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ABSTRACT

The original objective of Project 8,4~1 was to evaluate the
attenuation, by an operational fog oil amoke screen, of the thermal
radiation regulting from the detonation of a nuclear device, and to
collect data to verify the theoretical calculations on the above be-
ing developed concurrently under contract to the Chemical Corps,

It was originally planned to conduct this evaluation on Shot 9
with an operational amoke soreen set-up with smoke genmerators, and/or
smoke pots, Thermal flux datas were to be obtained under the smoke
screen at distancesg varying from 2500 to 65600 f+ from ground gzero of
the nuolear device detonated 2420 ft in the air, Adverse wind condi-
tions and possible interference with the overall test program under
these wind conditions resulted in the last~-minute cancellation of the
smoke screen test,

With ingtrumentation recovered from Shot 9, and new ingtrumenw
tation fabricated in the interim period, a preliminary evaluation was
rapidly planned for Shot 10, The objective of thias evaluation was %o
obtain partial data for the preliminary analysis of the Thermal Radia-
tion Attenuating Clouds (TBAC) program and to obtain data applicable
to future planning for a full-scale evaluation of an operational smoke
gscreen, A single instrumentatlon station was located at a slant range
of 2238 ft from the detonation of the nuclear devive approximately
500 ft in the alr, The smoke acreen for this test was established with
176 asmoke pots which ringed the station on a 200 f+ and 300 ft diameter
ring,

Analysls of the photographic records of the test has shown that
the carbon smoke screen, also set up on Shot 10, intercepted the ther-
mal radiation incident upon the fog oil smoke screen evaluated by this
project, Thls oarbon smoke screen, therefore, contributed to the re-
duction of thermal radiation measured at the single inastrumentation
station, The photiographs enabled gome estimation of the reduoction due
to the carbon and fog oll smoke soreens individually,

The meagured thermal flux in the direction of air zero with 180°
field of view calorimeters was 0,8 % 0,1 cal/sq cm at a single station
located 2238 ft from air zero. The measwred flux with two other iypes
of instruments was less than 0,7 cal/sq cm, The incident thermal flux,
without smoke present, at this distance was 57,6 + 5.0 cal/sq cm. The
attenuation of radiant energy by the carbon and fog oil smoke was there-
fore 98,6 + 0,3 per cent, Based upon the attenuation of radiant energy
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measurements made molely on the carbon amoke it has been estimated
that the carbon smoke screen reduced the incident thermal radiation
from 67.6 to 6,8 cal/sq ¢m, The estimated attenuation of thermal
radiation by the fog oil smoke soreen was, therefore, from approxi-
mately 6,8 to 0,8 oal/aq om, or 85 to 90 per cent,
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FOREWORD

This report is one of the reports presenting the results of the
78 projuctas participating in the Military Effects Tests Progranm of
Operation UPSH(T ~KNOTHOIE, which included 1l test detonations, For
readers interested in other pertinent test information, reference is
made to WI-782, Summary Report of the Teohnical Director, Military
Effects Program, This summary report 1ncludes the following informa-
tion of possible general lnterest,

By

b,

O

d.

An over-all desoription of each detonation, including
yield, height of burat, ground zero location, time of
detonation, aimbient atmospherio conditions at detonation,
sto,, for the 11 shots,

Compilation und correlation of all projeoct results on
the basic measurements of blast and shock, thermal
radiation, and nuclear radiation,

Compilation and correlation of the various project re-~
sults on weapons effeots.

A sumary of each project, inoluding objectives and
results,

A complete listing of all reports covering the Military
Effeots Tests Program,
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PREFACE

The thermal radiation attenuation studies reported herein we:n
undertaken by the Chemical Corps to determine the feasibility of mini-.
mizing by fog oil asmoke soreens the effeots of thermal radiation from
the detonation of a nuolear device,

In the detonation of a nuoclear device in a clear atmosphere
the therwal radiation is received on a direoct 1ine upon any surface
faoing the source, By introducing a fog oll smoke screen between the
detonation point and objects within or beneath the soreen this direct
radiation 1s reflected and soattered, The results of this scattering,
therefore, should be to decrease markedly the amount of radiation re-
oseived on an object within or beneath the screen to a wvalus suffioient
to minimize burn-produstion or fire-ignition,

A full~scale evaluaticn was scheduled for conduct on Operation
UPSHOT -KNOTHOLE, Shot 9 (8 May), but was cancelled just prior to
detonation because of adverse wind oconditions and possible inlerference
with the overall test program, The complete test planned for Shot 9
was to provide all the date necessary for field evaluation of opera-
tional screens and verification of the theoretical caloulations being
doveloped concurrently, A limited evaluation was then rapidly planned
for Shot 10 (25 May), to obtain partial data for the preliminary
analysis of the Thermal Radiation Attenuating Clouds (TRAC) program
and obtain data applicable to planning for a future full-scale evalua-
tion of an operational screen, It is believed that the information
obtained from this study will assist in evaluating this protective
measure, available to the Department of Defense and the Federal Civil
Defense Administration, for the protection of material and personnel
from the thermal effeots regulting from sush a detonation,
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CONFIDENTIAL

CHAPIER 1

INTRODUCT ION

1,1 OBJECT IVE

The original objectives of Project 8,41 were to evaluate the
attenuation, by an operational fog oil smoke screen, of the thermal
radiation resulting from the detonation of a nuclear device, and to
collect data to verify the theoretical calculations on the above, be-
ing developed concurrently under contract to the Chemical Corps,

Following the cancellation of the original experiment, a 1limi-
ted experiment was desgigned, using a single instrumentation station
with a fopg 0il smcke screen established by smoke pots, with the folluw-
ing op jectives:

(1) To collect limited data to verify the theoretical calcula-
tions

(2) To collect limited data to indicate the potential effective-
ness of an operational fog olil smoke screen in attenusting thermal
radiation

(3) To proof-test instrumentation methods and test procedures
and,

(4) To obtain data applicable to the planning of a possible fu-
ture full<scale evaluation of an operational screen,

The purpo-e of this study was to determine the effectivensss of
an oil fog amoke screen in scattering 4hermal vadiation, In a olear
atmosphere, thermal radiation normally reaches an object on a direct
line from the bomb source, By introducing a smoke screen the radiation
ls goattered away from objects within the soreen, and the radiation which
reaches the objeot does sc from many directions, thereby minimizing
Lurn-produoction and fire-ignition,

1.2 HISTORICAL

The baaic concepts of the protection from thermal radiation pro-
duced by the detonation of a nuclear device were initially proposed by
Condit et al, l/ From their studies they c¢oncluded that a smoke screen
is a measure which can be quickly applied over a large area for use in
an emergency, Hulbert et al 3/ analyzed the effects of fog, clouds and
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amoke on thermal radiation from atomic bombs and concluded that fop or
smoke around the target reducea the thermal radiatiop to a point where
the reduction ia of practical importance, They alac stated that aspe-
6ial experimenta%ion would not only be difficult to perform, but would
contribute 1ittle to what may be derived from present lmowledge,

Brown and Goshe g/ used the sun as a sowrce of thermal radiation
and experimentally determined that fog oll samoke screens produced by
M2 smoke generstors reduced the solar radliation from 50 to 90 pcr cent,
depsnding upon the concentration, They recommended a study be made at
the Nevada Proving Orounds using operational fog oil smoke ¢louds to
obtain more sccurate operationsl data,

In Ootober, 1951, the Chemical Corps requestad a test projeoct for
Operation TUMBLER-SNAPPER in the spring of 1962 to evaluate the effecw
tiveneas of fog oll smoke soreens ageinst therml radiation, This re.
quest was deferred by action of the Armed Foroes Sprcial Weapons Project
(AFSWP) and the Reaearch and Development Board as being more suitable
for conduct at Operation KNOTHOLE scheduled for the spring of 1953, A
preliminery test of methods and procedure to be used in the KNOTHOLE
evaluation was originally approved for Operation UPSHOT, planned for the
fall of 19562, UPSHOT was subsequently defsrred and the preliminary teat
reguirement cancelled,

Projoct East Fiver 4/ made a gtudy of the feasibility of using
thermal radiation attenuating clouds, 1In their report to the Seoretary
of Defense, The Chairman, National Security Resources Board and The Ad-
ministrator, Federal Civil Defense Administration, it was stated that
the uss of a fog oil smoke cloud for shielding apainst radlant energy
offered such great promise that their recommended research program
ghould be jmplemented without delsy, This report is known as the TRAC
Report published by the Aesociated Universities, Inc,

In February, 1962, The Chief, Special Projeots Offico, Chemical
Corps Research and Engiueering Comwand, in an unnumbered memorsndum to
The Commanding General, Chemiocal Corps Research and Engiueerinpg Command,
recommended that the Chemical Corps immediatsely initiate a projest to
develop the programs outlined in the TRAC Report, Subsequent meet lngs
between the Aseistant Chief of Staff, G4, AFSWP, and the Chemical Corps
regulted in directives from these two agencies authorizing the Chemical
Corps to initiate weteorological studles, theoretical investigations,
and field tests to determine the effectiveness of thermal radiation at-
tenuating olouds,

laboratory studies were also initiated at the Army Chemical Center
employing a searchlight source of radiation in a large warehouse (ap-
proximately 75 ft long, 35 ft wide and 20 ft high) used as a smoke cell,
Measuremsnts made under thess conditions indicated that approximately
70 to 80 per cent attenuation of thermal radietion could be expected
from a 100 £t path length of o0il fog amrosol of 20 to 2¢ micrograms per
liter ooncentration, Based upon this aand additional data preliminary
oaloulations were made of the radiation to be expeoted beneath the oil
fog soreen on the UPSHOT-KNOTHOLE tests, 5/
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1.3 THEORET ICAL

The mechanics of the peneration of radlaut energy by the detona-
tion of & nuclear device have been desnoribed, 8/ Its propagation
through the atmosphere has been studied, both theoretically z/ and ex-
perimentally, 8/ 9/ 10/ 11/ Howsver, thess studios have been primarily
concerned with unidireectTonal flux undergoing normal atmospheric at-
texuation by soatteriag and absorption,

When a fop oil aerosol ls placed between the source and recslver,
radiant energy attepuation is markedly inorsesed, Since thisx aercsol
is composed of fog oil droplets which are essentially transparent
scattering bodias, 33/ the attenuation 1is prinaipally a parameter of
multiple scatteripg and depends to a much lesser extent upon the abe
sorption function,

Measurements of the incident and transmitted radiant energy can
resdily be made, However, with a scattering smoke scresn the fleld of
view of the detectors used to determine the transmittance is of con-
siderable importance, Measuremert of incident radiantion 4s the meaesure-
ment of & unidirectional flux, since air scattering is essentinlly
regligihle. Measurement of the transmitted radiation beneath a smoke
acreen is the measurement of a multidirectional flux. Thus, the ratio
of transmitted to incident radimtion, or the transmittance, is not a
dimengionleas quantity., The use of collimmted deteotors with identloal
fields of view would satisfy the requirements for a diwensionless quanw
tity, but fail to give a complete demoriptlon of the reduction of thermal
radietion afforded by the aerosol, Any transmittence will be valid only
for the particular spatial orlentation of the collimted detectors and
consideration must be given to the contribution of all spatial crienta~
tions of such detectors,

The thermal effects upon any unit area of a plane surface
oriented in space is u function of such parameters ms distance, total
energy, and rate of delivery, Under fleld test conditions without
smoke present, the incident besm, although undergoing a measurable
amount of scattering end abaorption, can be considered a unidirectional
flux if the distauce is small compared to the visibility, Any detecting
instrument having a limited field of view will thus recelve the major
portion of the flux,

When the inoident radiation impinges upon a fog oil merosol,
scattering which occurs in the upper layers causes some of the radiation
to leave the asrosol cloud, This is referred to as reflection or al«
bedo, The radiation which penetretes into the aerosol cloud is multi-
ply scatterad, The radiant energy whinh will eventually irradiate any
unit plane surface in or below the fog nil aerosol cen arvive at this
surface through a maximum angle of 2n steradians, Sinoe the recsptiou
of radient energy is of short duration, the thermal effects on any unit
sren plene surface in or below the cloud will be & function of the Lotal
integreted flux over an auvgle of 2n steradiens,

If the transnittance is defined a&s the ratio of the cumulative
fluxes received with and without smoke present over an angle of 2 =n
steradians by unit area plane surfaces having the smoke orlentation,
and the spatial distribution of the radient energy is determined, a more
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renlistic interpretation of the trus attenustion afforded by an oll fog
aeromol can be made, For this reason instruments mne described in later
sections were consgtructed g0 that they would have fislds of view as
olosely approaching an angle of 2 n steradians as feasible,

To obtain a verification of the flux measured in various spatial
orientations by detectors having an angle of view of 2 n steradians,
e 4 1 geometry detector was sleo employed st a limited number of
stations,
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CHAPTER 2

EXPER IMENTAL PROCEDURE

2.1 GENERAL

This evaluation was originally scheduled for conduct on Shot 9
(8 May)s For this test an atomic weapon of approximately nominal
yield was to be air-dropped and detonated at an altitude of 2400 ft,
The entire ares east of a north-south line through ground zero was as-
signed for the conduct of this project,

Following the cancellation ot the smoke screen experiment on Shot
9, a linited experiment was designed with a asingls partially instrumen-
ted station located 2166 £+ from the planned pround zero for Shot 10,
Smoke pots were used Yo provide a smoke scoreen over this single station,
A nuclear device was detonated at 500 £t over pround zero for this shot,

242 TEST LAYOUT

24241 Full Scale Evaluation - Shot 9

On the basis of preshot pianning information furnished by the
Directorate of Weapons Effects Tests, the instrumentation station layout
specifically for thls proJuct was eatablished as shown in Fig. 2,1,
Three major inmgtrument stations were located on the smoke line at 2500,
4500, and 6500 ft frow the planned ground gero. Two secondary instru-
ment stations were located on the amoke line at 3500 and 6500 ft from
the plarned ground zero, Three secondary instrument stetions were lo-
cated on the blast and thermal ingtrument line outgide of the smoke screen
at 2500, 4000, and 6000 ft from the planned ground gzero, These stutions
were in addition to the basic thermal instrument line stations,

As the primary source for production of a smoke screem 50 E19R3
smoke generators were placed on a line approximately 1000 £t north and
parallel to the smoke instrumentation line and on an are¢ of 1000 f4
redius gouthwest, west and northwest of +the 2500 ft station, Due to the
lack of complete micro-meteorological information construction for an
alternate generator line was established 1000 ft south and parallel to
the smoke instrumwentation line, This latter generator line was used for
all preliminary smoke ssreen experiments, This layout of primary and
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and secondary generator plt locations is shown in FPig, 2,2, In the
svent adverse wind conditions prevenmted the firing of part or all of
the generators the three primary ingtrument stations were each rinped
with a primary ring of 72, and a secondary rinpg of 60 Smoke Pots,
.. Floating, MK 5, Mod, 2 on a 150 ft radius circle. Firing of the smoke
B . pots and the E19R3 generators was controlled from the control point
: with a selective firing system of five manually operated cirouits,
One set of remote reading wind direction and velocity gages
was inatalled 2200 £t from ground zerc on the smoke instrumentation
line. The gages were mounted on a 30 ft pole, This equipment provi-
i ded a reading in the control point of local wind direction and velocity : -
i in the test area, The two E19R™ penerators closest to ground zero were b.“-‘~~6— <
‘ connsoted to a separate oircuit to provide smoke during the wind run '
of the bomb-drop aircraft, The observation by the bombardier of grousd
zero over this preliminary smoke plume and the observation of the smoke
plume behavior by a ground observer, coupled with the observation of
e the wind direction and velooity gapge reading, was to assist the Tech-
E nical Director of the Military Effects Group in determining the smoke o .
pots and/or generators to be fired, !
. A complete listing of the instruments and measwements made at :
P each station is given in Table 2,1,

1 TABLE 2,1 « Station Instrumentation and Messuremsnts
8 \_'o .
I Ingtrunentation Measurements
g Station|Distance |{CRL Ball |USNRDL |NML Cosine | Spectral|Spatial|Total o
No. (from Calorim-|Disc Law Atten- | Distri- |Distrie|Flux L
h GZ (ft) |eter Calorim=|uator Cal- | bution |bution L0
3 eter orimeter L
F=l24, 2500 x * X X x X
, P-428 | 3500 x x g 3
s " o
P-429 4500 x x x X X X
5500 % X ' N
;_ F-430 6500 X x X X X }
() . e
Fa202 | 2500 x x x ' 1
208 4000 X X x
210 5000 b'e X X
M , _ . °
0 2l » °
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207242 Preliminary Experimental Ewvaluation - Shet 10

A preliminary experiment was designed to obtain & limited amount
of data after the cancellation of the test planned for Shet 9., One
atation was looated 2166 ft from the planned ground zero on a trus bear-
ing of 120°, southeast from ground zero, This location was 2205 ft from
the aotual ground zero, The slaut range from air zero to this station
way 22%8 f£t, The looation was chosen since the expected psak overw
pregsure and thermal radiation were approximately the seme as previocusly
expected at the 2600 £t station on Shot 9,

This station was instrumented with one U, S, Naval Radiological
Defense laboratory disc calorimster assembly in a pgoniometric pattern,
using three n steradlan field of view detectors and nine 2 n steradian
tield of view detectors; with two maximum indicating Chemical and Radio-
logical laboratories ball calorimeters; with two electrically recording
C&RL ball oalorimeters; with two complets Naval Material laboratory co-
sine law attenuator calorimster instsallations; and with one Naval Ma-
terial laboratory passive receiver assenbly for spectral measurements,

To provide smoke, Smoke Pote, Floating, MK 5, Mod, 2 were set
out on two ooncentric rings 200 ft and 300 £f4 in diameter around the
ingtrumentation station, Ninety-three Smoke Pots were located on the
300 £4 diameter ring, There were one hundred sixty-five amoke pots lo-
cated on the 200 ft diameter ring, with alternate smoke pots connected
to each of two firing cirocuits, One of the two 200 ft ring firing cir-
cuits was also connected %o the ninety.three smoke pots om the 300 ft
ring, Thus, either ninety-three smoke pots on the 300 ft ring end
eighty-three smoke pots on the 200 ft ring, or eighty-two smoke pots
on the 200 £t ring could be fired, depending upon the wind conditions
and the amoke concentration desired,

2,3 THERMAL INSTRUMENTATION

2.3.1 Ball Calorimeters

This instrument 1s a modification of the Naval Research labora-
tory gas calorimeter, A U~type pressure indicator has been substituted
for the original bellows type, The gas pressure inoreamse due to absorp~
tion of radiant emergy by the blackened copper shell of the calorimster
1s directly related to the amount of inocident radiant ensrgy. The sup-
porting meck of the ball has been redesigned so that only 2.4 per cemt
of the surface area of the ball is unaffected by radiant energy and it
essentially receives radiation from a 4 n steradian fisld of view, Re~
cording devioces are of two typeas:

1. Maximum thermal flux recorder

2o Continuous therml flux electrical recorder

The pmaximum thermal flux type ball calorimeter masures the total
thermal radiation incident on its apherioal detector, The U-type pressure
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indicator im partially filled with a solution of 20 gm of K,COx in

100 gw of water, As this 1liquid 1s pushed up on one side of the
tube it dissolves a coating of methyl red dye which originally coats
| the inaide of the tube, On cooling to ambient temperature, the sharp
Ei line at the maximum attained by the KzCOz solution marks the pressure N
inorease over atmospheric, Figure 2,3 shows the components of the gas o e
L calorimeter and Figs, 2,4 and 2,5 show the field installation,

Two bleeder tubes are provided to eliminate fluotuations in the
manometer due to atmompheric pressure changes. The bleeder tube for
the agbestos-wrapped steel oylinder, ahielding the manometer from
blast damage, is a No, 27 B«D Yale hypodermic needle, Ths bleeder tube
for the blackened copper ball is a calibrated glaas capillary tube,

For thermal shielding the manometer shieldianp cylinder 1s lined with
1/4 in, asbestos, Due to the large volume, 1200 ml, of the steel
shielding ocylinder, the effect of the blast wave through the bleeder
tube is considered negligible,

For measuring the higher thermal fluxes, mersury is substituted . :
for the EpC03 solution, On the methyl red side of the U-tube the et g
meroury is covered with a 0,5 om column of K5COz solution to dissolve
the methyl red and record the maximum height obtained, Manometers
filled only with KpCO3z solution have 1 milliliter of di-2-ethyl-hexyl
phthalate (DOP) floated on the side of the U-tube connected to the ball
calorimeter, This DOP has a negligible vapor preassure and minimizes -
the escape of water vapor into the ball, The DOP has a specific gravity o _ b
of 0,9861 at 209C and a boiling poimt of 3B86°C at 760 mm of mercury, =

For the comtinuous recording of the pressure changs ss a func« . -
tion of time, a high resistance electrolyte was floated on the indi- 'T
- cating side of the Ustube, This electrolyte consisted of two grams k
- of CuSQ4 in 100 gm of water and 10 oc of 9% per cent ethyl aloohol, S g
*‘. The aloohol minimises polarizetion and acts as an antifreeze in the
: ovent there were freering temperatures at the test site., This solution
results in an slectrolyte of approximately 1000 ohms resistance per
linear centimeter in the U-tube column, The varilable length CuSQ4
[ solution is in series with an Esterline-Angus recorder of approximately
Ei 1400 ohms resistance, It has an operating voltage of 2,4 volts and is - A
!
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powsred by a 24-volt battery., Figure 2,6 shows the inatallation of the
recorder and accessories in the field,

e
[ ]

2432 Cosine law Attenuator Calorimeter

The Naval Material Laboratory (NML) cosine law attenuator ocalori-
- meter, shown in Fig, 2,7, was used to measure the spatial distribution -~ _—
of the radiant energy. The calorimeter is designed to expose two paper :
or fabrio indicator strips, 3/@ in, wide, arcund the circumference of a
1 1/2 in, white pine semiwcircle i8 in. in alzameter. A 1/8 in. groove
is milled into the aurved face uf the wood on the units mounting paper
indicators, The milled air space is not used bemeath fabriec indicators,
In assembly of a unit, three 1/4 in, wide quinterra asbestos paper
strips are laid on the edges of the two indicator papers and held in
place by 1/4 in, wide 23 gage aluminum straps., Bach aluminum strap is
drawn tight and attached to the wooden support with 10 brass escutcheon
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Fig, 2,3 « Components of the Gas Calorimeter

A, Detector Head and Neok Assembly

Bs. Manometer Shielding Cylinder

Ce Maximum Thermal Flux Recording Manometer

D, Continuous Thermal Flux Electrical Record-
ing Manometer
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pins, To prevent the propagation of s flame, the indlcator stripa are
striped with Albji Temp Kote "99" white fire«retardant paint, dividing
the exposed length of indicator paper or fabric into 3/16 in. sections,

A total of eipght different papers and fabrics are mounted on
four units to form a stack for one measurement, The observed thermal
effects and oritical energies of these materials as determined from
laboratory ocalibrations are given in Table 2.2,

A more detailed description of the cosine law attenuator calori.
meter and the methods of calibration are given in the TUMBIER-SNAPPER
Report, Project 8,3a 9/ and Naval Material lsboratory Report No.
5046-33, 12/

Figures 2,8 and 2,9 show the methods of field installation.

2:3.3 Field Calorimeter

The U, S. Naval Radiological Defense laboratory (NRDL) field
calorimeter is basically a disc-shaped enerpgy receiver, cut from
copper and bluckened on one face with electrolytically deposited
platinum ard finished with camphor black, Soldered to the ceunter of
the unblackened face of the disc is a thermocouple consisting of 5 mil
diametsr copper and constantan wire, The other end of the thermocouple
wire ia fastened to the cold junction massive copper blocks housed in
the calorimeter case. The electrical signal penerated by the thermo«
couple is fed into one galvanometer of a 12-channel Heiland Oscillo-
graph Recorder,

At the requsst of the Chemical and Radlologioal laboratories
the oripginal n =-steradian field of view calorimster has been modifiled
to provide an easentially 2 n -steradian field of view, The =x
-steradian field of view calorimeter is exposed to thermal rsdiation
through aa appropriate quartz filter, The 2 5 «steradian field of view
instrument has no filter and is protected by a dust cover, This cover
consists of a 4 in, diameter spring loaded aluminum disc held in place
by o niohrome wire. A signal from the Edgerton, Germershausen & Grier
(EG&G) relay actuates an Agastat electropneumatic time deley relay
w.:ich permlits current to flow through the nichrome wire, burning same,
and permitting the dust ocover to be ejected by spring pressure away
from the blackened dise of the field calorimeter.

Detailed information on the operation, calibration and field
inatallation of the fleld calorimeter is given in the BUSTER report
for Project 2.4-1, 8/

2.4 SPECTRAL DISTRIBUTION INSTRUMENTATION

2.,4,1 Passive Receivers

The speotra} distribution of the radiant energy among three
broad, representative wave length regions was measured with passive
receivers by NML, These receivers are in the form of metal foils
mounted behind quartz windows and behind each of two selected glass
filters, The metel folls, ¢ mm widy, 16,5 mu long, are made of lead,
zinc, tin, uickel, gold, platinum, and palladium in thicknesses from
1l to 5 mils. The pupoge of the quartr window is to eliminate effects of

R L

W." ,
. [




-y

PR MRS TR
e

TABLE 2,2 Critical Thermal Energles of Pagsive Indicators

Critical Energy
Thermal Cal/em? Adr
Type baterlal Lffect Background
111 Carbon laper, Imdium P¢nlsh,
Black. Lightweight Degtruction 0.84
I1I Sanborn Recording Permapaper | Destruction 2.2
II Paper, Matte, Black Destruction 2,
11 Paper, 25% Rag Bond, Cherry Charring 7.2
Destructinn 10.0
I U. S, Posgtal Card Paper, Charring 15,0
lanila Degtruction 17.0
I Paper, 257 Rag Bond, Yellow Charring 11,0
Degtruection 18,0
Iv Cloth, Cotton, Wind Resistant| Charring -
Poplin, 5-7 oz/sq yd, U.D. #7| Destruection —
IV Cloth, Herringbone Twill, Charring —
Green 9.0 oz/sq yd Destruction —_—

weathering and other local disturbances, The transmissivity of the

quartz filter peruits a study of the significant radlation between

2200 and 30,000 AC, The two filters employed, Corning 3060 end 2880,

pass all radiation in that region beyond 4000 and 8500 A, respectively,

The foils are mounted on a grooved glass melamine block, providing for

a suitable air gap in front of and behind the foila, as shown in Fig,

2,10, The field installation of a cvomplete unit is ghown in Fig, 2,11,
Detailed information on the passive receivers is given in the

BUSTER report for Project 2.4, 4/

244,2 Field Calorimeter

The NRDL field calorimeter was also gset up to determine the
apectral digtribution of the radiant energy on the canceled Shoi 9
evaluation, A rough spectral breakdown is obtained by mounting re-
ceiving discs in back of Corning Glass Filters No, 3-69, 2-58, 756,
and 0-~52, The filters trangmit radiant energy above 5100 A®, 630007 ,
8500 A and 3400°4, respectively. For the single station evaluation
on Shot 10, goniometry of the radiant energy was congsidersd the more

31




Fig.

248 = Fleld Installation of Cosine Law Attenuator Calorimeter,
Mounting Rack Type A
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Fig. 2,9 - Fleld Installation of Cosine Law Attenuator Calorimster,
Mounting Rask Type B
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important, and ingtrumentation for spectral data was not ingtalled,
Further detailed information on this method of obtaining spectrai data
is given in the BUSTER report for Project 2,4-1, 8/
The field installution of the calorimeter mounting assembly
is shown in Fig, 2,13,

2.6 REMOTE CONTROL CIRCUITS A
2,6,1 Ball Calorimeters I j
- An H=5 sec signal from the EGXG relay was used to turn on all .
H Esterline-Angus recorders, energlze the contacts in the variable rew e e j

sistance uanometers and start timing cloocks required to perform these R
operations is shown in Fig, 2,12, L L

! I'F? e
MOTOR ' SR
GIRCUIT T

- — U~TUBE GIRCUIT

vI
- |—-———-‘ I | ||
- SIGNAL

. FROM EGG
@ !

e

V)= 24v.BATTERY + :,T'-
, V2« 4v.(TAPPED OFF V.) L——‘ -
» L« EGG RELAY _
C Lz« LATGHING COIL,24v. DOUBLE- -
g POLE RELAY GLOGK GIRCUIT

La* %ll:éTgELNAQ COlL,24v. DOUBLE- Ly /s

A = E-A RECORDER
A M « E-A MOTOR GHART DRIVE Vi
Rys 2002 POTENTIOMETER [. l| }__
& Ry* 50000 ( Gu S04 SOLUTION ) - +
S = CLOCK SWITCH
a = CU TERMINAL
b = HG TERMINAL

i
L _;" .
’: . .

.
L

L,

3 Fige 2,12 « Cirouit for Remote Control of
® Esterline-Anpgus Recorder
==

'®
[

- 2.5,2 Smoke Pot, Floating, MK &, Mod, 2

The Smoke Pots, Floating, MK 5, Mod, 2 were detonated by E-ll '
electric igniting fuses, For the canceled Shot 9 evaluation two con- » _ e
trol cirocuits were provided from the control point to EG&G relays; one o
sirouit being pravided for firing the ring of smoke pots at 2500 ft from
ground gero; and, the second circult for firing the ring of amoke pots
at 4500 and 6500 f4 from ground zero., A third control cirouit was
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Figs 2,13 « Field Installution of Calorimeter
Mount ing Assembly
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provided to fire simultaneously the secondary ring of 60 smoke pots
around the 2600, 4500, and 6500 ft stations, Munually operated
switohes located in the control point controlled the firing of these
three clrcuits,
N For the Shot 10 evaluation, two control circuits were proviw o
ﬁ ded to fire the smoke pots as deseribed in para 2,2,2, P

2¢5.3 EI9R3 Smoke Generator

For the canceled Shot 9 evaluation, operation of the E1SR3
Smoke CGemerators was controlled by tYwo wanually operated switches SRR
i located in the control point, These switches alowed EG&G relays which *'.'* et
P energized each of two mections of the amoke generator line to permit BRI '
e wide latitude in the section of the generstors to be fired. The first

c oclrouit actusted the 36 gemerators on the line 1000 £t north aad par-

! allel to the inotrument line and the second circuit actuated the re-~

F maining 16 generators on the arc of a cirole northwest to southwest .
F of the 2500 ft station, Wiring and flow diagrams of the firing and ® '
- operating circuits of the E19R3 Smoke Generators are ghown in Figs, -
2,14, 2,16 and 2,16,
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2.8 SMOXE GENERAT ION

2.6, ElSR3 Smoke Generator

The E19R3 Smoke Generator (pulse jet opsrated), shown in
Fig, 2,17, is easentially an M-3 Smoke Generator ig/ that has been
modif'ied for remote control operation, For remote control a mmater
ocontrol switch transmits a signal to a maater control box which latohes
8 timing motor. The timing motor them indicates to the unit box the
correct sequence of air and sperk for proper starting.

After the gomorator has started and developed the required
operating pressure, approximately 5 psi, a pressure switch ia actuated,
closing the starting air solenoid, operating the spark ooil, and open=~
ing the oil inlet solenocid valve, The SGF~2 oil is injected into the
tail pipe section of the pulse-jet engine and is vaporirzed, The va-
porized oil is forced out of the smoke outlet nozsles by the thrust
developed by the pulse~jet engine. Upon contact with the air, the va-
porized oil condenses rapidly, forming a white fog oil aerosol.

Installation of the smoke gemsrator in the field is shown
in Fig. 2.18.

2.6,2 Swoke Pot, Floating, MK 6, Mod, 2 18/

The smoke pot, shown in Fig, 2,19, containg seven liters of
SGF=2 0il and has &n ammonium nitrate fuel block, The fuel block
is eleotrically ignited by a Fuse, Electric, E-11, The burning time
is approximately 10 nin,

246,83 Determinntion of Smoke Concentration

Smoke oontcentration was determived on an average basis by de-
termining the volume of the cloud from photography and the oil output
of generators, and/or, smoke pots, A 100 fr/sec Mitchell camern was
loocated 9200 £4 south of the instrument line. The 35 mm lens of this
camera guve horizontal coverage from ground zeroc to a point loocated
6600 ft, north 200 east, from ground gero, In addition, two 100 fr/seo
Mitchell cameras having 50 and 162 mm lenses were located 10,000 ft
south of ground zero, Two 100 fr/sec Mitchell cameras were also located
almost 12,000 £t due west of pground zero, From the above photography
the north-south and east-wegt position of the smoke soreer, and the
height of the amoke soreen could be determined,

A variety of cameras, including aerial mapping and motion pic-
ture, were planned to be locatad in aircraft flying over ground zero
at the time of detonation and in airoraft obtaining dooumentary
photographas of the tests, From these vertical photographs it was
planned to determine the width, breadth, and location of the miocks
soresn relative to ground zero,

To determine the uniformity of the cloud in the vicinity of the
2500 and 4500 £t stations from ground zero, an intermittent oamera,
taking atill pictures, photographed vertically down onto the top of a
silvered hemisphere mounted at ground level., These cameras were set
to photograph the reflection of the cloud, which essentially was shown
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Flg. 2.18 « Fisld Installation of Smoke Generator
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with 180° coverape by the hemlsphere, and frow these photopraphs the
uniformity of the soreen was to be determined, as illuminated by
skylight,

From the average oll consumption of the smoke generators or
smoke pots and the time of operation prior to the detonation, the
anount of oil dispersed into the wvolume of the smoke screen wag to be
determined, The average concentration of the smoke socreen was then
caloulated as micrograms of oll par liter of air,

Durlag the preliminary smoke screen experiments conducted at
the test sits, smoke concentrations were measured 6§ f4 above the ground
using a Mine Ssfety Appliance Co, Electrostatic Sampler, Model F, In
all preliminary *ests the electrostatic sampler was located elther on
the instrument line, or, in the event the wind direction moved the
smoke south of the generator line, an equivalemt distance 1000 f%,
downwind of the asmoke generators.
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. CHAFIER 3
i TEST RESULTS o o
3.1 WEATHER AND OFERAT IONAL CONSIDERATIONS FOR SHOT 9 :
The wind direction and velocity remote reading gape records =
E are shown in Fig, 3,1, and the pertinent candengation of the data are e *
given in Table 3,1, :
TABIE 3,1 = Condensation of Weather Record 4
8 May 1953 ;
. TIME | WIND VELOCTYY | DIRECT TON ) LA
: (PDT) (mph) (deg true) 1
0700 43 320 :
07086 51;, 365 - .
‘ 0710 4% 25 i D i
1 0715 4% 26 s o |
- 0720 43 20 w0
] 0728 5 20
; 0730 5 30
% 0735 4% 35
g 0740 = 45 o -{
4 0745 2i 55 > o
N 0750 1 60 ‘ ' -]
- 0800 13 65 |
i‘ 0805 calm 75
: 0&lo calm 7% :
| c812 calm 90 :
4 0815 calm 275 L o
» 0818 calr 170285 -
g 0819 2 260-295
0821 1 165250
0823 calm 205-290
L 0824 calm 90 : :
{ 0827 1 210 L
0828 8 210
; 0829 7 180
- 0830 7 160
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It is Yo be noted that conditions until 0710 PST were satis-
factory for establishing a smoke soreen with the 60 smoke generators;
that conditions from 0710 until 0806 were satisfactory for establishing
a gmoke sorsen with a single ring of smoke pots fired at H-3 min
around each of the primary instrument stations; and, that oonditions,
baged upon weather oconsiderations only, from 0805 until OB30 were sate
lefactory for establishing the smoke soreen with gmoke pots fired at
H«3 min, However, because of the calm condition from 0806 until 0816,
and the variable direotion condition from 0815 until 0824, apprehension
was ralsed over the drift direction of the smoke screen in the event
of a non-drop on the first target run at 0830, The aircraft pattern in
the event of s ncan-drop called for a second beoab run with a detomation
time of 0845, The smoke pots, if fired at 0827, would continue pro=-
ducing smoke for from 8 to 12 min, until approximately 0839, Should
the drift be to the west, as the northeast to east direction indicated
from 08056 until 0815, then under the calm ocondition indicataed from 0805
until 0827 smoke might not clear the test area west of ground zero for
a seoond target run and drop at 084E., The decislon waa therefore made
at approximately 082520826 not to fire the smoke pots, and not to risk
calling off the operation in the event the aircraft did not drop at
0830 and smoke did move into the target area west of ground zero.

The weather conditions that prevailed at 0828 were gatisfaclory
for firing the smoke pots and continued satisfaoctory until shot time
when the wind gage was damaged by blast,

3e2 DATA OBTAINED FROM LIMITED EXPERIMENT ON SHOT 10

34241 Meteorological Situstion

The meteorological situation prior "~ shot tims was quite
variable and shifting during the one hour period prior to detonation,
The wind direction and velocity charts are shown in Fig, 3,2, and per-
tinent data are given in Table 3,%2.

TABIE 3,2 <« Condensation of Weather Reocord

256 May 19563

| TIME | WIND VELOCITY | DIREGTION
(pDT) (mph) (deg true)
0730 1i 195
C736 15 250
0740 2 306
0746 2% 20
0750 2 20
0756 3% 170
0800 6% 250
0808 (5i 266
0810 6 280
0815 74 308

|
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. [TIHE |
| (Por) (mph) (deg true)
) 0816 4% 270 SR
ﬂ 0817 6 315 » °
0818 1 326 e
0819 1 350
0820 4 350 oL
0821 1} 340 e
L. 0822 3 340 AR
l 0823 3 340 » ®
N 0824 3 350 o
0825 4 320
0826 ai 20
o 0827 kS 350
: 0828 4 350 [P
E_ 0829 4 15 » ®
0830 s 16 L T
It should be noted during the period of 0800 to 0818 that the wind e
o direotion was gradually shifting from the southwest to the northmat. o
’.‘ During this period the velooity was dropping from 6 to 8 mph to 1% et e
e t0 4 mph. During the period of 0818 to 0821 the wind velocity dropped ' o 3
L to 1% mph with the direoction almost from due aorth, The velooiiy in- : :
oreased again to 3 to 4 mph during the per iod of 0822 to 0830 and, N

although the direction was quite variable, the direction trend comtinued
= from the north shifting to the northeast, The decision was wade to fire c e T
‘E all smoke pots from 500 to 4600 £+ from ground zere, e e

30242 Smoke Scoreen Dimensions and Looatious

The position and extent of the fog ¢il smoke soreen at zero
time was required to estimate the volume of the screen for concentra-

tlon determination, The positions of the carbon and fog oil smoke soreen R
at zero time was required to determine the extent of the interference of N -
the carbon smoke screen with atomioc bomb thermal radiation falling di-

reotly on the fog oll smoks screen, The determination of the relutiva

poaitions was seriously hampered by lack of aerial mapping photographs

taken from ajroraft flying over ground zero at H-hour, Through an

error in airoraft scheduling these airoraft were not in the test area .

Qt H-ho‘n‘. !, . ' U

Ground station photography obtained excellemt records of the : ' X

smoke soreens from the south and west during the period of approximately

He5 sec through Hehour, These records wers obtained at 100 £r/sec from

camsras looated nominally west and south looking at ground rero, and 189

‘ eant of south, viewing the entire smoke soreen area east of ground zero. o

[@ In addition, one set of still and motlon pilciure photographs was ob- L. o -
' tained from a dosumentary alroraft flying at 10,000 £+ MSL south of : ‘

ground gerv at 11 miles slant rangs, From these photographs, sketches

of the smcke soreen outlines and a composite plan view of the smoke

soreen positions were prepared to scale, This composite plan view 1is
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shown in Fipg, 3.3. A composlte vertical view of the smoke screens
is shown 1in Fig, 3.4, on a line through alr zero and the fog oil
smoke soreen ingtrument station, An aerlal photograph of the smoke
soreens at approximately H-6 asec is shown in Fig, 3.6. The analysis
and reproduction of the fireball photographs are shown in the Project
Be44-2 Final Report., 19

As shown in ¥Figs, 3.3 and 3.4 there is no doubt that the
carbon smoke acreen intercepted the thermsl radiation insident upon
the fog oil smoke ascreen, From Wigs. 3.4 it is estimated that the
direct path of radiation through the carbon smoke soreen was 1560 ft,

B3aCad Smoke Screen Concentration

The best egtimate of the quantity of fog oil whish contributed
to the reduction of thermal radiation can be obtained from estimates
of the distance treveled by the oloud and the total mmount of smoke
generated by the pots during the three minute operating time prior to
detonation. For purposes of estimation the output of fog oil from each
pot was assumed to be 7 liters in 10 min, the specifio gravity of fog
oll was assumed 0,9, the operating time prior to detonat ion was 3 min,
and the downwind travel of the cloud was 480 meters as shown in Fig. 3.3,
Based upon cloud travel information, 64 of the 1756 smoke pots installed
and fired on the 200 ft and 300 £t ciroless provided smoke in front of the
ingtrument station, The oaloulated total quantity of fog oil generated
in three minutes was 1,2 x 105 grams, Based upon a downwind travel of
480 metera, the average quantity of fog o0il per unit path norml ¥o the
wind direoction was, therefore, 250 grams/meter of downwind travel,
With one-half the width of the cloud estimated at 65 meters at the
point where thermal radiation was incident upon it, the average path
lengtheconcentration of the smoke soreen was 260/66 or 3.8 grams/sq meter,
Assuming that the direct slant path for thermal radiation is approxi-
matéely 166 meters, as shown in Fig. 3,4, the estimeted average ocomcen-
tration, if uniformly dispersed, would be 23 micrograms/liter, Be-
cause of the ciroular pattern of the smoke pots the ocncenmtration within
the oloud oould be expsoted to be excesdingly non-uniform, However, the
path lengtheocnoentration can be congidered indicative of the order of
magnitude of smoke which achieved the 85 to 90 per ocent attenuation of
thermal radiation.

3e2.4 Thermal Flux Measurements Under the Smoke Screen

Forty-sight Cosine law Attenuator Calorimeters were exposed
at Station 422-A (2166 ft from planned ground zero), These calori-
meters were arranged as shown in Figs, 2.8 and 2,9 to measure the
spatial distribution of the thermal flux along the circumferences of
the three major axes of a sphere. All calorimeters, regardless of ori-
entation were unaffected by the thermal flux, This indicates that the
tolal integrated thermal flux received from a solid angle of 2 n
steradians, irradiating the calorimeters, was less than 0,7 oal/aq om,
Due to the hipgh wind conditions existing after the calorimeters were
emplaced, a considerable quantity of dust was probably deposited upon
the indioating surfaces, Thiy dust has in all probebility changed the
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oalibration values of the papers and fabrics, The quantitative effect
of this dust is not known but it mmy be assumed thet an error not ex-
ceeding 50 per cent 1s inmtroduwed in the readings. Thus the maximum
flux is less thean 1 cal/sq om,
: The RML passive receiver unit, emplaced at Station 42Z-A to . L.
i measure the spectral distribution of the radiant emergy im three broad ‘@ ®
representative wave length regions, was bedly damaged by blast end no
speotral distribution measurements were obtained, However, since the
flux weasured by the Cosine law Attenuator Calorimeter wes less than L
1 cal/sq om, and the lowest detectable flux which can be measured by " v
the speotral receiver is 0,7 cal/lq ow, 1t can be assumed no data R

ISR

l would have been obtained, P e ’
) Twalve NRDL Field Calorimsters were used to determine the . o
spatial distribution of the radiant energy in one quadrant of a sphere. . " K

The data obtained by these calorimeters are shown in Table 3,3,

TABIE 3,3 ~ Thermal Flux Under the Fog 01l Smoke Scrasn

' (U, S. NRDL Field Calorimsters) » e |
Total Energy : o
Orientation |Field of View | Filter to Station : ]
to G.2e (degrees) (0al/sq om) o y
] ] [ ]
vertical 90 quartz 0.2 ]
vertical 180 none 0.6 ';i
up 80° 180 none 0.8 g
up 60° 180 none 0.8 )
' at G, Z. 90 quartg 0.4
i at G, Z. 180 none 0.8 N
5 away Y GoZe 180 none 0.4 D
rt 900, horis, 90 quartz 0.3
rt 90°, up 46° 180 none 0.3
rtv 90°, horie, 180 none 0.3 -
rt 60°, horizx, 180 none 0.3 o
% rt 309, hariz, 180 none 0,9 ) e
The spatial distribution of radiant energy, as indicated by the above
data, are shown in Figs, 3,6 and 3,7,
a The results obtained by the Gas Calorimeters located at Station
R 422~ aimilarly indicated thermal fluxes of less than 0,6 oal/om?
o 50 per cent recelived from a #solid angle of approximately 4 n steradians, P b
‘ Two of the four instrument records at this station were damaged by blast,
342,65 Thermal Flux Measuremouts Out of the Smoke Screen
\ The basic thermal data in the clesar arsa were obtained by the ‘ '
9. NRDL, 17/ These data indloate that the thermal flux at the fog oil > °
" smoke Tnstrumentation station would have been 57,5 £ 6.0 cal/sq om
without smoke present, )
o 54 ® )
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The data obtained by the Gas Calorimeters loceted at the sta-
tions 2500 ft, 4000 ft, and 5000 ft from the planned ground zero are
given in Table 3.4. It has been calculated previously that the con-
tribution of ground reflectance thermal flux to these 4 11 steradian
spherical detectors was approximately 20 per cent. The studies of the
NvL on this subject were used as the basis for the calculation of this
value.

3.3 Cr Calorim ta 0

The basic thermal daia in the clear area were obtained by the
NRDL. 17/ In addition CRL ball calorimeters had been located at sta~
tions 2500 ft, 4000 ft, and 5000 ft from the planned ground zero on the
west, or non-smoke side. Also CRL ball calorimeters were located on
the east, or planned smoke side, of ground zeroc at distances of 2500
£, 3500 £, 4500 f£t, 5500 ft, and 6500 ft from the planned ground
zero. The calorimeters were mounted 6} ft above the ground on the
smoke side and 15 and 25 ft above the ground on the non-smoke side.
The data obtained by the CRL ball calorimeters are given in Table 3.5.

TABLE 3.4 - Unattenuated Thermal Flux Determined By
the Gas Calorimeter for Shot 10

Helght Above Distance From Recorded |Corrected A
Ground Planned Ground Zero| Slant Range Flux Flux
(feot) (feet) (¢al/om?) [(cal/cm?)

25 5000 4943 28,2 22,8
25 5000 4943 26,1 20,9
15 65000 4943 25,0 20,0
15 5000 4943 28,2 1846
25 4000 3961 36,7 29,4
25 ‘4000 3961 3740 29.8
25 2600 2427 93,3 Bf 74,6 g/
26 25600 2427 78.3 Bf 62.6 B/

A/ Recorded Flux less 20 Per Ceat Contribution From Ground Reflectance.
B/ laximum recorder readings possibly changed while equipment was
lowered to ground by derrick.
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TABIE 3,6 = Total Thermal Energy Determined By
CRL Ball Calorimeter

on Shot 9

Distance From Actual Necorded | Corrected

Plapned G, 2., | Slant Range Flux Flux A
(feet) (foet) (cal/om2)| (cal/cm?
2500 W 3670 96,0 76,0
4000 W 4744 58.4 46,7
4000 W 4744 61,1 40,9
5000 W 5612 43,3 34,6
65000° W 6612 37.9 30,4
5000 W 65612 35,1 28.1
2600 B 3784 £3.0 66,4
2600 E 3784 86,2 88,2
3600 B 4574 47,1 38.0
3600 E 4574 50,2 40,2
45600 E 5433 38,2 3046
5500 E 6334 29,0 2342
5600 B 8334 24,5 19,6
5500 E 6334 28.2 22.6
6500 B 7261 20,7 16,6
6500 ® 7261 21.0 16,8
8600 E 7261 2140 16,8
6600 B 7261 16,3 1545

The CRL ball calorimeter readings were ir agreement %o * 10
per cent at eaoh station, On the east side of ground zero, where the
ball calorimeters were lccated 63 ft above the ground, the readings are
gonerally lower than the resdings obtained at the same alant range on
the west side of ground zero, whers the bal) calorimeter: were located
at 16 £t and 256 ft, Thia is believed due to (1) the partial therml
shielding of the 6% ft calorimetere by preshock dust, and (2) the smaller
contribution of ground scattered radiation to calorineters located clo-
ser to the ground,

Conmparison of the CRI ball calorimster deta with the basic thermal
data in the clear areas wus not considered meaningful becauge the angle
of reception of the ball calorimeter is 4 x steradians and the basgic data
are obtained with m steradian detectors oriented at the plammed air zerc.
The contribution of ground and ajr-scattered radiation to & 4 j; steradian
detectar cannot be determined to sufficient accuracy to parmit compari«
gson with the bagiec thermal data, As shown in Tables 3,4 end 3,6, an
average value of 20 per cunt was established for the Nevads Proving Ground
conditions, Actually, the contribution by ground scattered radiation wveries
with the distence for ground zern and locul soil conditionz. Therefore,
it was considered that s more exact culculation was not warranted,

é/ Recorded Flux less 20 Per Cent Contribution From Ground Reflestance,
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CHAPTER 4

DISCUSS ION

The data obtained by this project indicate that the thermel flux
received under the smoks aoreen was less thaa 0.7 to 1,0 cal/ag cm, The
data obtalned by the NRDL fisld calorimsters are the most accurate data
on the thermai flux, These data indicate the flux to be 0,8 % 0,1
caL/sq cm ag received by a 21 steradian detestor, and 0,3 cal/aq cm
as received by a 1t steradian detectar, The difference between the
and 21t steradian detector results is due to the high degrees of scatter~
ing of radietion within the fog o1l smoke, The thermal flux without
smoke present at this distance was 57.5 + 5,0 cal/sq ¢m, On this basis
the reduction of thermal radiation was 98,6 + 0,3 per ceut,

The analysis of the photographic coverage of the teat has shown
that the carbon thermal absorbing smoke soreen,_lg/ algo evaluated on
Shot 10, invercepted the thermal radiation incidedit on the fog oil smoke
screen, Thus, some of the reducti~zn calculated above is due to absorp-
tion of thermal radiation by the carbon smcke screen, The analysis of
the photographa to determine the location of the smoke soreens piven in
Section %,2,2, hag indicated that the direct path of thermal vadiation
through the carbon smoke screen was of the order of 1550 ft,

An estimite can be mde of the amoun’ of thermml radietion abe
gorbed by the carbon smoke goreen. Thermal flux data taken solely under
the carbon smoke gscreen indicate thet 97,4 per cent reduction was ob-
tained at s slant range of 2640 ft, 18/ The photographic coverage indi.
cated that the carbon screen extended {rom air zero to this stution., The
following two essumptions are necessary to cbtain this estimete: (1) the
carbon smoke screen concentration was uniform from alr zerc to the 2640 4t
slent range; and, (2) the absorption of thermsl radiation by the carbon
samoke can be described by an exponential law of the following form

1-1/1, x o7&

where, 1/I, w transmission of thermal radiation
X =

distance through smoke soreon,

Laboratory experimsnts have shewn that such an exponential relationship
will deseribe the attenuation of thermal radiation by a carbon smoke
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asoreen, 20/ Basged upon 0,974 abdorvbion through 2640 f1 of carbon asmoke,
k is equal to 3,65/2640, Thersfore, the absorption through 1560 £t is
0.882 or 88.2 per cent,

Thus, 11,8 per cent of 57,5 oal/sq om, or 6,8 cal/wg cm, was
transmitted through the carbon smoke and was inocident upon the fop oil
smoke cloud, Since the thermal flux measured at the station under the
fog oil smoke acreen was 0.8 oal/sq om, the actual attenuation of therml
radiat ion due to the fog oll smoke soreen was of the ordar of 85 to
90 per cent,
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CHAFIER b

CONCLUSIONS AND RECOMMENDAT IONS

5.1 CONCLUSIONS

1. An analysis of the photographic records of this experiment
has shown that the carbon smoke sereen, also evaluated in Shot 10, has
contributed to the atteunuation of thermal radiation measured under the
fog oil smoke screen,

2, The thermal flux measured under the for oll smoke screen wes
less than 0,7 to 1,0 cal/aq em, with an accurate reading of 0.8 % 0.1
aal/aq cm obtained with 2 nsteradlan ocopper diso oalorimeters, ‘The
unattenusted thermal flux at this slent range would have been 57,6 * 5,0
cal/sq om,

The followinpg estimates are indicated conceruing the veduction of thermal
radiation due to the carbon and fog oil smoke screens individually,

These concern the results obtained by the single instrument steiion lo-
cated 2238 £t from air zero. It should be realized that the data were
obtained by instrwmntes working at the extreme lower renge of their accuracy
because of the high reduwstion obtained, and that the o moeentration of the
two smoke soreens and reduction dus to carbon smoke alone could only be
egtimated, In addition, the fog oil smoke soreen was of limited dimen-
slons estimated at 1500 ft long and 300-500 ft wide, and loss of rediamtion
through edge effects was not evaluated,

3, It is estimted that the narbon smoke screen reduwed the in-
cldent thermal f1lux upon the fog oil smoke soreen by 88 per cemt to 6,8
cal/sq om,

4, Tt ia estimated that the fog oll smoke soreen reduced thermal
radiation from an estimsted 6.8 cal/sq om to 0.8 oal/sq cm at the gingle
instrument station 2238 ft slant rangze covered by a limited amoke
screen, .
6¢ On the basis of this anuvlysis of the reductior due to the
carbon smoke goreen, it is estimated that the atteruation of thermal

radiation by the fog oil smoke soreen was 85 t0 90 per cent at 2238 ft
from air zero,
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6,2 REC OMMENDAT TONS

It is recommendsd, becsuse of the cancellation of the full-scale
experiment originelly planned for Shot 9 and the interference of the
carbon smoke screen with tho successful condust of the limited experiment
on Shot 10, that conduct of the original experiment plaunned for Shot 9
be consideresd for a future stomic weapons test to confiym the date in
Conclusion 5, above,
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[ Intalligence Dranch
i ¢ 51 Commahding Off'icer, Plcatinny Arconal, Dover, N.J.
# ATTN: ORDBB-TK
52 Commnnding Officer, ¥rankford Arsenul, Phlla-
dolphia 37, Pu. ALTN: My, G, C, Fawcolt
53 Commanding U.Ticer, Army Medicnl Rewearch Luborastory,
: ' Ft. Knox, Ky.
Sle 55 Commonding Officer, Chemicul Corps Chamical and Radio-
N logloul Laborutory, Army Chemicsl Center, Md. ATTN:
Tach, Library
56 Comtanding Officer, Transportation R&D OStation, Ft.

Kustiu, va.

Copy

61~

T

28

91

- 69

70
71
72

73
5

76
7

79
ado

01
82
86
87
89
90
92

93
I

Director, Tachnical Documents Center, Evana $ignal
Luboratory, Belmar, N.J.

Dirsctor, Waterways Experiment Station, PO Box 631,
Vickeburg, Misn, ATTN: Library

Diractor, Arwed Forces Institute of Puthology, 7th und
Independence Avenus, S.W., Washington 2%, D.C,

Diractor, Operations Renearoh Offjae, Johns Hopkinu
Univeraity, T100 Gonnectiout Ave., Chevy Chave, Md.
ATTN: Library

Technical Irnformation HBex'vico, Oak Ridge, Tenn.
{Surpluon)

NAVY ACTIVITIES

Chief of Naval Operations, D/N, Washington 25, D.C.
LTTN: OP-36

Chiaf of Naval Operationn, D/N. Waphington 2%, D.C.
AMMEN: OP-374{0EQ)

Director of Naval Intelligence, L/N, Washingbon 25,
D.C. ATIN: OP=g22V

Chief, Bureau of Medicine and Surgery, D/N, Washington
25, D.C. ATTN: Speocial Weapona Dafense Div,

Chief, Bureau of Ordnance, D/N, Waahington 25, D.C.

Chief, Buresu of Shipe, D/N, Washington 24, D.C. ATIN:
Code 348

Chief, Buresu of Yards snd Dooke, D/N, Washinaton 25,
D.C. ATTN: D-Llo

Chlef, Bureau of Supplies and Acocounts, D/N, Washing~
ton 25, D.C.

Chier, Buraau of Aeronsutics, D/N, Washington 25, D.C.

Chief of Naval Research, Departuent of the Navy
Washington 25, D.C. ATTN: LT(Jg) F. MoKee, USN

Comrnander-in-Chief, U.8., Pacifio Fleet, Floet Post
Orfice, San Franocisco, Calif.

Commonder-in-Chief, U.3. Aulantic Floot, U.5, Naval
Baase, Norfolk 11, Va.

Commendant, U.S5, Marine Corps, Washington 25, D.C.
AT'IN: Code AO3H

Prenident, U.3. Naval War College, Nevwport, R.I.

Suparinténdent, U.S. Naval Postgraduste School,
Monteray, Calif,

Commanding Off'icer, U.8, Naval Schools Command, U.S.
Naval Btutlion, Tressure Isiend, 3an Francisco,
Calir.

Commanding Off'icer, U.S. Flest Training Canter, Nuvsl
Bnse, Norfolk 11, Va. ATIN: Special Weapons School

Comuanding Offlcer, U.3, Float Training Center, Naval
gtation, San Niego 36, Calif. ATTN: {SPWP Scliool)

Commanding Off'icer, fir Developmont Squadron %, Vi«5,
U.3. Naval Alr Station, Moffett Field, Celif.

Commanding Officer, U.S, Naval Damage Control Training
Center, Naval Base, Philadelphia 12, Pau. ATIN: ABC
Det'anse Courde

Commanding Officer, U.3. Naval Unit, Chemicusl Corps
School, Army Chemical Training Contor, P4, McClellan,
Ala.

Joint Landing Force Board, Marine Burrucks, Camp
Lajouna, N.C.

Commander, U.S. Naval Ordnange Laboratory, Silver
Spring 19, Md. ATTN: EE

Commandor, U.5. Naval Ordnanco Laborutory, Silver
Spring 19, Md. ATTN: R

Cowmumander, U.8, Naval Ordmance Test Stution, Inyokern,
Chinas Luke, Calif.

Commnsnding Officer, U.8. Naval Medical Roeearch Inst.,
National Haval Medical CUenter, Botirudu 14, Md.
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103
10l -1077

108
109

I

N 111-118

Ea 119

123~124
125

126

12
128
129

130

131
132-133

134
13%
136

137138
139-146

147
3 148

ABU, Ol Butge, Fann, W2H0R

ey s e g

Direotor, 1,8, Navui Rosearch Laboratory, Wnnhington
25, D.C. ATIN: Code 2020

Director, Tho Muterinl Laborutory, New York Naval Ship-~
yard, DBrooklyn, N.Y.

Commanding Officey and Director, U.S. Navy Elactronica
laboratory, San Diego Y2, Calif. ATTN: Code 4223

Comsand {ing Officer, U.8. Naval Radiological Defanse
Laboratory, San Franoiuco 24, Calif. ATTN: wechnical
Informetion Divialon

Comuander, U.3, Naval Alr Develcpwent Centey, Johng-
ville, Fa.

Director, Office of Navel Revearch Branch Office, 1000
Quary St., 9an Prencisco, Calif,

Officer~in-Charge, U.8, Navsl Clothing Factory, U.2.
Neval Supply Activitiou, New York, 3rd Avenue and
29th Street, Brooklyn, N.Y, ATTN: R&D Diviuion

Tachnical Inforwatlon Service, Duk Ridge, Tenn,
{Surpiug:

AIR FORCE ACTIVITIES

Aaot, for Atomlc Energy, Hesdquarters, USAW, Washing-
ton 25, D.C. ATTN: DC3/0

Diractor of Operstions, Headquaivtera, UBAR, Washington
25, D.C. ATTN: Oporertlons Analymis

Director of Plane, Headquarters, USAF, Washington 29,
D.C. ATTN: War Plans Div.

Director of Resesroh and Development, Handguuriorsa,
USAF, Washington 23, D.C, ATIN: Combat Cemponchts
Div.

Direntor of Intelligence, Hoadquurters, USAF, Washing-
ton 249, D.C. ATIN: APOIN-1m2

The Jurgeon General, Headquartera, USAF, Waashington 29,
NG, ATIN: Blo, Def. Br., Frae. Mea. Biv.

Deputy, Chlef of Staff, Intellisence, Headquartern, '.4.
Air Forces Furope, AP0 633, c}o bM, New York, N.Y.,
ATTN: Directurate of Alr Tarpets

Commarder, h97th Roconnaisesance Technical Squedron
(Augmented), AP0 633, c/o PM, New York, N.Y.

Coumsnder, Far Eaat Alx Force<, AP0 925, c/o PM, San
Fruancisco, Callf.

Comasnder, Strategic Alr Comuand, Offutt Air Force
Bawé, Owaha, Nebraaka, ATIN: Speciul Weapona
Branch, Inepection Div., Inapector (eneral

Commandexr, Tectical Alr Command, Langley AFB, Va.
ATTN: Documente Security Branch

Comnander, Air Defense Command, Ent AFB, Colo.

Commander, Air Materiel Command, Wright-Patterson AFB,
Dayton, O, ATTN: MCAIDS

Commander, Air Training Command, Scott AFB, Belleville,
T11. ATTN: DCS/0 oTP

Commander, Air Rosearck and Developwant Commund, PO
Box 1395, Baltimore, Md. ATTN: RDDN

Commandor, Alr Proving Ground Command, Eglin AFB,

Fla. ATTN: AG/TRB

Commander, Alr Univeralty, Maxwell AFB, Ala,

Commander, Flying Training Air Force, Waco, Tex.
ATTN: Director ol Obgmerver Training

Commander, Crew Training Air Force, Randolph Field,
Tox. ATIN: 2GS, DCS/0

Comnander, Headquarters, Technical Tralning Alr Force,

Gulfport, Mise. ATTN: TA&D

Wy-150

151- 1156

157

150

159-101

162
163
pre
165=106

167-173

LT
Lie
176
17
178
179-~184

185-186

187-19%

1964202

203-205

206-208

200-210

211-212
213

214-270

-
T ey

Commandant, Air Fores Ochool of Aviation Medicine,
Randolph AFRB, Tex.

Commnndor, Wright Alr Davelopment Center, Wripht~
Pnttarnon AF'M, Dayton, 0. ATTN! WCOESP |

Commnandor, Alr Force Cumbridge Reaearch enter, 230
Albany Btreet, Cambridge 39, Maso. ATTH: CRW,
Alomlc Wurfare Divectorate

Commander, Air Force Cnmbridge R#pearch Center, 230
Albnny Street, Cumbridge 39, Mans. ATTN: CRQAT-2

Commander, Alr Forsa Spacisl Waupona Center, Kirtland
AFB, N, Mox., ATTN! Library

Comsondant , USAY Inaetitute ol Technology, Wright-
Putturson AFB, Layto::, O, ATTN! Reaident College

Comnnndor, Lowry A¥B, Denver, Zolo. ATTN: Department
of Arunment Tralning

Comaunder, L0ODth Spuclal Weupons Squudron, Hawmds
quartera, UBAF, Yaohlngton 25, D.C,

The RAND Corporation, 1700 Main Street, Santa Monica,
Calif, ATTN: Nucluar Energy Dividion

Tachnicul Information Sorvicu, Ouk Ridge, Tenn,
(8urplua)

OTHER DEPARTMENT OF DEFENOE ACTIVITIES

Aont, Secretary of Dof'shpa, Ressarch and Development,
b/D, Wanhington 25, D.C,

U.8, Notlonul Militury Repregentative, Headquurtere,
SHAPE, APO 53, c/o PM, New York, N.Y. ATTN: Col.
J. P. Healy

Diractor, Weapoha Syotems Evaluation Group, 0SD, Rm
PE1006, Pentsgon, Washingten 25, D.C.

Armed Servicen Explonlives Snfety Dosrd, D/, Bullding
T-7, Groavelly Point, Wushington 29, D.C,

Commsndant, Armed Forces Stuff Colloge, Norfolk 11,
Vn. ATTN: Secretary

Commanding Generul, Fleld Command, Armed Forcoes Spe-
cial Weepons Project, PO Box 5100, Albuquerque, N.
Mox .

Commnnd Ing General, Fleld Commund, Armed Forcos
Speciul Weapona Project, PO Box 5100, Albuguorque,
N. Mex., ATIN: Tech, Tralning Group

Chlef, Armad Forces Speclul Weupoiio Projuct, PO Box
2610, Washington 13, D.C,

Tachnieal Information Service, Oak Ridge, Tenn,
{surplua)

ATOMIC ENERGY COMMISSION ACTIVITIES

U.3, Atomic Energy Comminsion, Clussified Technical

Librory, 1901 Constitution Ave., Washington 25, D.C.

ATTN: Mrs. J. M, O'Leary (For DMA)

Low Alumoe Jciantific Laboratory, Report Library, PO
Box 1663, Loo Alamos, N. Mex. ATTN: Helan Redman

Sendia Corporation, Classified Document Diviaion,
Sendla Bmee, Albuquerque, N. Mox. ATTN: Murtin
Lucero

Univeraity of California Radlation lLeboratory, PO Box
808, Livermore, Calif, ATIN: Margaret Folden

Weapon Date Section, Technicul Information Service,
Oak Ridge, Tern.

Technicel Information Service, Ouk Ridge, Tenn.
{Surplus)

-4

®
.
®
.
: .
A
;
®
.
o L
;
» o
.
For -
o
2.
'
.
:
:
.
¢
® ®
L d )
.
[ ] )




