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TEQTC T2 AP ¥EE T FLCE AGATNST T3MAL RADT-TION (U)

Coj=ct

lg investigate troep ricuirements for eys on. fuce =i1lelds for
rotection of the eyes ~n” fac =cainst thermal radfation.

T3

Definitions

The folloving definitions will be nelpful in re»dine the report:

idaptometer - ~n insirument used to measurc the stat+ of alapta-
tion to light of the human eye,

Fovea = The snatomicil area of ihe eye which is the zits of
the visurl end orTans o ahle of <iving the indivi-
dual ardte vizion.

Fundus - Part of the sye opposite the pupil,

Wrctometer - An instrument designed to measure the dark adaptation
rates of the cones in the central area of acute vision,

Paracentral - Vision peripheral to the central area of very acute

Vision vision made possible by the fovea,

Scotoma - A blind area in the visual field., It may be partial
or comhlete; temporary or permanent.

Introduction

One of the recommendaticens of the recent 9th Triportiie Conference
on Toxicological Warfare included the susgestion that each country inves-
tigate service requirements o the rotection of the face and =yes
arainst ~“horl vadiction with a2 view to initiating 2 ecoordinated program.

Only a limited amount of research has been conducted to determine
whether (1) the flash accompanying an atomic explosion can nreduce Llind-
ness of tacticel siznificance; (2) actual visual impairment results from
excessive expasure to the licht. [ recwlirement Ior co-o shields for lactical
troops rmet thsrefors b bas-d on a consideration of boih visual effects
an® sctual porsical damare to the gyes.

A consilderable amount of research has been conducted on the effects
57 thermal radiation on the human skin, From these resulis a definite
requirement has evolved.
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Visvsl Impsirment

o TS St e dptariomoriod Survey nenn sndicated
that ir Jronn o 1 porsona srithin 2000 yards of ~round gzero in
h}rosnlma apd Na;asak} no lzsions were fonnd in the fundus which were
theught to have heen directly related to the atemic bomb, an’ only one
case of possible infrared burn of the retina was Aiscovered. 3/ The
thermal flux at 2CC0 yrards, as _iven ™ tne Effects of atomic Weapons,
is ¢ cal/sq om for a 20 KT wespon, & critical enercy of 3 cul/em

is sufficisant to rprodurs a moderate skin hurn. Thermal radiation burns
to ~xposzd areas of tae skin were recorded at a distance of 2500 yards
frem sround zero at Hiroshim- and as far a+ ! 300 wapds at ls~ar~:l, The
avsence of ary evidence tn i dieste actual ere daﬁagc amonrz tho vapanese
pecple reczivins fhiermal hvrns is qualitative evidence of the shieding
arforded by the ;hisical location of the eye, the link reflex, and the
cropori of the eye itselfl in helns able to withstand a hizher thermal
Tlwe viithout bein.: damaged,

During Operation 3HNAPPER the USAF Schocl of Aviation Mediecine in
cocperation with Army Medical Center conducted a project to determine the
zffect ~f *hr {lash of atomic detonations at nisht upon the ability of
wiliter- nersonnel te carry out their assicned tasks, As a result of
direct ovmpsures to the Lash under conditions sinmulating nisht time, two of
the subjects developed blanched areas of the retina, Only one'of trese
men showed an impairment of vision and comnplained of a scotoma, This’
man showed a small area of retinal edema with a central blanched area.
However, no actual discomfort wes experienced and his visual aculty re-
mained normal. Visual fields in this case revealad a small absolute
paracentral scotoma about 2 dezrees in diameter in the area corresponding
to the site of the retinal lesion., The peracentral vision and the re-
tinal lesion gradually improved and recovery was complete.

Examination of the retina of the second individual revealed a
emzll area of retinal edema, Neither of these individvals hed any
visual impairment, visuzl field defect, or change in the findus of
the sye. Their injvries were minimal and hoth subjsc’s eomnlately
recovered, The fact that two of the subjects developed retinal burns
indicated that becuase the dilated pupil admits rpproximately tC times the
light which is admitted hy the daylisht consiricted pupil, the flash of
an atomic detonation presents a real dancer to the retina of an individudl
vhose eye is adapted for night vision and who is lookins in the direction
of the flash., It was also stated in this report that the size of the
retinalturn and not its intensity {(with the exception of attenuatlon
by the atmosphers and degradation of the retinal imaze hy optical defects)
w11 be decreased with distance. Furtaer, it was stated that in spite
sf the occurance of & retinal hurn, in most cases the injury would not
sncapacitate the individuzl, and unless he were lookins .t the point
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ol detrnotion, tie snmall seotems produced would not in itself conntiitute
o

any siznificant disabilizr, 2/

The Alr Forece has recently made a study of the ~roblem of retinal
turns caused by an atomic bom.. 5/ They have exposed the eyes of rabbits
to the thermal radiation from an ztomic bomb at distances li, 5, &, 7, 8

. - 3 3 r
¢, 10, 12, 13, 1k, 27, 28 and 2.5 miles. Rentinal “urns were found in
the rabbits out to and includins 12,5 miles when the eves were oriented
within a 150 cone of the point of the detonation., Lesions of the type
produczd would not he Jisabling to the victim unless they invelve the
mocular area of the optic nerve head,

As yet, however, they have not been able torelate thisdata on
the rabbit eyes to an effect on the human eye, Thaere is as yeb no -
conclusive evidence as to which form of mdiation, i.e., ultraviclet,
visible, or infrared, zives the main contribuiion to the Parning effect.
The time required for a person to blink is so long compared te the time
required for the radiation to be formed and reach the eye that the blink
reaction can afford no nrotection to the individual.

Based on the above stndies it would appear that there is at the pre-
sent time a limited possihility of visual impairment caused by an atomic
bomh. Complete protection from this effect would ve afforded by a sre-
detonaticn warning to allow troons to shield their eyes for the few seconds
required to prevent the occurance of actual eyve damage, The effect of’
daylisht exposure would be less than that during the hours of darkness.
Stomic weapons detonated by the enemy could possibly cause eye damage
to troops facing the detonation. However the present evidence does not
indicate that the injuries would he of the casual ty producing type and
wuld not affect the ahility of the soldier to carry out his assigned missiocn.

Flash Zlindness

The evaluation of the visual handicap which mirht be expected in
military personnel exposed, during davlisht and during darkness, has also
been investizated., It is important to know whether the field soldier
exposed tc the atomic flash would be unable to see for a period of time
that would prevent carrying out an assigned mission or render him more
vulnerable to enemy attack.

A brief experimental programwas carried out by ORC using Mazda No., 22
protoflash hulbs to learn some of the effecis of night flashes on human
vision. Fxcept for the fact that the firehall diameter of an atomic
detonciion subtends a very small angle at a lonr distance from the bomb
md thus concentrates on a smaller area of the retina, it can be shown
that the total luminous enercy reachine the retina at 10,000 yards from
the first flash of a 20 KT atomic bomb is about the same as that from the
No. 22 flash bulb at 3 feet. The measurements made in this fashion, to-
cether with the data obtained at BUSTER, indicate that recovery from day-
light exposure to the flash takes only 15-30 seconds. 2/3.
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During Operation SNAPPER, observations were made to determine to what
dezree the flash of an atomic detonation reduces the efficiaency of mili-
tary personnel during nisht operations., The nvctometer tests showed
that the averase time reauirsd for the unproteéted individual to rerain
zood meseple vision was 132 seconds. Usine adantomeiers as measuriné
devicezs 1t was found that the average of the 'nprotected individuals
tested regained vision for distinquishing form at 0.001 fooi~candle of
illumination (approximately that of moonlirht) in 310 seconds; and at
0.0001 foot—candle of illumination (aroroximately that of a clear star-
1it night) in 671 seconds, Personnel nrotected by red filters regained
vision in 11, 2)i5, and 32% seconds for the three cases mentioned. 1/

In the case of tactical troops unprotected hy filters it is felt that
recovery time is sufficlently rapid to nreclude the necessity for using

an eye shield, 7If vision was reduced for a period as long as 15 minutes
where form could not he distincuished, ar annroximately three times the
ilencth of time actually required to distinnuish form, some further con-"
sideration for ewre shielding for combat troons mirht be necessary, Shielding
of the eyes by physical means prior to the detonation removes any possibility
for reduced vision.

Face Burns

It is felt that this effect is so well known that there is little
advantage in a discussion of the effect in this report. It is necessary
only to state that in this case there is a major remirement for pro-
tection. The regquirement is nroposed that there be develoned a device
or devices which are integral parts of the comhat soldier's uniform,
which will not impare his ability to maneuver, and which, with no ad-
vanced warning, will give him no more than a 1lst degree burn from radia-
tion equivalent to 10 cal/em? from a 30KT eguivalent bomb. At the time
of this writing this requirement is not official doctrine; however, it
is expected to be in the near futurs.

The ultimate goal to be reached is the same profection from radiation
equivalent %o 30 cal/cm® from a 30KT equivalent bhomb.

Thermomiclear Detonations

The previous discussion has been limited to the case of atomic wea-
pons. Data now available indicate that the conclusions reached as a re-
ault of the research on nomindl tyve devices would hold for the detonation
of a so-called "Super Weapon''. There appears to be even less danger from
this type weapon due to the delay in the thermal rulse allowing the body
»gflexes time to act.

Present concepts of employment of atomic weapons probably do not
include thermonuclear devices as suitable for tezetical targets. In
any case the use of eye shielding would apply only to the nrevention of
casualties or loss of vision to troops ocutside the a reas which would re-—
sult in casualties from the immediate effects of blast, thermal and

radiation.
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Coneclusions and Recammendations

Based on the available information summarized in this paper the
following ceonclusions seem valid:

1. From information presently knom there is an indication that
any retinal damace to the eyes of individuals accidently looking
directly at the point of detonation is not of tactical significance;
however, further informmation is reguired ‘o verify this,.

2. Shielding tactical troops from the flash of atomic weapons 1o
prevent reduced visiocn presents ne particular preblem in as much as
recovery time is relatively short.

3. There is definitely a requirement for protecticn of the face
by some means if no pre-warning is given.

L. Physical shielding of the eyes and face by turning the head
from the point of detonation provides sufficient protection of thé
eyes and face of the field soldier, provided pre-warning is given.

In conclusion it should be noted that the field soldier has
been primarily considered. For those individuals who are reguired
to observe instruments at all times, such as pilots, some form of
protection is required.
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Intrqduciign:

Various techniques for monitoring radiocsctive waters have been reported, Spacial
procelures are required to determine whether the maximum permissitle level for drink-
iz water has been exzeeded,

Ordinary eni window GM tubes are not very satisfactory (1) for estimating low
activities sven under aptimum counting conditions, Their geometry and window abscipw~
tien tamit thear sensitivity fo beta activity levels which exceed ths permissible
levels [or long term use, §nternal propertional counters on the gther hand have bYeen
found guite satisfactory ( These instruments can detect both alpha and beta
activity at levels as low as one-half tg one-tenth of the long term grainking tolerance
tavel, 1077 pcfml, with & precision of ¥ 10% for alpha emitters and ¥ 20% for beta
emilfers, v

In using this counting technique a considerable volume (about a liter) of the
water is evaporated to dryness in = special counting plachet and the activity measured
with an internal flow counter, Corrections are made for the absorption of some of the
radizticon by solid matter present, The geometry is 50%, but because of batkscattering,
from 50=52% of the alpha disintegrations and from 50~75% of the beta disintegrations
are counted, An internsl flew counter is the most practical instrument for monitoring
low activity levels,

Under emergency conditions, and for short periods, ?r nking water tolerances may
be set considerably hicher (%) than the accevted velues '3, Non-technical personnel
may be impressed to serve in surveying teams using portadble and rugged, although per=-
haps not highly accurate, instiruments,

It has been calculated that in the firsit thirty days after the burst of an
atomic weapon, water which is safe from the beta hazard standpoint is also safe with
respect to alpha contamiration. Consequently, any instrument which is sensitive enougk
to detect and measure the heta activity levels in water can be calibrated for water
monitoring, and the alpha activity may be neglected,

Survey m?ters with thin-walled GM {tubes can be calibrated to detect 10-3 to 1
pe/ml (1 25%) 4, 7) of fresh fission vroducts. The sample to be testsd is poured into
a shallow pan of prescribed size to a depth of about one centimeter., The GM tube is
held sbove the pan at a specified distance and the scale is read. Referencs to &
calibration chart indicates the beta activity in pec/ml.

In another procedure (?7) the water sample is monitored with a survey meter and
the reading compared to those of two standards, one corresponding to the emergency
2spfa? level and the other to the emergency ®acceptable risk" level, Thie procedure
imaediately indicates the valus of the water for drinking purposes.

Another survey procedure, the Landsverk Analysis (7) uses an ionization chamber
as the radiation-sensitive element, and is capable of detecting from 1077 to 1 pc/ml
of activity. The ionizatton chamber is charged and placed over the sample. By
calibrating its rate of discharge against known standards, the activity of the water
sample can be determined, :

UNGLASSIFIED
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3¢111 anothe £ prufe?ura far waszsr survayl_g uses the dip-type liquid counter.
ritish instrument'”/ can detect froz 5x10~F to 0.6 pz/ml + 25%, The sample
s ze tested is poured into a cell and 1ts activity is read off a secale, Although
215 instrument cannot count the soft bera activities, it can be calitrated for

ission products, The insirument is ruzged and very easy to aperate,

-—
-

A continuous water survey unit has been designed (8) which consists of a GM
ate surrcounded by an iocn exchange column, The water sample is run through the ion
xchange column which absorbs the active ions from solution, The build-up of active
ty on the czlumn is followed by an autcmatic recorder. From the rate of build-up
I activity on the column and the flow rate of the water through the column, the
ctivity per unit volume is determined.

imitations of Assayins Techpiques:

The various methods described suffer from the drawback that they require a
srmal radicaciive background, If a relatively high radioactive rfield is present
te to fallecut, the results obtained by the methods described might be gquestion
ble. However, a sample of the water could be removed for testing to a remote area
* to a well=shielded laboratory.

Under certain conditions, the measured activity levels might indicate the
resence of a greater hazard than actually exists, as when short-lived induoced mec-
ivities {e.z, Ne 24 ) are present, High level activity water may eventually become
afe owing to decontamination by a natural process, such as selective adsorption
1 river sediments. In many cases the hazard will be greatly reduced by netural
ilution; partial decontamination is also effected by certein aguatic plants and
1imals, Artificial methods for purifying water are, of course, well known(é- 9).

slerance bevels for Drinkine Waters:

Since exposure¢ to water contamination must be considered from the standpoint
D life-time ingestion, the acceptable tolerances are very small. Therefore,
irvey instruments, excspt under emergency conditions, must be quite sensitive,
1T either alphe cor b t? emitters the maXimum permissitle c¢oncentration 1s approxi-
itely 10-7 pc per ml This value is conservative since radiocactive spring waters
mtaininz higher levels of activity have been consumed regularly with no aprarent
amful effects, The fol%gwing higher emergency tolerances have been proposed by the
somi¢ Bnergy Commission

e of Pays of Tolerance Levels, (pc/ml)
-itter TUse $Safe? "Acceptable Rislks®
sha 10 2,0x10~* 5,0%1072
30 6.7%x10~5 1.7x10™3
ita 10 3,5x10-3 9,0x10"2
30 1.1x10-3 3,0x10™

The British Medical Research Council gives the following tolerances (5) as
srmissible levels at different times after a nuclear burst, assuming the
meumption of 2,5 liters per day for up to 10 days:

2
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Time after burst BPermissible tolerances {uc/m
12 hours 0.18
1 day 0,06
2 days 0,024
10 days 0.01
SummAry:

A number of methods, and a varjety of instruments are available for measuring
the radioactive contamination in drinking water, Because of the presence of short-
lived induced activities and of the natural removal of contamination, these methods
tend to overestimate the immediate and future hazards,
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POTEVTIAL OF INDUSTRIAL SHCERS AS SHITLDS AGAINST
THERIAL RADIATION (U)

I. Intreduction

Industrial sm kes were used in the last war to augment the screen-
ing effect of fog o0il smokes put out by generators and smoke pots. The
concantrations of smoka used were at cbscuration levels, but it has
frenuently been sugsested that in many cities the industrial smoke out=
prt may be high enough to afford substantial protection apgrinst the
thermal radisticn from & nuclear detomasion (1),

Tne femsibility of sz bing up protective screens of industrial smckes
depends on the probability of encountering inwersion conditions over
nities. This probability may be relatively high, rarticularly over in-
dustrial areas, Over Sar Frencisco, for example, a deep inversion layer
with a lapse ccndition below it permits wide lateral spreading of cloud®),
Similer results havs boer rerorted for built-up areas in England 3). an
extensive study of the feasibility of establishing screening clouds over
& number ¢f Mmerican cities has been carried cut by Stznford Research
Institute(4), The cities of Los Argsles, Chicago, and St. Leuis, for
example, show high feasibility a% night throughout the year (757-86%)
and lower (347-647%) feasibility during the day, with marked sessomal
variation.

The screening properties of smokes depend.. on their ability te
ahsorb or scatter light., The wvariablec invclved are the complex re-
fractive index of the smolte material, the size of the smoke particles,
and the wavelength of the incident light. For light smok?s the obscur=-
ing power hes been calculated on 2 sinple exponential law 5) tut for
the concentrations required for thermal screening the theory becomes
- much more complicated.

Industrial smokes may contain, besides carbon, watsri certain acids,
Segv, CCop, HCL, 80y, 50z, etc.; and also siliea ir some form. The re-
fractive indices of the waricus forms of siliea range up to about 1.855,
depending on the crystalline structure and on the wavelength of the light.
The refractive indices of ths acids in this region mey range from aboub
1,35 to about 1.45 for strong solutions in vater.

In inductrial smokes these constituents are mized in random pro-
portions. Theory indicates that the scattering coefficient, K, is not
gtrorely dependent con the refractive inidez, and that for a mixture such
as ic fourd in meny such smokes & mean 7alus of the refrastive index
24 be used over the entire thermal spextrum (about C.2 p to about Spjfh
= the other hand, the scattering coefficient is markedly dependent cu
he rotio of the circumference of the smoke particles to the wavelength
of light (i.c. on K = d/A ) when this ratis is less than about 7. A%
higher values of the ratio ths dependence is slight.
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According to the Mie Thsory(T) the scattering coefficient is given
by the relation:

o< 2
K=_<3$ Z (axf;éu’ (1)

The ay's andéEU's are complicated functions of e and the refractive
indexs Valuek of K are available in published tablos(8) The theory
aprlies to individual particles. To estimate the potential of industrial
smokas for the attenuation of the thermal radiation from an atomic burst,
a theory is required that considers multiple scattering from an assembly
of many perticles,

The Six-Flux Theory of Multipls Scattering

A theory useful for this purpose is the Six-Flux method developed
for the Chemical Corps b¥ the Engineering Research Instituts of the

University of Michig&n(g A brief description of this theory is given
helow.

a. Geometrieal Representation

For a point source and a plane parallel medium, the geometrioc
rolationships and dimensions may be deseribed by %, h, z and ¢, as shown
in figure l. Theoretical considerations

Y.

r_r/f' ‘\\\éi‘\\\\\\\i% 3
h | any peivt 4 Disgersion
i

i N/

Fig. 1 = Diagrammatic Representation for a Point Sourcs and e
Parallel Plans Dispersion

indicate that the problem may be greatly simplified if these variables
are expressed in the form of the following dimensionless parameters:

T = nqt, where n is the particle concentration (number per
unit volume) and q is the product of the scettering coefficient, X,
defined abovs, and the geometrical cross-section of the individual part-
icle, T is the mumber of mean free paths in the distance %.

Z = nqgz, the number of mean free paths into the dispersion.

=SDENTIAL
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M= Xm/a, the dimensionless mean distance between particles.
¥m is the mean distance bebtween particles,.

Other variables required are of, defined before, m* (m— jk) the complsex
index of refraction of the particles, and k, the extinction coefficient,

Since K and m#* are complex funstions of the wavelength, and®{ and
W dopend on the size of the particles, theoretiecal and experimental

studies can only bhe made for uniform dispersions for particular wavelengths.

b. Spatial Distribution of Energy

The angular distribution of energy scattered by a single parti-
cle depends one{, m* and M., At the concentrations of interest the effect
of interference by adjacent particles doss not seem to be important, and
as mentioned before the effect of the refractive index is relatively
small. Consequently the varjation of the angular distribution of emergy

may be discussed qualitatively in terms ofxalome. An important function
in the theory is the angular energy dfstribution function, Cj{v_3_1>,
which is the fraction of ST EY 1ntercepted by a particle cm ad insci-
dent beam with direction -k whi 33 scattered into a unit solid angle
in the direction ./ . Bartell(l suggested expandlng this function
in an infinite series of Lerendre polynominals, in which the coefficients,
8y, ere functions of *Ceand m* alone: .

f(ﬂ..ﬁ-\" (@) ‘/71‘ %an. (c.os Q) (;3)

where 8 is the angle between :ﬁ_ and :?1_ .

The anzular energy distribution of scattered radiation is complex.
Te simplify this prcblem Theissing(ll) assumed & two flux (forward and
backrard) distribution. However, in three dimensional space a reason-
able division of the flux i: into six components along a set of three
orthogonal axes, one of which coincides with the dire:tica of the incident
heam, This §ix-Fluxz distribution includes forwerd and backward crmupo-
nents and four egqual sidewise components, The cheice of & weighting
function for the forward and backward components is criticel and some-
what arbitrary. A cosine law resclubtion is inadequate bescause of vie-
letion of enerpy conservation for the case of isotropical scattering,
Tnstead, a cosine square rasolution is used:

%
F« ZTfCosz 8 sin 9)(; (5)de (3)
- _
= zr[ gos® © sin © g (e)ae (4)

A

X = (1-F-B)/2 (5)
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B, and X rzfer, respectavely, to the feorwerd, haclkward 2ud

]
¢ compon~n%s. Use of the Hartel ccoefficients permits inters
gzration of th2ss expres.ions.

Ta opatial Tisirituviion ¢l tho Imteonsity

“hen an industrial asmoks is widely enough dispersed it may
be consiucred, ir effect, a continuous medium. Assuming such & mediun
and ¢csidoring an energy balance for a differential volume of unit
eross coation ond length d3, in the jﬂi direction, the Iellowing form
of the Transnort Equation can be obiained,

- =% -, ~ , PN
LERS o (ST« wf[¢ R0 p LT dn’ @
as L

where d.ff is tho differential sclid angle in the directicn :FL’ s W

15 th- albedo feor sirgle scatfigring, and 1 iz the irnt=nsity at the po-
sition R and in the dirnction . J¥ is any direckion other then .
The distribution intensity is also represented bty six compcnents, a for-
vard ecmnonent, a backward component, and four sidewiss components which
may rct be equal,

L rigerous solution of equation (6) can be written formally in
integral form, but the integration cannot be performed analytically,
After attempting several aprroximate methods of solution, a rrocedure
based on the six-Tlux method of representing the angular distribution
function nas selected. This permits reduction of the transpert equation
into six simultaneous ordinery differential equaticns, For the special

se of o point scurce and 2 vlane, parallel dispersiocn, the boundary
itionc permit reduction of the problem to the solution of four simul-
ous, non=linear differential eguations, sincs two of the six compe-
;2 are linesrly dependent on the other four.
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By introducing & geometric simplification, the abeve four non-linear
srigtions may he linearized and the final numericel sclutions arse obtainsd
from those. In the linenrized sguations, the mubstituticn of a relative
irversity, e.g. Ig for 1;, simplifies the proceduwre somewhat., The rele-
tive intensity, Il)is dsfined by

-

Iy = {, (7)

————————

Q"/ 4T *

whera Qs i:c the sourcs intensity and R the distance of the source to
the receiver. I7 15 therefore the ratio of the measured intensity in
the smolte to that which would exist at the same poini, and in the same

dircction, if no dispersion were present.
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The final equations whose solutions give the required six components
of the Jlux st any point in ths smoke are:

dT1 = - (~F-X) Sec 9 I1 + Iz (B4X) sec 6 + _g_x (Iz414) Sec @ (&)
T -4

-
dz
z

-dI5 = = (1-F=X) Sec 6 Iy + Iy (B+X) Sec 6 4 3X (13-51-4) Sec & (9)

T 4 -4 7z

dIz= - (1-F-X) csc & Iz + Iy (B4X) osc b + 3X (I # Ip) cso & (10)

i z v T -

- dly= - (1-F-X) osc § I, 4 Iz (B4X) csc & + 3X (I 4 Ip) csc & (11)
U b4 T z

J

I, =1, * é(ll-# I, + I+ 1,) (12)

If the position of the point at which the intensities received from the
various directions is represented in spherical coordinates (R,6,d), Ij,
Ias Ig represent the relative intensities in the directions of increasing
R, 8, 4, respectively; and Is, 13, I, the relabtive inbtensities in the
opposite direetions.

Th= boundary conditions are:
Ila )

)
3 = \:')

[

at 22 0; I = I, = 0at 25T (13)
I

It 1s possible to showigb) that the Six—*lux msthod degenerates
to & Two-Flux distributicn for a normally ingident wave or when the
sidewise component, X, is assumed equal to zero. (n the latter assump-
tion the two.flux disiribution can be epplied tc obtain a first approxi-
mation ¢f the scattered intensity.

Compariscn of Experimental Results With Calculations by the Six-
Tlux Hethod

#&. Experimental results ars conveniently expressed in terms of
the concertratien (mass of smoke over & unit area) and the total relative
intensity reneived a% a point. If C is the concentration in mass units
per unit volume, Ct = concentration in mass units per unit area for a
dispersion of height t above the grownd. If # is the density of the
snoke,

5 Ct=mn.d3t=T=ngt (14)
T ad % T X

e




This relation, together with the buckward und sidewiso scattering
coelficlent of & single smoke particle yields the immortent scattering
“ronoriles roculrs for the sizofluar solution.

This selution vertoirs to o sinsle vavelength, and to ohtein the
mtersities due t0 811 rmrolcoazths in the fhermal rogion an integration
15 carricd cut kstween tihc lamits (about C.2 p end bou+ 3.0 ) of inter-
25U. The energy striling "urfﬁco" ncrmnl to the six dlrectmnu can be
foant pr multirlying by Qu"ﬂR « Tor 2 plans marallel tc¢ the boundary
iz rroaptlon is sstinased by assuming that th2 compenents are collimated
in t!zir respective directions, The +otal intersity received at o polnk
ia the saele is B ( A ). Fer *he plane 2 = T (fig. 1) the intenaity
rogeived at & point on an arbitrarily oriented plane is

E(}\)-‘5110059+1381‘ﬂ.9 (15)

II J { A) is thec monochronatic power of the source, the point scurce
strength is

Qg = /QJ (A) dA : (16)

~
()
and consequently the normalized integral intensity, I , is
oY Io
e dr (0 A)an (17)
i, Qs

SLasuming a blunckbedy source of equivelent temperature, T,

- 2
J(ALT)= R (18)
T )
by Plancks law, and using the method of Jahnke and mde{12), 1 can be
w2lculated from (18) and (17). 1o

Fige 2 illustrates the theoretizul relations betweern I , ths rela-
I
+tive total intensity received ot & point, Ct,the coneentrat gon of parti-
~T-c in the smolke, and 6, the angle of reception (cf., fig. 1) for a L0COC
K tlack body sourcs and o smcle of meon refrective 1ndcx aktout 1.2, a
volue within the range to be expecbteld Jor industrisl zmolkes., The strong
derendence of I on @ Ot is apparsnt.
To

b. In a laboretory series of experiments 1epcru%on of polys-
wzrere and polyvinyl toluens latices in water were used to test the
+izoretical results, using a General Electric Neon 69 glow lamp as &
=spactromatic source, Four different dispersions, each containing

om: ) a ————
M
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particles of very uniform diameter (less than 2% standard dsviation)
wers useds. The diameters vrere 04236, 0,323, 0.514 and 1.18'1.

Fig. 3 compares a set of typical results obtained in this way, wiihn
calculated values for the seme conditions. In this end in othsr cases,
tho theoredical values of E (A ) is low (about 2077} for waluss of +an
872, end slightly high above tan 8 = 3. Above tan @ = 2 the agrooment
in genseral is much botter and the expesrimental walues rangs from aboub
207 belor to abeoud 207 above the theorstical prediction.

Ce In axvther sarlss(lé) of larger-scalo experiments the attene
uation of the radintion from an uncollimated earbon erc cource was
msasured after passing throusgh & variety of smokes, e.g., fog oil, carben
(made by burning naphthalene), and several acid smokes made by hydroly-
zing in moist air chlerosulfonic acid, silicon tetrachloride with ammonia,
and titanium tetrachloride. Tigure 4 illustrates socme of the results
ohtained for the case of tan @ = 0, A "Theoretical curve" (sclii curve)
shows ths agreement between theory and exrerimsnt., The theoretical
curve wag caleculatzd for a non-abserbing smoke of refractive index 1.5
and for particles cf 0.9 p diameter,

Devistions from the theory in the case of the acid smckes ere iz
the direction to be expected if the particles tended to Insrease rapidly
in size during the measurements owing to continuous absorpticn of water
from the humid atmesphere. Deviatioms of the fog 0il from theory are
mmech less. In the thermal region the acid smokes would appear to be-
havs largely as scatterers, In the absence of acceptable values of the
refractive index of carbon, no theoretical curve has been insluded for
this element,

Conclusichs

The Six-Flux model described appears tc be sufficiently accurate
for the estimation of the potential of industrial smokes as soreens agaimst
thes thermal radiation from atomic detonations.

The pcssible acid constituents of industrial smokes other then car-
bon ara about as effestive as fopg oil as thermal soreeuns, but they ars
less stable owing to the tendency of the particles %o ipcreass in sizs
bv abscrption of water. Carbon, owing to iis absorbing properties, is
mush more effective than any of these.

Although a theorstical curve has been presented in the figurss for
only a pure scatterer (albede unity) the thecry ~an alsc *taks abscrpuion
into consideratiocn by bringing in the complex index of refraction and
en appropriate value of the albedos A theoretical curve for carben could
be calculated if suitable values of the complex refractive index of this
element were available.
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APUITSLTICH CF U7 RECIFRCCITY TUEQRT! TN GATTL SHITLDING STUTIES (1)

Introduction

The 8hi=lding characteristics of structures ere often obtainzi
exporimentally by spreading c2bout them on the ground wniform (Mirfinite”
comteninated f1elds of pemma-enitting matorials (fission products, etc.).
The irberreted dose rade is found inside the strucbure as o function of
the fi:1ld strength and the enerzy speairum of the conhaninating fiola,

I+t has 2lso been rerorted 1)that stulies of $his !:ind have becn sarrisd
cut by moving a large source in a definite pattern around & structure
and summaing the weighted ccntributions to the dose rats measured in ths
gtructure.

Fither method of measurirg the shielding properties of structures
would be much simplified, on the basis of the Reciprocity relation, if a
suitable scurce could be placed inside a struchure and the integrated dose
rate determined by moasursments over the surrounding field, using the same
pattern. This integrated dose rats would then be the same as that which
would be obtaired if the detsctor were pimecd inside the structure and the
source spread out in a uniform way over the surrounding terrain to a distance
correspondirg essentially Yo cn infinite field, i.e,, to 100=2C0 fest from
the detector, if the field is continuous, and the grid is dense eznough.

The Reeiprocity Theorem

The Reciprocity Theorem is well knovm in elsctromagnetic theory
and has proviously been freque?giy aprlied in & variety of fieldg,as in
the domeins cf radio and reder‘“/in circuif_gnd antenna theory 5u It
has also been aprlied to neutron shieldin5(~ A general formulation is
given by Chandrasekhar\*/wh> elso corsiders polarization. These ansli-
cetions involve no change in the energy of the particles concerned.

For the prectical applicaticn to shielding from gamma rays, the
thacrern mar be stated as follows:

Lat P ani Q bs two poirrtc in a seattering space, and let an 1zotropic
(4) sourcs be rlaced at Po Reciprosity exists if the radiation dstected
at Q by an isosropic (4a) det-ator iy tha same as that which the dstester
vould measure at P if the sar:> source wersc et Q.

Tha Reciprocisy relation doer not take intc aceount possible changes
ir. eneryy of garcs rays pessing through a shield, and in the absenze of
compensating effects deviations from reciprozity may be expected in such
CAS56Sa

Arrlication of the Theorsm to Shieldirg

For practical purposes tha thecrem is conveniently applied by the use
of the followirg mapping techniques

UNCLASSIFIED
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If the field about a structure is uniform enough, the continuous
distribution may he replaced by an array of isolated point sources of
adequate density. This array is conveniently represented by the Cartesian
coordinates of the centers of individual squares, the centers being the
positions where the source (or, in the reciprocal case, the detector) is
placed to obtain the experimental data. If the field strength at x,y,0
igﬂﬁ{x,y,o) the strength of the point source at this position is:

E 70(35:3790)' da (:{:Y:o) (1)
wherc df {x,y,0) is the small area of the square whose center is at
I,¥,0, ruferred to ary convenient origin on the ground. For a finite
rectangle at x ® 12, v S yp, 2 = O,

(2)

/fiA

El > l,m

3 -/

15 constant over this area.

.
sinte

D

If By ., 25 the strength of the source at the point x; y, 0, and
ir xj, yk,’z is & peint insids a structure, the intensity 4% this point
is:

I (detectcri source) = I (xj, Vic? zg Xys Ve 0).

This 15 the contribution to the intensity dus to a single square. Super-
position of the contribution of all the squares gives the total intensity:

(x50 vgr 2) = 2,1 (=50 s 2lxyy 3 s 0) (3)

The fact that thers is no inter term commection suggests that ine
stead of actually having sources at each of the points, only one source
need be used. The source may bs moved over suscessive points, being
careful to weight the intensities to account for variations in the field
strength. The intensity measured is directly proportional to the scurce
strength, so that if the awvailable source has s strength E and if the

intensity measured at X35 Tys ° is G(xj, Jr» 2] %14 yms O)

I (xj, 1., o fxl, Fms0) -'§é12 . Gij, Yy, @ lxl, ¥ +0) (4)

k)
so that in (3), using (2),

= ' A,
g D) 2k 5 T gt [0 P

If the field strength,/o, is constant and 1f Al,m is a certain
fraction‘f71’m of a frequently recurring area, 4,

I(“J‘J i s z) 'é@.Zm Gh‘}’_}k’- z, Xys s o)fl.m (8)

If Reciprocity is assumed, and the single source of strength E is
ussd,

-
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G(x3, ¥x, 2 | %15 ¥ 2 0) 2 G (x1, ym, Of 55 Fpo2) (7)
50 that

-
I(xj, Fies z) = "E" Z(ZMG(;;J;: }’m: Oixj! Vi # zJ/l,mA l,m (8)

If Reciprocity wors found tc hold for every set of pointe x:, ¥, =
and x1, ¥m, O, equation {8) would hold exactly. However, it iz Tound
axperimentally that this equation helds fairly closely for the structures
tested under conditiecns whers Reciprocity does not hold in detail (i.e.,
at all peints) ovwirg to scattering that results in a change in the source
energy spectrum.

In shislding measursments it is the dose rate rather than the
intensity that is the impertant quantity, and it is assumed here that
the fermer veries linearly as the intensity, i.esy if reccipreocity holds
for intensity it will algo hold for dose-rate.

%t should be pointed out that the magnitude of the deviatioms from
Reciprocity may be expected to depend also on the ener%y of the source.
fll-out may be more closely simulated, perhaps, by a “sl37 source, or
by a mixture of nuclides of which the energy spectrum approaches closely
that of Fall-out.

Experimentzl Results:

In & continuing series®of experiments the protection affordsd by
two types of buildings has sco far been studied by the method described.
Building A was a sheet metal and woodworking shop 30! x 60t, of 8" clay
tile construction. The partitioning walls were of wood, and the various
heavy machine tools were arrangsd in rapdom fashion., Bullding B was &
vacant, two-story army-type barracks, of the same dimensions, but of freme
construction. The joists were faced with 1" x 8" boards., Building 4 was
200 feot from any neighboring strueture, and bullding B mere than 500 fesh
away from ancther tuilding.

Building i ves mapped on ons quadrant which was divided into 4 ya2
squares extending to 18 feet from the walls. Building B was also mapped
ir ome gquadrant divided into squares of the same area, bui extending 3o
feet from the wells.

The detector used was a JOrdan(s) dose-rate meter, model AGB«10D«SR,
covering the range 0.0l to 1000 mr/hr, with two scales, and with a rated
accuracy of 10%.

80

The source used in all the measuremsnts was Co°~ with a strength

of 0,8 curie.

Measurements on buildinz A showed a deviation of 0,9% from "overall
Reciprocity™, although the thecrem wes not found to hold accurately in

# In progréés at Army Chemical Center, Maryland,
-3-
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general, Deviations from "overall Reciprocin-" of only led% were found
in building B at its center and three feot aboye the lower floor. The
deviation in the center three feet above the upper floor was only 0.8%
and the deviation 15 feet from the center {in the direction of the griag)
and tree feet abovs the upper filcor was 0.1%.

Tith the soursz ingide the buildings it was found that data could
pe obiained in about half ths tim= required for the resiprocal caese, with
half the persomrel and with only about one third of the rediation dosage
incurrad.

Conclusions:

l. Although individual points in & grid mey show deviations,
"overall Reciprocity" 1s closely followed in the cases of the buildings
studisde.

2. LA considerable saving in time and persomnel is realized by
plagcing the source inside & struecturs, rather than ocutside on a grid,
in determining th» shielding properties of structures to gamme radiation,
zud the dose incurred ia the operation is much less,
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HELI COPTER T¢ GROUND RAILCLOGICLL STRVEYING (U)

Int roduction;‘

The desirability of checking ground radiological contamination from
the a.» hasg resulted in the development of low altitude nerial surveying
techuizus: using 2 hoelicopier with a suspendable radintion gdetector.

Trne utilirzation of vhis equipment ah altitudss up to 1COC feet above
tarreiz nog been found de be sn effzctive method of determiuing gamma
rediz -1t intensitics at spscific roimts on the ground.

Ire uimazmats abjective f suz1 an eerial zurvey walld be to sstab-
lish radintion iso-intensity lines as carly as possibie after an
a*tomic axplosion, especially in area:z inaccessible Yo ground survey teams
due eithsr %o terrain or to high radiation levelus

backgroang:

The rresens method of using helicoptersfo-ground equipment for low
altitude merial surveying has evolved after considerabls experimentatione

In 1953, the UsSe Army Chemical Jcrps set up o radiation fisld ab
the ‘irmy O erical Center, Md. for the purposs of testing different types
of low=altisude serial surveying equipment,

As a rosult of these and other %esis, soversl conclusiors were
reached.

1, Asrial surveys performed near the greound (below 20 Isat), rroved
%o be more reliable than those performed from higher altitude: bzcause
of the :irazecvracies in correcting high altitude daza back to ground level
axd she difficulties encountered in locatlng the exact position over
whilcn casa readling was Galken.

2, The helicupver war found to be more suitable then Tixed wing
airsralt for carrying the survey instruments because of its inherent
acilisy bto fly safely at low survey heights and slow spseds. The slow
response times of the instruments then awailatle and the rapidly changing
radiavion iavengities at lowr gurvey heipghts msds slower flight spesds
imperetives Slower Flight spesds also made 14 easier %o correlats air-
cralt necition witl. inbensity readings.

Ze  The methol of reserdizz data memaulily from a direct irnstrument
readinz proved to De more desirable than using & recordirg sysiex because
of thz clcver response time and additionmal inaccuracies introduced with
_the recerder,

4s Wide range logarithmic scales were found to be preferable to
linevr scales due tc the tims and data lost in switching the linear
scales. -
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T view of tha Ebovs peints, the most satisiactory combination of
egu: .mznw appearzd 2 be a systvem deveicped by the Evans Signal lab-
Aroitry=, whereby a halisopier vas ussd to carry a suspendatle radiction
datrcuore &L probe was attached to a 540-foot cable wound on a reel which
vas: opsrated manualiy from the helizopier to raise cr lower the probe
o *he desired hsoight., Tne probe contained an ion-ghamber type detec-

;- tich vmz wirel Hwaugh th: 23bls to & meber insid: the helicopter.
Greuirl readings ~ould thu~ be taken remotely as the helicopfer was [ly-
v ok lowdy aver an arsa or howeeing over & specific roinmt,

Although ronsidsrable difficully was encounfered with the original
5 1ipment, this system rormed +the hasia for aerial surveying equip~
ment developed and ussd by the Chemieal Corps in the 1355 series of atom-
s+ tzsts at the Newvada Proving Crounde

Descripbivn of Equipment:

The eguipment w3el [r the Newada operation consisted of an ion-
shamber typs radiation dstector mounted in o probe unit so thet when the
tin of the probs was tiuching ths ground, the ion chanber would be at
3t. The probe was attasred to 10001 of 7=conductor cable, (372" diameter),
—eund on @ handeperated reel which was mounted on an eluminum frame
czr ried insids the helisopters Tu=z reel could thus be cperafed from the
helizopter <o lower the probs tc the ground or to any desired position.

Alse mounted on the aluminue T-axme was a2 conbrol panel with meter
and associated clreuitry whicl wms wiral to the debector through the
7=conductor cable. An indicatsr light on the control pansl was also
wired through the cable %3 a misrcowitch ca the tip of the probe to
indicats when the probe was ir contest with the groand.

The entirs unit weighed approximately 70 pounds and was portable
to facilitate ease ¢of instaliatisn in the E-12 helicopier.

Thes radiez instrument used was & modified wversionm of the ion-cham-
Lar type zamma ncnlt,., Mod:l AGB-10K-SR, manufactured by the Jordan
FElectronic 1g. Uoe 3f Pasaders, California. Brisfly, the operatiocn of
5.3 instrumen~ is as follows:

The iopization chamber ic the Nsker-White type consisting of a mstal
512ll with 8 sibuinlawure fube sesaled insids at 10 atmespheres of pure
argons A relatively Figh ecwiwe surrent Irom the chamber flows direcdls
t¢ ths indicating meter, eliminating the need for complex circuifry re-
quired in other types of radiation momitrrs. The response is logarithmic,
which makes possibls the wide range o 0,01 m‘/Er to 10,00 r/hr in thres
sealess Accuracv is quoted at 410% =f &pplled dose rate anywhere on

* Felicopser o 3round Radislagisza. Survey Equipment ty Rotart H.
Sugarman and Eris Ce Fllstrcw, Evens Sigral Laborateries, IZslre, Haede
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scals. The spectral response of the instrument is made essentially
flet between 75 Kev and 1.7 Mev by using a lead absorber on the outside
of' the steel chamber shell and an aluminum secondary emitter on the
inside. A built-in source of Sr9% insures a convenient and rapid cali-
bration check.

Throughout the operation, the medified Jordan instrument proved to
be reliaoble, stable and rugged.

Discussion of (Cperation:

During the Nevada operation, the helicopter-to.ground methed of
agrial surveying was used primarily in two field of operation, viz.,
to ~heck radiation intensities at specific¢ points, end to make air
attenuation studies,

The point checking operation was carried out after each detonation
in conjunstion with the Radiolozical Safety teams for the purrose of
checking for radiological contamination in outlying work ereas and at
other specific points of interest, The general procedurs was to take
off from a control point immediately following pmssage of the shock
wave, check the ou*tlying arsas first, then to proceed in toward ground
zero utilizing pre-established check points.

These checks were made by hovering over the point at sufficient
eltitude to afford safety from ground radiation, (usually around 500
feet), and lowering the probe wmmtil the control panel ligh% indicated
that the detector wvas 3 feet above the ground. A reading was then
taken, recorded and radiced in to the comtrol point from the heliccptere
In moving from point to point, the operator 1celed in a few feet of
cable tu prevent catching the probe on an obstrustion, and relowersd it
at the next check point.

In addition to the two helicopter pilots, it was deemed necessary
te carry a Rediological Safety officer, a probe opsrator and a radio
operatr cn each nission. This team also used the equipmsnt to make
quicl: deverninations of "not spots™ by flying over an area with the
probe extended to wishin. 25 to &S0 feet of the ground,

Throughout the operation, positioning was accomplished visually,
utilizing check points. An attempt was made 4o ubilize Raydist posi-
tioning =quipment, (o radio triangulation methed}. This equipment was
saticfretory for determing positior but did net lend itself to rapid
surveys ot that time due to the gr-a= amount of time required in inter-
preting the positioning data.

For air atftenuation studies, the equipment was used to obbain gamma
radiation intensities at wverious albitudes directly above a given poing
on the grounds To obtain this data, the helicopter hovered at 520 feet

z
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with the probe at ground lsvel. Readings were then taken ot INI foot
insarvals as the helicopter ascended over the initial point. Since the
helicopter usually could not hovor abovs 1000 feet, this cnly goave
rendl g3 up te 800 feete To cbiain the data from SO0 feet o ICO0
ii.%, the Lhelizonter s returned to its original position ad 500
feot and the rrobe was reeled in to aprroximately 15 feet betow the
hell un+or, vhose oluituds wos again inereased inm 100 foit incromentsas
Tha o titugs wae determined at each point from the heliceprer!s barcmetrie
isa altimeter.

The data obi2insd in this mamner at the Liewada Proving Ground im
1985 is presented in condensed form con grapgh I of this repert,

Conciderabls difliculty was experiensed in cbtaining this data,
cue meinly to she proulems encountered in trying to hold a steticonary
=czition in the helicopter, end in ascending directly above the initial
peint cr the grovnd. :

The ability of a helicopter %o hover is directly dependent upon
the air density. Siuese Yucca Flat at the Nevada Proving Ground is
arproxanately 43CO feet above sea levcl, it was necessary that the air-
ceraft ba onerated av 4800 feet to 5300 feet MSL.,  Hovering in & sta-
ticqary position at thess altitudes can be extremely difficult for the
H-17, especially in gusty winds. Ascending dirsutly over a point fiether
commiicates the problem and makes it impractisal to attempt eir attenu=
aticn ~tudies under gusty wind conditions. Point-check runs, however,
are not quite so critical,.

1t should be noted that o hover between 100 feet and 400 feet
abere ground level is dangerous in that if 2 power failure occurs, thers
woulsd not bo sufficient altitude in which to "recover™ and break the
fell prior to striking the grounds Alsc, it is advisable to be able
to quickly sover the cable in an emergency.

Certain limitetions vere alic encountered concerning the sguipment
w52de  The monually opsrated recl was found Yo be much too siow for quick
pné = isient data taking. This slow operation wacs also resporsible for
hootb TR the rough treswment received by the probes (m sewveral ccossions
e The woke was being lovered nes> tue ground, the helizopbter snddenly
chatyel posltion and the probe could not be reeled up fast cuough by
hart o provent it: being dragged and bounmced across the ground.

-
-
-
J-

It iz expected that these difficulties will be allsviated in the
futtrs by insovr-erating an electro-mechanical reel system. It is also
nlerv=d that this cyrtem will heve 2 footage register to inldivatie the
Zeapth of umound cable.

s elevations above 500 feet, the probe unit became increasingly

difTieult t:o cbserve al ground leveles Tt iz, therefors, planied that
in rutuze eperations, the rrebe uvnit ill ts mairnted a bright, contrast-

inz sulor.
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Discussinn of Data:

Tho 1lob of oittenuation factor vs. altitude stows that ths sommn
redintion invensity decrease. aprroximately loparitimically with altitude
. PL e ¥
akbovay any specific point.

o

2ity dsereages with altitude i: Jerenlent
upor the rositlcn -rithin the lout pattern. This 1s indicated by *the
fect thay the curver hovw: 217 snt slopss corresponding te the diflerent
noaitions over vhich the dadta were taken. There seems to be no simple
relationship, howev-r, betireen the slope of the curve and the pesition
witkin ths fallous pattern, due to the influence of radiation from sur-
reunding areez. Theoretlcal studies have been initiated to study this
effect.

The rate ot vihlcs the 1as

L]

It chould hs noted that in everyr case, the steeper slopes wers as-
sociatad with tha read-rgzs obtained over ground zero.

Some of the curves are disconmtinuous at the 00 foot point. These
disgentinuities are due to positioning diffisulties =ncountered in refurc-
ing the helicopter to its exmet originel position abt 500 feet at the
begimning of the 800-1000 foot run. The data are still welid, however,
gince the olope of the :urve ig the same on either side of the bresak.

The discontinuity merely indicates that data for ths secernd porticen of
the curve were taken over & point slightly tc one sids of the initial
point on the ground.

Conclusions:

Experience gained ir the 1955 Nevada operation has proved the effec-
tiveness of helicopter to ground radiclogical surveying. It has also
served > ¢svelop practical techniques in low altitude aerial surveying.

Th? utilization of & helicopter and a4 suspendable radiation detector
has besn frund to te an effective and accurats mathod of rapidly deter-
mining gamna radiation intensities at specific points on the ground.

This ecuipmeni haa alec been found uselu. in quickly checking for
and lecating "hot spote® in contaminated areas,

In congiderinrg the vltimate uee of amerial surveying, it would be
mosy desiritle to be abls to make & rapid and accurate survey of ground
contaninaiien from a reledivaly kigh altitude, This suggests the use
of fast, fized-wing aiccraft which, in turn, presents several major
problems. Among thess are:

le Development of positioning egquipment whick would meke possille
the quick end accurate correlation of inktensity readings with the pcsi-
tion at which they were taken.

=
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2¢ Development of a reliable method of correcting aeriel survey
data back to ground level values.

b

In dealing with this second problem the helicopter~to-ground survey
system provides a valuable contribution by making it possible tc obbain
air-to-ground corrslation data such as that obtained in the Nevade opsra-
tion.

Indications are that much work rem2ins to bs done before aerial
survey dete can be corrected to indicate ground level values tith a
reasnnable degres of accuracy.

I% is expected that the improved equipment under considsration at
this wime will make it possible to ecarry out future air attenustion
studies more eofficiently.

Notess:
1. The 1953 work at ACC was by J, B, Graham and Donald Hamilten,

2, The 1955 work at Nevada was by Arthur Francis, John P.
Johnson, and Harry J. West.
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TANK VOINERARILITY TC PROMPT IONIZING RADIATION {7)

Introduction:

The object of this paper is te describe studies made to assess
the dosages from pronrt radiasion to which tank crews may be exposed
8% rengct whers tinks Ay sustain moderate tlast damagc. (Moderats blash
danage is cdefined as that dameg: which is sulficient tc prevent any
militer; use wmbil repairs are effected. lloderats damago to tanks may
result, in many casss, with no sccompanying blast injury tc the crew,.)
The feasitility of ineerporating additional shielding in tenls was zon-
sidered :n the study.

Discuscicn:

The study covered the whols ranme of atomic weapons yields. Hsighta
of bursis were selected for esch yield to maximize the blast pressurs
required %o produce modsrate damage to the tankse and the ranges of inn-
izing radiabions which resulted, were calsulated.

It was found, urnder these conditiong, that rarticularly for the
smaller yield weapons, the radiation hazard to tark crews, from both
gamna and neutron radiation was overwhslming, at the range of moderate
tank damgge,

The study then weny on to investigate the amount of shielding re-
quired and manner of aprlication, to reducs the vulnerability of tank
crews to iorizing radiasion. I%t is well momwm that the materials which
gere efficient neutron shields are quite different from those which best
attonuate gamma radiation., For the latter, high stomic weight, high
density materials, like lead, are desirod; for the former, low atomic
wzight materials, like water, paraffin, graphite, certain plastics and
etc., are regquired to slow dowm %the fast neutrons; materials, like boron,
daimium, and bismuth, with high cajgture sross-sechions, are then reguired
tc absorb the slow or thermal neubrons,

The additional shielding dnsired might be aprlied in either of w0
TByse First, the shielding wrterial cen be eprlied as a liner throush~
out the vehicle. It was soon rroveld that this method would involwe a
tremendous inerease %o the welght of the tanky of the order of several
tons. The second methad involwed epplying the additiomel shielding to
the individual members of the erew, either in the form of body armer,
or by installing a shield in the form of & seat back extending from trs
necls of the individual 4o his buvtocks, with ar added chest plate hanging
iz fromt.

Congidering only the gamma radiation, it was found that %o reduce
+the doss to the individuals in the tank to apprczimately 150 r, et the

range of moderate blast damege, it required of the erder of 700 pounds
s2 lead per individual when distributed in the form of body armor, and
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mere thor twice that amount in the form of seat and hanging chest shislds

Lacl: of satisfactory data on the neutron srectrum and atfenuation
factors, precluded the axtension of *the study to include 2stimatcs of
+ P
the agdi4icnal vsipht raquired to attenuate the neubron flux.

Is ~ppears obvious that any athbeapt to inereass ths pretection alford-
ad by merks acalns® loninin: radiation means additional weights This musé
e wrai -0 anninek svrrent frends tormrd lighbter end more mobile srmorsd
vehisclesae

The prechlern poced hers is similer in pature to that raised at the
Bighth Triza-tite Conferense and furzher discussed at the Ninth Tripar-
tite Cerfererss meebings involving *the so oalled "radiation gap", ~ith
respect 59 ships. Possible solutions in the latter case, such ag reloe-
eation of nersounel, machinery spaces etce do not find ready application
to the corlired spaces within tankse

-~
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CALCULATION CF DOSE RATE FR0M AN EXTENDED SOURCE NF FISSION FRODUCTS (U)

Introduction:

In determing the dosage received by personnel in an open area that
has been subjected to contamination by Fallout from a nuclear burst a
number of factors enter, including the amount of centamination, the
emitied gamma energy, the extent of shieldine, the extent of the contam~
ination area, etc, The calculation of the dose rate in some arrangements
of shield and source hecoms=s almost insurmountable,

Approximate calculatons were made early, assuming an infinite plane
uniformly contaminated with fission products, and the whole hody dose
was assumed to be equal to that received at a height of three feet above
the level of the plame. This simple geometry proved to te amenable to
calculation on the basis of the exponential integral.(l), This type of
calculation is only approximate, however, because it does not include
the contribution of scattered radiation.

Recent theoretical work has indicated how the scattered radiaztion
may be taken into account. A4 theory involving the application cof the
Moment Method to the solution of the Transport equationdeveloped by -
Spencer and Fano{2) has been corrohborated experimentally by Wnite(3) ,
Ha.yward(h), Kuper et al(S). Berger and Doggett( 6) and Gates and Eisen-~
hauer(7) have made caleylations based on the theory for photen diffusion
through air. '

Theoretical Dose Rate as a Function of Energy

The theory, as developed by Berger and Doggett (4) and by Gates and
Eisenhauer leads to a generdl relation between dose rate and energy at
unit field strength (figure 1). This relation, together with the concen-
trations of the various active nuclides present in the Fallout material -
permits estimating. The dose rate due to the Fallout on the assumption
of an infinite smooth plane of uniform contamination, wusing the appro-
priate decay schemes. Actud soils are, of course, not smooth planes,
nor is the contamination distributed uniformly. Consequently, the totd
dose rate calculated in this way will differ from the actual. Over a
large area, however, regions of higher contamination density may compen—
sate for low density regions, so that deviations from the theory may be
due chiefly to characteristics of the soil, i.e,, fineness of soil
material, presence of rocks, protuberances, cracks in the soil, etc.,
which would result in greater attenuations than would be expected on
a smooth plane,.

The method may be understood more clearly by outlining the procedure
to be used for a typical sample of Fallout. A radiochemical analysis
provides information about the various active nuclides present;
the counting rate of e ach nuclide is determined in the course of the
anzlysis and theresults correlated with the decay schemes of the various
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nuclides present. The number of photons emitted at each nertinent energy
is obtained, If the sample of fallout was collected over a known area,
the field strength (photens/cmz-sec) can he calculated at these energies.

In figure 1 the theoretical infinite field dose rate is proportional
to the field strength at each energy. Multiplication at each energy
pertaining to the sample, of the dose rate by the field strength of the
sample gives the dose rate contribution at that energy, and addition of
all these contributions yields the total infinite field dose rate due
to all the pamma emitting material in the fallout sample.

Time Devendence of the Dose Rate

The result calculated in this way is the infinite field dose rate
of the sample at the time of the anlaysis. The fission products decay,
and if an analysis were carried out on the same sample some time later,
the data obtained might give by the above nrocedure an entirely differ-
ent (lower) value of the infinite field dose rate, In fact; repeated
analysis of the same sample and application of the method described to
the data, would provide the information necessary to calculate the total
dose received in amny required time.

The gross decay of fission preducts has been treated by various
authors. The problem was attacked from the statistical point of view
by Way and Wizn-r(8); and Hunter and Ballou(%) have used a direct method
based on Bateman(10) solutions for the various chains. Thornton and
Houghton(ll obtained an exponential approximation to the Bateman solu-
tion for times greater than one hour which asrees closely with experi-

ment,

The various nuclides present in fallout decay in a chain-like manner;
sometimes the chain may include only one member, but they may he classi-
fied in this way. If decay takes place withoutthe emission of a photon,
the probahility of emission of the photon is zero.

Let Nj represent the amount of the isotope in a radiocactive chain,
so that N, represents the amount of the parent, Ny the amount of the
daughters, etc, At time t = o, the quantities of the varicus isotopes
may be represented by N{. Then the amount of the ntfl isotope present

as a function of time is(lﬂ).

g M
an*“i__.%o N 2 e-)«.ut C AKX

4 =7/ —h_;—_'-ﬁ-;’_‘):;') (/- Sy g) J-fd'g(l)
e

= ) .
where the A andNKare the decay constants of the j™h and kth isotopes,
respectivi];y. ¥ 3k is the Kronecker delta,

5jk

Tif j=k

0if =k
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In order %o chtain the gamma intensity, one needs to know therate
of change from_the nth isotope to the {(n + i)t‘n isotope. This is given
as: nlp ¢ 1 ®An M; in which nIn+4 1 has been used rather than the devia-
tive becauvge

dlNn. = An-/ Mh-l = ka¥n

At
then __)‘vt_,n—)\ (2}
gaMoe;g.f_‘ 'J K4 5

wEne] = | & L; *
-/ .%. ()\4_X')(’J-é‘¢lk}7"£¢£":
Ly 4 _

If decay occura and a pholon is emitte'él, it is necessary to know the

prohahility that it is the nth gamna of the (n4 1)th isotope. This

probability is preciszely the™Faltive intensity of 1Tz »hoton., ILet
Mioe 4he probability that, in a transition frem the @ik isotope, a

gamma particle of energy B will be emitted. If 5,7 h:; v ~arma parti-

cle is emitted ab enersy tHansi tion. g8/

Figure I shows(12) {dotted line) thet in the energy interval 0.07 to
3 MEV the dose rate at a peint 3 feet above a nlane infinite field con~
taminated by material emitting gamma particles of energy By (MEV) is
given to within 204 by

= |, =3 5 ~0.915
nq L.6 % 10 Eq 9 {(3)

This rives the dose in mr/hr from a field emitting one photon (energy E)
per square centimeter per second. The contribution to the total dose

rate due to the decay of the nill isotope ise
0,515

L€ A" 4.bxion? Erntl)

If both sides of eguation (2) are divided by the area of contamination,
it may be combined with equation {3) to give the contribution to the total
dose of the n'® member of a chain as a function of the times

5 ,_,g &02 et —'L: AK Q.ws’“
e % ORI 5 KV Pﬂf

wheref’i“ is the number /z:m2 of the iih_ isotope at t = 0.

’

The total dose~rate from all members of the i_’t_h_ chain is
- &

D=7 Dt
and the total dose rate due to all the chains ls:

B=i£ Di
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In a formal way these relations; together w th the plot in fisure 1
(which is based on Transport Theory),permit calculating the dose rate,
at any time after zero time, three feet ahove a uniform infinite plane -
of contamination dve to a mixture of decayins nuelides, as, for example,
fission products.

The Dose Rate for Branching Chains:

Equation {2) applies to the case where no branching occurs. If,
after the gEE term; the decay chain forms h branches,

£
a4 1 # M 2 ¢
where the superscript indicates the 1%l branchy and the fraction of the

decaying isotope going into this branch isFy, By inspection the series
can be represented by

p gr 2 enfye i Driin e ]
NI: -
i Jr u= X047 ) 5/

LY
It is understeod that if the superscript is numerically less than
the branching number; the latter has no meaning. It simply refers to
the chain before branching, so that symbols with the same subscript but
different Supﬂrqrripts are the same.

Ifk"gsA k =A§

Relations ean also be developed for the case of the convergence,
after a number of twrms; of a branch with other branches; etc.

(5)

Galculation of Total Dose.

The total dose received 3 feet above an infinite plane of uniform
contamination by a mixture of nuclides, due to the n'l mémber of a non-
branching chain, is obtained by integrating equation (L).

At 9-1 (-&7 K ) +éj K
1N T AK . 915~
ajb“d“-'_"f- 4 g ¢ (lx MW= )+84K 7 E‘*"Xio 3("9 S
<
(&)

For a pretracted stay in the contaminated field

T"r A (=S5 K) + 8} 0,915
j'Dndt- - F"é = 7 — £"’-LXID P “”(E?DHD— :
T (A X-5i05i% 2
(K )( # AT =4 C,))
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Summary s

A procedure is outlined for calculating on the basis of Transport
Theory the total dose at three feet above an infinite plane of uniform
contamination due to a mixture of decaying nuclides, such as fission
products. A Complete radiochemical analysis is required at one time
and use of the pertinent decay schemes and decay constants permits
calculation of the dose rate and the dose as a function of the time after
or before analysis up to the time of formaticn.
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THi EFZECT OF THERMAL UPDRAFTgﬁaVEHfCITIES UPCH THE
DISPLACKMsNT OF RADIOACTIVE FATL~-O0T (U

TNTRODUCTION:

Surface and underground bursts of large scale atomic weapons and
nigh yield thermonuclear weapens result in lethal radiological contami-
nation well beyond the areas damaced by blast and thermal effects., The
nazardous dreas are created by the radicactive fall-out from the atomic
cloud as it moves downwind.

All radiation patterns obtained so far have been over either open
desert area or a few islands and the ocean in the Pacific, Different
patierns probably would occur in built-up arcas due to the inherent
thermal currentis existing in and around cities, It may be nossible that
under certain weather conditions these generally upward thermal currents,
perhaps aided by mechanical means, misht he sufficient to displace fall-
out to uninhabited areas where it would be relatively hamless during
its decay process,

THEORETICAL:

Before pursuing the meteorological aspects, it would be well to
discuss the nature of the fall-ocut particulate. Considerable informa-
tion is available on particle size distribution, specific activity, rate
of fall, etc., hut these data are primarily limited to areas less than
50 miles from ground zerc, High rzdiation levels are found as far as
300-L00 miles dowmnwind, but particle size data inthis region are quite
limited. The hypothetical city under study could he anywhere in this
area,

It has been established that about half of the fission prodict ac-
tivity is associated with particles 100 micrens and less in size. Cal-
culations performed by meteorclogisis on the deposition of a 100 micron
particle as a function of settling laws and weather conditions indicate
a wide range of deposition downwind.l The rate of fall of a 100 micron
particle from various altitudes was also calculated, treating the particles
as irregular spheres subjected 1w the standard aerodynamic fall emation.
For very small velocities this equation reduces to Stokes Law and for
very high velocities to the law for the_turbulent repgion, This results
in a particle velocity of the order of % m/sec,

Part of the ohjective of the proposed study is to determine the max-
imum perticle size influenced by a thermal updraft. This does not imply,
for example, that if all particles less than 100 microns were displaced,
the radiocactivity deposited by larger particles would be negligible,
3ut, i7 the location of the city were sufficiently far downwind, the
maximum particle size in the area would approach 100 microns and the
displacement of these would result in a significant lowering of deposited
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activity in the city proper, However, the area surrounding the city
would still be highly radioactive and probably contain some "hot spots.m

At the present time the metecrological aspects of the problem are
heing investigated. Meteorological literature on such subjects as atmos-
pheric pollution, vrban influence upon city weather, vertical velocity’
{thermal updrafts}), diffusion, and "heated islands®, is being examined.

Meteorclogical data indicate a zradual horizontal temperature
increase propressing to a maximum at a c¢ity built-up center. The increase
in many cases is as large as 10°F. at the built-up center as compared
16 the surrcunding urban area., Under inversion conditions, a vertical
temperature increase is noted up to zl titudes of 3000-l000 feet at which
the gradient approaches the adiabatic lapse rate, Because the built-up-~
area has a higher temperature than the surrounding urban and country
area, it is sometimes referred to as a "heat island."3 Associated with
this condition is an upward air flow over the city and a corresponding
dommward flow near its outskirts. However, lisht winds and turbulence
effects due tc the surface rcughness of the city chanze the flow pattern.
The winds can produce a downward sir flow downwind of the city or a tur—
mulent condition throughout the area.

Vertical velocity, the air velocity of a thermal updraft, will di-
ractly affect the path of a fall-out particle. Hawever, only a thorcugh
examination of the local weather conditions will actually determine the
final point of particle deposition., The calculation of vertical velocity
is quite complex, and meteorclogical literature does not coniain any
reliable finite equation, The theories proposed include the estimation
of vertical velocity from horigzontal velocity differences normal to the
sides of a sguare or triangle, but these averaped 1 m/sec and apparent
divergence was inversely proportional to the lenpth of a side. Other
methods included kinemetic from pilot balloon runs and adiabatic from
the temperature change of rising or sinking air, Boih gave vertical
velocities averagzing 1 em/sec.

L study on the subject of buoyant air parcels rising through a tarbu-
lent air mass found that the observed properties of buoyant air parcels
existing in super-adizbatic atmospheres agreed, within observational errory
vith combinations leading to extended survival of air bubbles as pre-
dicted by eqations. The maximum vertical velocity experimentally en-
countered through & 100 m surface was 3 m/sec and the air temperature
increase was 0,69C, Slightly lower velocities and air temperztures were
noted in one case at an altitude of approximately 2000 feet,

The vertical velocities indicated in the previous studies can be
compared to the particle fallvelocity of % m/sec. Equal velocities
wauld indicate a state of quilibrium and probably some horizontal dise
placement. If these methods were used to estimate vertical velocity, tae
particle path and velocity could be analyzed vectorily and changes in
either variable treated integrally.
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A Chemical Corps contract which has studied the behavior of aerssol
clouds within cities found evidence of thermal instahility at night.
The result of this condition was to 1ift the aerosol so that concentra-
ticns were higher at roof-top level than at sround level, During sever-
al day experiments it was indicated that the lifting eifect was even
higher, probably for the same reason., No additienal information was
presented on the magnitude of the thermal layer or amy vertical compo—
nents asscciated with it., The contractors have accumulated a great
deal of meteorological data on several U.S, cities. Included for city,
urban, and local countryside were horizontal and vertical temperature
gradients, wind speed and direction with altitude, atmospheric pressure,
geographical effects, and effects of weather systems. © 7 These data
will be useful in the computations involved in the application of most
theories tw the problem,

A theory was proposed for the effect of a heat source upon a stable
atmosphere.’ The example taken was that of a 5~10 km wide island as a
heat scurce off the New England coast. A steady state was assumed in
which the heat supplied by the source was continuously carried away down-
stream by the wind., It was found that the heat source cbeyed an eddy-
conduction equation and was established by turbulent eddying in the mixed
ground lgyer. The wind streamline displacement was divided into two
components, one cbeying the equation for air flow over a mountain ridge
and the other obeying a heat conduction equation. The complete stream—
line picture was constructed for several examples of an air siream whose
properties remain unaltered to great heichts. The basic current nossess-
ing a change in stability or wind speed at an upper level was alsc dis-
cussed.,

The theory seems applicable to the study of an air flow stream over
a city and we are presently studying it from that viewpoinit., It is hoped
that some of the meteorological data ohtained on the U.S. cities for the
contract previously mentioned can be utilized in this application.

Another subject which was originally thought to be related to the
problem was FIDO (Fog Investigation Dispersal Of), the system wherebg
fog is dispersed by increasing the air temperature with oil burners. .9.10
Although the reports provided interesting reading, the results of theo-
retical and experimental studies and eventual practical use of the system
did not indicate its application. The system provided sufficient heat
to disperse fog by raising air temperature, but the mass vertical veloci-
ties were of negligible magnitude. Fxperimentation performed on calm
days did result in small changes in horizontal air velocity, which prob-
ably corresponded tc some vertical veloclty and turbulence in the area

of the heat source,

In addition to natural thermal updrafts there are those which occcur
as a result of the heat from smoke stacks. Rough calculations tased on
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Sutton's %heory,ll indicated that because of exhaust heat an average
stack profuces an undraft velocity of L m/sec, at 170 f£t. and 1/5 m/sec,
at 1500 f+, above the stack. Additional stacks in the same area will,
in thnis example; increase either or heoth the vpdraft velocity and area
affected, _

The pehavior of stack gases as a function of stack height, local
veilding zeometry, wind, ete., nas been and still is beine investigated e
by many agencies. Qther than supplying additional heat to the atmos~
piiere, it is not known at the present time whethsr stack cases will
have any influence upon the displacement of fall-out. As with the cal-
culztion of natural vertical velocities, the information on the charac-
teristics of stack gases will have to he more fully examined.

[T

COTCLUSIONS:

The many and complex aspectis associated with just the micro-meteorc-
logical problems will reguire considerable study. The interpretaticn
of its affect upon particle path and eventual deposition will also be a
complex nrohlem, The only conclusion reached at this time based upon
the information accumulated is taat the idea of fall-out displacement
appears promising.
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