S I NGl RC InS

AD-A995 310

PHOTOGRAPH THIS SHEET

/

LEVEL . INVENTORY

OPERATION SANDSTONE

NucLeAR EXPLOSIONS 1948  No. 3.

DOCUMENT IDENTIFICATION

| DISTRIBUTION STATEMENT A
l’ Approved for public release;

Distribution Unlimited

DISTRIBUTION STATEMENT

ACCESSION FOR I
NTIS GRA&I
DTIC TAB O
UNANNOUNCED O D I I < :
JUSTIFICATION n I ECTE
BY
DISTRIBUTION / D
AVAILABILITY CODES
DIST [ AVAIL AND/OR SPECIAL ,
DATE ACCESSIONED
P\—/ \ wtided
OUA\,[T'!“

DISTRIBUTION STAMP

UNANNQUNCED

DATE RETURNED

&5

12 16 024

DATE RECEIVED IN DTIC JEGISTERED OR CERTIFIED NO.

2.00307/5 10©

PHOTOGRAPH THIS SHEET AND RETURN TO DTIC-DDAC

NTIC: FORM 7nA

DOCUMENT PROCESSING SHEET PREVIOUS EDITION MAY BE USED UN




TR

. e
i FED

alienns 8

— -

o

— SECRET===

L YPERATION SANDSTONE

3’ NUCLEAR EXPLOSIONS
e 1948

J Clanﬁf‘nn‘..“,an !_;;;'.'1-‘."
h By Autiips iy o L.Aqv/w,/jf’s @) //, /

By wmn .l.-.-nh"irﬁ.‘.'d-‘n-c.-(r...--. AN T

AN DATA
2 it 3 W acr OF 1946
o (™ Al i v




ML e s e mme e m e om. m s % et A et m o ws me Eoe e o A w

A
S o W
ement A

\ -~ H .

for nublic release; \ 1
Cz—vebdn v it ht !B\]‘.L{‘ (ﬂ;é
tribution unlimited Bk et

Statement A

ey S ‘, f- [




T -

UNCLASSIFIED

SCIENTIFIC DIREGTOR'S REPORT
OF ATOMIC WEAPON TESTS | o

AT ENIWETOK, 1948

Annex 11

S d ML

THERMAL EFFECTS AND DECONTANINATION STUDIES

M R
B3 TN

Part 1

ird
o Sale
v et

{..

x

EXPOSURE OF PANELS FOR DECONTALINATION

\

AND HEAT SE~SITIVITY STUDIES

Ay

For

ot

20 Jje

.
A A

P
Vo
a

A 2% N SRR ]

A
‘

¥
]
N
¥ ..r




Task Group 7.6

Project Report

EXPOSURE OF PANELS FOR

DECONTALTNATION AND HEAT SENSITIVITY STUDIES

OPERATION SANDSTONE

by

CDR E., J, Hoffman, USN

LT, E, C, Vicars, USN

30 June 1948 | Project 7.1~17/RS(BS)-5




- -

TeTCAR T

TARIE CF CONTENTS

W el e

[ 3

Paes

I ABS’m\Jr.ooooco.o.oooo'tooo»-\-l.."tvocou

T e T

1
II (JBlTEcrm;.:no.a1.0'.000.0000000.0-0J‘Coo.o l . :"
III HISTORICAL:OO..woo.ﬁ.oo.oscvoooouooﬁ.‘.. l

R o | SN

IV mmmmu..........-o.....-..-.......3
A. MATRIALS AlD EQUIPMENT...ccecsereee 3
BQ CALIBRATIO!‘..........O;...0-0--..... Inb

w— .

v BESUIJTS AND COIICmSIOr‘S....o.oolaooool-.. h
VI mXcImUREAQO("c.oooo.lOt'ooooob..-.ao.

DOt 3 ST

B S

a®s" .
Pl

t




E{PCSURE CF PANFLS FCR
DECONTAMINATION AND HEAT SENSITIVITY STUDIES

I ABSTRACT

Selected metallic and non-metallic surfaces wer~ exposed to
the effects of an dtomic explosion, A report is made of alpha ama beta-
gamma contaminati n., Also included are the fesults of a microscopic and
visual examination of the surfaces,

A report of thermal radiation studies of these materials will
be forthcoming at a future date.

II OBJECTIVE

The purpose of this project was to expose sample of various
materials to the ex los on of atamic boambs so that these materials could
be anaiyzed for surface effects and the function of distance on these
effects, In addition, since a variety of surfac:9 was subjected to
identical contaminating media it is possible to measure the relitive re-
sistance to contamination nd the relative ease of decontamination,

Those tests will providv standards for laboratory develormen- of simulated
standards,

III HISTORICAL

At the CROSSROADS Operation, plans were made to measure the
- l -
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~effect of radiant energy or a variety of substances, Attempts were made
Lo measure the optical spectrum produced during the bamb explosion;
however, only very sketchy results were obtained. The thermal radiation
effect on the target ships was manifested by a charring of the exposed
paint surfaces. Some fires were started but these were generally among
test materials loaded aboard the ships, but not in the ship materials
themselves, Some of the uncontaminated test panels were forwarded to the
Naval Materials Tesiing laboratory at the New York Naval Shipyard, where
a fairly successful method was evolved for duplicating the effect of
radiation with the spectrum emitted by the carben arc. The complete
success of this method will permit laboratory evaluation of the effects
of radlation as part of the routine testing of materials,

After Test Baker at Operaticn CROSSROADS, it was found that all
expased surfaces of the target vessel.s.were heavily radicactive, This was
the introduction of the Navy to the phenamena of radicactive contamination

- following an atamic bamb detonation, This proved to be the most important
effect of the boub when detonated under the conditions of that type of test.,
The non-target vessels which were presen: in the Bﬂd.ni lagoon after the
Baker test picked up radicactive materials on all parts of the ship which
were exposed to salt water. This forced the.,Department of the Navy to under-
take a large decontamination program withdut having any previous knowisdge
of the tolerances, procedures, or processes involved, A long term project
for the accamplishment of this program has been established at the Naval
Radiological Defense lLaboratory at the San Francisco Naval Shipyard.

The prugram of the laboratory is being directed toward finding the
most suitable protective coatings for naval materials afloat and ashore;

-2 a-




these coatings to have a maxirum degree of resistance to contamination

and to be easily decontaminated., This project is of interest to the Bureaus
of Yards and Docks ard Aeronautics and to the Corps of Engineers, The first
project proposed by the Bureau of Ships for Operation SANDSTCNE was designed
to assist in decontamination studies. However, undsr the conditions of the
test, no considerable or important contamination was expected. Had there
been an unanticipated p‘erformance that produced a greater degree of con-
tamination, this project would have proved more valuable, Otherwise, the

surface effects of the thermal radiation produced the only significant data,

IV EXFERIMENTAL
A, LMATERIALS AND EQUIRMENT

Appraximately forty organic protective coatings and twenty metallic
surfaces on appraximately 3 by 5 inch panels were set out at 750, 1000, 125G,
1400, and 1800 yards fram the zero point, For Test X-ray two sets were mount-
ed at the 1000 and 400 yard points, Six sets were placed out for Test Yoke;
two at 750 yards, two at 1000 yards, ard one each at 1250 and 1800 yards, The |
materials were applied to the test penels in a manner simulating productién
methods, 'I’he individual samples were mounted by bolting to an angle iron frame
erected at 30 degrees to the vertical at each of the above stations. One each |
of the mate.rials‘ shom in Table I was mounted in each set of parels.

The frame used for mounting the specimens consisted of a steel frame
rack made up of 2 x 2 x 1/4 inch anglo iron legs wath 1 x 1 x 1/4 inch angle
iron cross members, The cross members were drilled for screw mounting of the
test panels. In order to provide additional support and to allow tho specimens
to be placed normal to the line to the point of detonation, additioml angle
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iron supports were bolted to the legs and were adjustable to the desired
argle for the rack of 30 degrees to the verticals The varicus sections of
the assembly were bolted together with 1/2 inch steel bolts and the speci-
men placques were 2 3/4 x 4 3/L4 x 1/8 inch., Except for the metals, all
specimens wera supported in a 5 x 3 x 1/4 inch mounting plate. The steel
mounting phte was secured to the angle iron cross members by 3/16 inch
bolts through the four corners of the plate, The frame and layout of speci~
mens are shown in Figure 1.

The angle iron legs and backing-up supports were driven into the
coral to a depth of about 18 inches, This permitted a distance of approxi-
mately two feet between the grouni aad the lowest specimens, The specimens
were mounted and the frames driven into the coral teu days prior to X-ray and
Yoke days. Specimens were recovered on the day following each test. |

B, CALIBRATION

Calibration of the surfaces is being accomplished after the test
and will consist of duplicating the damage by exposure to 2 carbon #rc suit-
ably timed and filtered to produce effects that ere visually arnd micro-
acop'ically similar,

v Risumsnmm CONCLUSIONS

The visual inspection and radiological survey given in MWe Ll
indicate that the degree of contamination om the samples was small, It is
considered that this condition can be attributed to the up-wind locations for
the test installations and the fact that they were mot in an area where a
major falleout occurred, Subsequant to X-ray and Yoke days, however, when
minor fall=out did occur in these areas, slight amounts of contamination were
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observed, Contamination present wis not in ~ny case above that which
can be attributed to hardling, slight fall-out or physical retention of
particles with induced activity. |

The visual inspection of the samples revealed considerable
darage caused by blast, heat, flying sand and missiles, It should be uoted
that cambustion of the various samples was evident only xn the incipient
stazes and trat those materials which had been expected to suffer heavily
from this type of destruction were not so affected. It 1s possible that the
sand blast occurraing immediately aftcr the detonation put out fires before
the sanples were consumed,

The information contained in Enclosure A is consaderad sufficient
to camplete the phage of study concerned with the radiological survey and
visual inspection, Consequently, an evaluation of the thermal radiat on
effects has been initiated, In this phase of the study, the individual
contrihutions of the blast effects and heat effects will be examined and
the cause of such conditions as the loss of transparency, pitting, charring,
etc, will be soucht, The results of this study will be rcported at a later
dates

In the planning for future tests, it will bLe desirable to continue
exaninations of the effects of the bamb detonation on various naterials,
These should be materlals for which pramise of‘widesproad uge is indicated
fram laboratory findings, In the ;sk;m; of future tests consideration
should be riven Lo an installation of samples on a raft or float so as to

elininate the sand blast effect,.
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TABIE I

Materiils Used in Test Panels and their location on the Angle Iron

Frame as Shown in Flgure 1

Material
Phenol~formaldehyde
Urea~formaldehyde
Aniline-formald:hyde
Phenolmfurfural -
Allyl Resins |
Alkyd Resins

Melamine Resins
Acrylic Resins |
Vinyl Resins
Styrene Resins
Cellulcce Eeters‘
Cellulose Ethers

" Fluorinated Hydrocarbons

Casein Resins

Furane Resins
Polyethylene Resins
Polyamide Resins
Coumarone-indene Resins
Polyterpene Hydrocarbons

Frare
Location
Number Matarial
1 Asphz1t
2 Paraffin
3 Bura~S-Rubber, GR~S
L Natural Rwubber, Hevea
5 Buna~N-Rubber Per Bunan
6 ‘Chlarinated Rubber, GB-M
Neoprene
7 Polysulfide Rubber, LP=3
8 Folysulfide Rubber, LP-2A
9 Butyl Rubber, GR-I
10 Ceramics, Barium Odde
1 Ceram:lcs , Low Lead
12 Silicones
B Glass
A Mica Natural
15 ¥ica Pasted
16 Alumimm
17 Tin
13 Cadmium
19 Copper
-bew
L

Frame
Locaticn
Munber

25
25A

274

29
30
304
31
32
33
34
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Material

Magnesium

Nickel

Zinc

Chramiun

Lov Carbon Steel
Stainless Steel (18-8)
Monel

A R AR

TABLE I (Contimued)
Frame
Location
Number Katerial
35 Inconel
36 Brass
37 Bronze
38 Alnico
39 Duriron
40 Bezy‘.‘uimn Copper
L1 | Berylllum Alyridimm
42 Tin~lead Solder (50-50)
Lithium Alloys
-7 -

Frame
Ipcation
Nuber

L3

L5

&7

49

51
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Installation for measurement of radiant heat and Cegree of contamination
for selected materials,

Pigure 1
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FIGURE 2 (CWP-101=-533=2)
arrangement of test samples (before test)
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FIGURE 3 (RYS.286 9=C}949)
arrangement of test sample (after test)

NOTE « Fipures2 and 3 show representative test installations prior snd sube
sequent to a detonation, It should be noted, however, that figures 2 and
3 ere nst the same install .tion, so that the individual panels oannot be

compared,
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Abstract E

The results of physical observations mede by the \
4ssay Group on several series of samples submitted
by Lt. Vicars are presented, b
, 3
Included are measurerents of alpha and beta~gamma b
contordnation, and reports of the microscopic and o
visual examination of approximately two hundred 5
and fifty samples. The information is arranged 7
srstenetically. e
£

A conplete study of the materials is contenplated gy
for a later date, ::*,
;;:
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INTRODUCTION

3ix series of samples of materials of interest to the lawy
and the cther armed forces were submitted to this laboratory for
examination, This preliminary report lists the results of same physical
tests and examinations performed. later this information will be
supplemented by the results of a more camplete study of some or all of
the samples,

¢ The large number of samples suggested the use of
an"assembly«-line" technique, Samples were routed to definite "statioas"
in the laboratory where the individual tests were perfomed; These
were:

L Bet.a-gama survey. An Eck and Krebs GM tube was used which
was mounted in a probe securely clamped at a distance of one-half inch
fram the sample,’ ,The wall thickness of the tube corresponded to
appraximately 30 g/em2 and the area exposed was 2-1/8 by 1~1/4 inches,
A Berkeley Scientific Co, Decimal Scaler, Model 100, was used, Each
count was preceded by a background count and followed by a standard
count to "normalize" the instrument. The standard used was a garma
anitter, Co 60, and its use demonstrated the fact that, at hizher count-
ing ratée; ’ va.matlon.s due to the tube and electronic equipment were
within .

2. Alpha surve Two devices were used, a Victoreen Model SIC-
2A USSR726 for one half of the sample, and a battery operated DC "Poppy"

for the other half, Both inst ts appear to have a maxirmm sensativity

enablanz them to detect 5 x microgram of plutomium per square inch,

3o Licroscopic examination, This was conducted with a Bausch and
Lagb banocular microscope with a wide focus eyepiece and a 2X
objective, The lichting was sharply oblique, The followang data were
aought:

a, extent, degree and depth of pitting, searintg, scoring,
"ouuing and granulation
b. the amount and appearance of scala
Ce comparison viith a sample of the original material not
jected to exposure
de foraign material with conjecture as to i1ts nature (sand,
marine growth, salt, carbonaceous material, rust, etci)
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Tisuval exomination, Each sampl + s examined by two
irdependent observers whose observations are cambined in tables,
The following data were sought.

a.
be

Ce
d.

€.
»
e

Carparison with untreated sample with respect to
color, transparency, etc,

Area of charring; or scail.:.nD distribution of forei'rn
matter

Corrosion and other changes on the back of sample
Chipping or fracture; arez of pitting

Warping, axidation

Miscellaneous effects

The data so obtained are presented in the form of tables:

TABIE I.

TABIE II.

Tabulation aad description of samples received, In
some cases, two samples of the same material were fourd
to be racked in one bax, In these cases, one of the
samples was given its proper number and the other was
given the same mumber primed, For example, if two
samples of material number 45 were found in box A, the
first was assigned the number 454, the second L45°A.
Pages § & 7

Observations, Listed in order are the beta-gamma count
(B-G), the alpha count (A) ("A-zerc" indizates back-
ground), and t:e results of the microscopic and visual
examinations. The counts reported are net counts per
minute (observed count less background), For B-G, the
reported value was obtained by averaging the counts
from four separated areas of each sample. Alpha counts
vere measured over the whole area of the sample,
Adjectives used in describing the physical state of the
sample wez'e chosen according to the defimitions in
Webst:r's Intercollegiate Dictionary, Same terms of
looser meaning were defined empirically as follows:

Slight Less than 10%
Minor 10-30%
Loderate 30-60%
Extensive 60-85%
Excessive or Extreme 85-100%
Page 8
-l -
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NOTE:

Samples to which Ramar. numerals have been assigned were not
positively identifiabl:., They are listed in what is believed
to be the proper classification as deduced from camparison
with the set of original samples.
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SALPLE NC,

T.BLE I.

List of Samples

MATERIAL

EYRSREEBRR LS BBINRRNREERERERE Boasuwp

phenol formaldehyde

urea formaldehyde

aniline formaldeh;de

allyl resin

melamine resin

acrylic resin (lucite HC 201 H-3)

vinyl resin (Vinylite VS 1310 K-3)

styrere resin (polystyrere J-7, mfgd. by Acadia Synthetic
Products)

cellulose ester (lumarith 11513 L-12)

cellulose ether (Ethocel (ethyl cellulose) L.-12)

fluorinated nydrocarbon (Teflon Ne6)

casein resin

polyamide resin (Nylon 10001 5-3)

Buna S rubber (@R~S)

natural rubber (Yevea)

Buna N rubber (Per Bunan)

chlorinated rubber (GR-M Neoprene)

polysulfide rubber (1P-3)

polysulfide rubber (LP-24)

"@'_I'l

ceramics, barium axide

ceramics, low lead

silicone

glasa

natural mica (Z-11)

pasted mica (22-9)

aluminum

tin

cadmium

copper

magnesium

lead

nickel

zinc

chranium plated low carbon steel

low carbon steel
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SAMPLE NO, MATERIAL
11 stainless steel (18-8)
L2 moriel
L3 inconel
L brass
L5 bronze
L6 aluminum~nickel alloy
47 Duriron
48 beryllium copper
L9 K Monel
50 tin-lead solder (50-50)
51 lithium alloy (11% Li-lg Alloy)
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1A,

1 B.

1¢C.

1D,

1E,

1F,

(V)
>
Y

2 B,

2D,

2 E,

2?.

2'D,

3 A,

3 B,

3D,

TASLE 11

C2SZRVATIONS

sample 1.0,

B-G 21, A-zero; canrlete 1loss of transparency; overall pitting;
extensive charring; traces of white salt,

3G 10, A-zero; opaque at edges; extensive charriig; minor
pitting; traces of white salt,

B~G 7, A-zero; carplete loss of transpvarency; extensive pitting
and clarring; moderate warping; small quantity of white salt,

B-G 17, A~zero; complete loss of transparency; excessive warping;
extensive charring,

B-G 17, A-zero; transparency partly lost; surface melted, stiff
and brittle; extensive charring; slight warping.

B-G 13, A-zero; transparency retained; one corner charred; moderate
pitting; large number of black specks on surface; moderate amount,
of white salt,

B=G 4,5, A=zero; original surface changed; pinkish hue; minor rust
and scaling; minor deep pitting; trace of white salt,

B-G L3, A~zero; surface rouchened; uneven charring; two deep pits;
slight warpirg; trace of white salt,

B=G zero; A=zero; stiff; scattered sand; uneven charring; flecks
of white salt,

B~-G 5, A-zero; pink color; moderate pitting; slight warping and
charring; larze number of white salt specks.

B-G 22, A-zero; smoothness and luster gone; inoderate pitting;
slight warping; thin layer of surface charred,

" B-G 14, A-zero; surface rouph; extensive charring, nittinp and

meltin;; condition poor; moderate white salt.

B=G zero, A~zero; surface rouch and charred; whive salts and rust
on back of mount,

B-G 5, A-zero; irregular deep pitting and deep charring; small
specks white aalt,

B=G zoro, A-zero; reddish brown color; surface rouch and channeled;
excessive pitting; sample broken into two parts,

-8 -
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3 E. 8-G 16, A~zero; brown charred channeled surface; slightly
i warped; condition very pcor; trace of white salt; in two
} pieces. '
3 F, B-G 26, A-zero; smoothness and luster gcne; complete |
charring; cond “ion very poor.
' IITI A, B-G 69, A-zero; color dull; extensive and uneven corrcsion;
l . moderate pitting and warping; trace of whitz sals,
5 A, R-G zcro, A-zero; surface pitted and warped; épecks of vhite
salt; rust on back of mount,
‘ 5 B, B~G 3, A~zero; extensive pitting ard charring; diminiched
I transparency; one corner fractured; trace of white salt,
5 C, | B-u 37, A-zero; extensive pitting; fissure dovm center of
plate; condition poor,
i 5 Ds B~G 24, A~zero; transparency retained in spite of extreme
pitting; slight warp; trace of white salt.
5 E, B-G 33, A-zero; very extecnsive pitting; decreased trans-
' parency; moderate warping; condition fair.
5F, B-G 25, A~-zero; no noticeable effect other than minor
i pitting; good condition; trace of white salt.
7 A, B-G 1, A-zero; tarnished and pitted' carbcnaceous materizl
at edges ; warped and stiff.
7 B, B~G zero, A-zero; minor pitting; one end charred,
7 C, B-G 6, A-zero; surface charred; extensive pitting; warped;
catplete loss of flexibility.
7 D, B-G 6, A~zero; complete loss of transparency; moderate
charring, exteusive pitting; slipght wacp, .
7 E. B-G 14, A-zero; cxtensive pitting; fracture; slight warp.
7 5. B~-G 24, A-zero; no effect other than minor pitting,
8 A, B-G 10, A-zero; transparency partly lost; pitting; noderate
charring; warp; extensive deposits of white sall,
8 B, B-G zero, A-zoro; transparenc;” decreased by pitting and
charring; trace of white salt,
8 D. B-.G 23, A-zerc; complete loss of transparency; rough surface;
moderate charring; trace white salt; fair condition.
- 9 -
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8 F,
8tD,

VIII A,
9 A,

9 B,

9 C.
9 D.

9 E.

9 F,

10 F.
10D,

B-G 15, A-zero, transgarency decreased; moderate charring
wnd pitting; sample stiff and warped; flecks of vlite salt,

B-G 27, A-zero; moderately pitted; condition food,

B-G 22, A-zero; surface excessively pitted; transparency
lost; streaks of dirt on surface; trace of white salt,

B-G 67, A-zero; surface pitted, lusterless; extreme rust on
back; white salts and carbonaceous material,

B-G 1, A-zero; transparency lost; extensive pitting, charring

. and warping; back rustec; speckled with large amount of salt,

B~G 11, A-zero; transparency lost; extensive pitting ard
charring; slight warp; entire surface blistered; material
melted,

B~G 65, A-zero; surface charred and blistered; transparency
destroyed; sand on surface, condition very poor.

B-G 22, A-zero; fractured; pieces pitted and warped; trans-
parency lost; trace of salt,

B-G 35, A-zero; extensive melting and charring causing braz-
ing and channeling; transparency lost; covered with specks
of salt.

B-G 25, A-zero; transparency partly lost by charring and
noderate pitting,

B~G 34, A—zero, chipped, scarred and fractured; brown smudges;
trace of whate salt; yellow scale; condi%ion poor,

B-G 10, A-zero; transparency lost; charred; warped, imbedded
sand,

B=G 30, A-zero; decrease in transparency; edgces »ch:irred;
moderate pitting; trace of salt, '

B-G 35, A-zero; all transparency lost; moderate warping;
extensive pitting; layer of sand imbedded in surface,

B-G 26, A~zero; transparency lost; moderate charring and
pitting; sample brittle and warped.

B-G 14, A-zero; moderate pitting.

B-G zero, A-zero; transparency lost, extensive pitting and
deep charring; sample stiff; heavy white salt deposit,
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11 A, B=G 4, A~zero; transparency lost; bubbles on surface; C..‘
moderate warping.
11 B, B-G 2, A~zero; pitted; moderately charred; excessively
warped; blistered,
11 C, B-G 23, A~zero; transparency lost; blistered; warped; heavy
salt deposit,
11 D, B-G 8, A-zero; extensive pitting; transparency lost;
blistered,
11 E. B-G 42, A~zero; transparency partly lost; pitting; blistered;
covered with specks of salt and sand,
1nrF, B-G 11, A~zero; moderate pitting; condition fair,
12 A, B-~G zero, A-zero; extensive pitting and charring; extensive
deposits of salt and sand; camplete p'iysical change.
12 B, B-G zero, A-zero; pitted; surface covered with sand,
12 C, B=G 31, A~zero; fused and charred; pitted; poor condition.
12 E, B-G 38, A-zero; fused; deep pitting; large salt particles;
condition poor,
2 F, B=G 41, A-zero; charred; fused, covered -vith salt and sand.
13 A, B=-G 10, A-zero; extensively pitted; s. ight ivarp; luster and
smoothness lost; minor black scale.
13 B, B-G 7, A-zero; moderately pitted; charred; warped,
13 C, B-G zero, A-zero; lost of finish; extensive pitting and
charring; warped, v
13 D, B-G 27, A-zero; extensive pitting and charring; warped. * -y
13 E, B-G 12, A-zero} extensive pitting and charring; warped,
13F, B-G 36, A-zero; surface discolored; moderate pitting, warp=

ing and charring; thin layer of carbonaceous material,

1, A, B-G 13, A-zero; discolored; moderate pitting, warping and
charring; brittle; salt flakes,

1 B, B-G 4, A-zero; coarse and grainy; warped; brittle; small
blister; thin layer of carbonaceous material,
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1 C.

L, E,

17 A,

17 B,

17 C,

17 D,

17 E,

17 F,

22 B,

22 Do

22 E,

22(A)A,

22(A)B,
22(a)c.

3=-G 78, A-zero; roush brown surface; expanded: moderate
pitting, warping and charring; condition very poor,

3=-G 22, A-zero; yellow-brown color, rough surface; shallow
pits; warping and charring,

B-G 27, A-zero; black =olor; slight pitting; moderate varp;
brittle,

B-G 9, A~zero; gray coler; white scales; excessive pitting;
small blisters; partially fused.

B-G 4, A-~zero; coarse texture; dull color; moderate shallow
pitting; edges warped; carbon and salt particles present,

B-G 53, A-zero; dull gray color; black scale; extcr"lvb'ltr
pitted; deformed; covered with large white crvstalso

B-G 64, A-zero; excessively pitted and charred; moderate
warp; heavy carbon scile; same white salt.

B-G 48, A-zero; rough surface; dull color; moderate shallow
pitting; deformed; white and black specks,

B-G 29, A~zero; gloss retained; moderate pitting and warp-
g; salt specks; condition fair,

B-G L6, A-zero; elasticity retained; some pitting; white
salt deposits,

B-G zero, A~zero; coarse surface; charred; deformed; vhite
salt; elasticity retained,

'B=G 5, A-zero; roush; charred and deformed; pitted; white-

brown occlusions.

B-G 50, A 7; rouch; charred; shallowr pits; brown and white
specks.,

B-G 24, A-zero; granular surface; charred; slightly warped;
shallow pits; moderzte foreizn matter,

B-G 3, A-zero; rough; charred and warped; fine pits; while
salt,

B-G 16, A-zero; very rough; fused; heavy deposit white salt.

B-G 40, A-zero; surface fused; pitting and charring; sard
in surface.
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22(A)D, B~G 31, A~zero; rough; charred; crystals, sand, salt attached,
22(A)E, B=G 31, A-zero; rough charred; fused; black scale,

22(A)F, B-G 42, A-;ero; rough; moderate pitting; salt specks.

23 B, B-G zero, A:-zecro; rough; charred; some salt,

ARl Bl

~ -3
bk ol o o

23 D, B~G 18, A-zero; charred; elasticity retained,

-

23 E, B-G 19, A-zero; charred; e]astiéity retained; warped; shallow
pits; white specks. : '

23 F, B=G 2, A~zero; charred; slight warping; carbonacéous scale,

.
\
‘

a
o
£
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23D, B~G 5, A~zero; rough; slight warp; heavy black scale; overall
white salt deposit,

2, A, B~G zero, A~zero; gray color; overall pitting; extensive
charring and wa.rpi_ng; small salt specks, ‘

24 B, B=G 5, A~zero; dull color, gramular; charred; warped.

2 C, B-G 17, A-zero; very rough; luster lost; extensive cha.rrn\,
slight warp; salt specks,

24 E, B~G 26, A~zero; rough; charred; slight warp: fine sa.t and
dust specks.

2, F, B-G 30, A-zero, rough; minor charring; wide shal‘l.a pits:
slight warp, _

25 D, B~G 23, A-zero; vough; extensive pitting and scarring; exten-
sive warp; sand arnd salt,

25 E, B-G 12, A~zero; rough; charred; warped; sard.
25 F, B-G 31, A-czero; rough; slight scarring; warp; white salt,

251D, B-G 11, A-zero; rough; minor charring and warping; heavy
‘ residue of white salt,

25(A)A, B-G zero, A-zero; surface ruptured in spots; very rough;
slight pitting; salts present; elasticity retained. -

25(A)B, B-G 3,0, A~zero; rough; slight carbonaceous film; warped;
fibers project from face,

25(A)D, B-G 36, A~zero; torn; overall p:l.tti.ng, granular; black scaly
char; moderate warp,
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25kA)E.
25(A)F.
251 (A)D,
26 A,

26 B,

26 E,
27 B,

27 C.
27 D.

27 E.
27 F,
27(a)B.
27(A)C.
27(A)D.
27(A)E.

27(A)F,

N

B-G L3, A~zero; rough; slight salt deposit; charred; slight
warp; elasticity retained,

B=G 32, A~zero; charred; moderate pitting; fused; sca.le,
salt and sand present,

B-G 38, A-zero; rough; charred; slight warp; minor deep
pits; elasticaty retained,

B-G 22, A-zero; rough; discolored; sligiit warp; white salt
specks imbedded in surface.

B-G 19, A-zero; dull surface; fused; large amount foreizn
matter,

B~G 33, A-zero; rough; fused; charred; pitted; salt and
carbon,. .

B-G 25, A=zero; rough; extreme charring; pitted; white and
brown specks,

B=G 19, A=zero; charred; fused; moderate pitting.

B=-G 18, A~zero; rough; discolored; minor pitting; moderate
charring,

B-G 167, A-zero; rough; chipped; pitted; small blisters,

B=G 138, A-~zcro; gray color; moderate large pits; transverss
fissures; chipped; small blister; specks of salt,

B-G 41, A=zero; dull color; cnipped; extreame pitting; brom
specks,

B~ 21, A~zero; slight blisters and pits; black and white
deposits,

B~G 1, A-zerc; luster dulled, moderate pitting; scarring
and chipping,

B-G 12, A-zero; gray color; rough surface; extensive pitting;
small blisters; chipped; fissured; specks of foreign matter.

B-G 3138, A 7; pitted; blisters clustered around pit.;,
chipped; spots of green salts,

B=~G 59, A~zero; luster lost; extensive deep pits; ed;es
charred; flecks of white and black particles,

B=-G 19, A~zero; dull; moderate pitting and blisters; esaue
carbonaceous deposit,
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28 A,
28 B,
28 D,
28 E,
28 F,

29 A
29 B,
29 Co

29 D,

29 E,
29 F,
30 A,

30 B,
30 D,
30 E,

30 P,
30(A)A.
30(A)B,

30(A)Ce

BeG 15, A~zero; discolored; fused; coarse; minor charring
ahd pitting; slight warp.

B-G zero, &-zero; discolored; rocugh; warped; white salt and
carbonaceous deposit.

B-G 17, A-zero; rough; gray; extensive pitting; pebbles and
carbonaceocus material,

B=G 42, A7; luster lost; charred; moderate fine pitting;
cracks; warped,

B=G 19, A-zero; gray; slight pitting; slight warp; patches
of black scale, '

B-G 41, A~zero; slight etch; white salt; some small pits.
B-G 18, A~gero; slight etch and stain; white specks.

B=G 23, A-zero; minor scratches; thin film carbonaceous
material; sams white specks, :

B-G 12, A~zero; few scratches; moderate white salt; excellent
condition,

B-G 4, A~zero; slight pitting; white and yellow salt,
B~G 7, A~zero; slightly chipped; black and white specks.

B-G 25, A~zero; extensively shattered; flaky and ocloudy;
brown and white specks,

B-G 50, A-zero; part of mica gone; small scratches; white
salt,

B-G 64, A-zero; extensive scale; moderate loss of material;

B-G 58, A-zero; moderate loss of material; white and black
specks,

B-G 64, A-zero; minor separation of laminations.
B-G zero, A-gero; shattered; partial loss of sample,

B=G zero, A~zero; extensive destruction of surface; one
corner charred; opaque.

B=G 69, A=sero; moderate destruction of lamina; moderate
charring; heavy deposit of white salt,
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30(A)D.

30(A)E,
30(A)F,

31 A,

31 B,
31¢C.

31 D.
31 E.

31F.
32 A,

32 B,
32 ¢,
32 D,
32 E,

32 F.
33 A.

33 B.

3

L

B=G 34, A~zero; three-fourths of sample missing; heavily
flaked; wuwlerate amount of carbanaceous matter,

B-G 18, A-zero; half of sample missing; moderately flaked;
discolored; slight salt deposit.

B-G 68, A-zero; laminations torn and separated; charred in
one corner; covered by white salt,

B-G 1, A-zero; moderate scale; pitted; coarsened crystal
structure; extensive coverage by white salt; backing plate
mstedo

B-G 39, A-zero; extensive deep pitting; extensive coverage
by white salt; spots of fused brown material,

B-G zero, A~zero; extensive pitting; plate warped and rusted
on edges; extengive coverage by white salt,

B-G zero; A-zero; evenly pitted; overall white salt.specks.

B-G 18, A-zero; extensive pitting and scaling; extensive
coverage by white salt, ,

B-G 2, A~zero; moderate pitting and corrosion; slight
amount of white salt deposited,

B-G 39, A-zero; deeply scarred and pitted; corners bent;
gpecks of white salt,

B-G 3, A~zero; moderate pitting, center extensively corroded,
B-G 30, A~zero; extensive waisping and deep pitting; fissures.
B-G 28, A-zero; extensive pitting; warped.

B-G 65, A~15; moderate pitting: thick yellow-white scale;
white salt specku,

B-G 10, A-15; shallow pitting; one edge blackened.

B-G 12, A-zero; extensive pitting and scarring; gray scales;
white salt specks; rusted backing plates

B-G L2, A-zero; deeply pitted; gray-black scales; slight
deposits of white salt; backing plate pitted and corroded.

B=G 21, A~zero; extensive pitting; gray-black scales;
slight deposit of white salts,
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A
33 D, B-G 31, A-zero; extensive pitting and corrosion; slisht -
deposit of whitqh saltv, | X

33 E. B~G 34, A-zero; extensive pitting and scarring; thin gray
scales; extensive coverage by white salt; backing plat .
rusted,

)

33 F, B-G 19, A-zero; moderate pitting; blackened surfa.ce; whit-

NI | { { RSO

salt specks. - j
34 A, B~G zero; A-zero; extensive pitting and corrosion; pink ‘
color; copper salts present; back extensively corroded. o

34 B, B-G 15, A-zero; rinor pitting; purple color; extensive
coverage by green-white salts; back extensively corroded,

34 C, B-G 12, A-zero; extensive pitting and corrosion; black 5
spots with specks of green-white salts; warped; back ‘ T
extensively corroded. i |

R Wi SR
SRS

34 D, B-G 8, A~zero; extreme roughening; moderate pitting; purple
colar; copper salts uniformly distributed; red and black
scales; bacl extensively corroded,

-

2
3
-
o
N
AL

-t
Y

3, E,  B-G 3, A-zero; extensive pitting and rougheninr; purple
color; red scales; rnoderate coverage by green—white salts,

34~F, B=G 22, A~15; minor pitting and roughening; purple color;
moderate coverage by copper salts; back excessively scratched,

35 A, B-G 11, A~zero; extensive pitting; specks of whi.e salt,

35 B, B=-G 60, A~zero; nminor pitting and corrosion; extensive cover-
age by white =alts,

35 C. B-G 6, A-zero; extensive deep pitting; slishtly warped;
slight white salt deposits; back moderately Fitted,

e s s .
‘ P
LR

L

35 D, B—G zero; A-zero; nodemtely pitted, extensive coverage by
winte sailt,

RRRAAAA? |

b
Ry

35 E,  B-G 25, A-.ero; moderately pitted; slisht deposits of white |
salts and black specks,

35 P, B=G 33, A-zero; extensive roughening; minor deposits of
gramular scales and vhite salta,

36 A, B-~G 10, A-zero; extensive pitting and roughening; varped;
slight wvhite salt deposits; minor corrosion of back,
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36 8,

36 Co
36 D,
36 E.

36 F,

37 A
37 B.

37 C.

37 D,
37 E.
37 F,
38 A,

38 B,

38 C,
38 D,

38 E,

"

B-G 12, A-zero; extensive deep pitting; gray-black color;
extencively warped; slizhi deposits of white salts; back
moderately corroded,

B=G 4, A~zero; extensive pitting and corrosion; brittle;
extensively warped; minor deposits of white salta,

B-G 14, A-zero; extensively pitted and warped; both sides
moderately corroded; mincr white salt deposits,

B-G 2), A-zero; moderately pitted and scratched; thin black
scale; slizht white =alt deposit; back moderately corroded.

B-G 39, A-zero; extensively pitted and scratched; gray-
black color; slight white salt deposits; back moderately
corroded,

B~G 13, A-zero; dull gray; moderately pitted and scarred;
trace of white salt,

BuG 20, A-zero; luster partially returned; slightly pitted
and rusted; traces of green salts,

B=G 65, A-zero; dull gray; moderately pitted; dust, salt
specks and a layer of carbonaceous material on surface;
back rusted,

B=G 51, A-zero; dull gray; moderate pitting; crust of white
salts; back rustede ‘

B=G 28, A~zero; dull gray; extreme pitting; moderate deposits

of green and white salts; half of back corroded.

B-G 2, A~zero; slizhtly discolored; minute pits; specks of
white salt,

B-G 23, A~zero; excessive pitting; gray-white scalea;‘ slight
amount cf white salts ard rust-colored particles,

B-G zero, A-zero; moderate pitting; several deeply gouged
areas; minor blackening; moderate amount of thick rede
browm scales; extensive coverage by white salt,

B-G 87, A~7; moderately pitted; grarmular; slight deposits
of white =alts and organic matter,

B=G 12, A~zero; moderately pitted; slight white salt
deposits,

B=G 20, A-zero; moderately pitted; slaght deposits of black
specks and white salts,
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38 F, 3-G 32, A-zero; moderately pitted; moderate coverage by
thick white scales; slizht deposit of black and white specks.

)

39 A, B-G 6, A-zero; gray color; plating ruptured in spots;
' extensive scoring; specks of white salt and fused brown

particles, |
b
39 B, B-G zero; A-zero; slightly dulled and pitted; white and .
brown scales; rust on edges. \
39 C, B-G 5, A-zero; slight pitting; minor coverage by rust and ‘
white salts, ‘
39 D, B-G 35, A-zero; moderate pitting and roughening; specks of ’.}
rust and white salts. )
39 E. B-G 20, A~zero; moderate pitting; moderate coverage by rust, 3
‘ fused salt, and brown particles. .
39 P, B-G 32, A~zero; slight pitting; moderate coverage by rust, %
' and black particles. B
L0 A, B-G 42, A-zero; extreme corrosion; specks of white salt, E
' 3
40 B, B-G zero, A~zero; extreme corrosion and pitting; specks of a'
white salt, 5
40 C, B-G 68, A-zero; extreme ccrrosion; extensive coverage by ‘
white salt, -
40 D, B-G 27, A~zero; extreme corrosion; moderate coverage by iu
scale and white salt, .
L0 E, B-G 20, A~zero; extreme ccrrosion; moderate coveraze by :j
scale and white salt, ' J
_LOF, B-G 44, A~zero; extreme corrosion; moderate coverage by é'
white salt, S "
L1 A, B-G 15, A-zerc; dull; minor oxidation; extensive pitting; B
flecks of white salt, ¥
41 B, B-G 9, A-zero; luster lost; slight rust; minor overall ‘
pitting; white and brovn specks. e
L1 C, B-G 6, A-zero; minor pitting and scoring; extensive white s
salt deposits, .

41 D, B~G 24, A-zero; minor corrosion and pitting; white and

brown specks.
.19 -
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41 E.

L1 F,

L2 A,

L2 B,

42 C,

42 D,

42 E,

2 F,

43 A,

L3 B.

43 C.

43 D,

43 E,

L3 F.

L, A,

4, C,

B-G 1, A-zero; moderate corrosion and pitting; moderate
deposits of white and brown salts,

B-G 18, A~-zero; moderate corrosion; dark stain in center;
shallow scoring; white salt deposits.

B-G 39, A-zero; dulled; rusted; extensive small pits; trace
greenish white salts,

B-G zero; A-zero;, dulled; moderate rusting; extensive amall
pits; trace small green specks,

B-G &4, A~zero; slightly roughened; extensive pitting; trace

of white sait, :

B~G 37, A~zero; roughened; half rusted; extensive pitting;
trace of white salt,

B-G 15, A-zero; dulled and darkened; 2/3 rusted; moderate
shallow pitting; minor deposits white armd green salt,

B-G 6, A-zero; dulled; patchy gray scale; minor pitting;

.moderate deposits of white salts.

B-G 3, A~zero; luster gone; extensive pitting; vhite salts;
brown globules,

B=G zero, A-zero; slightly stained; minor shallow pittirng;
trace of white salt,

B-G 76, A=zero; dulled; moderate pitting; specks of white
salt,

B=G 70, A=zero; uxceasively rough; dark bram coating;
moderate pitting; trace of white salt amd of carbonaceous
material,

B-G 10, A-zero; rough, moderate rusting; extensive pitting;
moderate white salt deposits,

B~G 21, A-zero; dulled; stained: slightly rpitted; svoity
deposits of white salt,

B-G 19, A-zero; dull brown color; coarse grainy appearance,
moderate pitting; trace of white salt.

B-G 62, A=zero; dull brown; rouch moderately rusted and
scaled; moderate pitting; extensive deposit of s.ivery
material and white salt,
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Ly B.

L4 F,
LA,
L5 A,

L5 B,

45 Co

45 D,
45 E,
L5 F.

l‘.éAo

46 B, .

46 C,
46 D.
46 E.
L6 F.

47 A,

SRS

‘B-C LO, A-zero; dull brown; rough surface; moderate
pitting; extensive deposit of slivery gray scales and
white specks, '

B-G 112, A 15; rough surface; red discoloration; slight
pittingo

B-G 5, A~zero; dull brown; slightly roughened; minor
thin gray scale; moderately scratched; trace white salt,

B-G 7, A-zero; extensive pitting and chipping; slight
melting; trace of white and black specks.

B~-G 5, A~zero; purple tinge; slight pitting; green and
white flecks, )

B-G 1, A-zero; red-purple color;.rcugh; corroded; pitted. _

B-G 11, A~zero; purple; rough; thin red scale; minor
channeling; green-white speckse

B~G 2, A~zero; red-violet crust; minor pitting; green-
white specks,

B~-G 10, A-zero; purple; patches of red scale; green and
white salt deposits, '

B-G 4, A-zero; purple hue; spotty red-brown scale;
moderate green-white salt,.

B-G zero, A-zero; moderate pitting; discontimuous scale;
heavy white salt deposits,

B-G 12, A-zero; coarse; corrosion stains; pitted; deeply
scared; white salt specks,

B-G 16, A~zero; pitted; fractured; scarred; large white
salt deposits.

B-G 14, A-zero; moderate corrosion and pitting; fissured;
gray scale; white salt specks, ' -

B-G zer», A-zero; moderate pitting and gouging; white
salt specls.

B~-G 20, A-zero; moderate pitting; slight corrosion; one
corner black; heavy white salt deposit.

B=G 5, A~zero; rouch; extensive scale and rust; fractured;
back corroded; vhite salt specks,
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L7 B,

47 C.

L7 D.

L7 B,

L7 F.

L8 A,

1}8 B.

L8 C.

48 D,

L8 B,

L8 F,

L9 A,

49 B.

49 C.

49 D,

L9 E.

5o

B-G zero; A-zero; surface completely altered; chipped;
fractured; scale and flekes; white salt specks,

B-G 30, A-zero; thickly cocated with rust; fractired;
extensive pitting.

B-G L, A-zero; caked with rust; fractured; moderate
pittingo

B =G 31, A 15; thick red-brown scale; very brittle;
mcderate white salt, '

B-G 16, A~zero; caked with rust; fractured; modcrate
white salt,

B-G 1, A-zero; purple hue; blue salt specks; extensive pit-
ting; slight scering; gray scale.

B-G 2, A-zero; luster lost; coarse;slicht pitting and deep
gouging; white salt specks;‘

B-G 35, A~-zero; extensive deep pitting; extensive white
salt deposits, fractured; moderately warped and scarred.

B-G zero, A-zero; moderate pitting with one large cavity;
fractured, with heaviest white deposit at fractures; thin
gray scale,

B-G 2, A~zero; corroded; moderate pitting and souging;
white salt specks,

B~G 46, A-zero; moderate pitting; slight corrosion; one
corner black; moderate gouging and scarring; heavy white
salt aeposit.,

B-G 24, A-zero; dull; minor scale on front, moderate rust
on back; moderate pitting; crystalline undersurfuace; white
salt specks. '

B-G 11, A-zero; minor rust and pitting; thin gray scale.-

B-G 62, A-zerc, moderate go‘rrosion; brown scale; carbonaceous
matter and salt, |

B-G 68, A~zero; excessive rusting; black scale; numercus
salt specks,

B-G 6, A-zero; excessive rusting; thin black scale; green
and white specks,

dame




49 F.
50 A,
50 B.
50 C,
50 D,

50 E.

50 F.
51 B,
51 C,
51 D,
51 E,
51 F.

51'B,

B~-G 27, A=zero; moderately roughened and corroded; fine
pits; black-trown scale; white salt depositse

B-G 15, A 15; slight corrosion; extensive pitting; edges
bent,

B~G 15, A 18; dull gray; moderate pitting and corrosion;
white salt deposits,

B~G 33, A 9; dull gray; rough; moderate corrosion;
extensive pitting; slight warp; slight carbonaceous scala,

B-G 33, A 9; corroded; pitted; rough; warped; chipped;
minor salt deposits,

. B-G 24, A 15; dull gray; one-half face corroded; moderate

pitting and gouging; rough; th.m gray scale; heavy salt
deposits, -

B-G 25, A 30; dull gray; slight corrosion; extensive
pitting; salt deposits in pits,

B-G 19, &~zero; rough; minor pitting; gray granular
surface; corroded on back,

B-G 30, A~zero; extensive pitting on front and back;
corrosion; slight warp; black and white scale. '

B-G 20, A~zerv; excessive corrosion and warping; moderate
pitting, white and gray scale,

B-G 54, A~zero; gray; rough; moderate pitting; black scale;
back corroded,

B-G 25, A-zero; gray; minor pitting; white salt sPecks,
back corrodad.

B-G 11, A-zero; gray; rough; minor pitting; graya-bravm
scale; white salt, .
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THERMAL RADIATICN PAPERS

I ABSTRACT
Thermal radiation papers which had been supplied by the British

Ministry of Supply were exposed at various distances in Tests X-ray, Yoke,
and Zebra. With one exception all samples were completely burned in Test
X-ray, and this one sample at about 3500 yards corresponded to radiation
conditions producing pain on the exposed skin of human beings. In Test
Yoke, a wider range of exposures was obtained and these indicated similar
effects at approximately 1000 yards greater distance from the point of
detonation. Comparison of the cnergy released in Tests I-ray and Yoke
indicat ed that the total thermal snergy was approximately twice as great

in Test Yoke as in Test X-ray.

I OBJECTIVE
The purpose of this project was to measure the thermal radiation

density as a function of distance from the point of detonation. Since the
response of tnese papers has becn correlated with human exposures, the re-
sults should be useful for measuring physiological effectiveness of this
type of radiation following an atomic bamb explosion. Furthermore, these
papers offer a method of calculating the fraction of the energy of the bomb

which {8 released as thermal energy.

I11 HISTORICAL
Papers similar to those which were exposed in Operation SANDSTONE
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were used during Operation CROSSROADS with considerable success by Dr.
William Penny, Operational Research Group, British Ministry of Supply.
Calculations based on data from the papers gatvs reasonable values for
the thermal energy at the source. The complete results of the Bikini
tests with calibration data are given elsewhere (1)%,

Because of the importance of the thermal radiation effect in
analyzing the medical aspects of atomic bomb detonations, the Armed Forces
Special Weapons Project initiated the current project with the thermal
radiat@on papers. When approval was received, samples of the papers were
requested from Dr. Penny, who agreed to cooperate by supplying the paper

and carrying out new calibrations.

Iv EXPERIMENTAL

A. MATERIALS
Two-inch square samples of "Green" paper were fixed to plywood
squares with scotch tape and placed normal to a line to the point of de-

tonation on stakes. A small sample of the paper is enclosed in Figure 1.
The aquares were located for Test X-ray at 100-yard intervals beginning
at 500 yards and extending, where practicable, out to 4000 yards. In
addition, samples were placed at intermediate lecations on structures

esrected for other purposes. In part.‘icu.lnr samples were placed where the
heat and light were being measured by other means (2). Since all tho
closer samples were campletely burned during Test X-ray, more distant
stations were used in Test Yoke. Unfortunately geographic difficulties

# Numbers in parentheses indicate references on page 7 of this report. 25425"
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l Figure 1

Calibretion of "green” heat sensitive paper with s wood background with
light from a 1000 watt tungsten searchlight ( ~~ 3000°K). The energy 1is
obtained at any point from the equation ® 9 x time in cal/ce?, The
exposure interpolation is linear.
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o
prevented placement of samples at the proper distances during Test Zebra.
In Test Yoke a 3/4 inzh hole was drilled in the plywood to study the im-
portance of air backing.

B. CALIBRATION
A calibration of g.he papers used in these tests will be made
by Dr. Penny and forwarded as séon as available, Since the sensitivity of
the papers is a function of the length of tims over which the exposure is
glven, they will be calibrated for 1 and 3 second exposure times. Addition-
al studies on these papers have also been initiated at the Material Labor-
atory, New York Naval Shipyard, Brooklyn, New York, where radiation sim-
lating that of the boab in spectral distribution and duration at near and
far distances will be used. Exposures of 0.3 and 1 to 3 seconds were
used in the calibrations already completed at this laboratory, and these
were used for t he results givea in this report. Copies of such calibration
strips are shown in Pigure 1.
Co OPERATIONS
The plywood squares containing the heat sensitive papers
were placed in position on stakes at the distant locations two days prier
to the explosion and at the closer locations on minus one day. This was

necessitated by the inability to visit the distant islands ,ust prior to

the test. Unfortunately there were frequent showers in the area, and it
was observed that the heat sensitive paper changed to a grsenish celar

when subjected to moisture. The effect cf this on the calibration is not
known, but attempts are being made to check this feature. The paper samples
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were recovered on plus one day and plus two days again with the object

of keeping the period of exposure to the elements to a minimum.

v RESULTS

The results of the exposure of the heat sensitive papers to
the radiation from the bomb are sumuarized for Test I-ray and Yoke in
Table I. Only one sample was collected following Test X-ray since the
papers at all of the closer stations were campletely burned, and no
stations at more distant locations were available. In Test Yoke samples
were recovered which ranged all the way froam no off;ct to complete burn-
ing. The papers exposed in the Test Yoke showed evidence of having been

affected by moisture, and the effect of this on calibration has not as

yot been determined. The air bacld.hg in the ceatral section of the paper

had no visible effect on the heat sensitivity. No distant stations were

available for the exposure of the paper in Test. Zebra, and all papers at
distances closer than 3000 yards, were coampletely burned.

I DISCUSSION
In the report on the results obtained on these papers at Bikini

(see reference page 2), the results of the comparison produced on this

paper with the effects on human subjects are outlined. These compériadno

may be sumnarized as follows:

a. "A visible change of color on the painted paper corresponding

to radiation conditions producing marked discomfort to a normally

clothed man®,
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b. "A full red calor change corresponding appreximately te

radiation conditions producing pain on the exposed skin, lore
severe conditions were not investigated with human subjects.”

On the basis of these comparisons it is possible to estimate
that condition (b) would have existed following Test X-ray at a distance
of about 3500 yards from the point of detonation. In Test Yoke this same
condition might have extended out another thousand yards. Conditien (a)
would have existed at Test Yoke at a distance of 5300 jards. These values
are admittedly rough, but they may previde some estimate of the extent ef
thermal radistion on human beings follewing the bosb detonation.

On the basis of msasurements made by these papers it is pqniiblo
to make a very rough estimate of thu tctal thermal energy released by the
explosion ef tho’ba-b. This may be accamplished by means of the following
equation, | |

K = 47eR%/1.02 x 107

where E, = the thermsl emergy expressed as tons ef TNT

the radiation density in cal/cm? and

Q
R = the distance in centimeters

The values of E ebtained fer the papers exposed in Tests X-ray.

and Yoke are included in the final column of Table I. The data are in-

" sufficient and are too varisble to draw any final conclusions, but as an
spproximatiea it might be said that from these results the thermal energy
from Test I-ray was approximately 5000 tons of TNY equivalent as cempared
with 9000 tons in Test Yoke. Measurements made by Dr. Peany for Test Able
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SECRET

ai Bikini gave values of about 2000 tons. Further analysis of these data

would not. appear warranted.

VI CONCLUSIONS AND RECCMMENDATIONS

On the basis of the exposure of the thermal radiation papers
it 1s estimated that the thermal radiation would have produced effects
on human beings at distancss less than 3500 yards in Test X-ray and
4500 yards in Test Yoks. The total thermal energy released in Test
X-ray was about one~half that reieased in Test Yoke.

The thermal radiation papers exposed in the open as they were
in the SANDSTONE test are not satisfactcry devices for measuring the
thermal radiation. The effect of moisture on these papers makes them
unsuitable fer field work unless adequate protection can be provided.
If precise measurements are required in the future, it is recammended
that more elaborate constructions be used for the exposure of these

papers,

ViII REFFRENCES

(1) *High Temperature Radiation and Heat Sensitive Papers,®
Operational Research Group Report 354 dated 11 July 1947.
| (2) See Projects 7.1-17/RS(BS)=5 and 7.1-17/RS(BM)-13.
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THERGAL RADIATION PLAQUES
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THERMAL RADIATION PLAQUES

OPERATION SANDSTONE

by

CDR. R. M. Langer, USNR"

CAPT R. H. Draeger, (MC), USN*

130 June 1948

¥*Inis is an abstract prepared by the staff of the Scientific
Director of a preliminary renort by these anthors., When a
final report is received it will Le reproduced as Part III,
bection 2 of this annex.
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ABSTRACT

This is a preliminary report on the work, since the
analysis of available data is not complete. A preliminary |
value of LOOO tons TNT equivalent for the average of X-ray
and Yoke total energy radiated was obtained. This number
may be in error by 50%. The effective diameter .of‘ the ball
of fire was about 200 yards, Most theimal effects take
place within two seconds of the detonation. There is a prob-
ability that the infra-red predominates. The total energy
seems to decrease with distance according to the law
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MATERIALS

Materials were selected because their optical, thermal,
and mechanical properties would permit conclusions to be
drawn regarding the temperatures or exposures attained and
because of their importance in the construction of buildings
or military equipment, The classes of matérials selected

- wers metals, textiles, wax, wood, plastics, paint, paper,
glass and rubber,

Metals

Aluminum sheets from 0.00035 to 0.125 inches in thick-
ness, copper in 0.010 inch matt sheet, brass in 1/8 inch
strip, lead in thin foil and thick block, steel, stainless
and 1/16 inch cold~-rolled, tin sheet, 0.0l inch thick, and
chromium plate on 0,01 inch corrosion resistant steel, were
used, These metals were exposed bare as well as painted;
and with’lnd without glass and plastic filters. The melt~
ing of the metal specimen or the discoloration of a paint
put on as an absorber or indicator was observed. The ad-
vantage of metallic foll as a sensitive receiver is the low
heat capacity and relatively high mechanical strength. The
disadvantage of low emissivity is overcome by paint or In-

dia ink.
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Wood

Douglas fir, balsa@, and Phillior~ine nahogany were ex-
vosed both nainted and bare. FPlywood was used as a carrier
for several kinds of paint and stain. The threshold sensi-
tivity for discoloration of bare pine wood is about 2 cal
per sz. with lacquer the sensitivity is smaller; with dark
stain a greater sensitivity is obtained. For low degrees
of charring the texture, color and depth of penetration are
of interest and variations due to grain are helpful rather
than troublesome.

Paper

Smooth, blotter, kraft and tissue paper, white, black,
green and blue were available. Specially calibrated radi-
ation receiver paners from the National Bureai of Standards
and the National Physical Laboratories were installed at all
stations. Black vpaper and colored blottine paners sre espe-
cially sensitive because of their low heat canacity and rela-
tively high absorntion. They are linited on the high exposure
cide because of the‘slivht margin between charring and con-
flagration. They are imnortant where the effective aperture
or focal ratio of the ball of fire is weaker than F/10 or
where strong filtering is used to examine snectral distri-
bution. Ftapers inside of 1000 meters were generally fil-

tered or shielded, except where dead white or fire-resistant

-5
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paper were used. So far nc satisfactory fire-proof nraper
has been found.

Textiles

Black and white cotton sock material, white twill and
woven fabrics were used for their uniform high or low re-
flectance throughout the spectrum. wool cloth with forestry
green rayon lining, olive drab and khaki worsted, flannel
and nylon were inclided because of their low reflectance in
the blue and the sharp transition to high reflectance at a~-
bout 60008, DBlue chambry was the only light blue reflecting

woven materiai available.

Plastics

The Bureau of Ships near-infra-red filter material was
used plain and mounted on glass; also plastic filters for
separate portions of the visible spectrum were available.

A supply of 1/16- and 1/8-inch licite was used to pass the
entire visible spectrum and to cut off telow 30003 and a-
bove 3 4 . Celluloss acetate in thin sheets of about 0,01~
inch thickness also served this nurnose where smaller heat
capacity was required especially in the case of the more
distant stations. Vinylite and phenolics were not inclided.

Glass

Glass plates for uss as filtsars were obtained from the

Corning Glass Company. The filters cut off various broad

-6 -
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spectral regions from the receivers hehind them. The spec-
trum was divided by filters into the following regions:
A >2000%
A >3000
A 5000
3000< A <4000
3000 < A {6000
A7000
Behind each filter was exnored a set of receivers including:
heat sensitive papers, cloths, and metal foils, .
wWax
Paraffin wax was used in the form of carbon paper: a
thin opaque coat on tiseue paper.
Paint

Standard paints on plywood were set up with and with-

out filters. The colors included white, black, red, green,

clear and blue.

.
y |
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Aubbers
A limited number of standard Navy rubbers were obtained.
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ZQUIPMENT
f

Ihe materials mentioned were, in general, mounted on
thernal rlaques about one foct square. It was recoeized
that each specimen should be in natches several inches on a
side, but the small test area available nrecluded such sizes.

Ihe plaques were made of 1/l6~-inch al:.ninusn. On the
face was a layer of canvas on which were spread the nate-
‘rials which acted as receivers, OSome plates carried glsss
filters held on with brass clips, Loose ends of the receiv. .
ers projected out to give an unfiltered reading. The brasalf,
clips were softened with heavy rubber strips to protect the
glass and to serve as rubber receivers,

Some plates had pln#tic covering instead of glass.
The recaiverg were laid on in overlapping horigontal strips
so that about one centineter of each was exposed to the ra-
diation. Over nart of thess at right angles ran a set of
plastic filtars for red, infra-red, blue, green and yellow
in the form of one centimeter etrins, Thess were held in
place by a cover plate of 1/l6-or 1/32-inch lucite.

At the inner stat;on, bricks of lead and zinc were set

J
i !

4

out. Sharp corners at holes drilled on the front side were
softened to an extent determined by the radiation received.

A ball of fire 200 meters in dianeter subtends an
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angle at 2000 meters equivalent to an aperture or focal ra-
tio £/10. This corresponds to an exposure of about 10 cal-
ories per cnz. Since many receivers show marked effects at
such snergy doses, there was an opportunity to obtain de-
tail on the distribution of light over the surface of the
fireball.

An aluminum plate with 1/1é=inch holes in three col-
umns of eizht holes each with about one inch between cen-
ters was backed with & wooden board which was perforated
over the holes., Behind each hole were air spaces 1/2 and
1/4 inches deep. Behind this space was a set of receivers
to cover all ranges of intensity and color available. Thus
there was a set of pin-hole imares formed of aperture f/i

and f/2.
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CALIBRATICN

There are two main ways of evaluating the res:lts of
the exposures, One is by measuring the thermal and optical
properties of the receiver and then computing the energy
required to produce the effects observed, The c .her is to
compare the actual effectr with those on similar receivers

subjected to a measured sxposure using an artificial source

DAV 9 ISRISORTA) ¢ | N
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designed to simulate the bomb buret. In general, except

el
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for thin uniform metal foile, only the latter method is

practical.
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In thir method. light from a high-intensity carbon arc
collimated in a 24-inch Navy searchlight was used, The col-

limated beam wa: concentrected on a sample of the material

-~
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S ats

to be calibrated Ly means of another 24~inch searchlight

mirror. The sample was driven through the focus at an ac-

s S e P
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celerated rate so that all gradations of heating offﬁcts

T iris on the searchlight could be used to reduce the energy

occurred. The beam intensity was measured with thermo- :2%
, =
couples so that the erxergy input could be computed. An e

in the beam and a smaller rate of travel could be chosen to

[ ARs MV AD

ccmpensate. In this way reciprocity corrections were ob-
tained, After the test, as expected, a whole series of new

calibrations were required to simulate field conditions for
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cases of interest.

served only to indicate which materials to use and to rive

Tre calibrations ohteined in advence

a nprelininary estirmate of the reesults,
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COLLECTICON CF PLAQES AFTER EXPOSURE

The thermal materials set out on tngebi and Aomon-
Bijiiri were left coveied with waterproof paper until the
day before the teests. The materials were collected two or
three days after the tests., On Muzin and Kirinian and
also on ojoa the plaques were set out uncovered two or
three days before and collected the day after the test.
Thus, the exnrosed time wss nearly the same in all cases
although weather conditions were different. |

- On the itlande downwind from Acmon, Bokonaarappu,
'Mtsu , and idujoru the vlaquee were uncovered several days
before the test. Due to inaccessibility because of con-
tamination they remained uncovered seversal days after the
test. The increase of weathering was not marked.

All plaques showed signs of moisture and the condition
of dryness at the moment of burst was unknown. This limits
the exactness of the data and in many cases only a lower
limit to the radiation can be obtained. The seriocusness
of this limitation should be investigated by calibration
under various degrees of dsmpness.

The materials exposed on kngebi were recovered to
within 12C0 yards of the zero point. Some pieces closer

to the zero point were found, but their condition was not
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suitaole for reliable ertim~tas with the possible excention

_of lead and zinc blocks. The :eneral ronclusian fron s con-
ciieration of the reccvery; was that it is uezir<ble (o re-
duce the rail area of svecinene and to brace vith ciagonal
compression members to cut down wind effects and destriction.

vacsual inspection of close samples indicates that heat
effects do not become increasingly sever: at the rate ex-
pected within 1500 yards. FPresumably, this is due chiefly
to the shielding by thejcloud of dust which envelopes the
matsrials while the bali—of fire is still radiating.

Plagues were recovered from Muzin (2000 yards) and
hirinian (3500 yarda) and a beginning has been made in e-

~valuating thece results. A preliminary valie of 4 x 1012

calories or 4LOUVO tons of TNl eq-ivalent of energy radiated

from the X-ray bomb was obtained, The calibrations used
were inadequate and thera is an uncertainty of about 50 ner
cent in the figures mentioned. The :nore distant station

(Kirinian. 3450 yards) shows a lower radiation than would

be expected from the nearer one (%ugin, 2000 yards) if the

invarse square law apolied. This sugrects stnospheric at-
tenuation, but it could\élso be exnlained in oart by in-
creased reflaction from the broad beach on luzin where the
plaques were installed.

The materials exposed on Aomon were recovered to within
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1000 yards of the zero point. Twn lead and zinc blocks and
two pin-hole receivers were recovered from stations at 250
and 330 yards. cven where energy values are unreliable it
may be possible to give an estimape of the effective size of
the ball of fire. Ciude tentative measzuresments from the
pin~-hole receivers give values of about 200 yards for the
radius. This is a strong corroboration of the suggestion
that most of the radiation comes from the later stages of
the ball of fire when it has become covl, large, and almost
stationary in size.

The plaques on Rojoa (1800 yards) and on Rujoru (2500
yards), Aitsu (3500 yards), and Bokonaarappu (5300 yards)
would have made an excellent series except for the disturb-
ance of moisture from rain, spray or dew. In spite of this
they constitute valuable data. Some specimens would dry
quickly and some, such as plastics, would be relatively in-
sencitive to moisture.

There is no justification for olotting all the rough
data to date as though the nuubers were comparable. How-
ever, when poinis are so0 plotted as in Figure 1, a trend
in total enerpy integrated over a sphere is found. It is
as though the energy was being reduced according to an ex-
ponential function of distance with a reduction factor due

to absorption of O.4 per mile. In combination with the
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observations on effective fireball size this suapeéts that a
large fraction of the energy is in the infra-red béyond
2.4 .

A number of nlagues were set out in the second test so
that a flat side was exnosed. The nlaques were mo&nted on
vertical iron pins so that they were free to turn in a
strong wind.

when recovered, all but the most distant of these
"flags" had turned. The thought was tc get an idea of the
time distribution of the radiation. If the sids first ex-
posed was more affected by radiation, then presumably the
early phases, up to the time of arrival of the blast wave,
dominated.

This was found to be the case at distances to within
1200 yards of the zero point. The burning on the side fi-
nally turned toward the blast was very slight. Before re-
garding this evidence as conclusive it will be necessary
to consider the coolingretfect of the high winds accom-
panyins the blast and the tendency to blow out fires. The
dust cloud must have had an effect and ahove all the cloud
chamber effect reduced the effectiveness of the later stages
after the paseage of the shock front,

The definite conclusions that burning took place with-

in two seconds of the detonation can nevertheless be drawn.
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SONCLUGIONS AND fice MENDATICNS

{he mass of material available for profitable study is
cratifyingly large, Lt must be treatéd zg a whole before
a satisfaclory picture of radiant energy effects can be
presented.

The - umerical I;éSIIltS now st hand are qualitative, but
more defirite informatfon can be obtained from the material
at hand. The information to be exrected wil) include a
value for the *otal energy radiated from the bombs X-ray
and Yoke; the efiective size of the ball of fire; the ef-
fective duration of the radigtibn; the absorption of ra-
diation in thicknesces of several miles of humid atmos-
rhere; the gialitative integrated svectral conpoéiticn of
the radiation; the reaction of numerous important materials
to the radiant energy as a function of distancé from a bomb
burst, at low elevation, on duéty terrain, surrounded by
tropical water.

A preliminary value for the total energy radiated from
the bombs on X-ray and Yoke is given as 4 x 1012 calories.
This is equivalent to about 4000 toné of TNT. The error
in this determination may be as high as 50 percent. itead-
ings from both bombs were averaged, The data so far are
not sufficient to differentiate between the two bombs, The

effective diameter of the ball of fire is about 200 yards,
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