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FOREWORD

This report presents the final results of one of the 48 projects comprising the military-effect
program of Operation Plumbbob, which included 24 test detonations at the Nevada Test Site in
19517.

For overall Plumbbob military-effects information, the reader is referred tu the “Summary
Report of the Director, DOD Test Group (Programs 1-9), ” ITR—1445, which includes: (1) a
description of each detonation, including yield, zero-point location and environment, type of
device, ambient atmospheric conditions, etc.; (2) a discussion of project results; (3) a summary
of the objectives and results of each project; and (4) a listing of project reports for the military-~
effect program.




ABSTRACT

The purpose of Project 8.2, Operation Plumbbob, was to determine the adequacy of the labora-
tory methods employed in the study of the effects of intense therma!l radiation on materials. The
primary objectives were to determine the adequacy of physical methods for studying thermal
damage to materials and for evaluating, by means of a physieal skin simulant, the protection
afforded by clothing to personnel against intense thermal radiation. A secondary objective of the
project was to compare the burns predicted trom the temperatures of the skin simulant behind
an irradiated fabric assembly and the burns ~hiained on animals under identical exposure con-
figurations. Project 8.2 made basic thermal radiation measurements for the use of Projects
4.1, 8.1, and 8.2.

The skin-simulant study involved a major participation at stations which received radiant
exposures of 6.5 and 15.5 cal/cm? during the Shot Priscilla (36.6 kt) detonation and at a diatance
corresponding to a radiant exposure of 16.2 cal/cm? for the Shot Hood (74.1 kt) detonation. Proj-
ect 8.2 also made supporting measurements during Shots Lassen and Wilson. Representative
cellulosic materials were exposed during Shot Priscilla at stations corresponding to radiant ex-
posures of 6.5, 8.5, 10, 13, 15 and 21 cal/cm? to determine whether the threshold ignition ener~
gles of these materials determined under field conditions verify the data predicted from iabora-
tory studies. Basic thermal radiation measurements were made during Shots Lassen, Wilson,
Priscilla, and Hood.

The results of this field experiment indicate good agreement between temperatures measured
in the field and temperatures predicted by laboratory methods employed in thermal radiation
studies. The exceptions were that the laboratory experiments would predict higher temperatures
for 3.5 and the 7.5-cm-~diameter areas for exposures for which cloth would be expected to ignite
than those which were measured in the field experiment. Blast effects are pustulated to account
for this difference.

In three of the four situations for which postshot data were available, the skin simulant ade-
quately predicted burns to pig skin exposed in similar exposure geometries.

Measurements of thermal radiation were made successfully, and showed reasonable agree-
ment with the generalized pulse except for a slightly higher irradiance after the irradiance maxi-
mum for Shots Priscilla and Hood.
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PREFACE

Corresponding to the primary objectives of Project 8.2, this report has been divided into two
parts: (1) evaluation of laboratory methods for determining the protection afforded by uniform
systems and the comparison of the skin burns predicted from the temperatures of the skin simu-
lant with the burn severities obtained on pigs under similar exposure configurations, and (2)
effects of thermal radiation on a standard reference material.

The basic thermal radiation measurements are covered in the Appendix of this report.

The authors wish to acknowledge the guidance and invaluable assistance of Major William C.
Linton, USA, Director, Program 8, in surmounting the many difficulties which are associated
with participation in field tests of this type.

The authors are indebted to George J. Dashefsky, Edward J. Jehle, and Joseph M. McGreevy
of the Naval Material Laboratory for encouragement in the planning and execution of this project.

George Mixter, Jr., M.D., consultant to the Naval Material Laboratory on the Thermal Injury
Project, assisted in the design of the burn-simulant response study, analyzed the burns of the
animals, and gave invaluable support in the operational phases of this project.

Alfred Lawes is duc major credit for the Jlesign, proper fabrication, and excellent records
of the electrical circuitry associated with the oscillographic recording of the many transient
temperatures. He skillfully designed and fabricated many specialized devices required for the
successiul achievement of the project objectives.

The following personnel of the Naval Material Laboratory assisted in the preparatory work
at the laboratory: Joseph Filosa, Ralph C. Maggio, and Guy P. DeLhery.

Personnel of the Quartermaster Research and Development Command fabricated the special
uniforms for the pigs employed in the animal skin-simulant study, in making pigs available for
this purpose, and in coordinating the placement of the animals. Personnel of the U.S. Naval
Radiological Defense Laboratory, particularly John M, Nichols, assisted in the developing of
the oscillographic records.

The authors wish to gratefully adknowledge their indebtedness to Richard R. Deasy for his
efficient job in typing the manuscript from rough notes under the duress of the field operation
and for his many valuable suggestions.
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Part | EVALUATION of LABORATORY METHODS for
: DETERMINING THERMAL PROTECTION of UNIFORMS

Chapter |
INTRODUCTION

1.1 OBJECTIVES

The objective of the skin-simulant study was to determine the adequacy of laboratory methods
employed in studying the effects of intense thermal radiation on biological systems. More spe-
cifically, the purpose of this investigation was to; (1) determine the adequacy of the irradiation
area, time variation of irradiance, and spectrum of the laboratory sources employed in evalua-
ting the protection afforded to personnel by uniforms; and (2) compare the burn severity predicted
from the temperature hiziories of a skin simulant behind an irradiated fabric agsermbly with the
actual burns noted on animal skin irradiated under similar exposure configurations.

1.2 BACKGROUND AND THEORY

Thermal radiation damage to materials and personnel has been studied extensively at the Naval
Material Laboratory (NML). Included have been both the critical radiant exposures required to
cause typical damage to representative materials and the protection afforded to skin by various
clothing assemblies. The purpose of Project 8.2 was to validate these laboratory study methods,
the results of which are lmportant to military and civil defense groups in evaluating operational
and tactical situations.

* 1.2.1 Skin~-Simulant Study. A skin simulant utilizing a temperature criterion for determining
burn severity has been developed by NML for use as a substitute for animal and human skin in
the study of subfabric radiant-energy burns (References 1, 2, and 3).

During Operation Upshot-Knothole (Reference 4), a full-scale experiment was conducted to
evaluate the protection of uniform systems employing a polyethylene skin simulant. Since that
time, refinements have been made in the skin simulant and in the techniques employed in evalua-
ting the protection afforded by uniforms. The improved skin simulant has the thermal properties
of an average human skin and closely resembles human skin in optical characteristics (Reference
3). This skin simulant includes a fine-wire thermocouple embedded at a depth of 0.05 em, per-
mitting the use of a maximum-temperature burn criterion with minor qualifications.

The experimental design for the field test included more replication than previous tests, a
greater range of exposure areas was employed, and the radiant exposures were more represent-
ative of situations that would result in burns for the particular uniform assemblies employed.
The situations were documented in the laboratory as to temperature histories, burns to rat skin,
influence of area of exposure, relative humidity, and air flow.

The primary objective of the skin-simulant study in the field will have been achieved if the
temperatures measured for the actual thermal radiation pulse from the nuclear device can be
shown to be the same as the temperatures for exposures to the simulated device in the labora-
tory, either by direct comparison or by computation of both from heat-flow theory. The temper-
ature histories for systems involving semi-infinite and finite media in contact with semi-infinite
opagque and diathermous media have been derived for constant-irradiance puises. The tempera-
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ture histories for more complex radiant-energy pulses, such as those of nuclear weapons, may
be computed by synthesizing the pulse with a series of constant-irradiance pulses. For the skin
simulant, correspondence of the temperature maxima for the laboratory and field pulses should
be an adequate criterion of validation, since the depth at which the thermocouple is placed in the
simulant was chosen so that, on the basis of heat-flow theory, the maximum temperature rise of
the medium would be the burn criterion (Reference 5).

1.2.2 Comparison of Skin-Simulant Response and Burns to Pigs. The improved NML skin
simulant, molded from siiica-powder-filled urea formaldehyde, has the thermocouple embedded
at a depth of 0.05 ¢m in order to give burn predictions based on maximum temperature attainment.
The basic criterion is a rise of 25 C or more for a second-degree burn to human skin or for a
2+ mild burn to pig skin, This criterion is based on the assumption of (1) the equivalence of a
minimal white burn on the rat skin {or a 2+ mild burn in pig skin) to a second-degree burn in
human skin, (2) an initial skin temperature of 31 C, and (3) correspondence of the thermal pro-
perties of pig, rat, and human skin. The accuracy of such a burn prediction in terms of indicent
radiant exposure is estimated to be + 10 percent. A skin-simulant temperature rise of 20 C or
greater 18 estimated to correspond to a first-degree human burn or a 1+ moderate pig skin burn,
and a rise of 35 C is estimated for a third-degree human burn or a 3+ mild pig burn. The latter
estimations, probably accurate to + 20 percent, are based on pig-burn data obtained at the Uni-
versity of Rochester (Reference 8). The best estimate as to the influence of initial skin tempera-
ture was used to correct the burn-severity criteria (Reference 7). Thus, for every degree
centigrade over or under a pig skin temperature of 31 C, a correction of 0.8 C was applied to the
25 C criteria for 2+ mild burns.

12
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Chapter 2
PROCEDURE

2.1 OPERATIONS

For its skin-simulant study, Project 8,2 participated in four shots: Lassen, Wilson, Priscilla,
and Hood. For Shot Priscilla two major recording stations were instrumented at distances of
7,500 and 12,150 feet from ground zero. For Shot Hood, one station was instrumented at a dis-
tance of 10,500 feet from ground zero. In view of the requirement for NML to make basic thermal
measurements during Shots Lassen and Wilson, minor stations were instrumented at a distance
of 3,930 feet for both, providing actual experimental data for devices of relatively low yields.

The data obtained, the temperature histories of the simulant, were recorded on oscillographic
equipment. The recording equipment at the major stations was installed in shelters below ground
in order to minimize the effects of blast and prompt and residual gamma radiation, Protective
covers were removed from exposure assemblies prior to the detonation. The various assembliea
and recording equipment were recovered as soon after the detonation as practicable.

Project 8.1 coordinated the placement and the recovery of the pigs employed in the study of
correlating the skin simulant response with macroscopic burn damage to pig skin.

2.2 INSTRUMENTATION

2.2,1 Skin-Simulant Study. The two major stations for Shot Priscilla were instrumented with
twenty simulant unite at each station. The thermocouples embedded in the skin simulants were
connected to Helland oscillographs, which recorded the thermal emf similar to those studied in
the laboratory. To minimize the effects of popcorning (Reference 8), and of reflection of radia-
tion from the desert floor (Reference 8), the asgsemblies were mounted at a height of 7 feet above
the ground on panels secured to the station structures.

Six basically different uniform-simulant configurations were evaluated: the NML simulant,
uncovered, with and without a layer of blackening; the Army’s Hot-Wet uniform assembly (8-o0z/yd*
poplin, shade 118, over 4-oz/yd’ white sheeting), both in form contact with the simulant and
spaced 5 mm from the simulant; and & dark-gray, 9-0z/yd? cotton sateen over a 4-0z/yd® white
sheeting, both in firm contact with the NML simulant and spaced § mm from the simulant.

The spectral absorptances of the simulant and the two outer fabrics were measured and are
shown in Figure 2.1, The radiant absorptances were computed for the carbon-arc spectrum and
are given (n Table 2.1, From Figure 2.1 {t may be seen that the skin simulant and the poplin are
inversely selective to short wave length or visible radiation and longer infrared radiation. There-
fore, significant differences in the spectra of the laboratory source and the field thermal pulse
should result in appreciable differences in the temperature rigse of the backing. If the carbon-arc
laboratory source was deficient in visible radiation, the temperatures obtained in the laboratory
under the poplin would be lower than those from the nuclear device and those for the uncovered
simulant would be higher in the laboratory than in the field. Deficiencies in the infrared regions
would cause inverse effects. The blackened simulant and the gray sateen were essentially neutral;
consequently, differences in the spectraof the two sources should not have affected the tempera-
ture rise of the uncovered blackened skin simulant and that of the normal simulant behind the gray
sateen.

The NML skin simulant was a 3.8-cm-diameter disk, 1.0 cm high, as shown i{n Figure 2.2.

The skin simulant is also shown in Figure 2.2 in a 10-cm-~dlameter semicylindrical mount. Firm
contact between cloth and skin simulant was achieved by means of springs, which held the fabric

13
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Figure 2.1 S8pectral absurptances of NML skin simulant and standard fabrics.

Figure 2.2 Naval Material Laboratory skin simulant unmounted and mounted.
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in tension against the curved surface of the simulant, as illusirated in Figure 2.3, For exposure
areas larger than 3.5 cm in diameter, the skin simulant was mounted in a 10-cm-diameter poly-
ethylene semicylinder 8 cm wide. Since polyethylene has thermal properties sufficiently like
those of the skin simulant, cloth reactions under irradiation and the temperatures of the thermo-
couple in the simulant, for the exposure times and cloth thicknesses employed, should be the
same as those for a backing entirely of the simulant material.

A lucite plate was employed to effect positive spacing for small-area and large-area exposures,
as illustrated in Figure 2.4. The outer cloth was held with sufficient tension to pull the fabric apart
when it lost its strength. Thin aluminum plates with holes of the appropriate diameter were fas-
tened to the outer fabric to serve as apertures. These apertures were used to simulate sources
having various irradiating areas. Several apertures are shown in Figure 2.5, which shows sev-
eral specimens in place on a panel. Shields were employed to restrict the admission of thermal
radiation to only the desired portions of the specimens,

Each of the six basic specimen configurations was repeated at least once, and some situations
were repeated four times at each station for Shot Priscilla, employing apertures of 0.9, 1,7, 3.5,

TABLE 2.1 RADIANT ABSORPTANCES OF SKIN
SIMULANT AND STANDARD FABRICS

Specimen Radiant Absorptance
Skin simulant, bare 0.72
Skin simulant, blackencd 0.95
Poplin, Shade 118, 5-o0z/yd? 0.63
Sateen, gray, 9-oz/yd® 091

and 7.5 cm in diameter. The use of two stations for Shot Priscilla easentially duplicated the ex-
posures at a second radiant-exposure level.

For Shot Hood the specimen configurations were similar to those for Shot Priscilla, except
‘that all specimens were mounted at the one radiant-exposure level, attenuating screens being
employed to obtain lower radiant exposures.

In Shots Lassen and Wilson, the following four exposure configurations were evaluated: (1) un-
covered skin simulant, 3.5 cm aperture; (2) uncovered, blackened skin simulant, 3.5 cm aperture;
(3) skin simulant in contact with Hot-Wet uniform, 1.7 cm aperture; (4) skin simulant in contact
with dark-gray cotton sateen, white sheeting combination, 1.7 cm aperture.

At the designed radiant exposure of 15 cal/cm? the exposure configurations, in which the uni-
form assemblies were to be spaced from the skin simulant, should have involved ignition and
required more precise control of the fabric’s moisture content. These exposure assemblies at
this station, therefore, were kept at a minimum moisture content by eaclosure of the assemblies
in a desiccated chamber. The window material was a thin film of plastic, polyvinylidene chloride
(Saran), 0.0005 cm thick with an optical transmission factor of 0.90. The edges of the thin win-
dow were blackened in order that the initial phases of the thermal pulse would remove the window.

Motion-picture cameras operating at 64 frames/sec were employed at the two major record-
ing stations during Shot Priscilla. The cameras were placed in front of the specimen racks to
document the presence of smoke, flame, local dust or smoke obsgcuration, and other factors.

In the laboratory, the six configurations employed in the uniform evaluation study (see second
paragraph of this section) were exposed to the carbon-arc thermal-radiation sources, whose ir-
radlance duplicated the nuclear-device thermal pulses. A time to maximum, t,,, of 0.2 second,
corresponding to a 40-kt device, was employed with radiant exposures ranging from 4 to 17
cal/cm’ in terms of equivalent field radiant exposures, Q. Because the exposure was terminated
at 9t.;, the laboratory pulse delivered a radiant exposure of two times the product of the maxi-
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Figure 2.3 Method of mounting fabric assembly in contact with the NML skin simulant,
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Figure 2.4 Method of mounting fabric assembly spaced away from the NML skin simulant.
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mum irradiance, H;,, and t. The appropriate correction was applied to obtain Qg, the equiva-
lent field radiant exposure, which was given by:

Qf = 2.57 Hm tm

Exposures have been made to the carbon-arc sources without an aperture and with apertures
of 0.9 and 1.7 cm in diameter to determine the influence of area of irradiation on the temperature

Figure 2.5 Typical skin-simulant exposure panel,
AFSWP Photo No, 30-85-PLK151-4,

rise of the skin simulant for the six different configurations. The distribution of irradiance in
the exposure plane of the carbon-arc source is approximately Gaussian, the irradiance dropping
to 80 percent of the irradiance maximum at a radial distance of approximately 0.8 cm,

To extend the study of exposure area to larger areas, a tungsten source employing a bank of
tubular lamps was utilized. The area of irradiation was essentially uniform over an area 8 cm
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in diameter. .Since the irradiance was limited to a maximum of 6 cal/cm?-sec and a variable
shutter mechanism was not readily available, constant-irradiance exposures were employed.

2.2.2 Comparison of Skin-Simulant Response and Burns to Pigs, The fabric-animal exposure
configurations duplicated three of those employed with the skin simulant, The 5-0z/yd? poplin
was placed over the 4-0z/yd? bleached siieeting against the shaved pig; tension was applied to the
cloth to provide firm thermal contact. The same cloth assembly was exposed with a 5-mm spa-

1000 |00 |10
1000 000 |ioe06

Station-12,150 Feet
C- Poplinand Sheeting in Contoct

S-Poplin and Sheeting Spaced Smm
B-Bare Pig Skin

Figure 2.6 Schematic diagram of clothed pigs showing areas of controlled exposure.

cing between the cloth and the animal’s skin., Apertures of 3.5 cm in 0.010-inch aluminum-faced
cloth were employed. The spacing was obtained by placing a heavy fabric under the uniform
assembly, with a hole cut to match the aperture over the uniform assembly. Portions of the
sides of each pig exposed were left uncovered as control areas.

A diagram showing the positions of the various fabric assemblies on a pig is presented in
Figure 2.6. .

After exposure during the detonation, the pigs were inspected at H + 2 and H + 24 hours to
determine the nature and extent of the thermal injury under each of the exposed areas. The ex-
istence of burns, if present, was noted and the burns were graded as to severity. The data thus
obtained were compared with the predictions from the response of the skin simulant.

2.3 DATA REQUIREMENTS

2.3.1 Skin-Simulant Study. The data required for the validation of laboratory methods of
evaluating the protection afforded by uniforms were the maximum temperature rises produced
in the skin simulants by the thermal radiation pulse of the nuclear detonation and the radiant ex-
posures and irradiance history at the particular station.

The data were recorded in the form of 48 traces on four separate photographic oscillographic
records. The skin-simulants’ temperature histories were derived from the deflections of the
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recorder traces by the use of the thermocouple constant (27 C/mv) and the sensitivity (mv/mm)

as determined for the actual circuit employed at the respective stations. The maximym temper-

ature rises thus obtained were compared directly with those predicted from laboratory exposures.

Skin-simulant temperatures were measured in the laboratory for the range of radiant exposures
. expected in the field test, and the predicted values were adjusted for deviations from the antici-
pated radiant exposures. Any diiferences in the actual temperatures from the predicted values
were studied to determine inadequacies in the laboratory evaluation methods. The influences of
a sufficlent number of parameters were evaluated in the field to permit drawing conclusions as
to those aspects in which the laboratory exposures failed to duplicate the exposures to a nuclear
detonation (whether the inadequacy may be attributed to differences in the spectra of the two
sources, in their areas of irradiation, in their pulse shapes, etc.).

A record of temperature, relative humidity, pressure, and wind direction and velocity in the
immediate region of the Project 8.2 stations was required. Such data permitted an evaluation of
the validity of the field-test results. The presence or absence of dew on the windows of thermal-
radiation meters and on materials, excessive air flow acrosgs the specimen, and other effects of
the environment, if present, could account for significant differences between laboratory and
field data, Therefore, the indicated meteorological data were required in order to evaluate these
effects.

2.3.2 Comparison of S8kin-Simulant Response and Burns to Pigs. The data required for com-
paring the temperature response of the skin simulant with the burn response of the pigs were the
actual burn severities noted for each of the fabric-animal configurations at the two stations and
the maximum temperature rise of the skin simulant for the corresponding fabric-simulant ex-
posure condition, The same climatological data requested in the skin-simulant study were nec~
essary in this study for proper evaluation of the results.
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Chapter 3
RESULTS

3.1 LABORATORY DATA

Two experiments which were immediately applicable to the analysis of the field results were
conducted in the laboratory. In one experiment, the various fabric-skin-simulant configurations
were exposed to the carbon~-arc source whose output simulated the thermal flux emitted by a
nuclear detonation. The temperature rise of the skin simulant for each configuration is given
in Figure 3.1 as a function of the equivalent field radiant exposure for a 40 kt device. The tem-
perature rise of the skin simulant for these configurations is given in Figure 3.2 as a function of
simulated-device yield.

The temperature rise of the skin simulant for the various configurations when exposed to the
side-area tungsten source i8 given in Table 3.1 as a function of the area of exposure. The expo-
sure durations were selected to give a maximum temperature rise equal to that obtained for a
radiant exposure of 5 cal/cm? for a pulse with a simulated yield of 40 kt. Because of spectral
differences hetween sources, the exposures were longer for the poplin than for the gray sateen.
To simulate exposures at the 15-cal/cm?® station, the exposures were made three times as long
as thosc for 5 cal/cm® At the lower radiant exposure, it will be noted that for the fabrics In
contact the differences between the 0.9-cm and the 7.5-cm exposures are more than 10 percent;
for the spaced configuration the differences are large; however, the temperature rises are low,
and these differences have no practical significance. For the exposures equivalent to a field
radiant exposure of 15 cal/cmz, high temperatures were experienced for all areas of contact;
however, for the spaced situating the amount of cloth burned in the smaller aperture was usually
insufficient to cause temperatures normally associated with flaming cloth of appreciable size.
Temperature maxima when the cloth was ignited and either glowed or flamed varied between
rather wide limits hut were usually greater than those associated with the 2+ burn level.

3.2 SHOT LASSEN

Because of the device’s extremely low yield, the temperature rises of the skin simulant for
all exposure configurations evaluated were negligible during Shot Lassen.

3.3 SHOT WILSON

The temperature-rise maxima measured are given in Table 3.2 for the four specimens exposed
to Shot Wilson. The radiant exposure as measured at the station was 17.5 cal/cm?® with a tp, of
0.11 second. The laboratory values were extrapolated from exposures longer than 0.2 second
t,+ The temperature of the uncovered simulant was 17 percent less than predicted, and the
blackened skin simulant was 31 percent less. Temperature rises in excess of 60 C are seldom
employed in laboratory work, since they are much in excess of the burn levels of interest. The
face of the blackened simulant was charred. Temperatures as high as 120 C have been exceeded
in the laboratory for longer pulses without charring to the extent noted. The field exposure to
the short pulse with a ty, of 0.1 second of 17.5 cal/cm? evidently produced the steep temperature
gradient predicted by heat-flow theory for opaque substances. The clothed-simulant temperatures
were high and characteristic of a flaming or glowing outer cloth, an effect which was to be ex~
pected at this radiant exposure.
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3.4 SHOT PRISCILLA

3.4.1 Skin-Simulant Study. The maximum skin-simulant temperatures are given in Table {
3.3 for the 7,50()-foot station and in Table 3.4 for the 12,150-foot station for Shot Priscilla. One
oscillograph failed to run and the data are incomplete for this reason. The laboratory values
have been derived for radiant exposures of 6.5 and 15.0 cal/cm? and from the data of Figures

TABLE 3.1 TEMPERATURE RISE OF CLOTHED SKIN SIMULANTS AS A FUNCTION OF AREA

OF EXPOSURE FOR A 3,000 DEGREE KELVIN TUNGSTEN SOURCE B

Specimon, é:‘ acg:::e Temperature Rise
Skin Simulant t o+ P - for Aperture Diameter

Coverin; 5w Square Field 0.9cm 1.7 3.5 7.5

g Wave Equivalent ’ em -0 em »o em
sec cal/em?®  cal/cm? c c c c

Poplin and 0.91 8.5 5 16 18 19 19
sheeting in
contact 2.7 18.5 15 30 to 60 30 to 60 30 to 80 36 to 80
Gray sateen 0.70 4.3 5 117 19 19 22
and sheeting
in contact 2.1 12.8 15 30 to 60 30 to 60 30 to 60 30 to 60
Poplin and 0.91 5.5 5 2 3 5 5
sheeting
spaced 5 mm 2.7 16.5 15 10 12 30 to 680 30 to 60
Gray sateen 0.7 4.3 5 2 3 5 5
and sheeiing
gpaced 5 nim 2.1 12.8 15 20 28 30 tv 60 30 to 6V

* tsw, duration of square wave pulse.

3.1, 3.2, and Table 3.1. For the specimens which were expected to flame, a range of tempera-
ture rises is indicated, the predicted temperatures being in excess of those corresponding to
the important burn level for the larger apertures.

The influence of blast, such as causing the removal of a burning or glowing cloth, is to be
discounted as reflecting on the adequacy of laboratory methods in this investigation. During

TABLE 3.2 MAXIMUM TEMPERATURE RISE OF SKIN SIMULANT AT
3,930-FOQT STATION, SHOT WILSON

Laboratory values are for 17.5 cal/em? and a ty;, of 0.11 second.

Specimen, Aperture Maximum
Specimen Skin Stmulant P Temperature Rise Difference
. Diameter -
Covering Laboratory Field
cm C C percent
1 Uncovered 3.5 114 95 ~117
2 Uncovered, blackened 3.5 168 116 -31
3 Poplin and sheeting 1.7 30 to 80 51 —
in contact

4 Gray sateen and 1.7 30 to 60 38 —

sheeting in contact

Operation Upshot-Knothole, blast in most cases only served to reduce the temperatures which
had already exceeded the temperatures associated with burns by blast time.

The temperatures of the simulants in firm contact with the cloths at the 7,500-~foot station
were as high or higher than those predicted for the flaming cloth. Behind the ignited spaced
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TABLE 3.3 MAXIMUM TEMPERATURE RISE OF SKIN SIMULANTS AT
7,500-FOOT STATION, SHOT PRISCILLA

Laboratory values are for 15.0 cal/cm? and a tp, of 0.20 second.

Specimen, Aperture Maximum
Specimen Skin Simulant p Temperature Rise Difference
Diameter n
Covering Laboratory Field
cm C C percent
. 1 Uncovercd 0.9 100 93 -1
2 3.5 100 94 -6
3 Blackening 3.5 140 115 -18
4 Poplin and 0.9 30 to 60 53 —_
5 sheeting in 7.5 30 to 60 71 —
contact

6 Gray sateen 0.9 30 to 60 71 _—
7 and sheeting 0.9 30 to 60 46 —_
8 in contact 1.5 30 to 60 47 —
9 Poplin and 0.9 10* 16 —
10 sheeting 1.7 12 19 —
11 spaced o min 3.5 30 to 60 25 _
12 7.5 30 to 60 30 —
13 Gray satcen 0.9 20* 14 —
14 and shecting 1.7 28 20 —_
15 spaced 5 mm 3.5 30 to 60 22 —_
16 7.5 30 to 60 22 —

* Lab temperature rise maanng are eritically dependent on completion ot
combustion. Differences in ignition and not maximum temperature rise are
significant in these situations.

TABLE 3.4 MAXIMUM TEMPERATURE RISE OF SKIN SIMULANTS
AT 12,150-FOOT STATION, SHOT PRISCILLA

Laboratory values are for 6.5 cal/em?® and a t; of 0.20 second.

Specimen, Aperture Maximum
. Specimen Skin Simulant Dli)ameter Temperature Riase Difference
Covering Laboratory  Field
cm C C percent

1 Uncovered 0.9 42 * —

2 3.5 42 * —_

3 Blackening 0.9 59 50 -15

4 3.5 59 * -

5 Poplin and 0.9 21 hd _

6 sheeting 1.7 24 26 +8

7 in contact 3.5 24 25 +4

8 1.5 24 * —_

9 Gray sateen 0.9 22 25 +14

10 and sheeting 1.7 24 26 +8

11 in contact 3.5 24 24 0

12 7.5 24 hd —_

13 Poplin and 0.9 2 * —

. 14 sheeting 1.5 4 * —

spaced 3 mm
15 Sateen and 0.9 2 * _

sheeting 1.5 )
spaced 5 mm

* Temperatures were not recorded.
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cloths, the temperatures, while indicating skin burns, were not as high as those predicted from
laboratory exposures. The temperature histories peaked at 5 to 7 seconds and indicated that
the blast blew out the flame. When flaming is not interfered with, the high erratic temperatures
are maintained as long as 30 seconds. The temperatures predicted by laboratory methods for
Shot Priscilla were too high by about 10 percent for the bare-and-blackened simulant and too low
by 7 percent for the cloth-covered simulants,

The air temperature during Shot Priscilla was 17.5 C and the relative humidity 29 percent;
the air was calm. The correlation of the effects of thermal radiation to those obtained under
normal laboratory conditions would not have been affected by this environment.

3.4.2 Comparison of Skin-Simulant Response and Burns to Pigs. Table 3.5 lists the burns
predicted from the temperatures measured in the skin simulants and the burns observed on the

TABLE 3.5 MAXIMUM TEMPERATURE RISE OF SKIN SIMULANT AND RESPONSE OF PIGS AT
THE 7,600-FOOT AND 12,150-FOOT STATIONS, SHOT PRISCILLA

Skin Simulant

Specimen Radiant Burn Temperature Predicted Insl‘:::l
Pig Covering  Pig No. Exposure Assessment Rise Maximum Burn
Temperature
Severity
cal/cm? c c
Bare 1 8.5 1+ mild — —_ —
2 1+ mild 36
3 No burn 31
1 15 3+ 93 In excess
2 2+ of 3+ —_—
3 3+
Paplin and 1 6.5 1+ severe 25 2+ mild —
sheeting 2 No burn 2+ mild 38
in contact 3 1+ mild 36
1 15 3+ 60 In ¢xcess —_
2 1+ mild of 3+ -
3 2+ —_
Poplin and 1 8.5 1+ mild —_ — -
sheeting 2 No burn —_
spaced 5 mm 3 1+ mild to —
no burn
1 15 3+ 27 In excess —
2 No burn of 2+ —
3 No burn

three pigs at the 7,500-foot station and the three pigs at the 12,150-foot station. The results of
the measurements of initial skin temperature are also listed for the two animals it was possible
to instrument., Unfortunately, the field data for the uncovered simulant and for the spaced uni-
form were not obtained at the lower radiant exposure when the one oscillograph did not function.
Laboratory measurements have indicated that the temperature rise of 42 C expected for the un-
covered simulant would have caused a prediction of a burn much more severe than was actually
observed. For the poplin and sheeting spaced, a low simulant temperature would be indicated
from laboratory measurements, and a no-burn observation would have been predicted.

While every effort was made to shave the pig skin thoroughly, and almost no stubble remained,
the cloth-to-skin attitude was not ideal. The pig-burn results for 15 cal/cm? and for cloth con-
tact probably reflect inadequate control of contact. The thermal contact was probably less than
that possible with the curved simulant, which had a smooth, hard surface and provision for posi-
tive cloth tension.

The skin-simulant temperatures on Shot Priscilla afforded adequate predictions of the pig
skin burns in three of the four situations where a comparison was possible and would certainly
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TABLE 3.6 MAXIMUM TEMPERATURE RISE OF SKIN SIMULANT AT
10,500-FOOT STATION, SHOT HOOD

Laboratory values are for 16.3 cal/om® and a tm of 0,27 second.

. Specimen, Apertur Maximum
Specimen Skin Simulant Df:meteer _Temperature Rise Difference
Covering Laboratory  Field
cm C [¢] percent
. 1 Uncovered 0.9 105 81 ~23
2 3.5 105 15 -28
3 Blackening 0.9 142 113 -20
4 3.5 142 114 ~20
5 Poplin and 0.9 30 10 80 47 —
6 sheeting 7.5 30 to 80 n _—
in contact

K Gray sateen 0.9 30 to 60 46

8 and sheeting 1.5 30 to 60 53 —_
in contact

9 Poplin and 0.9 10* 5 —_
10 sheeting 1.7 12 18 -
11 gpaced § mm 1.7 i2 17 —_
12 1.7 12 25 -
13 3.5 30 to 80 217 —_
14 7.5 30 to 60 34 —
16 Gray sateen 0.9 20°* 14 —
16 and sheeting 1.7 28 20 —
17 spaced 5 mm 1.7 28 22 —
18 3.5 30 to 80 30 —_
19 7.5 a0 to 0 33 —_

* Lab temperature rigses are critically dependent on amount of cloth actually
burned. bitferences in ignition are important here rather than temperature rises.

. TABLE 3.7 MAXIMUM TEMPERATURE RISE OF SKIN SIMULANT AT THE
10,500-FOOT STATION, SCREENED EXPOSURES, SHOT HOOD

Laboratory values are for 4.0 cal/cm?® and a tp, of 0.27 second.

Specimen, Aperture Maximum
Specimen Skin Simulant D?nmeter Temperature Rise Difference
Covering Laboratory  Field
cm C Cc percent
1 Uncovered 0.9 26.3 25.2 ~4
2 3.5 26.3 25.8 -2
3 Blackening 0.9 35.3 40 -13
4 3.5 35.3 40 -13
5 Poplin and 0.9 14 16 +14
6 sheeting 1.7 15 21 +40
7 in contact 1.7 15 17 +13
8 1.7 15 21 +40
9 3.5 15 22 +46
10 1.5 16 23 +53
11 Gray sateen 0.9 14 19 +36
12 and sheeting 1.7 15.5 21 +39
13 in contact 1.7 15.5 22 +42
14 3.5 15.5 20 +32
15 7.5 15.5 24 + 65
‘ . 16 Poplin and 0.9 2 3 —_—
17 gheeting 7.5 4 4 —_
spaced 5 mm
, 18 Gray sateen 0.9 2 1.5 —
19 and sheeting 1.5 5 5 —_

spaced 5 mm
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have permitted prediction of the no-burn observation under the spaced assembly at the 12,150~
foot station. Simulant temperature did not predict the no-burn observation under assembly in
contact at the 12,150-foot station. The possible lack of positive contact of cloth to pig skin and
the contribution of the postulated correction to the burn-temperature criterion might account for
the lapse. The possibility was anticipated that different burn severities for pigs similarly ex-
posed could occur as a result of different initial skin temperatures. Skin-temperature differences
measured on previous nights, as well as on shot night, showed a variation from pig to pig. The
pig which had lower skin temperature would be expected to sustain less severe burns. The vari-
ability in burns could have been at least partially caused by different initial skin temperatures.

3.5 SHOT HOOD

The maximum temperatures of the skin simulants at the 10,500-foot station for Shot Hood are
given in Tables 3.6 and 3.7. The laboratory temperatures quoted are those for 16.3 cal/cm? as
derived from Figures 3.1 and 3.2 and Table 3.1. Table 3.8 lists the values for the simulant ex-
posed under the screen having a transmission of 0.25. The labcratory temperatures listed for
this case are for 4.0 cal/cm?,

The temperatures for the bare-and-blackened simulants were lower than predicted for both the
screened and unscreened exposures. For the cloths in contact the temperalures were as pre-
dicted for the unscreened exposures but were considerably higher than expected under the screens.
Where the cloths had been spaced the temperatures were as predicted, although modified by the
blast so that the excessive erratic temperatures associated with flaming did not occur.

26

CONFIDENTIAL




Chapter 4
DISCUSSION

1.1 DATA RELIABILITY

The laboratory experimental error of the maximum skin-simulant temperatures is within 10
percent of the values given in Figure 3.2. Any individual determination of radiant exposure, ir-
radiance or temperature is subject to a maximum error of 5 percent considering the combined
calibration and reading errors.

4.2 CORRELATION WITH LABORATORY DATA

A summary of the analysis of the skin-simulant data is given in Table 4,1, The laboratory
methods accurately predicted ignition and t’' 2 consequent high temperatures in ail cases, although

TABLE 4.1 SUMMARY OF FIELD AND LABORATORY DATA
CORRELATION

Numerical values are {n percent except values of ty, and Q;
negative values indicate that laboratory data was too high
while positive values indicate laboratory data was too low.
The affirmatives show that laboratory methods accurately
predicied ignition on high temperatures; (B) indicates blast

efferts.

Shot Wilson Priscilla Huod
tm, sec 0.1 0.2 0.2 0.27 0.27
Q, cal/em? 1.5 15.0 6.5 16.3 4.0
Bare -17 -4 — —26 -3
Blackened -31 -15 ~15 -20 —-13
Poplin Yes Yes +6 Yes + 38
contact
Sateen Yes Yes v 4 Yes +42
contact
Poplin — Yes(B) —_ Yes(B) Yes
spaced
Sateen - Yes(B) — Yes(B) Yes
spaced

in the spaced cloths the blast prevented the attainment of the high temperatures. Laboratory pre-
dictions were too high for the uncovered and blackened simulant temperatures. Laboratory pre-
dictions were too low for the cloth-covered simulants in contact.

The temperatures cf the uncovered and blackened simulants and of the cloth-covered simulants
were not predicted as closely as was expected near the important burn ievel. The discrepancies
were expected to be less than 10 percent with the careful calorimetry and instrumentation em-
ployed. A possible explanation for the apparent discrepancies stems from the differences in
speed with which the heat is transferred into the system and the effect of energy in the later
phases of the pulse. Examination of the temperature histories has shown that the uncovered and
blackened simulants’ temperature maxima occurred at about 1.5 seconds and would probably not
be affected by energy arriving after about 1 second or about 4 or 5 t,;;. A partial explanation of
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ses of the pulse used in the laboratory, The temperatures for the cloth-covered simulants in
contact peaked at about 5 seconds or 20 tm and the absence of the energy in the laboratory pulge
after 10 tym may have led to the low predictions.

The predictions of lower temperatures of the cloth-covered simulaats behind the 0.9. and 1.7~
cm diameter apertures were borne out by the experiment. The adequacy of laboratory methods
to determine area effects was demonstrated., The temperatures for the 0.9-cm and 1,7-cm ap-
ertures, when the cloth flamed or glowed, should probably be interpreteq ag a burn indication
even though not excessive when whole uniform protection is considered, as pointed up in the lab-
oratory results. The use of the laboratory large-area tungaten source was shown to be adequate
to determine area effects within the range of apertures and effects under study. The effects of
blast should always be considered when uniform-protection predictions are made from laboratory
results; the effects of blast are usually to remove flaming fabrics, reducing burn geverities over
what would probably be predicted in the laboratory,

There were no systematic differences between results of the uncovered and the blackened
simulants, on one hand, and between the simulants under the neutral sateen and under the selec~
tive poplin on the other. Therefore, it is believed that the laboratory sources were correct as
to spectrum,
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Chapter 5
CONCLUSIONS and RECOMMENDATIONS

5.1 CONCLUSIONS

The correlation of skin-simulant temperatures for the six configurations showed that the lab-
oratory methods employing the carbon-arc thermal radiation source and simulated nuclear-
weapon pulses were adequate to within 20 percent. The time variation of the irradiance appeared
fully adequate and with a more careful consideration of the effect of the later part of the pulse,
the remaining laboratory-to-field discrepancy would possibly be reduced.

Since there were no systematic differences between the spectrally selective uncovered simu-
lants anc. the poplin-covered simulant, and the neutral blackened simulant and the simulant be-
hind the gray sateen, the spectrum of the laboratory carben-are thermal source may be cunsid-
ered adequate.

The lower temperatures for the 0.9-cm diameter apertures for cloth contact and also for the
0.9- and 1.7-cm diameter apertures when the cloth was spaced demonstrated the need for careful
evaluatlon of laboratory results when employing these exposure areas. The adequacy of labora-~-
tory methods to detect and correct for these discrepancies was shown.

The experimental design as to station locations was successful in that exposures were obtained
below as well as above the important burn thresholds.

The skin-simulant temperatures adequately predicted the burns observed on the animals in all
cases compared; however, the failure of one recorder at the 12,150-font station resulted in a loas
of two items of skin-simulant data which therefore could not be compared.

5.2 RECOMMENDATIONS

It is recommended that in laboratory investigations of the effects of thermal radiation on
materials careful consideration be given to the influence of the later phases of the thermal pulse
and its contribution to the total radiant exposure. The effect of employing areas as small as 1.7
cm in diameter should also be considered and the results should be checked, employing larger
exposure areas,

In the light of the results of this experiment, investigations of the effects of thermal radiation
are best conducted in the laboratory if the conditions are known and can be sufficiently duplicated.
Future f{ieldtests appear justified only if (1)effects are desired for radiant exposures not obtain-
able in the laboratory, (2) large areas of parallel radiation are required, (3) the interaction of
blast and thermal radiation is important and critical, or (4) it is necessary to verify a laboratory
result cf important consequence,
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Part 2 EFFECTS of THERMAL RADIATION
on a STANDARD-REFERENCE MATERIAL

Chapter 6
INTRODUCTION

§.1 OBJECTIVES

The objective of the materials study of Project 8.2 was to determine the adequacy of the lab-
oratory methods employed in studying the effects of intense thermal radiation on materials.
More specifically, the purpose of this investigation was tv delermiue lhe eifect of the differences
in source parameters (irradiation area, time variation of irradiance, and spectrum) in studying
the influence of weapon yield on thermal damage to materials,

6.2 BACKGROUND AND THEORY

Thermal radiation damage to materials has been studied extensively in the laboratory, includ-
ing the critical radiant exposures required to cause typical damage to representative materials
as a function of time of exposure and intensity of irradiation. The purpose of the materials study,
as in the case of the skin-simulant study, was to validate the methods employed in the laboratory
studies,

Thermal damage to materials has been evaluated at several field tests by NML (References
4, 10, 11) and other agencies for the purpose of correlating the findings with those obtained in
the laboratory. These tests have not been conducted under ideal situations; the influence of many
exposure and environmental parameters was not sufficiently controlled at the time of the experi-
ments to permit validation of current laboratory procedures. The earlier laboratory experiments
were conducted employing constant-irradiance pulses and restricted areas of irradiation. While
the correlation experiments indicated that the data drawn from laboratory experiments were sig-
nificant, an accurate quantitative correlation of the two experiments was impossible because of
differences in the size of the irradiated area, moisture content, air supply, spatial orientation,
source spectrum, and pulse shape. Recent innovations have been made in the laboratory sources
to give a pulse in which the temporal variation of irradiance follows that of a normalized field
pulse drawn from the basic thermal radiation measurements made at previous field tests (Refer-
ence 12),

A laboratory study has been underway at NML to determine the relationship between the igni-
tion of kindling fuels and these several controllable parameters which affect thermal radiation
response. The materials study phase of Project 8.2 was designed to correspond to one set of
conditions, which will have been duplicated in the laboratory, permitting correlation of the two
sets of data for the purpose of validating a generalized relationship derived from laboratory
studies, for the thermal radiation response of cellulosic materials as a function of weapon yield
for various source, exposure and environmental parameters.
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Chapter 7
PROCEDURE

7.1 OPERATIONS

For its study of macrescopic thermal damage to representative materials, Project 8.2 partic-
ipated in Shot Priscilla. The materials were exposed at the two major project stations at 7,500
and 12,150 feet. In addition, four minor stations were set at distances of 6,450, 8,400, 9,000 and
10,000 feet from ground zero. The various exposure assemblies were mounted on structures at
each station, such structures having been designed to withstand the blast intensities expected at

these distances. The various assemblies were recovered as soon after the detonation as praeti-
cable,

7.2 INSTRUMENTATION

Alpha-cellulose paper was selected for the study of thermal damage to materials on the basis
that it represented an idealized kindling fuel over whose material parameters optimum control
could be exercised. It was a material of known density and neutral absorptance, was available

in a variety of thicknesses, and was employed in several field and laboratory experiments (Ref-
erences 13 and 14},

Two fabrics, poplin, shade 116, 5 oz/ydz, and sateen, gray, 9 oz/yd? employed in the skin-
simulant study, were integrated into this study.

A single sheet of each paper or fabric was mounted behind a thin aluminum sheet with five
apertures of four sizes as shown in Figure 7.1. One aperture exposed an edge of the paper (or
fabric) to verify the results of a laboratory study of the effect of edge exposures on ignition char-
acteristics. The selection of paper and fabric thicknesses was so made that at least one of the
three materials would be ignited at each station. The specimens were enclosed in a sealed metal
box with a cover of thin polyvinylidene chloride (Saran). The humidity within the box was main-
tained at a low value until exposure time by a desiccant enclosed in the sealed box. The trans-
parent plastic cover was blackened near the bordes of the box so that the Saran border would be
destroyed in the initial phase of the thermal pulse, and the rest of the cover would be removed
by a loaded spring in about G.1 second. The material would then be exposed to the principal part
of the thermal pulse, allowiag lree escape of combustion products. The transmittance of the
Saran was measured to be 0,90 and essentially neutral spectrally.

The entrance apertures which limited the irradiated areas of the target materials were five
circular holes cut in 0.005-inch thick aluminum. The apertures measured 0.9, 1.7, 3.5, and
7.5 cm in diameter. One additional 3.5-cm aperture was used for the study of the effect of edges
on determining the critical radiant exposure for ignition. A single sheet of black alpha-cellulose
paper was mounted on a 1-inch thick plywood backing with holes drilled through concentric with
the entrance apertures but of slightly larger diameter. The larger diameter minimized the in-
fluence of the backing. The 0.005-inch thick aluminum sheet with the entrance apertures was
laid on the paper. One 3.5-cm aperture contained a semicircle of paper with a cleanly cut edge
bisecting the aperture. A flat rigid plate of aluminum, 0.125-inch thick, with holes concentric
with, but sufficiently larger than each aperture to assure adequate air supply, was placed over

this and the entire assembly was fastened together with wood screws. Figure 7.2 shows the com-
ponents of an assembly together with a completed assembly. The spectral absorptances of the
papers were measured in the range between 0,38 and 2.7 microns. The absorptance was independ-
ent of wave length and equal to 0.91. Critical radiant exposures for ignition for each thickness of
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paper were determined, using a carbon-arc source with a pulse shape corresponding to a 40-kt
detonation. The effects of edge geometry on critical thermal exposure for ignition have also been
determined, using the configurations which were exposed in the field. The moisture content of
the papers and air supply were maintained as closely as possible to conditions expected at the
test site.

7.3 DATA REQUIREMENTS

The data required for the study of thermal damage were derived from two sources, the labora-
tory and the field. The thermal degradation and ignition of the alpha-cellulose were determined
when exposed to thermal radiation under laboratory-controlled conditions. The papers were
stored in a desiccator with silica gel and exposed immediately on removal. The exposures were
made with a pulse simulating a 40-kt detonation. The ambient temperatures during exposures
varied between 22 and 27C. Relative humidity varied between 20 and 50 percent. Wind velocity
in the vicinity of the specimens was negligible during exposure and the air supply to the front of
the specimen was not limited. It is expected that these results can be duplicated within + 10 per-
cent.

The field data were in the form of notes obtained from visual inspection of the damage to ma-
terials following exposure to the nuclear device. The disk calorimeters and foil-thermocouple
radiometers at the two recording stations provided the assocliated exposure data consisting of
maximum irradiance, time to maximum irradiance, and total radiant exposure. Two types of
self-recording calorimeters at each minor station served to provide corrections, if necessitated
by iocal conditions such as possible obscuration and atmospheric attenuation. The effects were
compared among themselves and with laboratory results. For complete documentation, a record
of temperature, relative humidity, and wind direction and velocity at the test site was provided
by other activities.
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Chapter 8
RESULTS

8.1 LABORATORY DATA

The critical radiant exposures for charring and ignition of the materials are given in Table
8.1 in terms of field equivalent radiant exposures. Additional pilot work performed using a wide~
area tungsten source and square wave pulses indicated that there were no differences in effect
due to differences in areas of exposure in the range from 0.9-cm to 7.5-cm diameter or to cleanly
cut edges,

8.2 FIELD DATA

Table 8.2 presents the results of examination of the specimens after exposure to Shot Priscilla,
The temperature was 17.5 C, the relative humidity was 29 percent, and the air was calm. It was

TABLE 8.1 EFFECTS ON STANDARD-REFERENCE MATERIALS OF
EXPOSURE TO LABORATORY CARBON-ARC SOQURCE OF
THERMAL RADIATION

Diameter of Critical Radiant Exposure
Material Density Thickness Irradiated Charring Igunition or
Area Afterglow
gms/em? mils om cal/om? cal/om?

Alpha 0.75 2.1 0.9 1.8 3.5
Cellulose 0.75 4.1 0.9 3.0 8.1
paper, 0.75 6.1 0.9 4.1 1.9
black 0.15 8.3 0.9 5.2 9.4

0.75 20.3 0.9 5.6 10

0.76 1.5 0.9 5.7 27

0.55 80.8 0.9 3.9 18
Cotton —_ - 0.9 6.4 12.0
Sateen,
dark gray
9 oz/yd?
Cotton _— _— 0.9 9.2 17
Poplin,
shade 116
5 oz/yd?

difficult to determine thermal effects because the blast removed most of the material from the
cavities., However, by examination of the shreds of material remaining, and comparison with
the remains of similar materials which had been exposed in the laboratory, it was possible to
determine the occurrence of charring and the probability of ignition in each cavity.

Traces of charred material were found in every aperture, which was in keeping with the de-
sign of the experiment. Where the material was removed cleanly to the edge of the aperture
plate, it was deduced that ignition had occurred and had gone to completion, and the resuit was
reported as ignition probable.

Where shreds of material with torn ragged edges remained in the aperture it was deduced
that ignition had not occurred, and the result was reported as ignition improbable.
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TABLE 8.2 EFFECTS OF THERMAL RADIATION ON STANDARD-REFERENCE MATERIALS,
SHOT PRISCILLA
R Diamotor Effect Predicted Laboratory
adiant Material of from Laboratory Observed Effeot Radiant
Exposure Exposure for
Aperture Lata Observed Effeot
cal/em? em cal/cm?
€,450-foot Station:
21 Poplin, shade 0.9 1gnition Charring certain, ¢ 17
118, 5oz/yd 1.5 ignition probable t
3.5 in all apertures
3.5 (edge)
7.5
Alpha-celluloss, 0.9 Ignition Charring certain, * 18
black, density 1.5 ignition improbable §
0.55, thickness 3.5 in all apertures
80.3 mils 3.5 (edge)
7.5
Alpha-cellulose, 0.9 Charring Charring certain, * 5.7t0 27
black, density 1.5 ignition improbable §
0.75, thickness 3.5 in all aperturea
31.5 mils 1.5 (edge)
7.%
7,500-foot Station:
15 Sateen, dark 0.9 Ignition Charring certain, * 12
gray, 8 oz/yd 1.5 ignition probable t
3.5 in all aperiuros
3.5 (edge)
7.5
Poplin, shade 0.9 Charring Charring certain, * 17
116, 5 oz/yd! 1.5 ignition probable t
3.5 in all apertures
3.5 ledge)
1.5
Alpha-celluloss, 0.9 Charring Charring certain, ® 3.9t0 19
black, density 1.5 ignition Improbable ¢
0.55, thickness 3.5
30.3 muls 3.5 (edge)
7.5
8,400-foot Station:
13 Alpha-cellulose, 0.9 Ignition Charring certain, * 5.56t0 10
black, density 1.5 ignition improbable$
0.75, thickness 3.5 in all apertures
20.3 mils 3.5 (edge)
1.5
Sateen, dark 0.9 Ignition Charring certain,* G6ad to 12
gray, 9 oz/yd? 1.5 ignition uncertain
3.5 in all apertures
3.5 (edge)
7.5
Poplin, shade 0.9 Charring Charring certain, * 9.2t0 17
116, 5 oz/yd’ 1.8 ignition improhable t
3. in all aperturos
3.5 (edge)
7.8
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TABLE &.2

CONTINUED

Radiant Diameter Effect Predicted L:lt::lli.::iry
R Material of from Laboratory Obgerved Effect N
Exposure Aperturo Data ¥Exposure for
.. .. Observed Effect
cal:em? cm cal/em?
9,000~ [out Stativn:
10 Alpha-cellulose, 0.9 Ignition Charring certain, * 9.4
black, density 1.5 ignition probable 1
0.75, thickness 3.5 in all aportures
8.3 mils 5 (edge)
7.5
Alpha-cellulose, 0.9 Ignition Charring certain, ¢ 551010
black, density 1.5 (critical) no ignitionY in
0.75, thickness 3.5 all apertures
20.3 mils 3.5 (edge)
1.5
Sateen, dark 0.9 Charring Charring certain,* 8.4 t0 12
gray, 9 oz/yd ignition improbable$
1.5 Charring certain, *
ignition uncertainy
3.5 Charring certain, ®
ignition uncertaint
3.5 (edge) Charring certain, ®
ignition probable t
1.5 Charring certain, *
ignition uncertaint
10,000~foot Station:
8.5 Alpha-cellulose, 0.9 Ignition Charring certain, ® 1.9
black, density 1.5 ignition probable t
0.75, thickness 3.5 in all apertures
6.1 mils 3.5 (edge)
1.5
Aipha~cellulose, 0.9 Charring Charring certain, * 5.2 to 9.4
blazk, density 1.5 ignition improbable
.75, thickness 3.5 in all aperturcs
8.3 mils 3.5 (edge)
1.5
Alpha-cellulose, 0.9 Igmition Charring certain, * 8.1
black, density 1.5 ignition probable t
0.75, thickness 3.5
4.1 mils 3.5 (edge)
7.5
12,150-foot Station:
8.5 Alpha-cellulose, 0.9 Ignition Charring certain, * 6.1
black, density 1.5 ignition probable t
0.75, thicknese 3.5 in all apertures
4.1 mils 3.5 (edge)
1.5
Alpha-cellulosge, 0.9 Charring Charring certain, * 4.1t017.9
black, density 1.5 ignition improbable §
0.75, thickness 3.5 i all apertures
6.1 mils 3.5 (edge)
7.5
Alpha-celluiose, 0.9 Charring Charring certain, * 5.2 10 9.4
black, density 1.5 ignition improbable §
0.75, thickneas 3.5 in all apertures
8.3 mils 3.5 (edge)
7.5

¢ Observation of charring certain based on charred edges or shreds around aperture.

r Observation of 1gnition probable based on material being removed cleanly up to aperture edge with sooty
residue under aperture plate.

1 Observation of ignition improbable based on ragged edges and shreds of material left in aperture.

§ Ohservation of 1gnition uncertain based on occasional unhurned threads protruding from aperture edge.

% Observation of no Igmtion based on large residue of partially charred, unconsumed material.
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In aportures whe. };;.-a\ “otton fabrics had boen mounted aud wnition migat possibly have oc-
curred, the peesen - ;’m' iatarnt threads jutting Into the apertu led to the observation of ignition

uncertaia. .
At the 9,000 0ot & the charved remains of the 20.3 1ad thick alphi--cellulose were left
{ntact in the apertares Wis - ¢ a dofinite conclusion of no ignition was regovied,

Any small difts renc Ai'?-“ Seh migat have 1s10d L. thoviaa, siects due to aperture size were
~bseured by blast ffec g W i'2 R LoleL20s station, a possiy'e difference appeared in the effects
Sudark gray scdeen o £ 00 - and 3,5 (edge) apertures. Ho'mver, the other apertures contained
8o untonsuated thr 4 2d:, ‘. other with traces of 800t, 30 that an estimate that ignition had oc-
curred in this materis wis . odoubt.  Slace no other Specit.ens showed effects varylng with area
no conclusions were d: % Wi fr . the apparent differences i, .his case. The data from the other
five stations indicated g~hat tho-e were no differences In effe .t due to differences in exposure area
or the presence of cle @Wly o ¢ ¢dges. Environmental differmces that may have existed between
the laboratory and fielcY e5bu. - ires made no apparent diffe ~ nce.

Eighteen basic expo . fe §:.ations were used, namely turee materials at each of six staticens.
One situation, the sate g0 <« r-ic 8,400-foot station, yielded no data. Two situations yielded data
in disagreement with t @03t j're d-cted from laboratory resul s, At the 6,450~-foot station, the 30.3-
mil-thick alpha-cellulo.N\§ € va¢ ju:dged not to have ignited L..r an exposure of 21 cal/em?, whereas
the laboratory exposur- /‘(- W .cted ignition at 19 cal/emy’, At the 8,400-foot station, the 20,3-mil-

-

thick alpha-cellulose « é.s rot lyited for an exposure of :3 cal/cm? and the laboratory results
indicated ignition at 1¢ @ cal/2 w1, In fiftern of the eightca situations, the field results were in
agreement with predic @ ico¥ aede from lLitavatory resul.s.

Motion pictures of tY 06 Spec mens mrde o the 7,500-100t and 12,150-foot stations yielded no
further information that W could i€ userd 1o ¢f sirge or mocify judgments made as to ignition,

,-Z-A
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Chapter 9
DI1SCUSSI0N

8.1 DATA RELIABILITY

The laboratory data given for charring and ignition was considered reproducible to within
+ 10 percent.

In spite of the difficulty of observation of thermal effects due to removal of remnants by blast
tihe observation of charring could be made with certainty, as could the deduction of ignition where
soot remained under the edges of the aperture plates. The observations of no ignition, ignition
improbable, or ignition uncertain were more doubtful since ignition may have been terminated by
the blast.

5.2 CORRELATION WITH LABORATORY DATA

No apparent contradictions between laboratory effects and field effects existed except at the
6,450-foot station, and at the 8,400-foot station. The 30.3-mil-thick alpha-cellulose at the 6,450-
foot station was presumed to have not ignited from examination of the residue. Since the labora-
tory exposure for ignition was 19 cal/cm?®and the exposure at the station was 21 cal/cm?, there
was the possibility that ignition had started and had not gone to completion when the blast arrived.
The same possibility existed for the case of the 20.3-cal/cm? alpha-cellulose paper at the 6,450-
foot station. Both these papers were relatively thick and required several seconds for ignition
to go to completion, in which time the tlast could have removed the material from the cavitly.

At the 8,400-foot station, the uncertainty in reading the results on the dark gray sateen precluded
a firm judgment as to the correlation between laboratory and field results at this station.

Comparison of results at the 7,500-foot, 9,000-foot, 10,000-foot, and 12,150-foot stations with
critical values for ignition found in the laboratory indicated that the radiant exposure delivered
in the field would have produced the same results as an equivalent radiant exposure using the
laboratory source. In addition, if the effects produced on the materials by laboratory exposures
were taken as indications of the radiant exposures received bv ri2 materials, then the effects
produced in the field indicated differences from field calvr12 ~ry of between 6 and 22 percent at
these four stations. The difference in ambient coaditions that existed during laboratory exposures
and exposures to Shot Priscilla were small and were further minimized by the precautions taken
in each case to insure immediate exposure of the materials on removal from the controlled at-
mosphere. Therefore, the effect of these possible variables need not be considered in the corre-
lation.
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Chapter 10
CONCLUSIONS and RECOMMENDATIONS

10.1 CONCLUSIONS

The data yielded by examination of the materials exposed to Shot Priscilla indicated that the
laboratory me:hods employed by NML for studying ignition of cellulose materials would yield
qualitative data that was within 25 percent of expected field data. The results indicated that no
special consideration need be given to problems of area of exposure and edge effects for pulses
approximately those of a 40-kt nuclear detonation., The NML carbon-arc source generated a
pulse that was adequate in its time-irradiance and spectral characteristics to reproduce charring
and ignition effects that would be caused by kiloton-range detonations on materials with simple
target geometries,

10.2 RECOMMENDATIONS

The study of the effects of thermal radiation from nuclear detonations on most materials,
especially cellulosic materials, is best carriced out in the laboratory, where experimental con-
ditions are more readily controlled, and where more data may be generated for an identical ef-
fect. Blast etfects in the field, which tend to confuse the interpretation of thermal radiation
effects, can be eliminated only with difficulty. The simpler safeguards required to eliminate
undesirable blast effects can be expected to introduce further complications such as limiting air
supply and to create atypical heat-flow situations. For simple target geometries, which are of
general interest in material studies, laboratory studies arc more likely to lead to adaptable
generalizations over a wider ra. ge of exposure parameters which can be controlled at will.

Thermal radiation problems involving complex target gecometries, structural qualities, high
irradiances such as those encountereri in the vicinity of ground zero, and those involving blast-
thermal interaction effects, are more difficult to haadle in the laboratory because of the small
size and limited output of available laboratcry thermal radiation sources and the difficulties in
producing simultaneously blast, ionizing radiation, and thermal radiation.
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Appendix
BASIC THERMAL MEASUREMENTS

Al BACKGROUND AND THEORY

In erder to draw quantitative conclusions from a
study of thermal effects during a full-scale nuclear-
test operation, it is essential to determine the radiant
exposure and variation of irradiance with time a‘ the
thermal-effect stations. Because of possible obscura-
tien by dust clouds and other local disturbances, meas-
urements of radiant exposure are desirable at the in-
dividual stations. Recording equipment was used in
Operation Plumbbob to make such measurements with
vaiorimeters and radiometers similar to those which
have been used by Naval Material Laboratory (NML)
and the U. 8. Naval Radiological Defense Laboratory
(NRDL) in previous operations. The recording copper-
disk calorimeters consisted essentially of a blackened
copper disk, approximately 1 ¢m in diameter, to which
a thermocouple was attached. The radiant~exposure
value was computed directly from the temperature
history of the button, corrected for the losses occur-
ring during an exposure. The radiometers were thin,
blackened, constantan-fail receivers soldercd vverl o
small hole in a copper-block heat sink. A fine copper
9r 1ron wire, attached to the back of the foil in the
center of the hole in the heat sink, allowed the record-
tng of the temperature of the foil, which was propor-
tional to the irradiance.

Where such equipment was not available, passive
calorimeters were employed, - :ch a8 those which
NML has employed in previous field tests. These
snsiruments were self-recording and did not require
<ustilary power for their operation. Of the passive-
type calorimeters that have been used by NML (meter-
foul indicators, cylindrical-paper indicators and plane-
paper indicators), the metal-foil type was selected as
most suitable for meeting the present requirements.
The metal-foil calorimeters, with slight variations in
design, were used by NML in Operations Greenhouse,
Buster-Jangie, and Upshot-Knothole, to give radiant-
exposure values and, when exposed behind filters, to
give an estimate of the spectral-energy distribution.
The basic unit, shown in Figure A.1, consisted of a
series of foil strips, of several metals and various
thicknesses and absorptances, suspended over an air
background. Upon subjection to a given thermal impulse,
certain of the fcils melted or suffered other levels of
degradation, on the basis of a calibration in the labor-
atory, the thermal degradation of a given foil could he
translated into the receipt of a minimum amount of
thermal fiux at that station.
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In addition to the foil ealorimeters, NML in Plumbbob
cmployed a newly developed, sclf-contained calorimeter.
The design features of this instrument, designated the
thermal-radiant-oxposurce meter (TREM), afforded
greater flexibility and permited fabrication of a series
of units covering a much wider range of radiant expos-
ures than heretofore possible and with a finer resolu-
tion throughout the range. The esscential parts of the
meter were a copper plate of uniform thickness, black-
ened on the face upon which the radiation was incident.
Against the other side was placed, in point contact,

a series of pellets with precise melting temperatures.
These pellets were obtainable over a wide range of
temperatures at intervals of approximately 7 C. As
shown in Figure A.2, this assembly was housed in a
transparent, air-tight, plastic box containing a quartz
window to admit radiation. A reading was taken after
exposure by observation, through the clear container,
as to which was the last in the series of pellets to have
melted at the point of contact with the copper plate
(Figurce A.3). Laboratory calibration of the TREM
indicated that the temperature of the copper plate
could he computed from the physical parameters of
the situation by the use of the measured loss rates.
Details of the design, construction, and calibration

of the TREM are given in a report on the instrumecnt
(Reference 15). The various components of the meter
are shown in Figure A.4.

A.2 INSTRUMENTATION

The primary measurement of radiant exposure
and irradiance for Project 8.2 was provided by three
disk-type calorimeters and a foil radiometer at cach
of the two major Shot Priscilla stations and at the
Shot Hood Station. These devices generated a thermo-
electric voltage under influence of thermal radiation,
and these signals were recorded oscillographically.
The electrical instruments were mounted at a height
of 7 feet. For Shot Priscilla, self-contained metal-
foil calorimeters were mounted at cach of the stations
of Projects 4.1, 8.1, and 8.2. At the stations of Pro-
jects 4.1 and 8.1, the instruments were mounted at
the level of the exposed animal, at the NML stations
of Project 8.2, these metal-foil calorimeters were
placed at the height of the specimens and the record-
ing calorimeters. Two metal-foil instruments were
mounted at each location, one behind a neutral atten-
uating screen to assure a response in a region of
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Figure A.1 Naval Material Laboratory foil calorimeter
with and without attenuating screen.

Figure A.2 Naval Material Laboratory thermal radiant exposure meter.
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optimum reselution.  The indications at the recording urements on ihe copper plates of the TREMS aro also

stations were etployed to cheek the calibration of included.  The radiant exposures listed for tho radiom-

the metal-feil calorimeters. oters represent tho integration of the irradianco history
The copper-plate~pellet thermal-radiant-exposure determined by the {instrument.  Tho irradiances lstod

meters were placed wi cach location where the othor for the calorimeters resultod from a difforentiation of

TABLE A.1 THERMAL RADIATION MEASUREMENTS, SHOT WilSON, 3,965 FEET

Foil Meter Copper Plato

?Nm ;%admm i Radiometer Cnlorh:lwter Follot Elcotrical
rans- Xpusure Q Hin tm Q m tm q Q H 1
myssion m m
cal em! cal‘em!  (eallemd) sec cal/om?  (cal/om?)/  scc cal/om®  cal/om! (cal/om?)/ mco
se¢ BecC 8e0
— 21 17.8 69 0.105 17.8 59 0.114 15 15.4 54 0.114
— 22 17.5 85 0.107 16.6 56 0.110 14 11.2¢ 52 0.106
0.45 15 - - — - — — 18 13.21 56 0.104
045 15 — — — —_ — — 15 — — —
* Uader screen with a 0.14 tranamission.
t Under goreen with 2 0,037 transmdssion.
calorimetric gevices were employed. In addition, the the radiant-exposure histories. It will be noted that
meters were placed at distances of 12,000, 27,000, the values indicated by the copper plates are lower
37,000 and 50,000 feet to document more completely than the other instruments; the reason for this is not
the relationship between radiant exposure and dis- known and is being investigated at the present time.
TABLE A.2 THERMAL RADIATION MEASUREMENTS, SHOT
WILSON, PROJECT 4.1 BTATIONS
Copper Plate Foil
Slant Meter Meter
Distance Scroen Radiant Screen Radiant
Transmission  Exposure Tranamisaion  Exposure
ft cal/cm? cul/cm?
2,590 0.48 29 _ —
0.48 27 — —
2,720 _— 29 —_ 29
—_ k) 0.073 34
2,920 —_ 23 —_— —-~
_ 23 —_ —
3,495 — 20 - 23
—_ 21 0.14 19
tance. At the recording stations, the temperature Since these are recently developed instruments and
histories of the copper plates of several TREMS were were used for the first time in this opcration, the value
measured to provide additional calibrations. of 17.5 cal/cm? for the radiant exposure for this station
was obtained using the data of the standard radiomcters
and calorimeters normally employed in these measure-
A.3 RESULTS ‘ ¥ empioy
menis.

A.3.1 Shot Lassen. No deflections were recorded The average irradiance maximum measured by the
on any of the calorimetric and radiometric equipment. two radiometers was 67 (cal/cm?)/sec which is signif-
The sensitivities of the calorimeters were such that icantly greater than the 58 (cal/em?)/sec average of
the radiant exposure at the distance of 3,930 feet froin the two standard calorimeters. The time to second
ground zero (slant distance of 3,960 feet; was signifi- maximum measured by the radiometers was 106 msec
cantly less than 0.008 cal/cm?. compared to 112 msec for the calorimeters.

The irradiance historics as measured by the radiom-

A.3.2 Shot Wilson. The thermal-radiation meas- cters and calorimeters were analyzed. The average
urements made at the Project 8.2 station are summa- of the histories was essentially that of the generalized
rized in Table A.1. The results of the electrical meas- nulse (8ee Reference 12) as given up to 10 t,. At 15,
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20, 25 and 8¢ ty, the irradiances relative to that at The transmittance of tho various sereens and sercen
the sceond nuximum woere 0,08, 0,025, 0,015 and 0.005 combinations had been detormined by tho use of sun-
respoectively. light and & recciver cell placed at the position of the

The radiant exposures at each of the Project 4.1 foil receivers.  The transmittances wero congidered
stations instrumented during Shot Wilson are given in to be correct to within § poreent.
Tabte A.2. It 1s to be noted that the radiant exposure Upon postshot examination of the threo close-in '
1t 2,390 teet is not appreciably greater than that at stations of Project 4.1, it was noted that the quartz
2,720 teet. The areas in front of all the 4.1 stations windows of the TREMS had been removed and the
were not stabilized;, popeormng of the sand and other instruments were filled with dirt. The front~-window .
shscurating factors caused by blast may have accounted retaimng plate showed evidence of surface melt and
tor the reduction in radiant exposure. missile damage.  The indicating pellets, however,

were intact and were believed to indicate correctly

A.3.3 Shot Prascilla,  The thermal-radiation deter- the energy actually received by the copper receiving

munations it the two recording stations are given in plate.  The readings of these close-in receivers were

TABLE A.3 THERMAL RADIATION MEASUREMENTS, SHOT PRISCILLA, PROJECT 8.2 STATIONS

Foll Meter
Siant Copper Plate Meter Screen Q Radiometer Calor:metor
Distance Pellet Electrical Trans- 3 H 1 g fim 1
< Q Hm ‘m museion " " "
o cal em'  cal em®  (cal'omh)’ sec cal/em’  cal/em?  (eal/em’y/  sec cal/em?  (cal/em’)/  sec
seC aec sec
8,490 24 - - - — — — — — — — —
21 — — - — - — — — — — -—
7,540 18 18.9° 43¢ 0.20 -— 21 12.0 27 0.16 16.3 26.5 0.20
17 13.2 28 0.20 .15 8 - — — 13.8 21.5 0.21
3,440 13 —_ - — - ] — — - - — —
- - — — 0.18 8 - — - - — -
7.9 L —_ _— —_— —_ - — —_ —_ —_ — —_
12 2 — — 8 — — — — — —
- - — — 0.15 6.5 — - — - - —
12,110 4.3 5.5 — - — s 8.7 12.0 0.18 6.4 1 0.20
5.3 — — - 0.48 4.5 - — — - -
4.3 — — — — — — —_— — — — - *
19,020 1.8 — — —_ - - — — —_ —_ - —
1.8 — — — - - —_ - - — — —
21,m0 .99 — — — —_ — — - — - - — .
1.22 - - — —_ —_ —_ — - — — —
31,000 0.49 — — - - - - — — — - —
0.49 — - — — - — — —_ — - -
0.45 — — —_ - - — —_ —_ — - —
0.43 - — — — — —_ — - — - —
¢ Pooe trace quality.
Table A.3, as are the readings of the self-recording lower than those predicted by normal distance rela-
radiant-exposure meters. Table A.4 lists the readings tionships but may possibly he explained it one agsumes
of the thermal-radiani-exposure meters placed at the no thermal radiation after the arrival of the blast
stations of Project 4.1, and Table A.5 lists the radiant- wave due to dust and debris raised by the shock.
exposure measurements obtained for Project 8.1. Because of discrepancies among data obtained at

The descrepancies among the recording instruments the same height, it is difficult to computc a reliable
were disappointing. There was agreement on tp, of difference in radiant exposure between 31/2 feet where
.20 arnong the calorimeters as against the average of the animals of Project 8.1 were placed and the 7 feet
4.17 for the radiometers; the lower value for the radi- where the recording measurements were made and
nmeter being consistent with the Shot Wilson Measure- where the Project 6.2 specimens were placed. How-
ments. The irradiance maxima were in good agree- ever, a definite difference (which was judged to be *
ment except for the one TREM giving an erratc trace. about 10 percent) seemed to exist.

The radiant-exposure readings of the foil meters The irradiance histories of Shot Priscilla were
under the screens were evidently low. Dust in the fine analyzed. The irradiance was higher than that of A
screens employed may have accounted for the discrep- the generalized pulse by 10 to 20 percent from 1.5 to
ancies between the screened and unscreened values. about Y tim=8 ty;,. The irradiance after 10ty sus
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TABRLE A4 THERMAL RADIATION MEASUREMENTS, SHOT PRISCILLA,

PROVECT &1 STATIONS

TeTpper Pl war
Slant Moter Meter Most
e e . RS0 Probable )
Distance Sereen Radiunt Sereen Radiant !
. . - Value -
Transuussicn Exposure Transnussen
Co_ o tansmushicn | Twposure o dransmissien we _ |
a eal emf eal em? eal.em! .
L 055 ae - - su =
— <121 - -
230 0.38 e -— t 78
— <91 — —_ —
3,088 o g 5
.33 o — -
3,993 — - — — —
4,20 — 60 0.095 49 60
—_ - 0.048 41 —_
EREN — 40 — faad 40
4,300 —_ 15 — —_ 45
.30 - —_ - — — R
8,162 —_— 22 - 21 21
—_ - 0.095 12 —_
T3R80 ot 14 —_ — 15
- 17 — — —_—
3,30 — — — — —_—
* Tre windows oOf these instruments were broken and sand was embedded in the
recelving piate
t Ingtruments were destruyed by misales.
TABLE A.5 THERMAL RADIATION MEASURFMFNTS,
SHOT PRISCILLA, PROJECT 8.1
Cupper
Slant Recording Plate Foul Meter
. Screen Rad.ant
L.stince Meter Mcter.
Transmission  Exposurc
Pellcts
ft cal em? cal em? cal,cm?
5,557 — 24 —_ 23
-— — 0.095 16
LR —_ 21 ad n
-_— —_ 9.095 N
t 5 H 13 - 19
1 _— 0.145 10
Voo - 10 - 8
- — 0.145 6.5
1207 5.7 4.9 —_ S
6.4 — .48 4
TABLE A.5 THERMAL RADIATION MEASUREMENTS, SHOT HOOD
Radiometer Calorimeter Copper Plate Mc"'fr
= 7 T g m T Pellet Electrical
m m m m qQ Q Hm ty
ca em! fcal cm?. sec 8ec cal cm?  tcal ‘em?). sec sec cal/cm? cal/em? tcal/cm?)/sec sec
15.8 25 .21 15.6 25 0.27 13.8¢ 13.01 221 0.275 A
— — FL 23 0.27 13.6 11.5 21 0.26
— _— — 145- 24 0.2s 13.9 - -~ —
Leder screen «. LA Sx.n-gimwiants
3.9 3.7 0.27 4.2 6.2 0.27 —_ —_ _ —
— — — 39 0.26 —_ — — —
* Ath excluding tube.
t Carrected [or 0.48 screen transmission.
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stmilar to that for Shot Wilson.

The radiant exposures indicated by the calorimeters
were considered to be the most reliable. At the 7,500
and 12,180-foet stations, employad for the skin-
simulant studics, the radiant exposures were 15 and
6.3 val em?, respectively.

A.84 Shot Heod. The thermal radiation measure-
ments obtained at the station at 10,500 feet in Shot
Hood without and behind the sereens are given in
Table A6, The standard calorimeters indivated a
vadiant exposure at the station of 16.3 cal cm?® with
4.1 cal em? under the sercen.  The screen transmit-
tance, determuned by the ratio of the values with and
without the screen, was .25, To check on the portion
of the thermal radiation reflected from the ground, a
tube was placed on one of the calorimeters.  The tube

wits 5.9 em in diameter and extended 33 om in front
of the 0.9~cm-diameter coppor disk, giving the center
of the button an angle of view of 10 dogroes. Tho
fraction of thormal onergy excluded by the tube was

11 percent.

The low {rradiance indieatod by the radiometer
under the screon was probably causcd by the obscura-
tion of the small sensitive area of the radiometer by
the sereen wire.

The irradiance history for Shot Hood was shown to
have a 5 pereent greater irradiance than the general-
ized curve ovor the region of 1.6 to 1.7 1y, and to have
a 10 percent less irradiance in the region from 6 to
10 ty,,.  The irradiance after 10 ty, was relatively less
than for Shots Wilson and Priscilla; for relative times
of 15, 20, 25 and 30 ty, it was 0.02, 0.015, and 0.005
of the irradiance maximum.
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