protective cream on flat panels were exposed
to energies of 4 to 13 langleys (1 langley = 1 calorie per sg. cm.).
This was intended to be 6 to 15 langleys but the yields were lower than
expected. Boxes were exposed on Shot 8 only at levels up to 42 langleys.
Temperature indicators, unprotected and covered with thin transparent
film were exposed at about 0.7 langleys.

2.2  THERMAL INTENSITIES

The actual exposures are listed in Table 2.1. No measurements of
thermal radiation were made at these locations. The intensities were
calculated from thermal yields supplied by the Armed Forces Special
Weapons Projecth, based on measurements made by the Naval Research Lab-
oratory at the Control Point and measured atmospheric transmissibilities
of 95 percent for Shot 6 and 94 percent for Shot 8. The distances for
clothing, panels and unprotected indicators were approximately 1, 1-1/2
and 4 miles and when these approximate figures are used they will refer
to the distances listed in Table 2.1.

The intensities for tower shots are always uncertain because of
the possible attenuation of radiation by dust. Dust may be raised by
the shock wave, travelling thru air or thru air and ground, or by the
popcorn like bursting of soil particles exposed to intense thermal radi-
ation of more than about 5 langleys5. For Shot 6 the samples at 1 and
1-1/2 miles were on high ground above ground zero, roughly on the op-
posite side of the tower from the troop location. The sample at 4 miles

.was near the troop location. It is not likely that dust affected these

exposures. For Shot 8 all the samples were on fairly level ground.
There were no internal inconsistencies in the results, however, for the
samples of Shot 6 and those of Shot 8 at 1, 1-1/2 and 4 miles. There
were inconsistencies for the closer samples of Shot 8 which possibly
can be explained as due to dust obscuration.

2.3 WEATHER
. Temperature and humidity data were also supplied by the Amied Forces
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Special Weapons Project“ and are given in Table 2.2. The values given
are for measurements at the Control Point with the exception that the
value at shot time was calculated for ground zero from the Control Point
data.

2.4  REFLECTANCE AND TRANSMITTANCE OF MATERIALS

The reflectances of many of the fabrics of the ensembles, the
fabrics for the panel exposures and the protective cream were measured
with a General Electric Spectrophotometer. The nature of the varia-
tion with wave length is shown in Figs. 2.1 and 2.2; the curves for cloth-
ing items not shown are similar. The average reflectances for the outer
layers of the clothing ensembles are given in Table 3.2 and for the panel
fabrics in Table 4.2. The averages are for the ranges 0.4 to O,Zp/and
0.7 to 1.9;{ designated here as visible and infra red.

For some fabrics, such as the 9 oz. sateen dyed OD-7 or 0G-107,
the transmittance in the visible region is small, as measured for Opera-
tion Busterl, generally less than 1/2 percent. For other fabrics, such
as undyed or light colored or loosely woven fabrics it may be much high-
er. Measurements were made on a number of the fabrics using the Gen-
eral Electric Spectrophotometer in about the same manner as for Operation
Buster. Much of the radiation is scattered and the result depends on the
solid angle seen by the collector. The geometry was the same for all
fabrics but there is some uncertainty about the exact value of the solid
angle. The results are given in Fig. 2.3 and the average values in
Tables 3.1 and 4.1.

2.5 TEMPERATURE INDICATORS

The indicators were of the same type used in Operation Buster.
They were cut into pieces 1/4 in. by 1 in. and mounted in groups of 12,
held face down in contact with the backing by adhesive tape along the
ends. On the flat panels a fine line of latex cement along the center
line was used in an attempt to improve the contact.

The indicators in the two groups weres M-5 paint, 48, 56, 62, 68,
T, 79, 84, 92, 100, 106, 118°C; 125, 133, 146, 157, 161, 175, 180, 205,
223, 240 and 257°C.

As yet there is not enough information to permit definite inter-
pretation of temperatures in terms of skin injury. Kesults at Operation
Ranger showed that the period of time during which the backing was at
high temperature was very short and likely the maximum permissible tem-
perature is considerably above the accepted value of 70°C for 1 second.
A few preliminary results at the University of Rochester” show vhat for

-4 -
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a 1/2 second exposure behind 2 layers of fabric, an indication of 14°C,
on indicators arranged with essentially air backing, is about equivalent
’ to a 24 burn. This result needs verification but "the value can be used
_ tentatively until more camplete results are available.
i: As before, the indicators show a range of temperatures rather than
3 a single definite value. Each result is given as two values; the low-
er is the highest temperature for complete change and the temperature
was certainly that high; the higher is the highest temperature for any
change in the indicator and the temperature was probably nearly that
high.
TABLE 2.1
Calculated Radiant Exposures
Distance Samples Exposed
from : Radiant Cloth- Fabrics Unprotect-
Ground Exposure ing on on Protective ed In-
Zero, ft. langleys Dummies Panels . tCream Boxes dicators
Sho
5400 10.3 X X X X
84,00 4.2 X X X X
21000 0.6 X
Shot 8
2910 41.6 X
4110 19.3 X
5210 12.7 X X X X
5810 10.2 X
850 4.9 X X X X ;
20000 0.7 X !
TABLE 2.2 ‘
Temperature and Relative Humidity. All
data at the Control Point except for H
! Hour; H hour result calculated for shot area
Shot 6 _Shot 8
Approx. Time Relative Relative i
Hours Temperature Humidity Temperature Humidit
H—3-172 61°F 35% 670F 348
: : H-2-1/2 58 38 65 36 ;
& H-1-1/2 59 42 63 39 |
H- 1/2 57 42 62 39 3
" H 57 ; 41 'R L5
{ H 1/2 57 46 60 Ll
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CHAPTER 3
CLOTHING ON DUMMIES

3.1 PROCEDURE AND MATERIALS

The plan was to expose 5 ensembles; hot dry, hot wet, temperate,
cold wet and cold dry. At the time of the test, however, the hot dry
and hot wet ensembles were not yet standardized. Accordingly substi-
tutes were used; the 8.2 oz. uniform twill shirt khaki I and light-
weight under shirt, white, for the hot dry ensemble and the 5.5 oz.
permeable cotton 0G-116 or 6 oz. wind resistant sateen shirt OD-7 and
the light weight undershirt, white, for the hot wet ensemble. In re-
ferring to these ensembles they will be designated hot wet and hot dry.
The temperate combination included part of the cold wet ensemble; for
Shot 6, undershirt, shirt and jacket without liner and for Shot 8,
undershirt and shirt. The clothing exposed on each shot is listed in
Table 3.1. The average reflectance of the outer layers and the av-
erage transmittance of some layers are given in Table 3.2. The en-
sembles were exposed on dummies shown in Fig. 3.1. To measure the pro-
tection, the temperature indicators described in Section 2.5 were
placed as shown. In addition for the cold dry ensemble the dummies
were fitted with heads to accommodate the hoods and sets of indicators
were placed on each cheek to indicate high temperatures that might be
reached if the ruff burned.

3.2 DAMAGE TO CLOTHING

In general there was little damage to clothing exposed to 4 to §
langleys at about 1-1/2 miles, but severe damage to outer layers ex-
posed to 10 to 13 langleys at about 1 mile. In some cases there was
considerable damage to underlying layers, such as underwear under the
lightweight outer garments and lining of jackets. The clothing varied
in weight and number of layers, type of material and shade and the
angle of incidence varied over the surface of each garment. Considera-
tion of these variables accounts for much of the difference in damage.

As is usually the case in field tests of this kind, it is diffi-
cult to assess separately the damage from thermal and fram blast ef-
fects. In some cases possibly the radiation weakened the fabric and
the wind blew it away. At any rate parts of garments were gone and it
is not possible to say whether they afforded some protection during the
flash or were burned away very quickly.

Photographs taken at the site are shown in Figs. 3.2 tc 3.21.
Since there was little visible damage at less than 6 langleys .xcept
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for small effects of the blast the photographs of samples at 1-1/2 miles
generally will serve to indicate the condition of all the clothing before

2 exposure. The scorching of the dummies and under layers is shown in
Figures 3.22 and 3.23.

3.2.1 Hot Wet Ensemble
t

Shot
4 langleys at 1-1/2 Miles
No visible damage to jacket or undershirt.

10 langleys at 1 Mile

Jacket. Badly burned. Single layer areas burned away,
also outer layer of shoulder, collar and pockets and cent-
or plait. Some remaining fragments charred black. Under-
lying layers of jacket scorched.

Undershirt. Under a single layer of jacket undershirt
was scorched badly, dark brown. Some scorching around
edges of collar and pockets but little scorching at
center of pocket area. Undershirt shows effect of drape;
it fitted smugly on the dummy and the jacket hung away
from the undershirt near the waist with less scorching

h of the underwear. This is shown in the photograph of
Figure 3.23.
Shot 8
5 Langleys at 1-1/2 Miles

No visible damage to jacket or undershirt.

.Z&ns}_m.at 1 Mile
Jacket . Similar to corroaponding position, Shot 6, but g

burned more. Practically all single layer fabric gone i
and most of outer layer of multilayer sections. Buttons |
scorched. :

Undershirt. Scorched and burned under single layers of
Jacket. Badly scorched on shoulders. Shows effect of
drape as for Shot 6.

3.2.2 Q%[ |
i Langleys st 1-1/2 Miles
No damage to shirt or undershirt.
"y i@ lLangleys at 1 mile
Slight scorching on front of shirt; fabric intact. No
damage to undershirt.
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3.2.5

3.2.4 1d Wet ﬁ
2 old We
S £
. 4 langleys at 1-1/2 miles

No visible damage to any garment.

10 langleys at ) mile

Similar to temperate but slightly less damage. Some of
front charred and burned away. Left side worse than
right. Under layers scorched where top layer was burned
away or charred badly and still in place.

Under layers. Pile liner scorched slightly, mainly on
left side.

Shot 8
5 langleys at 1-1/2 miles
No visible damage to any garment.

i/

Ad_langleys at L alle
Jacket. Damaged more than similar ensemble in Shot 6 or

Temperate in Shet 6. Enough of top layer burned to ex-
pose under layers. Steen lining and undyed buckram and
drill interliners were scorched. Under side of left pock-
et was scorched considerably indicating outer layers were
burned away before flash was over.

Under Layers. The pile liner was scorched over most of
the front but especially in the upper chest area. The
collar of the wool shirt was scorched where exposed but
not damaged otherwise. No scorching of undershirt.

Cold Dr
Shot EZ
4 langleys at 1-1/2 miles

No visible damage to any garment except fur ruff on hood.
Outer ends of wolverine fur burned or melted to a depth
of about 3/4 inch. Synthetic ruff not damaged.

10 langleys at 1 mile

Parka. MNost of front surface gone. In places the nylon
filling yarn melted leaving the cotton warp unsupported.
Over most of the area all the fabric was gone. The natural
fur ruff was burned and melted, worse than for exposure

at 6 cal. per sq. cm. The nylon ruff was damaged more,
almost all melted.

Under Layers. The pile liner for the parka was badly
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scorched especially in the upper chest area. Other lay-
ers not affected.

Shot &

5 langleys at 1-1/2 miles

P; . Over much of the front area the nylon filling
was melted leaving the fabric shredded. Generally
there were small areas and the garment as a whole re-
mained in place.

Under Layers. There was no visible damage on the
pile liner or other layers.

13 langleys at 1 mile
Parka. The front surface was burned or blown away with
evidence at the edges of the melting of the nylon filling.

Under Layers. The pile liner of the parka was badly
scorched, dark brown in places. There was no visible
damage to other garments.

3.2.6 Summary

In general the results are about as expected from previ-
ous tests. The intensities of radiation were lower than expected and
probably more information would have been obtained by exposing the heavi-
er clothing at higher intensities. With the exception of the shredding
of the nylon filled parka, the melting of the fur ruff and the scorch-
ing of the wool shirt, there was no visible damage up to 5 langleys.

At 10 to 13 langleys the lighter clothing and the outer layers of the
heavier clothing were very badly damaged and would afford little or no
protection after the flash.

In all cases the khaki shirt was damaged less than the
O0D-7 or 0G-107 garments. In some cases it was a little heavier but
likely most of the difference was due to its higher reflectance.

The effect of é?‘g; incidence is evident in the non-
uniform scorching and charri.:gf f both for fairly smooth curved sur-
faces and for fairly flat surfaces which were not smooth.

The effect of spacing between layers is evident in the
effect of drape in keeping the outer layers fram making contact with
the underwear.

The effect of added layers is evident fram the protection
afforded by seams, folds, plaits, collars and pockets. For an erect
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soldier, the upper chest, above the pockets, seems to be a place of maxi- !
mun. damage, partly because the beam is incident at nearly zero angle and '
also there are fewer layers in that area.

The natural fur ruff was danaged slightly at 4 langleys
but withstood 10 langleys better than the nylon ruff which was completely
melted. Neither seems to be satisfactory in this respect.

The nylon filled cotton outer layer of the parka performed
very poorly. This might be expected fram previous tests on all nylon
fabrics. Likewise, previous experience indicates that blends of synthetics
with wool perform nearly as well as wool alone and possibly blends of
nylon with cotton will also show resistance to damage. If the desired
properties cannot be achieved at low weight in this way then some more
resistant material should be substituted for the nylon.

The wool shirt was bag}x’g ged but the slight scorching
of the undershirt indicates tha{ﬁii remained in place and afforded con-
siderable protection.

Although as indicated by the lack of scorching of under-
layers and the temperature indicator rssults given later, the heavier
clothing provided adequate protection, it should be realized that in
some cases the outer garment was damaged so badly that it would not af-
ford adequate protection after the flash. For example, the parka ex- §
posed to 10 to 13 langleys would not protect a soldier against wind or
rain and even if he survived the atomic blast probably he could not sur-
vive against the elements afterward. {

3.3 PROTECTIVE VALUE OF CLOTHING

It is obvious from the effects of angle of incidence, drape and
variation in thickness and number of layers that a large number of in-
dicators would be needed to determine the maximum temperature attaired ’
and the range to be expected. Of the seven sets of indicators used, one ]
was essentially a control, two were under the arms where the angle of in- ,
cidence was high, one was on the chest where the angle of incidence was I
low but generally more than the minimum number of layers was over the
indicator, one was at the waist and again under a number of layers, two
were on the shoulders where there were usually added layers and also
where the angle of incidence was high. The scorching of under garments,
for example the undershirt for the hot wet ensemble at 10 langleys in
Shot 6 and 13 langleys in Shot 8, and the pile jacket liner for the cold
wet ensemble at 13 langleys in Shot 8, shown in Fig. 3.23, show that the
most vulnerable spot is the upper chest, above the pockets. No indicat-
ors were placed there. Although the temperature indicators n.v show
adequate protection for the locations measured, this does not insure
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that temperatures sufficient to cause injury were not reached in a few
spots.

3.3.1 Hot Wet

Generally, the temperatures were from 48 to 106°C. At 5
langleys the highest temperature recorded was 62°C; at 13 langleys 106°C.

3.3.2 Hot Dry

The temperatures were slightly lower than for the Hot Wet
ensemble, a maximum of 62°C at 5 langleys and 74°C for 13 langleys.

3.3.3 Temperature

The temperatures both with the jacket and the wool shirt
were about the same as for the Hot Dry ensemble.

3.3.4 Cold NWet

sn.y The highest temperature recorded was 48°C and omky that
high inha few cases.

3.3.5 Ceold Dry

The temperature was below that of the most sensitive in-
dicator in all cases. Temperature indicators on the side of the face
of the dummies equipped with hoods showed no consistent indication of
high temperatures from the burning or melting ruff. At 4 langleys both
sides may have reached as high as 48°C. At 10 langleys there were spot-
ty indications of 56°C on the right side (nylon) and 118°C on the left
side (fur). The temperatures here will depend very greatly on the con-
tact with or proximity of ruff to skin as well as damage to the ruff.

3.3.6 Summary

The highest temperatures recorded were probably below the
limit for second degree burns if the 141°C figure is accepted. However,
the scorching of the dummies and underwear indicates that the maximum
temperatures were above the maximum recorded. The hot dry and hot wet
ensembles do not provide adequate protection at 10 to 13 lang sys where
there is only a single layer of the outer fabric but they do in multilayer
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areas, such as the pocket, collar and waist locations. The temperate,
cold wet and cold dry ensembles afford adequate protection at 13 lang-
leys.

With some modification to improve the protection in the
upper chest area the above uncertainty would be ¢MMaminated for the front
of the upper body. However, other areas are about equivalent to the up-
per chest. Exposures were not made on sleeves, backs or legs but they
are equally vulnerable and would not offer adequate protection for radi-
ation of this intensity at normal incidence.

Even though the heavier ensembles provide adequate pro-

; tection at this level and probably at higher levels, it should be em-
phasized again that although the soldier would likely survive the atomic
blast the outer clothing would be so severely damaged that it would not
provide adequate environmental protection.

There are differences between the ensembles which would
likely be greater at higher intensities. The hot dry ensemble was bet-
ter than the hot wet. It is slightly heavier but likely most the
difference is due to its higher reflectance. The relatively light hot
dry was nearly as good as the heavier temperate, again probably because
of the higher reflectance.: The very good protection of the cold wet and
cold dry ensembles is mainly a matter of thickness and weight.
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TABLE 3.2

Reflectance & Transmittance of Outer Layers of Clothing
Fabrics, Averages for Visible & Near Infra Red Regions

Approx. trans-
Reflectance, #  mittance, ¥

L Ensemble Shade _V_ IR _ v B
Jacket, Light Wt. Hot Wet 0G-116 8.8 21,58 2.5b 2.5b
" " . "o 0D-7 7.5 18, a
Shirt, Uniform Hot Dry KhakiI 25.P 62.® 1.b 12, b
Twill
Shirt, Wool, Temperate 0G-108 6. b 19. b
Flannel :
Jacket, Field Temperate 0G-107 6.8 15,58 «<0.5° <0.50
and Cold
Wet
Parka Cold Dry 0G=107 7.5% 17.5¢ < 0.5b 2. b

Note: If measured on garment, data are marked a; if on corresponding 4
fabric, marked b.

I- “- NDUASSIFE




" " . . ‘00502 03 £€1 . 5 q
: 974qv; Putusnq Wory £TqTes0d ‘O,gHT 03 G2T ‘suojeorpuy L3j0dg ®

Sh> ShZ> shH> 8RO B> B> Sh> 8n> 8> S s> s> 43g v190

sh> 8n> s> sw> sn> s> 8h> SH> Sv> B> sw> s 194 P10 o !
M B> sh 8  8h> fl h> SR> 8 st 8> Sh> eiviedmey “a 1
sh nL 95 sn 89 9§ 29 9 > 8> s> SR>  sh> 29 £3g som :
L > 8h> > 198 30H
mnow% 4 u.ﬁ_ﬁ. et z . g .
. g soug m f
] > B{> s> Bh> > sh> sh>Sh> 8h> B> s> sh> £1q v109 '
] s> sh> sh 8h> Bh> sh> $h> sh> s> 8t 8i> s> 04 P19)
s> 8h> 95 96 8 2h Sh>8h> 2996 9SG 8y 8y 8y> e3vsedmey
"> 8 tl 39 95 sh 6L 8K 29 8K sh> 8n> 29 96 8k sh> > £2q 3om
8h 96 e G 90T Ll 89 29 sh> s> 2 : 198 30H
lﬂﬂlﬂlmﬁ a.-.oiwdumﬁ ;| sTquesuy
§3%qg _
T T b T T 1 T T
TS JOPINOqg I8TUR  380Q) LA JopTwdyg I8Tey  T80q)

0o 'ednjeredmey
SuUIYI0TH PUIYeg ‘SPeIY SWOTIe, Ul sesunjviedmey

w €€ arava




83103801pU] eanjszedmey YITA seymmmng 1°¢ °Pig

T PTIIIN S T

-

i
Fow

il
VA

-3 -

~ ————

e

rat




i el e an S e s
) A

Fig. 3.2 Shot 6 - 1-1/2 Miles Hot Wet
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Fig. 3.3 Shot 6 = 1-1/2 Miles Hot Dry
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Fig. 3.4 Shot 6
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Fig. 3.6 Shot 6 - 1 Mile Hot Wet
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Fig. 3.7 Shot 6 - 1 Mile Hot Dry
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Fig. 3.8 Shot 6 - 1 Mile Temperate
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Fig. 3.9 Shot 6 - 1 Mile Cold Wet
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Fig. 3.10 Shot 6 - 1 Mile Cold Dry
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Fig. 3.11 Shot 8 - 1-1/2 Miles Hot Wet
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Fig. 3.12 Shot 8 - 1-1/2 Miles Hot Dry
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Fig. 3.13 Shot 8 - Before Exposure
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Fig. 3.14 Shot 8 - 1-1/2 Miles Temperate
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Fig. 3.15 Shot 8 - 1-1/2 Miles Cold Wet
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Fig, 3.16 Shot 8 - 1-1/2 Miles Cold Dry
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Fig. 3.17 Shot 8 = 1 Mile Hot Brey w & /7
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Fig. 3.18 Shot 8 - 1 Mile Hot Dry
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Tige 3.19 - Shot 8 - 1 Mile Temperate
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Fig. 3.20 = Shot 8 - 1 Mile Cold Wet
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Fig. 3.21 Shot 8 - 1 Mile cold Dry
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CHAPTER 4
FABRICS ON PANELS

4.1  PROCEDURE

The same clothing ensemble fabrics were exposed on flat panels
and in addition other fabrics and combinations were used to determine
the effect of reflectance, transmission, and spacing; the effect of
blending wool with synthetic fibers, and the protective value of the
cold bar ensemble.

4.1.2 Method of Mounting

The panels were the same type used in Operation Buster<,
They were of white pine about 8 in. square with about half the sample
in contact with the backing and the other half spaced 1/4 in. from the
backing. The backing had a reflectance of about 56 percent in the visible
and 93 percent in the near infrared. In this experiment the wood panel
was backed with 1/4 in. plywood. The samples were mounted on an angle
iron frame with about 2 in. spacing between samples. These are shown in
Pig. 4.1. The frame was adjusted for normal incidence.

To measure the protective value, the passive indicators
described in Section 2.5 were placed behind the fabrics.

4.2 FABRICS

For each shot there were 16 samples; these were not exactly the
same for the two shots. They are listed in Table 4.1, which also gives
some properties of the fabrics including weight and average reflectance
and transmittance. The reflectance and transmittance are also shown in
Figs. 2.1, 2.2 and 2.3. The repeated values in Table 1 represent a
measurement on a single sample of the fabric.

4.3 DAMAGE TO FABRICS

4.3.1 Photographs

Photographs of the panels are shown in Figs. 4.1 to 4.4.
With few exceptions there was little or no damage at 5 langleys and the
materials before exposure were essentially the same as after ¢xposure at
1-1/2 miles.




For convenience in recording a code of damage was used;
it was about the same as that in Operation Ranger and is given below.
E, Rating Damage to each surface
k ,
E 0 No perceptible damage
1 Barely perceptible damage
cotton - very slightly scorched;
wool and blends of wool with syn-
thetics - singed.
1 3 Appreciable damage
] cotton - very definite scorches;
wool and wool blends - singed and
trace of melting.
5 Severe damage
cotton - badly scorched and beginning
of charring;
wool and wool blends - melted.
7 Very severe damage
cotton - charred, dark brown;
wool and wool blends - melted, little
or no trace of weave pattern.
9 Extreme damage
cotton - charred very dark brown or
black;
wool and wool blends - thick layer on
surface melted and dark in color.
Rating Overall Damage
(0} No perceptible damage, intact.
: 1 Slightly torn or burned, almost intact.
S Considerable tearing or burning, up to half
of sample gone.
5 More than half gone.
7 Nearly all gone.
9 All gone.
P\ The rating then includes 3 digits, the first for the face,
% the second for the reverse side and the third overall; e.g., « rating of
{ 000 indicates no perceptible damage at all; 955 indicates extreme damage

! 4.3.2 Damage Code
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on the face, severe damage on the reverse side and more than half the
sample missing. Where the sample was missing or so little left that the
thermal damage could not be estimated, that is indicated by - ~ 9.

4.3.3 Dapmage at Low Iptemeivies AZd a~+ SExposvees.

_There was very little damage at 4 to 5 langleys. The only
visible effect was on the following:

Sample 5, some damage to the nylon of the cotton warp-nylon
filled oxford, rating 111.

Samples 13, 14, 15, 16 and 17, serges of wool and blends
of wool and synthetics, slight singeing, with ratings of 100.

Samples 18 and 19, Orlon, heat treated, slight shininess,
rating 100.

4.3.4 Damage at 10 to 13 langleys

The damage at 10 and 13 langleys is summarized in Table
4.2

4.3.4.1 Fabrics Equivalent to Clothing Ensembles

The damage to fabrics on the panels was about the same as
the maximum damage to the same fabrics as clothing. The nylon filled
cotton warp oxford on sample 5 was slightly damaged at 5 langleys and
campletely destroyed at 13 langleys.

4.3.4.2 Reflectance

The undyed sateen, sample 10, was much more resistant than
either OD-7 or 0G-107 with no perceptible damage at 13 langleys. Dyed
samples were almost completely destroyed at that intensity. The aluminized
fabric showed no damage up to 10 langleys.

There were slight but apparently definite differences be-
tween standard and camouflage shades. For cotton, 0G-107, e.g., sample 8,

was damaged more than OD-7, sample 9. For wool, 0G-108, sample 13, was
damaged more than OD-33, sample 14.

4.3.4.3 Backing and Under Layers
The spaced samples; i.e., with air backing, were damaged

- 48 -
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Fabrics with air backing were damaged more than those in
contact. Under layers were scorched more for the contact condition than
for the spaced arrangement. The damage to the surface fabric in multi-
layer systems was about the same as for contact with a wood backing.

The damage to fabrics exposed as clothing varied considerably
but the maximum damage was similar to that of fabrics on flat panels.

Whenever comparisons are possible the results here are in
agreement with the results of previous tests or with principles evident
from those tests.

4.4  PROTECTIVE VALUE OF FABRICS

The temperatures shown by the indicators behind the fabrics are
given in Table 4.3. As is the usual experience with these indicators,
generally the indication is not a single temperature but a range of tem~-
peratures. The first figure is the highest temperature for which the
change was complete; the second figure is the highest for which there
was any definite indication of change. Generally this range is sufficient-
ly small to give useful results. For similar sample, for which a direct
comparison is desirable, visual examination will sometimes show differ-
ences not necessarily obvious in the table; i.e., it is possible to de-
termine a difference between fabrics even though that difference cannot
be expressed qualitatively.

eNerRGre s
Generally, the temperatures were higher for the higher intoiégtioc
and lower for the spaced sample than for contact. Comparisons between fab-
rics must be made under comparable conditions.

4.4.1 Fabrics Equivalent to Clothing Lnsembles

The temperatures were highest for Sample 1, the hot wet
combination of 5.2 0z. cotton permeable and light weight underwear, with
temperatures up to 106°C at 5 langleys and up to 223°C at 13 langleys.
They were considerably lower for sample 2, the hot dry combination of
8.2 o0z. khaki uniform twill and light weight underwear, up to 180°C at
13 langleys. The twill is slightly heavier than the permeable but most
of the difference is in reflectance, an average of about 4O percent for
the khaki compared to about 15 percent for the permeable. For sample 3,
the combination of 9 oz. sateen, 10.3 oz. wool flannel and 10.5 oz. wint-
er undershirt, there was considerable variation in protection with in-
tensity. At low intensities this combination was better than Sample 2
but at 15 cal. per sq. cm. it was not. The effects of weight and reflect-
ance can be balanced but the balance seems to depend on inten ity. For
samples 4 and 5, corresponding approximately to the cold wet and cold dry

frfhsms
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ensembles, the maximum temperature was 56°C and generally the lowest in-
dicators were just on the verge of changing.

L.4.2 Bffect of keflectance

Samples 8, 9 and 10 are of the same basic fabric, 9 oz.
W.R. sateen; sample 10 undyed, sample 9 dyed with the old standard OD-7
and sample 8 dyed with the current standard 0G-107. The average re-
flectances are about

Visible Near Infrared
Undyed 9. .
OD-7 9.5 26.
0G-107 6.5 18.

Up to l.qu,tho 0D-7 and 0G-107 samples transmit very little light; the
value for the undyed fabric is roughly 15 percent.

Temperatures were generally slightly hotter for the 0G-107
than for OD-7 as indicated below:

ExposurRe
Inbeneity

Contact i Spaced
langleys 0D-7 _ 0G-107 0D-7 0G-107
68-92 79-106 2 2
6 T4~106 68-133 56-62 62
15 133-223 146-257 100-175 146-257
15 157-257 133-257 125-257 146-240

The differences are small but apparently definite and in ac-
cordance with the differences in reflectance and in agreenent with the
results of Operation BUSTHERL.

The undyed fabric was exposed only on Shot 8. For that case
the temperatures were generally higher than for the corresponding dyed
fabrics. At 5 langleys, in contact the protection was about the same as
for 0G-107 but spaced it was considerably less; at 13 langleys the tem-
peratures were very high, for both contact and spaced. This lower pro-
tection afforded by undyed fabrics and especially the lack of difference
between contact and spaced fabrics is also in agreement with results of
Operation BUSTERL.

4.4.3 Tranasmittance of Under Layers

If any appreciable part of the energy transferrci to the
backing by radiation, possibly from hot fabric, it might be expected that

-85 e \mm_mﬂm
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the transmittance of underlying layers would be important. The differ-

ence between samples 1l and 12 is in the color of the frieze, undyed for
sample 11 and 0G-108 for sample 12. There is little difference in pro-

tection but apparently the undyed frieze was consistently slightly bet-

ter. Possibly the difference in effective transmission is very small

or the effects of differences in transmittance were overshadowed by dif-
ferences in structure, thickness and conductivity effected in the dye-

ing process.

L.4.4, Blends of Fibers

In samples 13 to 16 the yarns are blends of wool with 15
or 30 percent of various synthetic fibers. There is little difference
between the various blends and probably the protection is about the same
as for all wool.

4.4.5 Orlon
There was sufficient heat treated orlon for exposure on

only one shot. The temperatures were approximately the same as for the
9 oz. sateen 0G-107.

Le46 Aluminized Fabrics

Possibly the most outstanding result was the protection
afforded by a single layer of aluminized cotton drill, 7 oz. per sg. yd.
The maximum temperatures at 15 langleys were 62° in contact and 56° spaced.
The corresponding values for 9 oz. sateen are 50 to 200°C higher. Ap-
parently the high reflectance and low transmittance are the important
factors in providing this protection. When this aluminized surface was
covered with a layer of orlon, with a total weight oflf.Q 0z. per sq.

' yd. the protection was considerably less, with temperatures up to twice
that for the unprotected aluminum surface. Unfortunately it does not
seem possible to retain the advantage of high reflecting layers if they
must be camouflaged.

L.4L.7 Order of Layers and Location of Spacing

The contact side of sample 22 was the same as sample 4 with
the exception that the order was reversed; i.e., the underwear was out
and the 9 oz. W.R. sateen in contact with the backing. The temperatures
were about the same for the two cases.

The spaced side of sample 22 was the same as sample 4 except

- 52 -
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the space was between the flannel and undershirt and the undershirt was
in contact with the backing. Again the results are about the same for
the two cases.

For both samples the intensity was too low to show any dif-
ferences that may have existed.

4.4L.8 Spacing

Previous tests as well as the current one showed that for
opaque fabrics, the protection was considerably greater if the fabric were
spaced from the backing. However, all the results were at a single fixed
spacing of 1/4 inch. In sample 21 the spacing was 1/16 and 1/2 inch.
There was a definite dependence of temperature on spacing. The values
for samples 8 and 21 are listed below:

Spacing
0 (contact) 1216 in, 1/4 in. _1/2 in.
6 langleys 8-133 -79 48
15 133-257 146-257 146-240 100-180
enveq ¢
‘ For the low &ntégziiy there is a considerable drop from con-
tact to a very small spa q}sgea continuing decrease up to 1/2 in.
spacing. At the higher 14%¢ is little difference between con-

tact and a 1/4 in. spacing but a definite drop between 1/4 and 1/2 in.

L.4.9 Summary

The temperatures were higher for clothing fabrics on flat
panels than for the corresponding ensembles on dummies. To a large ex-
tent this resulted from differences in contact between layers and between
fabric and backing and to variations in the angle of incidence. To some
extent the difference was due to variations in weight of fabric since the
panels were not exactly like the clothing. They did not include extra
thicknesses at folds, seams, plaits and pockets.

The temperatures behind the cold bar combination were ap-
proximately the same as for the cold wet fabric combination, possibly just
slightly higher.

There were differences due to reflectance and fabric weight,
generally in agreement with previous results and with expectations fram
laboratory studies. The temperatures with camouflage shades were just
slightly higher than with standard shades, for both cotton and wool. The
undyed fabric did not provide good protection. On the other : nd, the
aluminized fabric probably gave the best protection of any fabric tested
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here previously, for a corresponding weight. The transmittance of under-
lying layers did not seem to have any influence on the temperature. The

orlon fabric did not provide outstanding protection. Blends of wool and

synthetics, at least up to 15 percent, were as good as all wool.

| In a single test there was no effect of varying the order
J of layers nor varying the location of a single spacing between layers.
There was a definite effect of increasing the spacing with a continuous
decrease in temperature from 1/16 to 1/2 inch spacing.
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Fig. 4.2 Fabrics on Panels,Shot 6,1 Mile
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% CHAPTER 5
PROTECTIVE CREAM

5.1  CENERAL

The QM Cream, Protective, Flash Burn, described in Purchase De-
scription, 16 January 1952, was tested in 3 thicknesses, from a very
thin layer to 1/16 inch thick. The protective value was measured with.
the temperature indicators described in Section 2.3. Samples were ex-
posed at about 1 and 1-1/2 miles from ground zero for both shots.

5.2  SAMPLES

The indicators were mounted face down on the surface of 1/2 inch

] pPlywood and held in place with adhesive tape along the edges. They were

] covered with an .00l inch vinyl film to protect the indicators fram sol-

‘ vents in the cream, and the cream was applied over the film. The film
was folded over the edge of the plywood but otherwise was not adhered
to the indicators or backing. An attempt was made to control the thick-
ness of the cream by using spacers in the application. For the two
thicker applications, an excess of material was applied and scraped off
with a straight edge riding on 1/16 and 1/32 in. flat spacers. The thin-
ner sample was applied without spacers and the thickness was less defi-
nite and less uniform.

The samples were prepared as late as possible on the day before
the shot but even so, this was at least 12 hours before exposure. They
dried out considerably in that time but no measure was made of the moist-
ure content.

The reflectance of this material was measured, freshly prepared E
and after drying overnight the curve in Fig. 2.1 is the average. The i
average reflectance was about 37 percent in the visible and 32 percent v
in the near infra red region. The difference between them was about 1.5
percent throughout the range. In the visible and near infra red regions
the transmittance is negligible. ;

The density of the cream is about 1.55 grams per cubic centi-
meter and as a thin film the loss in weight may be 2 to 5 percent in

; 24 hours. A density of 1.55 grams per cubic centimeter is equivalent

to weights of 71, 36, and 18 ounces per sq. yd. for 1/16, 1/32, and 1/64

inch films.
»
5.3 DAMAGE TO THE CREAM .

Below 5 langleys there was no visible effect on the cream. At 22"
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to 13 langleys there was evidence of small bubbles but no other damage.

5.4 PROTECTIVE VALUE

The protective value of the cream as shown by the temperature in-
dicators is given in Table 5.1. Here the protection is the cambined ef-
fect of cream and the .00l in. vinyl film.

The cream provides considerable protection; the indicators covered
with only a .00l in. vinyl sheet were badly charred or completely gone
with indicated temperatures above 257°C. iith various thicknesses of
cream the temperature ranged from 205 to 48°C.

At first sight there is an apparent discrepancy between the two
results at 5 and 13 langleys on Shot 8 with temperatures of 62°C at 5
and 48°C at 13 langleys. However, the thickness was greater for the lat-
ter, .05 in. compared to .04 in. The protection increases rapidly with
thickness and apparently the effect was great enough to cause this dif-
ference in temperatures.

It is difficult to express the results in terms of skin burns.

If the tentative figure of 141°C from fabric studies is taken here, then
possibly 24 burns would have occurred at 4 and 5 langleys with 1/64 in.
of cream. However, this exposure should barely produce such burns with
no protection and obviously fram the temperatures shown there was con-
siderable protection. On the other hand there would have been no burns
at 10 or 15 langleys with 1/16 inch of cream and there would certainly
have been severe burns on unprotected skin.

Possibly same additional idea of the protective value can be ob-
tained from other data on unprotected indicators. At about 4 miles fram
ground zero, the calculated exposures were .6 and .8 langleys for Shots
6 and 8. Indicators with no protection and with a .00l in. vinyl sheet
and a .003 in. transparent adhesive tape gave the temperatures shown
in Table 5.2. In this case the transparent cover reduced the temperatures
considerably, probably mainly by reflecting some of the radiation. The
protective value of the films where used in connection with the face
cream was likely less and eccordingly a temperature just less than
74-920C can be used for camparison with the results in Table 4.2. Com-
parisons of this kind are somewhat risky unless the mechanisms of heat
transfer are understood and can give only approximate answers. With
that uncertainty in mind, it seems that conditions will be just about
the same behind just slightly more than 1/32 in. of face cream at 4 to
5 langleys as with no face creaw at .6 to .8 langleys.
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TABLE 5.1

Protection Afforded by QM Face Cream

Thickness, in. Temperature, i -
Estimated, as Measured after Shot 6 Shot 8
Applied Return to lab. 4 lagg 10 lagE 12 12%5
0 0 Y2578 >257 >2573 >257
1/64 .01 100 161 118 205
1/32 .02 68 92 79 175
1/16 Ne'A <L8 L8c 62 <L84
a Paper of indicators very badly charred.
b Indicators completely gone.
¢ Thickness .06 in.
d Thickness .05 in.
TABLE 5.2
Temperature of Exposed Indicators
Temperature, °C
E Shet 6 Shot 8
.6 langl langley .8 langley
No protection 74-92 48 -- 92a
Under .001 in. vinyl sheet 62-74
Under transparent adhesive tape, L8 -- 62

.003 in. total thickness

a. Although the range is the same, probably slightly higher temperature
than the corresponding indicator of Shot 6.
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CHAPTER 6
PACKAGING

6.1  GENERAL

Three wood boxes were exposed, one each at 2910, 4110 and 5810 feet
from ground zero for Shot 8, Temperatures inside were measured with the
indicators described in Section 2.3.

6.2 SAMPLES AND EXPOSURE

The boxes were 26 in. x 26 in. x 26 in., roughly constructed of 3/4
inch thick pine boards. A 3/4 in. board was fastened in a vertical posi-
tion across the box at the center.

Indicators were mounted on the center board, face down and held in
place with adhesive tape at the edges. The indicators were about 5 inch-
es fram the bottom of the box on the side of the board facing ground zero.
The boxes were placed flat on the ground with the front edges normal to
the beam. They were not fastened down.

The results are summarized in Table 6.1. These results are diffi-
cult to understand. They appear to be in reverse order with the highest
temperature at the greatest distance. However, this effect was noticed
at the time, and the sample identification was carefully checked. There
is little chance that the data as listed do not refer to the correct
locations.

It seems likely that in this case there was obscuration by dust,
possibly from the shockwave but also possibly from the popcorn-like
bursting of soil particles under the ag 48! thermal radiation® which
pr2sumably could happen at these since it occurs in the
laboratory at 11 langleys. The boxes were on the ground, with the high-
est point only 2 feet above the surface and dust could very well have
reduced these intensities without influencing the radiation on fabrics
higher off the ground.

If this analysis is correct then the temperatures at 2910 and 4110
feet are too low by a considerable amount. The result at 5810 feet is
also uncertain; it represents a minimum figure. Even if the temperatures
at that distance without dust should be as low as 56 to 74°C, the cor-
responding temperatures at 4110 and 2910 feet would be considerably high-
er. The radiation intensities were roughly 2 and 4 times as great but
it is difficult to estimate the difference in the resulting t. mperatures.

"ll('r WY
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Distance from
Ground Zero, Ft.

2910

4110

5810

TABLE 6.1

Results of Packaging Test

Radiant
Exposure

langleys
40

20

10

Temperature
Damage to Box Inside Box,
_Therma Blast oc
Side fac- One board £L4L8
ing the ex- blown off
plosion bottam of
charred box. Box
deeply, 1/16 moved 65
to 1/8 in. ft.
deep
Side of box One board 48
facing ex- blown off
plosion bax. Box
charred moved 30
ft.
Side of box Box 56-T4
facing the turned
explosion over
slightly
scorched

t‘,,.‘ "‘-'._..'n i ,‘-..";,
- 76 - ¢




BIBLICGRAPHY

1. Protective Value and Ignition Hazards of Textile Materials Exposed

& to Thermal Radiation, Operation Buster, Project 2.4a, June 1952.
J. M. Davies and Major A. H. Parthum, Jr., QMC.

2. Operation Ranger, June 1953. J. M. Davies, QMC.

3. Exercise Desert Rock IV, April-June 1952. Test Director's Report.

4. Letter, Armed Forces Special Weapons Project, SWPEF-1, L400.1ll2
2 January 1953.

: 5. Thermal & Optical Properties of Nevada Sand, Naval Material lab-
oratory, Project C-5046-3, Part 19, Final Report, May 1952. I. J.
Bates, J. A. Carter and T. I. Monahan.

6. Lletter, Dr. Herman Pearse to Dr. R. G. H. Siu, 28 October 1952.




