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ABSTRACT

Residual g?ptamination in the crater was measured af-
ter each of X-ray, ?oke, and Zebfa explosions, A‘;ample
taken about 100 feet from each tower base was followed for
decay using a Geiger-Muller counter and when sufficiently
reduced in radicactivity to permit handling, the specific
activity of the sample was determined. In addition to the
crater samples, material from the skin of drone aircraft,
collected by use of scotch tape, were examined after tests
Yoke and Zebra.

For test X-ray, at about H plus 7-1/2 days, a crater
survey was made extending along the Hartman line from 100
feet to 1200 feet from the base of the tower, measurements
being taken at 100-foot intervals. At each station the ra-
dicactivity of soil samples was determined at one-inch, two-
inch and four-inch-depths. Gamma radiation above the sur-
face was determined with an ion chamber survey instrument.

Decay curves did not fit the expected curve for a mix-

ture of fission products and NaZ4 but indicated that per-

haps some other activity, not identified, was present.
. S Fractionation of the fission products is another possible

explanation. The best fit was obtained with t™1+#% for the

fission products but this was outside of any probable value




for this time period. At all distances studied the sam-

ples from two inches and four inches below the surface showed

nearly pure fission product activity. Neutron induced ac-

tivities were observed in concrete and steel at about 1000
feet from the tower bace.

For test Yoke, at about H plus 57 hours, a crater sur-
vey was made extending from 1200 to 4500 feet from the tow-
er base, and decay curves were taken of the samples. Sam-
ples were removed from the drone planes at about H plus 7

hours and decay curves were run. The drone plane decay

curves are substantially different from the crater decay
curves, probably because the ratio of fission products to
activated surface material in the cloud was different from
that in the dirt samples. As in test X-ray, the decay
curves indicated a mixture of fission products, Na2h and
perhaps some unidentified activity. Since all samples for
test Yoke were taken at greater distances than for test
X-ray, direct comparison is not possible.

For test Zebra, as in test Yoke, crater decay curves
and drone plane decay curves did not agree., Agsin these in-

dicated a mixtwre of fission producte, lh24 and unidentified

ectivity, No crater sampling survey was made,
It is concluded that fallure of samples to follow the H

expected curve is perhaps due to large amounts of activity

-l -
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induced in unknown elements with fractionation another pos-
sible explanation. Because of the atypical nature of the
surface, the data are not very useful for predicting the
radiological hazards following air bursts.




OBJECTIVE

Measurements in commection with this project were made
for the purposs of obtaining as complete information as
possible about the radiation hagards existing in a land a-~
rea which had been exposed to an air burst atomic bomb.
They were designed to be useful in planning operatious in
the future as well as during OPERATION SANDSTONE itself.
With reasonably good data obtained as soon as possible af-
ter the burst it is considered possible to extrapolate back
g0 that the hazards existing very soon aftor burst can be

determined.




HISTORICAL

Following the test at Alanagordo, measurements were
made of radiocactive material from the crater. These meas-
urements were made primarily for determining the perform-
ance of the weapon and were not completely satisfactory for
estimating the rad’ation hazards exisiing in the crater.
The decay curves indicated the activity fell off according
to t=1:2, At Bikini measurements indicated that most of
the residual contamination following the air burst was due
to the neutron induced activity in the sodium of the sea
water, In the underwater explosion at Bikini most of the
activity resulted from fission products and the decay rate
followed a t~1-3law. It was hoped that the present project
would provide more complete information on the radiocactive

situation existing after an air burst bomb.




sXPERIMENTAL

As soon as possible after each detonation, which in
practice turned out to be about H plus 7~1/2 hours, a sam- {
ple of crater material collected from a point about 100
feet from the tower base was delivered to Task Group 7.6

on the USS BAIROKO. Aliquots of this sample were finely

ground with a mortar and pestle and thin layers of this ma-
terial were put into sample cups for measurement. The spe-
cific activity of this material as received was so high
that original samples could not be weighed. Specific ac-
tivities were determined from later measurements made on
samples large enough for accurate weighing.

One sample was run using a thin window beta sensitive
counter having a window of aboui 2.0 mg. per Cm.2 equiva~
lent thickness, and a second sample cup was run using a
thick wall gamma sensitive counter with an equivalent wall .
thickness of about 200 mg./cm.z. These counter tubes were
connected to General iladio Company type 1500~A counting

rate meters which in turn were connected to Esterline-Angus

’ continuous chart recorders. The sizes of the initisl sam-
ples were zdjusted so that a counting rate of aporoximately
18,000 counts per minute was obtained. After the samples
had decay=d so that only about 600 counts per minute were
obtained, the samples were replaced with larger ones to

bring the counting rate back to about 18,000 per minute.

-8 -
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After the initial rapid decay had taken piace sone of

the samples were transferred to counter tubes connected to !

type 161-G scaling circuits of the Instrument Development

Laboratories. Counts were taken on these scaling circuits
at appropriate intervals and, wherever possible, the sam-
ples were left in position between measurements, This was
not always possible because the analytical requirewcits in-
cidental to radiation health orotection required the use of
scaling circuits on several occasions.

In addition to the crater samples described in the
foregoing vparagraphs, scotch tape samples, taken from the
drone airplanes, were run on tests Yoke and Zebra. These
samples were obtained by anplying a niece of scotch tave
to the leading edge of the wing of a drone plane known to
be contaminated and then stripping the scotch tape and
sending it to the laboratory for analysis., In the labora-
tory a2 small portion of the tape was placed in a sample
cup with the sticky side up so that the beta measurement
would not be affected by the absorption of the scotch tape
backing.

All of the counting equipment used in these measure-
ments had been carefully calibrated before the measurements
were started and calibrations were repeated at frequent in- s

tervals throughout the run. Beta calibrations were made

-9 -
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using standard samples of radium D plus E, making use of

the 1.17 Mev beta particles from radium £, Gamma-ray cali-

60

brations were made using Co~ - secondary standards which had

60

been checked against Co~" standards furnished by the Nation-

2R s PN Py 0 S b ATV 7= 2 3,

al Bureau of Standards. Frequent determinations were made
of the resolving time of the GM counters and all data ob-
tained from the records were corrected for this resolving
time, All the samples had a sufficiently hizh specific ac-
tivity so that very thin samples could be used, and none of
the results were corrected for self absorpticn.

On X-ray plus 7 days a crater survey was made extend-
ing along the Hartman line from 1200 feet to 100 feet from
the base of the tower. Readings were taken at stations at
100-foot intervals; the 400-foot distance was omitted be~
cause of over-exposure to radiation. At each station soil
samples were obtained by driving into the ground a sharp-
ened piece of aluminum tubing to a depth of about 6 inches.
when this tubing was removed it contained a core sample
of soil down to a depth of about 4 inches. These were
carefully wrapped to prevent loss of material and were tak-
en aboard the USS BAIROKO for analysis. At each station
gamma intensity measurements were made with an ion chamber

survey instrument held about 3 feet from the ground. The

antiin B,

intensities given in this report are averages of readings

4




taken over a radius of about 10 feet from the station. In

addition, surface samples were taken at each station by
carefully scraping up the top layer, not over 1/16 of an
inch deep, from an area close to the station which had ob-
viously not been disturbed since the blast.

In the laboratory these samples were prepared for a-
nalysis by grinding, and decay curves were run in the same
way as for the crater samples described in the foregoing
paragraph. Samples from the aluminum tubing were obtained
by drilling holes through the tubing at distances of 1 inch,
2 inches, and 4 inches below the surface of the soil sam-
ples inside the tube. Through these holes small samples
were extracted for analysis. In addition to the foregoing
described measurements, measurements were made on surface
samples brought in at irregular intervals by the monitoring

group.

L




RESULTS

l. X-ray Crater
Figures 1 to 4 show the decay curves obtained from

the crater samples collected at about H plus 4 hours. An
inspection of these curves, particularly the log-log plots,
shows that the decay is far from the t™12 14w expected for
fission products. From the semilog plots it is evident that
a large fraction of the activity was due to 14.8 hour Nazh
produced by the Na%3 (n, ¥) Na® reaction.

Attempts were made to fit the observed decay curves
with an equation of the type

Az Ke-Mt plus —L__ (1)
t1.2

where A - observed activity (counts per minute)
A = decay constant of Na2k - 0.04,68/hour
t = time in hours

K and L = constants

The first term in Eq. (1) gives the contribution of Na?%
to the total activity, and the second is the fission pro-
duct contribution. By choosing two points on the observed
decay curve the two constants can be evaluated.

When *his process was carried out it was found that
the decay predicted by Eq. (1) did not fit the observed de-
cay curves. The fit depended on the points chosen for the

determination of K and L and by a suitable choice a

- 12 -




ressonably good fit could be obtained at either short or
long times, but not at both. It appeared certain that the
sample contained some other induced constituent which was
decaying with s half-life considerably longer than that of
Na2k or that fractionation of the fission products had oc-
curred, thereby changing the second term of Eq. (1).

In an attempt to determine other constituents Eq. (1)

was extended by adding terms of the type

-At
LY

and using values for X appropriate to constituents which
might have been present in appreciable quantities, Among

the isotopes suspected and tried were

14.3 day P32 from P31 (n,¥ ) or 32 (n,p)
8.5 day Cabl from Cab® (n, 2n)

12.4 hour K42 from K41 (n, ¥)

180 day Cal® from Ca** (n,y)

No consideration was given to S35 from Cl (n,p) because the
soft beta emission unaccompanied by gammas would have been
detected with very low efficiency by the beta counters and
would have produced no response in the gamma counters.

Even with two additional exponential terms in Eq. (1)

there was little improvement in the fit beyond that expected

-13 -~




from the fact that more points were forced to coincide in
the determination of the constant terms. The lack of fit
is beyond the experimental error, but at the present time
it is not known what elements are producing the deviation
from the expected curve. Longer term measurements may
serve to identify them.

Some attempts were made to obtain a better fit by ad-
justing the exponent of t in the fission product term.

These attempts were not successful. It may be noted that

the best fit was obtained with t=1+45 but this is outside

of any probable value and undoubtedly represents a compen-
sation for the unknown elements or for the possible frac-

tionation.

The resultes of the crater survey of X-ray plus 7 days
are shown in Figures 5 to 10. It should be noted that in
Figures 5 to 10 the relative heights of the curves sre with-
out significance. The large espread in the values of specif-
ic activity did not permit a ready comparison of decays, so
the heights in Figures 5 to 10 were adjusted arbitrarily.
The slopes of the various curves were not changed by the ad-
justment and may be compared directly.

A comparison of these curves with the expected g-1.2
fission product decay shows that at all distances studied

the samples from 2" and 4" below the surface show nearly

-1 -




pure fission product activity. The samples taken from
nearer the surface show a decay corresponding to various
mixtures of fission products and other constituents. The
fact that surface samples did not follow the expected g-1.2
fission product decay while samples at 2" and 4" below the
surface did follow the expected decay is strong evidence a-
gainst fractionation and for the formation of unidentified
induced activities. Fractionation, however, is still be-
lieved to be a poesibility.

To calculate the percentage activity due to fission
products the assumption was made that the only other active
constituent was Na?%. This is not true, but the error is
not great and is probably less than the sampling error re-
sulting from the use of data from the small samples which
were taken. Table I shows the percentage of fission pro-
ducts calculated in this way at H plus 186 hours, the time

at which measurements were begun.

.15 -
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Table I

Percent F, P. at 186 Hourg

A B c D
Depth 0 L 2" 4
Distance 100 ft. L6 100 100 100
200 ft. 48 69 100 160
300 ft. 42 42 100 100
500 ft. 4 100 100 —
600 ft. 32 100 — -——
700 fv. 37 100 100 ——
800 ft. 35 100 100 100
900 ft. Ll 47 100 100
1000 ft. 26 36 100 100
1100 ft. 98 100 1C0 100
1200 ft. 100 100 100 100
-16 -




The results shown in Table I are somewhat surprising.
In view of the penetrating power of neutrons it is diffi-
cult to explain the low values of induced activity shown
by the one inch samples, and the absence of induced activi-
ty at greater depths. The presence of fission products in
the lower samples is explained by assuming that the fission
products settled out on the surface and were carried down
into the soil by subsequent razins. Neutron-induced iso-
topes will be produced throughout the entire volume re-
ceiving the neutrons and hence will not be washed down by
rain,

Equally surprising is the absence of induced activity
in the surface sample at 1200 ft. Measurements made on a
variety of samples taken from-above the ground surface
show that there was a substantial neutron flux at 1200 ft,
The original surface material with the induced activity
may have been carried away in the bomb cloud.

The total specific activities as calculated from the

beta measurements are listed in Table I1I,

-17 -
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The data of Table II are plotted in Figure 11 together

with the readings of an ionization chamber survey meter.

It will be noted that there are two "hot spots" at 700 ft.
and 1000 ft. respectively. These "hot spots" appear only
in the surface samples and are not evident in either the
sub-surface samples or the survey meter readings. The sur-
vey meter readings show a maximum at 800 ft. which may be
due to the gamma radiation from the two "hot spots'.

The total residual fission products left in the crater
were estimated by the following procedure: Each radioac-
tive assay was assumed to be representative of an annular
volume extending to equal distances from the sampling
point. Thus the 800 ft. surface sample was assumed to rep-
resent the conditions in a ring of radii 750 and 850 ft.
to a depth of 1/2", and the 900 ft. 2" sawple, the condi-
tions in a ring of radii 850 and 950 ft. from depths of
1-1/2" to 3". The specific activity of the sample was mul-
tiplied by the total mass of sand in the appropriate vol-
ume, assuming a density of 2.0. This activity was correct-
ed by applying the proper percent fission product obtained
from the decay curves so that the contribution of Na2l was
excluded. The results were then corrscted by the g-1.2

law to H plus one hour. No calculations were made for the

contribution beyond a radius of 1250 ft. This probably

- 19 -




introduces very little error because the specific activi-
ties at 1100 and 1200 ft. are low,

The values found by this calculation are:

Total fission products in crater at
H plus one hour 23 x 107 curies,

Total fission products in crater at
H plus 186 hours 6.4 x 104 curies.

The sampling errors in this estimate are undoubtedly large
but this method appeared to be the only way of approximat-
ing the figure from the data at hand. Since these values
are only a small fraction of the total fission products
resulting from the explosion it may be concluded that most
of the active material was carried away in the cloud.

Lack of facilities prevented a comprehensive study of
beta and gamma energies., One gamma absorption curve was
run at H plus 15 hours with the results shown in Figure 12,
The absorption curve is characteristic of a monoenergetic
gamna ray with a half-value thickness of 1.13 cm. of lead.
This half-value layer corresponds to a photon of 1.3 Mev
energy. The activity of the sample at H plus 15 hours was
approximately 75% Na?* and 25% fission products. The pho-
ton energy observed agrees as well as can be expected with
the 1.38 Mev gamma ray from Na?4, The 2.76-Mev gamma ray
emitted in cascade with the l.4~Mev photon was not observed,

probably because of a lower counter efficiency for the

- 20 -
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higher energy and because the lead absorption coefficients

for the two energies are not greatly different.

Some of the random samples measured are of interest
particularly in connection with the low induced activity
found in the soil samples at 1000 ft. On H plus two days
a sample of the cement from the 0.C.E. structure at 1000 ft.
was carefully removed. The sample was taken from the in-
terior of the proximal wall and care was exercised to pre-
vent its contamination with residual active pruducts. The
beta decay curve on a finely powdered aliquot of this sam-
ple is shown in Figure 13. Most of the activity is due to
Na.zl‘ induced by neutrons. The specific activity of the
sample at H plus 22 hours was 2.8 x 10™* microcuries per
milligram. Since the original sodium content of the ce-~
ment is unknown this figure cannot be used to determine
the neutron flux.

Neutron induced activities were also observed from
samples taken from the interior of iron stakes driven in-
to the ground just in front of the 1000 ft. O.C.E, struc-
ture. The samples studied were about 3" abovs the ground
level at the time of the blast. The decay curve, Figure
14, is complex and has not been analyzed into its compo-
nents, The specific activity at plus 130 hours was

4.8 x 103 microcuries per milligram.

-21 -
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The cement sample from the 1000 ft. 0.C.E. structure
appears to differ in activity from a sample taken from the
base of zero tower. The first measurements o.. the latter
sample curve were made at H plus 272 hours and unfortunately
measurements on the other samples were terminated at about
H plus 150 hours so they are not directly comparable. As
Figure 15 indicates the tower base sample shows an activity
«ith a half~life of at least 19 days with shorter-lived com-
ponents.

2, Yoke Crater

Measurements were started on the Yoke crater sample at
about H plus 9 hours and on the scotch tape samples from the
drone planes at H plus 7 hours. The decay curves are shown
in Figures 16 to 23. As in the previous test the crater de-

ca] curves indicate a mixture of Nazl'

and fission products.
Otlier active materials may be present for observed zurves can-~
pot be fitted with a two-constant equation having termes for
Na2 gnd fission products,

The decay curves for the drons plane samples are sub-
stantially different from the curves from the crater samples.
The differences cannot be attributed to fractionation but
are probably due to differences in the amounts of surface

material picked up and carried into the cloud along with the

fission products.

™




Lack of time prevented a crater survey comparable to
the one carried out for the X-ray crater. On Yoke plus 3
days a series of surface samples was collected slong a radi-~
al line from the Yoke tower. The specific activities as

measured at H plus 57 hours are given in Table III.

Table III
Distance ft. nicrocuries/pilligren
1200 0.083
1500 6.6 x 1078
1800 1.9 x 1078
2100 7.0 x 1077
2700 1.4 x 1078
3000 4.8 x 1078
3300 4.6 x 1078
3600 5.8 x 10~
3900 1.7 x 1078
4200 1.0 x 1077
4500 1.2 x 10°8
.23 -




The samples were all taken from greater distances than

in the X-ray crater survey and so direct comparison is not
possible. The data seem to indicate, however, that at a-
bout 1200 ft. the contamination drops sharply to relative~
ly low values. This is not inconsistent with the findings
for the X-ray crater,
3: Zebra Crater

The decay curves for the 2 samples are shown in
Figures 24 to 31. Once again the curves show a mixture of
Na?4 and fissiza products together with unidentified com-
ponents. The decay of the drone samples does not agree
with the decay of the crater samples. Here again the lack
of agreement is probably dues to the pickup from the sur-
face of variable amounts of contamination or to fractiona-
tion of the fission products. No crater sampling survey
was made so there is no data corresponding to that obtained
from X-ray and Yoke.

4, Alpha Measurements

Some alpha particle measurements were made using
Eastman nuclear particle emulsions and & Simpson propor-
tional counter. Alpha particle tracks were identified in
the photographic emulsion but quantitation was made dif-
ficult by the background fog produced by the high beta and

gamma activity. Quantitative results from the track

-2 -




counts did not check with the re=ultss from the proportional
counter and no satisfactory explanation for this discrep-
ancy has been found.

Alpha activity in all samples was low so that long
counting times were required to obtain significant results.
Values of beta/alpha ratios on soil samples were about 10°
at plus 72 hours for both X-ray and Yoke tests, This cor-
responds to a plutonium content of about 10-3 micrograms
per gram of soil but this figure is not accurate beyond or-

der of magnitude.




DISCUSSION AND CONCLUSIONS

The outstanding result of all of the decay curves is
the failure to find components corresponding to the g-1.2
law to be anticipated for fission products. This is due
to the large amounts of induced activities observed or to
fractionation. The amounts of these activities varied
"~ from sample to sample and contained unidentified isotopes
so that a separation of the composite decay curve was not
obtained. It is probable that with long-continued runs
such a separation could be obtained. The value of such
an analysis, however, is rather doubtful,

A1l of the craters were atypical in that detonations
over soil of the type encountered are not to be expected.
For this reason a large scale continuation of the decay
cufves seems unwarranted. Some measurements are being
continued on one sample from each crater.

No clearcut evidence of fractionatior was obtained
because of the large and varisble amount of induced activi-
ty.

Because of the atypical nature of the surface the da-
ta obtained are not very useful in predicting the radio-
logical hazards following an air burst. It is hoped that
subsequent tests may be held over more typlical terrain so

that a complete analysis can be obtained.

- 26 -
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ABSTRACT

Air redlological surveys were oonducted with a C-47
airplane on eight ocoasions during the three atomio weapons!
tests at OPERATION SANDSTONE, A single survey at low
altitudes was also conducted with a Type HO3S helicopter
following the third test. These surveys provided informa-
tion whioh oould be used to estimate intensities of sur-
face contamination and to measure the extent of the radia-
tion field above the crater, It was observed that the
radiation at 1,000 feet was approximately 1/120 of the
average intengity in the orater itself, Crater activities
estimeted by means of this factor and an average intensity
measured at 1,000 feet might have been in error by as
maoh as a factor of two, The meaximum altitude at whioch
rediation could be deteoted a few hours after each test
was 7,000 feet, The results obtained from these surveys
are considered to be of suffioient acouracy to warrant
oontinued analysis. Preliminary work has indioatsed that
the orater acts as a point source for altitudes greater
than 1,000 to 2,000 feet, Various types of existing field
survey instruments were tested and & number of improvements
are rscommended, The over-all results of the projeot indi-
ocate that the aerial survey shows promise as a possidble

method of measuring the approximate extent of a contaminated

area in the event of atomio warfare,
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OBJECTIVE

The objeative of this project is threefold: (1) to
provide an aerlal reconnaissance survey for the determins~
tion of intensities of gamma radiations within the blast
area without exposing personnel to harmful intensities of
radiations such as would be enocountered in surface opera=
tions; (2) to scoumnlate data for confirmation of theoret-
iocal caloulations regarding the attemuation of gamma radi-
ation ebove large land and sea area sources; and (3) to
teat instruments whioh would be prectiocal for use in aserial
surveys of oontaminated areas in the event of atomio war-

fare,

HISTORICAL

The first aerisl survey of a land area exposed to an
atomio bomb explosion was made at the Trinity site epprox-
imately one year after that test had been oonduoted. This
survey wes made in a small single engine airplans, The
delay from the date of the teat to the date of the survey

somewhat limited its practical value, but it pointed out




the possibilities of this type of operation (1)*. Aotiv-
ity at altitudes as high as 1000 feet wes measured in the
Trinity air survey,

At Bikini eerial radiologioal surveys at altitudes up
to 4000 feet were made with FBM type aircraft after each
tests Mcouracy of the results of this survey was hampered
by the types of instruments used, by the inability to lo=
oate quiokly the position at whioh a reading was made, and
by shifting lagoom ocurrents whioh constantly ohanged the
radiation intensity of specifio areas of the contaminated
water, No surveys of contamineted land ereas were made at
Bikini, Nevertheless, the tests at Bikini proved that it
was possible to obtein reasonably reproducible values for
the decrease in radiation field with altitude (2).

Hirsohfelder, Hull, and Magee have made a number of
theoretical caloulations of attenuation of gamma radiation
in air above an infinite ocontaminated land or sea source,
Their studies involved gamma radistions of a number of dif=-
ferent energies and took into account multiple soattering.
The experimental data from the aerial surveys following

test Baker at Bikini gave values in agreement with those

Numbers in parentheses indiocate references on page
40 of this report,




caloulated for three million eleotron volts (3 Mev) gamma

rediation. A number of uncertainties still exist in these

oaloulations and further experimental oconfirmation is re-

quired,

EXPERINENT AL

The present project was propoesed by the U. S. Navy,
Bureau of Asronautiss and endorsed by the Armed Forces
Speoial Weapons Project and the U. S. Air Foroe. It was
approved by the Seientific Direstor of OPERATION SANDSTONE

and assigned to the oognizance of Task Group 7.6.

MATERIALS AND EQUIPMENT

All available types of portable radiac instruments for
use in the eerial survey were flight tested to determine
their adequaoy for this purpose, The following types were
given particular study:
as National Teohnioal lLaboratorises, Geiger Counter
Model MX-5,

be Victoreen Instrumsnt Company, lonization Chamber
Model 247-A~Sp (high range),

o« National Technioal Laboratories, Ionigation Chame

her Model MX-6,




The serial survey of ground contamination was made in
a C=47 type airplane furnished by Cozmander, Task Group
Te4e Tue C=47 was cheoked prior to each test. A desk was
installed with a sunken compartment to hold the radiation
deteotion instruments, Speoial lights were available; a
red light with the switoh in the navigator's compartment
to indiocate the exaoct times over the point zero, and a greem
1light operated from the copilot's seat whiaoh registered the
time on a partioular flight leg, Headphone and miorophone
leads were available for use by the Radiologioal Safety
offiocer.

Film badges were worn by each member of the crew on

each mission end dosimeters were carried on the plane.
CALIBRATION PROCEDURES

A1} instruments were ocelibrated on the ground end in
the air with a radium souroce prior to their use in the
aerisl radiologiocal survey. Messurements were made of

the time oonstant of the verious instruments,




DECAY

4All readings were correoted for deosy as follows: The
X-ray orater readings were corrected to X-reay hour plus 1,
the Yoks orater readings correoted to Yoke hour plus 6, and
the Zebra orater readings correoted to Zebra hour plus 2.
The varianoe in the corrections was due to different timss
in which the test day missions were started, all corrections
being made to the approximate hour of starting each mission.
The deoay correotion curves were obtained as a part of Proj-
oot 7,1-17/RS<3, Residual Contemination of Crater (3), in
whioh decay ocurves were measured for sotual samples obtained
from each orater. These curves were converted into core
reotion faotor ourves; whereby the decay factor for any
time may be obteined and multiplied by the reading to give
a figure corrected for decay. FPlease see Appendix 1, Figure
23; Appendix 2, Figure 19; and Appendix 3, Figure 1l4. 4All
graphs and oharts shown use radiation intensities which hawve
besn ocorrected for decay with the exception of those for the

Oross Seotion Radiation Field whioh use aotuni readings,

-




SURFACE MEASUREMENTS

On many of tﬁe graphe, ground areas and rates of redi-
ation measured on the surface have been inserted, These
are for direct correlstion with the air readings and are
also corrected for deoey. At various points throughout
the report, references have been msde to the different
oraters and to crater resdings. The orater is defined as
the ares around the point of detonation which is directly
oontemineted by the bomb explosion. It does not inolude
the areas contamineted by materisl falling from the oloud,
This area mey extend 1000 feet or more from the initial
position of the zero point,.

Surfaoe monitors, in measuring the crater areas on
suceeding days, discovered that the intensities inoreesed
rapidly to a certein distance and then leveled off for a
verying distence, Within a few inches of the tower stumps,
or the ground between them, the radiastion rate incressed
tremendously, For this reason, an average of the “plateau"
of rediation whioch ranged from 100 to 1000 feet from the
tower stumps (depending on the particular orater) was
taken as the creter reasding for this report, It is quite
apparent that the very high intensities recorded within

inches of the stumps, or cement blooks, or the ground




between them could not be detected in the sir in the prea-

ence of the rediation from the large oonteminsted area,

OPERATIONS

The survey wes to provide rapid informetion on intensi-
ties of nuolear rediations within the blest area and to
acoumulete precise scientific date in regerd to the attenu-
ation of geamma radiation above lend and sea surfaces con-
tamineated by atomic bomb explosions.

For these operstions the orew consisted of a pilot, co~
piiot, pavigator, radiomen, and engineer. In additloen to
their regular duties, the following specisl tasks were as-
signed to orew members. The pilot studied and precticed
the rather intricete flight pattern necessary for such an
operation with the essistence of the copilot who timed each
leg and oross leg with a stop watoh. The copilot also noti-
fied the Radiologiocal 8: "ty officer the time each leg was
started end ocompleted by means of the specielly instelled
green light, and kept & running log of the times of each
leg, and the tims over the point zero. The navigetor com~
puted the heedings, true course, sir speed, ground speed,
and time over point sero of the different legs, He also

oheoked the instsnt the plane passed over point gero in




his driftmeter, and notified the Radiologioal Safety
officer of this time by means of the speoially installed
red light, During the Phase 3 operations, he charted the

ocourse of the airoraft with the times over the strategic

areas, using the plot as a fall=out chart, The radioman
handled the radio <+traffic necessary for a speaial mission

and in addition, on the teat days, transoribed the ooded

messages given him by the Radiological Safety offiocer after

sach leg. The engineer assisted the Radiological Safety
officer in his funotions, and oopied on prepared forms all
»eadings taken by the monitor,

The orew of the C-47 airoraft were at Eniwetok on
Peter (practios), X-ray, Yoke, and Zebra days by H-hour,
After H-hour, the orew was prepared to take off immediately
in ocase the ocloud should drift aoross the island, The sur-
vey unit took off on the mission at H-hour plus thirty
ninutes and at 5000 feet altitude, orbited at a point five
miles upwind from point zero until directed by Cormander,
Adir Force, to proceed with the flight plan as outlined in

the following paragraphs.

The survey plan oconsisted of three phasss as follows:

-10-




Phase 1

When directed by Commender, Air Force, the C-~47 commenced
horizontal survey at 5000 feet. First leg was over point
zero on & bearing determined so es to aveid any downwind
oonteminated eir mass, All legs were made at a oonstant
air apeed and elong a constent beering for three miles on
either side of point zero., The plane thoﬂ turned and made
another leg at an angle of 045° from the original leg.
This meneuver was oontinued until & oomplete esterisk
pattern with lege et an angle of 45° had been mede. (In
operations over the Yoke end Zebre cresters only three legs
ware flown at 120° angle to eech other,) After completing
this horizontel flight patt;rﬁ, the same pettern was flown
at 4000 feet, ;000 feet, 2000 feet, 1000 feet, and lower
if rediologicel safety oonditions permitted.

Phase 2
After completion of Phase 3, the survey unit retired from
the conteminsted area and requested permission to survey
above 5000 feet, When approval was received, the survey
unit flew a six-mile leg at 6000 feet elong the same axis
as the first leg in Phase 1, The second leg was flown et
7000 feet on an axis 180° to the first iege The unit was
prepered to ascend by 1000-feet intervals on each reversal

until normal baokground was reached,

-1l =




Phase 3

Phese 3 wes inserted primerily for radiologicel sefety
purposes in OPERATION SANDSTCNE after the original plans
had been submitted. This survey was flown efter Phese 1,
end is the fall-out survey. (Appendix 1, Figure 31;
Appendix 2, Figure 27; Appendix 3, Figure 20,) Here the
aireoreft flew downwind from the crater for a distance of
eight or ten miles end returned by four-mile oross legs
spaced at a distence of two miles, This survey was to
check ereas possibly conteminated by fell-out from the
eloud,

The survey unit was prepered to repest the afore-men-
tioned flight on succeeding days if deemed necessary, When
needed for rediologioal sefety purposes, the eir survey of
ground contemination was continued in a helicopter, Type
HO3S. The generel plen for this survey was vertical flights
over radioactive eareas, teking readings of the radietion
iptensity et various eltitudes, These seriel readings
were to be integrated with surface resdings made by ground
monitors directly beneath the helicopter unit., The heli-
oopter survey wag not conducted until the ground radistion

intensity was low enough to permit ground monitoringe




RESULTS

During the three tests the C-47 Aerial Radiological
Reconnaisszance Survey was flown on eight different days;
three days over Engebi and Aomen (X-rey end Yoke Islands);
end twice over Runit (Zebra 1sland)s The partioular days
flown were X-ray, X-ray plus 6, Yoke, Yoke plus 1, Yoke
plus S, Zebra, and Zebra plus l. The aeriel survey weas
flown in & helicopter (Type HO3S) on Zebre plus 4.

In complotiﬁg these surveys, two hundred end eight
rung were made over the three craters, end three falleout
surveys were performed at a low altitude. The totel time
flowm in ectual rediologicel reconnaissance for all three
tests was twenty-five hours.

Severel oompliocating feotors were encountered, es-
peocially on the first test, Slight to moderate contamie
nation of the airoraft due to unexpected fall-out oocourred
following Tests X~rey and Yoke. Consequently, for Test
Zebra, the time of the survey was set back to H plus two
hours, instead of H plus one hour. The ion ochambers used
becams badly seturated over 3000 milliroentgen per hour
on X-rsy dey. This was correoted by the Instrument Group
efter experimentation by incressing cirouit voltage. It

was also found on Test X-resy that altitudes under 1000 feet

w13 =




should be flown in order to obtein dete for an ecourate
estimate of the orater intensity. Consequently, altitudes
were decressed to the point where the intensity was the
maximum which could be measured by the available instruments.
(The maximum irtensity which could be recorded by the in-
struments used was 25,000 mr/hr.)

The results of the missions were most satisfectory,
A tremendous amount of data were obtained end en anelysis
_made for thies report of as much as time permitted, It is
recommended thet further cereful study be made of this
materiel, The missions proved useful from the standpoint
of rediological ssfety in that readings of high intensity
arees could be tezken, thus advising surfece monitors of
s&ﬁh areas, The falleout survey proved precticsl in giving
the surfece monitors information on areas of high ocontemi-
nation., Ten types of instruments were tested during the
surveys.

The primery objective of the mission, that of measur-
ing the attenuation of gemme radietion in the air above a
large conteminated surfece, was ecoomplished; but the
analysis is not yet completed and it is felt that muoh
information was obteined which will further the study of
this work. A study by Dr. T. N. White on the ocorreletion

of ground and air readings is included as Appendix 6.
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There is also a series of graphs made from the resulis of

each test by which a relatively good estimate of ground
readings may be made from aerial surveys. One point of
intereat is thet the same generel curve exists for obtaine
ing the correction feotor used to determine ground intensi-
ties from aerisl readings for all surveys made over the

X-rey end Yoke crsters., See Figure 1, page 34.
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TEST X=RAY

The C~47 with orew took off from Eniwetok Islend at
plus 30 minutes and arrived ten miles upwind of point zero
at plus 50 minutes, where it orbited awaiting further in=-
structions. At plus 69 minutes, orders wers received to
proceed on the mission,.

In approximetely one minute the Radiological Safety
monitor rotieed en instanteneous resding of 120 mr/hr, He
ordered the pilot to change oourse, and the navigetor re-
ported the plsne under the uppermost fringe of the oloud.
Although the plane was not in the fall-cut area, it was
apparent it had enoountered some fell-out from the upper
portions of the cloud which hed moved in e direotion 180°
to the surfece winds., The plane was moderestely contemi-
nated and the bsokground remeined st spproximetely 8 mr/hr
for approximetely one hour, deoressing to 1 mr/hr upon
landing. This beokground reading wes for gemme only, there
being no bete encountered inside the plene. This back=-
ground was subtracted from subsequent readings.

Phase 1 was then sterted at 0738 at en elevstion of
5000 feet, Readings of 4 nr/hr were encountered at this
level. The pattern was slso flown at elevations of 4000,

3000, 2000, and 1000 feet, The highest rate of rediation
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of 3500 mr/hr was encountered at the 1000-foot elevation.

This value when sorrected for instrument error would give
a reading of 8700 mr/hr. A disocussion of this instrument
error will be found on page 18 of this report.

As stated previously, an additional survey, the falle
out survey, or Phase 3, was added a few days before the
firat test., This mission oonsisted of flying directly
downwind from the test island for a distence of eight miles
and returning by oross legs of four-mile lemgths with two-
mile intervals between., The flight wme made at an sltitude
of 200 feet with a constent air speed of 140 knots. Read=
ings of 500 mr/hr were detected over the islands of Bogon,
Bogeirikk, end Teiteiripucohi which were directly west of
Engebi (Zero Island) and were in the expected fall-out aresa,
Lower reedings were detected throughout the ares, partiou-
larly over reeft and smaller islends.

FPhase 2 was then started the first leg being at 5000
feot snd other legs at 6000 feet, 7000 feet, and 8000 feet,.
The highest altitude flown where radistion was enocountered
was 8000 feet at plus four end one=half hours., This read-
ing (0.1 mr/hr) is somewhat doubtful due to the high baok-
ground in the eirorsft, However, a definite rise abowve

beokground wes encountered at 7000 feet,




t It had been anticipated that following Test X-ray

some changes in the operation plan would have to be made,

Such changes were found necessary and were instituted as
soon s practiocable,

Three complicating feactors presented themselves on
Xe-ray dey. These were all corrected prior to the last
mission. Before the aotuel survey was started, the air-
plane had been contsminsted by fall-out, although there
was none antiacipated from the aloud at the height it was
encountered, Consequently it was decided to stey out from
under the cloud, no matter what its altitude, snd if neces=
sary to delay the beginning of the missior one hour. The
latter wes actually done for the Test Zebra dey flight.

At the 1000=foot level on X-ray day, and the lower
levels on X~rey plus one, the instruments appeared sluggish
in high intensity flights. Following the X-rey plus one
flight, the ion ohambers were returned to the ship and
recelibrated, It was found thet the MX-6 type instrument
was saturating on the 500 and 5000 mr/hr sosles. This
was especially true of resdings over 3000 mr/hr. The in-
strument was found to read only 500u mr/hr in & radiation
field of 21,000 mr/hr, The instruments were calibrated
using a large radium source, and all reedings teken on the

first two days were ocorrected for oalibretion.
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Other instruments were obtsined which had a higher voltage
supply and were direot rerding., These instruments were
used for the remeinder of the operstion ard werw checked
after eech mission for calibration aund funotioning.

It wes determined after che X-rey dey flight that it
would be necessary to fly et a lower level to obtain the
proper curves and to extrapolate with sufficlent acoursoy
the meximun reeding versus altitude curve to ground level,
On X-resy plus one, eltitudes of 750 »nd 500 feet were flown
and, while the resultsnt cu.-ves were bstter, it was decided
thet even lower levele should be tried. The intemsity of
the creter had decreased enough by X-ray plus six that
flights at 250 end 100 feet were edded to the Phase 1 plans
Resdings of 800 mr/hr were recorded at the lower level,

Ground monitors were in the oreter at this time, and
their averege reading was found to be 1800 mr/hr whioh read-
ing wes also determined approximately by extrepolation of
the ourve of maximum resdings as a funotion of the altitude.
On later missions, the altitude was decreased until the

meximum 1limit of the instruments used was reached,
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TEST YOKE

The C~47 with orew took off from Eniwetok Islend at
plus 31 minutes, and at plus 64 minutes wes ordered to
stert on its survey, It hed been crbiting ten miles up=-

wind from Zero Islamd (Aomen) end the cloud wes pleinly

visible ard easily observed., This cloud, unlike the one
over Engebi whioh conformed to the expected pettern, was
spread out over e tremendous aree at e much lower level,

It was anticipated thet certein iegs of the survey oould
not be completed because of the close proximity of a por-
tion of the cloud. At the turn between legs one ard two,
et the 5000~foot level, the eloud appsared very near;

and although the course waes ohanged, fall-out was contacisd,
The resding inside the aircraft rose to 150 mr/hr, but un-
like the Test X-ray contemination, did not drop as rapidly
and persisted at a relatively high level for some time,
Several rain clouds wers flown through; but when it be=-
oame apparent that the background inside the plens was too
high to meke accurate measurewents, the airplane was or-
dered to return to Eniwetok. Here the plane was monitored
and allowed to sit end Mcool off™, Readings taken inside

the plane were as follows:




Time
0725
0728
0730
0731
0740
0756
0756
0805
0820
0857
1015
1232

1310

As indjoated, the deoay rate was repid, and the plane
took off under instructions at 1310 the same day.,
short time the baokground in the plane had dropped to 3 mr/

hr, and it gradually dropped during the remainder of the

mission.

In certain respeocts the mission was flown the afternoon
of Yoke day more suocessfully than it ocould have been flown
at plus one hour.

disrupt the mission end there were no other airplanes in

Fall-out enoountered

Aborting mission

Flying through rain clouds
Flying through rain clouds
Qver base

Over base

Landed

On Eniwetok

On Eniwetok

On Eniwetok

On Eniwetok

Take-off for resumption of

mission

Reading
150

48

44
38
30
28
25
20
18

11

For one thing, no sloud was present to

After a



the vicinity, exoept two helicoptars at very low altitude,
The cratsr hed decayed enough that it was possible to de-
scend to 800 feet to make a survey end stay within the
maximum limits of the instruments. On this oocossion it was
pointed out again how valuable it would have besn to have
an instrument that would measure higher intensities than
25,000 m:/hr. At 600 feet the highest intensity reocorded
was 21,000 mr/hr. One pass had been made st 500 feet, and
the 247-A-Sp went off socale,

Following Phase 1, Phase 3 wes carried out as planned.
This survey was at 200 feet altitude and 140 knots constant
air speed, 1t was found that fall-out had occurred on all
islands north and west of Aoman, to and including Engebi
(X-ray Island). Intensities as high as 6000 mr/hr were
measured over the island adjeosnt to Aoman (northwest),
Eberiru, and levels of 100 mr/hr or more were rscorded over
the other islands, inoluding Engedi,

Because of the delayed mission on Yoke day, the resdirg
at the 5000-foot level was negligible, and Phase 2 was not
necessary,

As will be noted in the graphs and charts, only three
legs were flown on Yoke day and on succeeding days, It had
been deoided following X-ray day that lower altitude flights

wore nseded; so in order to ocompensate to some extent for
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the added dosage of rediation this would necessitate, three

legs at esach eltitude were used instead of the original
plan of four., These legs were to be 120° apart with the
first leg always along the long axis of the island, unless
fall-out or some other faotor necessitated a change., The
altitudes planned were as previously desoribved, but also
inoluded flights at 1500, 750, and 500 feet., On later days
1t was possible to go even lower,

On Yoke plus 1 day the mission wes repeated, The
highest altitude where appreciable rediation was deteoted
was at 3000 feet, The reading here averaged 31,3 mr/hr.
The lowest level flown was 250 feet wheore an intensity of
25,000 mr/hr was recorded.

On Yoke plus S day the mission was repeated, and at the
same tims a survey party measured intensities in the orater
itself, Thus it was again possible to ocorrelate direotly
ground readings with air readings. The lowest intensity
reoorded on this day was at 50 feet where the reading was
800 mrﬁu'. This corrected for decay gave 120,000 mr/hr,
and the curve of maximum readings as a funotion of altitude
when extrapolated out oame to approximately 260,000 mr/hr
which was very near the average sorrected ground reading

for the orater outaide the towsr stumps.
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Despite ths oontamination of the C-47 on Yoke day, it

is felt that the results of the Yoke orater readings were

satisfaotory, more so than the X-ray orater readings. This

will be disoussed more in the next seotion of the report.'




TEST ZEBRA

Prior to Test Zebra it had been decided that if the
oloud appeared to be lingering in the area, the survey
would be postponed until H plus 2 hours. It was also
planned to do Phase 2 first, starting at 10,000 feet and
working down, in order to determine acourately just how
high the gamma rays oould be detected.

The C=47 and crew took off from Eniwetok at plus 30
minutes, as on the previous tests, and reached its orbit-
ing point ten miles upwind of Zero Island (Runit) in ten
minutes. It orbited here until plus 118 minutea at 10,000
feet when it was ordered to start its mission. The cloud
was not enoountered,

No radiation was detected at altitudes above 7000
feet, at which altitude the instrument showed about twice
baokground for the entire length of the leg, At 6000 feet
a reading of 1 mr/hr was obtained, The survey was oone
tinued until a level of 400 feet was reached where the
rate recorded was 21,000 mr/hr. It wes not desmed neces-
sary to go lower than this altitude as there were no ine-
struments available that would measure that higzh rate,

Following Phase 2 snd Phase 1, the fall-out survey

was started. 4s on the previous teats, the islands upwind




of the Zero lsland were contaminated by falleout, with

Piiraal showing an intensity of 400 mr/hr, Biijiri end
Rojoa 800 mr/hr, and islands north of Aoman having higher
readings than they had just before Zebra day. The mission
on Zebra day was oarried out uneventfully, and it was felt
the results here should be better than tﬁose obtained from
any provious mission, However, the rapidity with which the
operation was being terminated preoluded the possibllity
of additional flights at a later date during whioch intensity
measurements were made of the orater at point zero by
ground monitors, In general, this detraoted from the value
of the survey as it is neocessary to heve a ground reading
of the orater taken at the same time for checking with the
extrapolated readings from the aerial survey,.

On Zero plus one day the mission was repeated, and a
reading of 0,5 mr/hr was recorded at 5000 feet. The
flighte wers ocontinued at sltitudes down to and inoluding.
160 feet where the reading was 20,700 mr/hr, One leg was

attempted at 100 feet, but the 247-A-Sp went off scale at

25,000 mr/hr,




INSTRUMENT TESTS

After ochsoking several types of instruments as to
range, sensitivity, needls flustuation, time oconstent, end
altitude effects, certain ones were chosen for the first
test with the understanding that they might be exohanged
later if deemed neosssary. Those chosen for the routine
surveys wers the MX-5 and MX-8 of the National Techniocal
Laboratories and the 247-A~Sp produoed by the Viotoreen
Compeny. The MX~5 employed a Geiger-Mueller tube in de-
teotion of radiation, while the MX-§ and 247-A=Sp used iom
chambers. The MX-5 was set on the 20 soale (range up to
20 nr/hr) end the MX-6's were set on 50, 500, and 5000
soales (ranges up to 50 mr/hr, 500 mr/hr, end 6000 mr/hr
respectively)s The 247-A-Sp was set on the 1000 X soale
(range up to 25,000 mr/hr)s It later was necessary to use
an MX~6 on the 5 scale (range up to 5 mr/hr) when the MX-5
started saturating. These instruments were fitted into
the space in the deok espeoially designed to hold them,
During the mission all instruments, except the MX-5, were
left on during the entire flight, The MX-5 was turned off
when its upper limit was reached, then turned on after point
goro had been passed and intensities within the range of the
instrunent were again enoountersd, This was necessary as

the Geiger oounters were lmown to saturste when exposed
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to high intensities, while it was not believed the ion
chambers would,

As to the performance of these particular instruments,
it can be said thet as a whole they wers satisfactory.
Eowaver, the MX-5 saturated badly on X-ray plus six, Yoke,
and Yoke plus one, but after a new tube was installed it
performed much better, The MX-§ saturated in high intensi-
ties and it was necessary to install mores batteries. The
247=A=Sp appeared to be quite adequate, It had been cali-
brated several times with a large source and needed no re=-
setting or oalibration ourve, 4s stated previously, after
X-ray plus one, no ourve; were necessary for the MX-G's as
they were direot reading.

The mechanloal time constant was cheoked for all pre-
viously mentioned instruments, plus the 247-A and the 263-A
Gelger counter, These values were determined by exposing
the instruments to an X~-ray machine whioh was switohed on
and off for an instant. Adequate radiation intensities were
produced by regulating the amperage of the machine so all
the instruments could be tested,

Results are as followss
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MX~§ 0 seoonds

MX-5 0.2 seconds
247=A=Sp 0.2 seoonds
247-A 0.2 seconds
263 0.2 sesoonds

In eddition to saturating with their standard power
supply, the MX~6 was also affeoted by humidity toward the
latter part of the operation. It was necessary to remove
the instrument from the case several times during the last
fow weoks. During Zebras dey and Zebrs plus one, two of the
MX=8 instruments used were rendered useless by moisture
oolleoting in them,

As will be pointed out, extremely high intensities,
higher than the renge of ingtruments available for this
operation, can be measured in & rapidly moving eirplane,

Consequently, if instruments with higher ranges were avail-

able, lower altitudes could be flown and test results would
be more significant, In tests thess surveys could be made
by teams with no one group exceeding a tolerance dose,

‘ On Yoke day plus nine, an additional monitor wes carried
who chedked four instruments in addition to those used by the
regular Radiologlocal Safety officer, These instruments were:
Viotoreen 263~A Geiger oounter, Viotoreen 247-A ion chamber,

Vioctoreen 247-A-~Sp ion chamber, and the Instrument




S

Developing Laboratories 2610 Geiger counter, As a whole
the instruments were satisfaotory, although they all dis-
played more of a meohanical time oonstant than the MX-6,

In higher intemsities, all of the Geiger counters had e
tendency to saturate, Of the instruments tested, the
Viotoreen 247-A appeared muoch more stable and performed
best, although readings on this instrument were not as high
as those recorded by the regular monitor. The instruments
regularly used on the mission were tested on all socales and
gave readings within expectanoy,

It should be stated that for the most part instruments
used in this survey were for low altitude flights, usually
under 5000 feets, On two oococasions flights were made at an
altitude of 10,000 feet, The air monitoring seotion, Task
Unit 7.6.1, altitude tested all their instrumsnts, and the
effeot of altitude upon these instruments is discussed in
the report of Task Unit 7.6e.le Prior to Xeray day, an
MX-5, three MX-6, and one 247-A=Sp were calibrated at 1000
feet intervals from 1000 to 7000 feet, The instruments were
also calibrated at ground level and ocurves for both alti-
tude and ground readings were drawn., The varisnoe between
readings at 7000 fest and ground level were negligible,
Consequently, readings taken were not oorreoted for alti-

tude calibration,
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DISCUSSION

As a result of this project a vast amount of data has
been aococumulated on the radiation field above the orater
from an atomic bomb detonation, At this time it is only
possible to make & very gensral analysis of these results,
but it is planned to initiate continuing studies with a
view to obtaining a better understanding of the phenomena
involved, The detailed data obtained for X-ray, Yoke, and
Zebra are inoluded as Appendices 1, 2, and 3 respeotively.
For the purposes of this discussion the enalysis has been

broken down into the following categories:

Maximum Intensity At Each Altitude

The maximum intensity was measursd for each traverse of
the orater, and the average of these for all legs at a given
altitude was taken to be the maximum intensity at that alti-
tude, The detailed data for the various tests are presented
in Figures 1 through 3 of Appendices 1 end 2 and Figures 1
and 2 of Appendix 3, The maximum intensity at each altitude
has been plotted as a funotion of altitude in Figures 8
through 10 of Appendix 1, 7 through 9 of Appendix 2, and @
and 7 of Appendix 3, The data were exceedingly reproducible

for the maximum for the several legs at a given altitude
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.nd the variation with altitude followed & relatively

smooth ourve, The one possible exception is the X-ray
plus six day survey on which the lower intensity readings
wore measured with an MX-5 type instrument whioh was
saturating badly. Extrapolation to the ground level was
attempted, and on two oocasions ground measurements were
aotually made on the same day as the survey was flown,

The extrapolated value obtained from the aerial survey
agreed very olosely with the values obtained by the ground
monitors,

In order to apply these results obtained by means of
the aerial survey to operational conditions, it is necessary
to have a set of faetors Ly whioh the air readings oen be
oonverted to the reaaing for the intensity on the ground. .
Such correotion faotors have been computed for ell surveys
made and the composite data plotted as a funotion of alti=-
tude in Figure 1 to this repo.t. The curves for all sure
veys fall more or less along the same general line and
therefore a final ourve oan be drawn whioch will be useful
for all oooasions, The factors obtained from such a
ourve should prove of considerable value in the event that

prompt aerial survey would be required of a bombed area,




L

Boundaries Of The Radiation Field Above The Crater

The outer limits of the radiation field (this was
selected as the 4 mr/hr line) have been plotted for each
successive survey in Figures ) through 7 of Appendix 1,

4 through 6 of Appendix 2, and 3 through 5 of Appendix 3.
The boundaries for the separste legs provide a three dimen-
sional picture of the volume within which the intemsity
was greater than 4 mr/hr, The pattern conforms in genersl
to a large dome, and there was not much evidence of a de-
crease in the diameter at low altitudes. However, the
surveys2 in general were carried out at relatively high
altitudes, and it is quite understandsble that this effect
was not observed,

Following Test Zebra a very low altitude survey was
wade by means of a heliocopter., This survey indicated that
beyond 350 yards from the center of the orater the intensity
increased with altitude up to 200 feet, while st 200 yerds
and oloser the intensity inoreesed es the ground was ap~-
proached, Details of the survey are given in Appendix 4.

The presence of scattered areas of high asctivity in
the periphery of the crater and on adjacent islends mo-
oounted to soms extent for the irregularities in soxms of
the boundaries of the rediation field, These highlyAaotivt

areas on the ground were also deteoted and measured by
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ground monitors,

The highest altitude to whioh any radietion wes de-
tected was 8000 feet over Engebi st approximetely H plus

4 hours and at 7000 feet over Runit et E plus 2 hours,

Intensity Of Rediation Field Above Crater

In Figures 11 through 22 of Appendix 1, 10 through 18
of Appendix 2, and 8 through 13 of Appendix 3, the intensi-
ty as measured on each leg has been plotted as a funotion
of the distance from point gzero. These figures demonstrate
the extremely repid rise end fall of the intensitlies en-
ocountered in flying over the crater., In general the fall
is roughly symmetrical -about the center, but on ococesion
contaminated downwind ereas caused irregularities in the
radiaetion field, The land mass areas have been inserted
along the base line of the ocurves in order to explein some
of these irregularities., However, it is to be noted that
under most conditions this did not appreciably affect the
distribution of the rield, indicating that at least at the
higher sltitudes the orater acts as san approximate point
source, It is to be noted that in the three test day
surveys the base of the curves was considerably broader

due to the higher intensities of redistion encountered,
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Attenuation

In order to make & preliminary analysis of the faotors
involved in the attenuation of the gamma radiation as a

funotion of altitude the intensity times the altitude

squared was plotted as a funotion of altitude on sémi-log
paper. These plots and the basic data are inoluded as

Flgures 24 through 27 of Appendix 1, 20 through 23 of
Appendix 2, and 15 through 17 of Appendix 3. From these it
will be seen that above an altitude of 1000 to 2000 feet the
inverse square law is playing an important part in the de=~
orease in intensity and that, therefore, at these altitudes
the orater ocan be approximately treated as a point source,
No attempt has yet been made to caloulate the mean free
path from the slopes of these ourves and to interpret the
results, However, preliminary investigation reveals that
these slopes are not too different for the various surveys,
Below 1000 feet air absorption ias playing the largest part

in reducing the gamma radiation. Dr. White has attempted to

gorrelate these results obtained by means of the aerial sur-

vey with those obtained from the ground survey, assuming
that in both oases the corater oould be considered as a
radicactive source oonocentrated at soms point. This analy=

sis is presented in detail in Appendix 5.
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derial Survey Of Fall-Out Areas

As Phase 3 of the aerial survey operstions, passes
were nede et low altitudes over ereas downwind of the
orater. The results of these flights are shown in Figure
31 of Appendix 1, Figure 27 of Appendix 2, and Figure 20
of Appendix 3. These surveys indiceted ocleerly which
islends were contamineted end epproximately to what extent,
The results were confirmed when land parties went sshore

end monitored the dowmwind islands,
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CONCLUSIONS AND RECOMMENDATIONS

The results of the C-47 survey show thet it is feas-
ible to conduoct an aserial reconnaissance of a bombed or
oontaminated area in order to determine the extent of the
oontaminated arees and obtain a reasoneably eocurate esti=
mate of the intensities involved. This type of survey
would be invaluable in the event of atomic warfare since
only by this method will it be possible to obtein a quick
estimate of the radiological defense problems involved so
that adequate plenning can be underteken without the delay
required if ground monitors have to survey the area. With
the present equipment it does not appear possible to deteot
by serial methods the looel "hot spots™ within a contaminated
ared,

deriel survey of a conteminaeted area esppears sufficient-
ly accurate to obtain data whioh can be used for detailed
analysis of the radiation field produced., It is recom=-
mended that such analysis be underteken with the present
deata end that simllar operations be conducted in future
tosts,

Although the instruments used during the operation

proved satisfectory, & number of improvements should be

made in order that this type of survey can be adopted for




operational use, They should be more adequately sealed in
order to prevent damage by moisture and to proteot against
pressure ohangea, The time oonstant should be essentially
gero and the instrument direot reading with a recording
meohanism whioh would eliminate the errors due to the neces~
sity of making rapid readings as the plane traverses the
area. Since the plans itself may provide some shielding
for the instruments, it is recommended that the counting
tube or ion chamber be placed in & window in the deok of
the plane, Instruments with a range of at least 100,000
mr/hr should be available for thia work.

It is recommended that the development of this type
of survey be given high priority so that it can be adopted

as a standard operation in the event of atomioc warfare,
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FIGURE 1

MAXTKUM READINGS

C-47 RADIOLOGICAL SURVEY = X-RAY DAY

Corrected
Al titude Leg Reading Plus Time Decay Valus (=mr/hr)
Feet (Minutes) Factor to H plusl hr
5000 1 4 83 1.36 5.2
2 4 87,8 l.48 5.9
3 K 92,5 1.6 4,6
4 & 9846 1,65 8.2
Average 4 90,76 1.6 €.0
4000 1l 24 110,56 l.8 43,2
2 238 116.5 1.8 43.8
3 25 121 2.0 50,0
4 28 124.5 2,08 53.5
horago 25 117,56 1,8 47,5
3000 1 140 140 2,33 326
2 110 144,25 2.4 274
3 96 148,25 2,48 236
4 110 153.6 2.8 275
Average 114 146,756 2,46 2176
2000 1 800 186.5 3,06 2440
2 700 19645 3.26 2310
3 600 206 Se4 2020
4 o0 215 S.58 2860
Average 720 200 3433 2400
1000 1 8600 229,65 3.80 32,620
: 2 7600 236,56  3.95 29,860
5 8000 242,0  4.02 32,200
4 8000 248,6  4.12 33,000
Average 8060 239,56 3.96 31,860
- ‘2 -




i FIGURE 2

MAXIMUM READINGS

C-47 RADIOLOGICAL SURVEY « X-RAY PLUS 1

Correoted
Altitude leg Reading Plus Time Decay Value (mr/hr)
Feet (Boures) Factor to H Plus 1 hr
5000 1 Ot 26h3Tm 16,5 6.6
2 0.8 26 42 16,6 13.2
3 0,7 26 48 16,7 11.6
4 0.8 26 63 16,8 13.4
Average 0.7 26 40 16.6 11,8
4000 1 S 27ThO4m 17,0 51,0
2 4 27 09 17,1 68.4
S 5 27 15 17.2 86,0
4 4 27 19 1743 69.2
Average 4 27 12 17,2 68,8
3000 1l 32 2Th28m 17.4 564
2 36 27 36 17,6 624
3 27 27 40 17.6 475
4 31 27 46 17.7 548
Average 1 27 87 17.6 546
2000 1l 270 2Th56m 17,9 4840
2 240 28 02 18,0 4340
3 270 28 08 18.1 4860
4 240 28 13 18,2 4370
Average 266 28 04 18.1 4630
1000 1 2500 28h22m 18,4 46,000
2 2500 28 28 18,6 46,250
3 2500 28 34 18,6 46,500
4 2300 28 59 18.7 43,000
Average 2450 28 30 18,6 45,250
750 1l 5280 28h4Sm 18,7 98,000 ?
2 4600 28 56 18,9 87,200
3 4600 29 06 19,0 87,600
4 6000 29 07 19.1 95,600
Average 4865 28 57 18,9 92,000
- “ -




FIGURE 2

MAXIMUM READINGS

c-47 RADICLOGICAL SURVEY - X-RAY PLUS 1

(Continued)
Corrected
Altitude Leg Reading FPlus Time Decay Valus (mr/nr)
Feet (Bours) Faater to H Plus 1 hr
00 1 12,000 26hlfm 1643 230,000
2 11,000 28 20 19.4 211,700
s 13,500 29 26 19.4 261,000
4 13,600 29 32 19.5 261,500
Avereago 12,500 29 32 19,4 241,200




FIGURE 3

MAXIMUM READINGS

C-47 RADIOLOGICAL SURVEY = X~RAY PLUS 6

Corrected
Altitude Leg Resding Plus Time Decay Velue (mr/hr)
Feet (Dey=) Factor to H Plus 1 hr
3000 b 0.1 6407 129 12,9
2500 1l 0.5 6.09 129 6446
2 0.6 6,10 . 645
3 0.5 6.10 64.5
Mrago 0.5 6.10 64,5
2000 1 1.3 6410 129 168
2 1.3 6410 168
S 1.3 6.11 168
4 1.4 6.11 181
Average 1,32 611 172
1600 1l 4 6.11 129 508
2 2.2 6.11 284
3 3.2 6.12 413
4 3.6 6e12 465
Average 3e25 6412 421
1000 1 11,0 6.13 129 1420 h
2 9.0 6413 1160
S 11.0 6.14 1420
4 10,0 6s14 1290
Average 10,2 6.14 1320
780 1 60 €.14 129 7750
2 60 6.14 7750
3 60 6.14 7750
4 60 6.14 7750
Average 60 6.14 7750




Altitude
Feot

600

250

FIGURE 3

MAXTMOM READINGS

C-47 RADIOLOGICAL SURVEY - X-RAY PLUS (]
(Continued)

Average

Average

Average

Leg Reeding Pl

oA B

> AT

Ly

120
120
1860
130
130

540
410
360
550
340

800

800
800

- 46 =

(Days)

6.16
615
6016
6415
6416

6.16
6.16
6.16
6.16
6416

617
6617
6417

Correoted

us Time Deocay Value (mr/hr)

Factor to H Plus 1 hr

129 15,500
15,500
19,400
16,800
16,800

129 44,000
53,000
46,500
45,000
44,100

129 101,000
101,000
101,000
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FIGURE 24

X~RAY CRATER
Intensity x AMtitude? vs Altitude Values

Average Maximum
Intensity
Altitude Correoted H ¢ 1 hr Altitude®

X-ray Day
5000 6 2.5 x 10'7’
4000 47,5 1.6 x 10
3000 276 9 x 102
2000 2400 4 x10g
1000 31,850 10
X-ray plus 1
5000 11,6, 2.5 x 107
4000 68.8 1.6 x 107
3000 546 9 x mg
2000 4880 4 x10
1000 45,250 1og
750 92,000 5.64 x 10,
500 241,200 2.6 x 10
Xeray plus 6
3000 30 9 x 108
2500 66 6.25 x 10°
2000 160 4 x 108
1500 430 2.26 x 108
1000 1750 1o§
750 4800 5.6 x 10
500 15,000 2.5 x 107
250 50,000 6.25 x 10

100 110,000 104
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FIGURE 28

NAVIGATOR'S DATA = X-RAT DAY

Ground
Altitude True Drift True Wind Spesd
(Feet) Heading Correstion Course Direotion/Velooity (knots)
5000 126° -2° 128° 100/10 1
261 -2 263 130
042 +" 038 115
169 -4 173 117
4000 126° -2° 128° 100/10 1
261 -2 263 127
042 " 038 115
169 -4 173 117
2000 127° -1° 128° 110/10 111
261 -2 263 129
042 " 038 117
1689 -4 173 116
1000 127° -1° 128° 120/9 111
261 -2 263 127
242 #4 038 118
169 -4 173 115
3000 126° -2° 128° 105/10 111
26 -2 263 129
042 +4 038 116
169 -4 173 117
5000 12¢° -2° 128° 100/10 11
6000 309 51 308 110/10 127
7000 127 -1 128 120/10 105
8000 307 -1 308 130/10 125
aT]l e
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GURE 29

NAVIGATOR'S DATA - X-RAY PLUS 1

Wind True Ground
Altitude True Drift True  Direction/ Air Speed
(Peet) Heading Corrsotion Course Velooity Speed (xnots)
(knots)
§000 125° -3° 128°  090/9 120 110
262 -1 263 128
042 *4 038 110
168 <5 173 113
4000 125° -3° 12 090/11 120 105
262 -1 263 125
042 #4 038 113
168 -5 173 113
3000 128° -3° 128°  0%0/12 120 106
262 -1 263 130
043 +5 038 110
168 -5 173 116
2000 125° -3° 128°  090/14 120 112
262 -1 263 128
042 +4 038 110
168 -5 173 118
1000 123° -5° 128°  090/14 120 109
263 0 263 132
043 5 038 110
166 -7 173 118
780 123° -5 128°  0%0/12 120 108
263 0 263 130
043 #5 038 109
166 =7 173 118
500 123° -5° 128°  090/10 124 112
263 0 263 133
043 5 038 113
166 -7 173 121
-T2 =
- - .




FIGURE 30

NAVIGATOR'S DATA = X-RAY PLUS 6

Indisated
Altitude True Drift True Air Speed
(Feet) Heading Correction Course (mi/hr)
3000 121° -7 128° 135
264 41 283
044 46 038
154 -9 173
2000 122° -6° 128° 135
263 0 263
044 +6 038
166 -8 173
1500 122° -6° 128° 137
263 0 263
044 +6 038
165 -8 173
1000 124° -4° 128° 139
265 *2 263
039 +1 038
159 -4 173
750 124° -49 128° 140
265 *2 263
039 41 038
169 -4 173
500 124° -4° 128° 140
265 +2 263
039 4l 038
189 -4 173
250 125° -3° 1289
264 41 263
038 0 038
170 -3 173
100
- 73 -

Ground
Speed
(knots)

106
139
105
120

108
137
107
120

108
137
107
120

112
132
108
121

116
129
110
124

120
127
118
127

118
130
110
128

118
130
110
128
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APPENDIX 2
YOKE CRATER CHARTS AND GRAPHS

CONTENTS

Figures 1=3 o ¢« » s ¢ Chart of Maximum Intensities
Figures 4=8 , ¢« ¢ « ¢ Cross Seoction Radiation Field
Figures 7-9 4 « o o o Maximum Intensity vs Altitude
Figures 10«18 ¢ o s ¢ Intensity ve Distance

Figure 19 4 4 » ¢ » « Correotion Factor for Deoay
Figures 20-l3 , + + o Intensity x Altitude® ve Altitude
Figures 24«28 . + » o Navigator's Data

Figure 27 4, 4 ¢ » » ¢ Yoke Fall=Out Survey
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Altitude
‘Foot

4000

3000

2000

1500

1000

70

FIGURE 1

MAXIMUM READINGS

C-47 RADIOLOGICAL SURVEY = YOKE DAY

Average

Average

Average

Average

Average

Average

Average

17
13
17
17.6

O O

87
85
85
85.5

€A 0O =

630
700
700
693

[0

1900
1900
2000
1933

w0 0

1 6000
2 5500
3 6000

5833

1 10,000
2 12,000
s 12,500

11,500

1 22,000
2 18,000
$ 23,000

21,000

710
7425
7.33
7423

7.40
Te45
750
Te4d

7465
7.7Q
7.75
7.70

7.9%
8,00
8,10
8,02

8,16
8425
8,30
8,25

8,40
8445
8.50
8,45

8,70
8,75
8480
8475

leg Reading Plus Time Deoay
(Hours)

1,19
1,20
1,21
1,20

1.24
1,25
1.26

25

1,29
1,30
1,31
1,3

1,34
1,35
1,36
1.356

1,37
1,38
1,39
1,38

1,41
1.42
1,43
1,42

1.46
1,47
1,47
1.4

Corrected

Value (mr/hr)
Faotor to B Plus 6 hrs

21.2
21.6
2046
21.1

108
106
107
106

877
910
917
903

2540
2565
2720
2610

8230
7600
8350
8030

14,100
17,050
17,870
16,300

32,100
26,600
33,800




FIGURE 2

MAXTMUW READINGS
C-47 RADIOLOGICAL SURVEY ~ YOKE PLUS 1

Corrected
Altitude leg Reading Plus Time Decay Value (mr/br)

Feet (Hours) Factor to H Plus 6 hrs

3000 1 32 26,1 5.80 185.5

2 30 26,2 5.8 174..5

3 33 26.3 5.85 177.0

2500 1l 85 26.4 5.87 500,0

2 80 26,5 5.90 473.0

3 85 26,5 5.90 502.0

Average 83.3 26.5 5.90 492.0

2000 1 195 26.6 5.92 1,155.0

2 210 26'6 5092 1’24000

Average 205 26,6 5,92 1,210.0

2 700 26,9 6.00 4,,200,0

3 700 26,9 6.00 4,,200,0

Average 700 26.9 6.00 4,4200,0

1000 1 2400 27.0 6.02 1445540

2 2600 27.1 6.05 15,730.0

3 2500 27.1 6,05 15,100,0

Average 2500 27.1 6.05 15,100.0

2 4700 27.3 6.10 28,700,0

3 4800 27.3 6.10 29,200,0

Average 4766 27.3 6.10 28,700,0

500 1 8000 27 .4 6.12 49,000,0

2 8000 27.5 6.15 49,200,0

3 7500 27.5 6.15 46,200,0

Average 7833 27.5 6.15 48,200.0

-7 -
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FPIGURE 2

MAXTMUM READINGS
C-47 RADIOLOGICAL SURVEY - YOKE PLUS 1

Altitade leg Reading Plus Time Decay
Feet (Hours) Factor
250 1l 25,000 27.6 6.17
2 25,000 27.7 6,20
3 25,000 27.7 6.20
Average 25,000 27.7 6.20

- 78 -

Corrected

Value (mr/hr)
to H Plus 6 hrs

154,000,0
155,000.0
155,000.0
155,000.0
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Altitude
Feet

2500

1800

760

250

FIGURE 3

MAXTMUM READINGS

C=47 RADIOLOGIC AL SURVEY - YOKE PLUS 9

Leg Reading Plus Time Deosy
Factor to H plus 6 hrs

Average

Average

Average

Average

Average

[V R o ot = [7 N o & 0 (7R A

s 0

173

(Hours)
218,56

219,0

T8 =

200

200

200

200

200

200

200

Correoted
Value (mr/hr)

4040
40.0
40,0

16,000

12,000
13,320

40,000
32,000
32,000
34,800




FIGURE 3

MAXIMOM READINGS
C-47 RADIOLOGICAL SURVEY - YOEE PLUS 9

Correoted
Altitude leg Reading Plus Time Deoay Value (wr/nr)
Feet (Bours) Faotor %o H Plus 6 hrs
100 1l $00 200 100,000
2 400 80,000
3 380 219,65 75,000
Average 420 84,000
§0 1 600 200 120,000
2 800 120,000
Average 600 120,000
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FIGURE 20

YOKE CRATER

Intensity x Altitude? vs Altitude Values

Average Maximum
Intensity Corrected

Altitude to H 4 6 hrs
Yoke Day
4000 21,1
3000 106.
2000 903
1500 2610
1000 8030
750 16,300
600 30,900
Yoke plus 1
3000 176.
2500 492
2000 1,210
1500 4,200
1000 15,100
750 28,700
500 48,200
250 150,000
Yoke Plus 9
2500 40
2000 140
1500 540
1000 2400
750 4660
500 13,320
250 34,600
100 84,000
50 120,000

Altitude?
1.6 x 107
9 x 1
4 xl&
2.25 x 100

106
5,6 x 105
3.6 x 165
9 xuﬁ
6.25 x 106
4 xl&
2.25 x 100
106
5.6 x 109
2.5 x 105
6.25 x 1
6.25 x 106
4 xl$
2.2 x 1
106
5.6 x 105
2.5 x10
6.25 x 104
104
2.5 x 103
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Altitude True Drift True
(feet) Beading Correction Course Velocity
4000 240° 30 2439

010 *7 003

118 -4 123

3000 240° -3° 243°
010 +7 003

119 -4 123

2000 241° -2° 243°
009 +6 003

118 -5 123

1000 241° -2° 243°
008 *6 003

120 -3 123

760 241° -2° 243°
008 +b 003

119 -4 123

600 241° «2° 243°
008 +5 003

119 -4 123

1500 243°
003

123

- 10] -
gt voen—

FIGURE 24

NAVIGATOR'S DATA - YOKE DAY

Wind

Ground

Direotion/ Speed

090/16

090/15

080/14

080/14

080/12

080/12

(xmots)

134
118
106

138
116
108

134
116
109

130
117
112

131
118
111

131
117
111

130
117
110




Altitude
{feet)

3000
2500
2000
o
1000 |

750

250

FIGURE 25

NAVIGATOR'S DATA - YOKE PLUS 1 DAY

Wnd

Ground

Direation/ Speed

080/12

080/11

080/10

080/10

090/8

0%0/7

090/8

True Drift True
Heading Correotion Course Velooity
00s® +8° 003°
120 -3 123
240 -3 243
008? +8° 00s°
119 -4 123
242 -1 243
008° +8° 00s®
120 -3 123
242 -1 243
008° +5° 003°
120 -3 123
242 -1 243
007° »“° 003°
121 -2 123
241 -2 245
007° +4° 003°
121 -2 123
241 -2 243
007° +4° 003°
121 -2 123
241 -2 243
003°
123
24%
- 102 -

(imota)

120
110
130

118
112
i3

118
113
1%0

118
113
130

120
114
128

121
115
129

121
115
129

120
114
128




Altitude
(feet)

2600

2000

1800

1000

760

250

100

100

FIGURE 2

NAVIGATOR'S DATA -« YOKE PLUS 9 DAY

True

Heeding

120°
242
007

120°
242
007

126°
256
049

Drift

True

Correction Course

-3°
-1
*4

«3°

=1
*4

- 103 -

123°
243
003

123°
243
003

123°
243
003

123°
243
003

123°
243
003

123°
243
003

123°
243
003

123°
123
003

123°
243
003

126°
257
046

Ground
Speed
(lxmots)

130
118

112
129
117

112
128
117

114
130
117

112
130
117

112
129
117

114
13
118

112
128
117

112
129

116
132
120

Bo run on this leg
1st leg
2nd leg

No run

Engebi X-rey plus 24

Mang
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YOKE DAY
PHASE THREE
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c-47 200ft. ALT
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APPENDIX 3

ZEBRA CRATER CHARTS AND GRAPHS

CONTENTS

Figures 1-2 ,
Figures S-§ .
Figures 8-7 ,
Figures 8«13,
Figure 14 ¢ &
Figures 15-17
Figures 18-19

Fisur. 20 . o

oChart of Maximum Intensities
olross Seotion Radiation Field
sMaxizum Intenaity vs Altitude
sIntensity vs Distance

oCorrection Faotor for Decay
JIntensity x Altitude® vs Altitude
oNavigator's Data

«Zebra Fall-Out sllrvey
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Altitude
(foot)

6000

5000

3000

2000

1500

1000

¢-47 RADIOLOGICAL SURVEY - ZEBRA DAY

FIGURE 1

MAXIMUM READINGS

leg Resding Pl

(hours)

1 1 2.36

l -] 2.45

2 3 2,60

S 2.8 2.668
Averege 2.8 2,60
b 10,5 2,70

2 10,5 2717

3 10,6 2.82

Aversge 10.6 2.77
1 &0 2.2

2 60 2.99

3 65 3.06

Average 58 2.98
1 340 3.11

2 340 3.16

3 340 S.24

Average 340 3.17
1 1200 3.32

2 1100 3,38

s 1200 S.45

Average 1180 3438
1 3900 3.80

2 3700 S.60

s 390 S.65

Average 3833 3457

- 106 =

1.06

1.07

1,08

1,095

1,10

1.11

Corrected
us Time Decay Value (mr/hr)
Feotor to B Plus 2 hrs

1.08

3.18
3.18
2.65
3.18

112
11.2
11.2
11.2

64.8
6‘.8
6944
&.7

367
367
374
367

1320
1156
13%0
1300

4330
4110
4330
4250




FIGURE 1

MAXTMUM READINGS

(Continued)
Altitude leg Reading Plus Time
(feat) (hours)
750 1l 6000 3.70
2 6000 3,77
3 7000 3.83
Average 6338 3,77
500 1 14,000 390
2 14,000 )
3 14,000 4,03
Average 14,000 3697
400 1 21,000 4,08
2 20,000 4,15
3 20,000 4,20
Average 20,333 4,14

C-47 RADIOLOGICAL SURVEY - ZEBRA DAY

Decey

1,12

1,13

l1.14

Correoted
Value (mr/hr)
Factor to H Plus 2 hrs

6555
6555
7840
7010

15,700
15,850
15,850
15,850

23,700
22, 600
22,800
22,700




Altitude
{feet)

5000
4000

3000

2000

1500

1000

750

FIGURE 2

MAXIMUM READINGS

C-47 RADIOLOGICAL SURVEY - ZEBRA PLUS 1

Average

Average

Average

Average

Average

Average

Corrected

Plus Time Decay Value (mr/hr)

leg Reading
(hours)
1 0.5 26.33
1 1.8 26.45
2 1.8 26,55
3 2.0 26.62
1.9 26.53
1 10.0 26.67
2 13.0 26.75
3 12.0 26.80
11.7 26,74
1 85.0 26,84
2 80,0 26,90
3 80,0 27.02
81.7 26.92
1 250 27.08
2 240 27.12
3 240 27.20
243.3 27.13
1 1000 27.28
2 1200 27.35
3 1200 2740
1133.3 27.34
1 2100 2743
2 2300 27.50
3 2400 27.60
2266.7 27.51
- 108 -

Factor to H Plus 2 hrs

7.6
7.64

N~
88 &

338°

m 203
. o o o o

L d

mmmsn 00 00N
Fabs S88KS

3.8

13,6
14.55
15.4
1.6

77.5
101.0
93.7
91.0

665.0
629.0
633.0
644..0

1,985,0
1,910.0
1,920.0
1,925.,0

8,030.0
9,670.0
9,700.0
9,100,0

17,0000
18,700,0
19,600.0
18,430,0




FIGURE 2

MAXTMUM READINGS
C-~47 RADIOLOGICAL SURVEY - ZEBRA PLUS 1

(Continued)
Corrected
Altitude leg Reading Plus Time Decay Value (mr/hr)
(feet) (hours) Factor to H Plus 2 hrs

500 1 5000 27.65 8.20 410,000.0
2 5000 27.70 8.24 412,000.0

3 4800 27.77  8.25 397,000.0

Average 4933 27.37 522 405,000.0

250 1 12,000 27.82 8.27 993,000.0
2 27.87 8.30 954,,000.0

3 27.92 8.34 1,000,000.0

Average 27.87 8,30 990,000.0

150 1 20,000 28,10 8.4  1,677,000.0
2 22,000 28.00 8.38 1,845,000.0

3 20,000 28.05 8.36 1,670,000.0

Average 20,700 28,05 8.38 1,735,000.0
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FIGURE 15

ZFBRA CRATER,

Average Maximum
Intensity

Altitude Corrected to H $ 2 hrs
Zebra Day
6000 1,06
5000 3,18
4000 11,2
3000 62,7
2000 367
1500 1300
1000 4250
750 7010
500 15,850
400 22,700
Zebra plus 1
5000 3.8
4000 4.6
3000 91.0
2000 644.0
1500 1,925.0
1000 9,100,0
750 18,430,0
500 4,05 x 104
250 9.9 x 104
150 1.7 x 10°
- 122 -

Intensity x Altitude? vs Altitude Values

Altitude? 142
3.6 x 107 3.82 x 107
2.5 x 107 7.95 x 107
1.6 x 107 1.8 x 108
9 x 108 5.64 x 108
4 x 100 1.46 x 109
2.25 x 106 2,93 x 109
x 106 4425 X 109
5,6 x 109 3.92 x 109
2.5 x 105 3,96 x 109
1.6 x 105 3.64 x 107

2.5 x 107 9.5 x 1c}
1.6 x 107 2.34 x 10g
9 x10° 8.2 x 104
4 x 106 2.57 x 109
2.25x 106 4.36 x 105
109 9.1 x 103,
5.6 x 107 1,03 x 10 34
2.5 x 105 1,05 x 10 9
6.25 x 104 6.19 x 109
2.25 x 104 3,38 x 10
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FIGURE 18
NAVIGATOR'S DATA - ZEBRA DAY
Ground
Altitude True Drift True Speed
(feet) EHesding Correction Course (knots)
5000 144° #° 143° 114
260 -3 263 121
026 *2 023 124
4000 142° «1° 143° 113
261 -2 265 126
026 »S 023 122
3000 140° -30 1439 114
262 -1 263 128
027 va 023 118
2000 140° -3° 143° 110
262 -1 263 151
028 +6 023 118
1500 140° -3° 143° 110
262 -1 263 131
028 +6 023 116
1000 135° -4° 143° 112
262 -1 263 132
028 +6 023 1156
780 139° -4° 143° 112
262 -1 263 152
028 »5 023 116
600 139° -49 143° 112
262 -1 263 134
028 +5 028 116
400 140° -3° 143° 11
263 -1 263 132
028 +5 023 1156
!
} - 125 -




FIGURE 18

NAVIGATOR'S DATA - ZEBRA DAY

(Continued)
Ground
Altitude True Drift True Speed
(feet) Heading Correction Course (knots)
6000 268° -2° 270° 121
7000 093 +*3 080 120
8000 265 =5 270 117
8000 094 +4 090 128
10,000 266 -4 270 113
- 128 -

Sth leg
4th leg
3rd leg
2rd leg
lst leg, FPhase 2




FIGURE 19

NAVIGATOR'S DATA - ZEBRA PLUS 1 DAY

Ground
Altitude True Drift True Speed
(feet) Heading Correction Course (knots)
4000 138° -8 1a%° 113
262 -1 263 140
029 +6 023 106
3000 139° -4° 143° 111
262 -1 263 135
028 +6 023 112
2000 138° -5° 143° 113
262 -1 263 136
029 +6 023 108
1500 138° -5° 143° 114
262 -1 263 133
028 +6 023 109
1000 138° -5° 143° 111
262 -1 265 134
029 46 023 110
750 138° -5° 143° 112
262 -1 263 132
029 +6 023 109
500 139° -4° 143° 116
263 0 263 130
028 +5 023 114
250 139° ~4° 143° 116
263 0 263 182
027 v 028 1156
160 139° 40 143° 115
283 0 263 131
027 #4 023 116
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APPENRDIX 4

AERIAL RADIOLOGICAL SURVEY IN HELICOPTER, TYPE HOS3S

ZBBRA PLUS FOUR DAYS

In the original operation plan it was stated tnat,
if necsssary, routine aerial surveys would be carried out
employing helicopters. Upon arrival at the target area,
it was soon apparent that the helicopters available were
to be used for so many funotions that it was doubtful if
they could be soheduled for radiologioal surveys, Rather
than perform flights on the spur of the moment, it was
deoided to oontinue the soheduled (=47 surveys and, if
possible, work in a&s many helisopter surveys as possible,

Not until after the Zebra test was a helicopter
ssheduled on the same day that ground monitors were ocon-
duoting their orater surveys, On Zebra day plus four, a
survey was made of Runit in a helicopter according to the
following plan.

The airoraft employed started at 1000 yards from point
zgoro and at 200 feet altitude gradually descended in a
straight line. The pilot notified the monitor present at
25-foot intervals of the altitude, At these intervals,
the monitor recorded a reading. This desoent continued un~

til the oraft was 25 feet above the surfaoce, The aoraft

- 129 -
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then ascended and the proocedure was repeated at 750 yards,

350 ysrds, 200 yards, 50 yards, and direotly over the tower

remmants. At the latter spot, the craft descended to only
100 feet instead of 25 feet. The missiom took only forty-
five minutes to oomplete, and over fifty readings were
recorded.

Instruments used were the same as those regularly used
on the C=47 radiologioal survey.

No attempt will be made to evaluate t.:5 data given,
but one or two interesting points will be mentioned, 4s
oan be seen from a map of Runit, the only leg where read-
ings can be taken over the ground for any appreciable dis-
tance is on a 143° heading., The amerial readings taken on
Zebra plus four gradually decressed as one neared the ground
at all distanoes up to within 200 yards of the tower where
the readings began to inorease as one nearsed the ground,

As can be sesn from the ground reedings, 200 yards from the
tower is the spot where ground readings start to inorease
rapidly and continue to beocome higher as one approaches the
tower, This agrees with the obssrvation that the boundary
of the ocontaminated srea was between 200 and 350 yards,

Beoause of various faotors involved in the type of
flights necessary it is not felt that helioopters oould be

substituted for a level flying airplane in the type of

- 130 =




survey that was planned, After enough deta are available

whereby one may readily convert air intensities to approxi=
mete ground intensities, then the heliocopter may well be
very valuable in asrial radiologloal reoonnaissance,
Factors which speak egainst use of the helioopter in
this mission are mainly its inability to fly at altitudes
above 1000 feet without using its fuel supply rapidly, ine
ability to hover steadily, and to ascend in a straight line,
Riding in a helicopter is not a smooth level operation, nor
is hovering, asoending, or desoending, With instruments
flustuating badly on the ground, the rapid changing of
levels does not assist matters. These and other faotors
speak against the use of this type oraft for taking ocareful
precise data, The pilots of the helioopters themselves, as
well as the Rotary Wing Section of the Bureau of Aeronautios,
wore pessimistio as to sucoessful use of the oraft in this

type of work,
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ZEBRA DAY PLUS FOUR GROUND READINGS (143° HEADING)

Readings are not correoted for decay and are all in mr/hr,

Distance in yards

0
10
20
30

- 138 =

nr/hr

20,000
12,000
11,000
10,000
9000
8000
7500
7000
6500
6000
5200
5000
4900




APPENDIX 5

A CORRELATION BETWEEN AERIAL SURVEY DATA AND

GROUND SURVEY DATA BY T. N, WHITE, i. D.

There follows an examination of the possibility of
correlating serial and ground survey data on the assumption
that the gamma-ray source matsriel is oonfined to, and uni-
formly distributed over, a flat ociroular disk herein called
the orater.

It will be convenient to negleot absorption and to
oaloulate en “effective distance™, xl, from a point of in-
tensity measurement on the ground to a fictitious point
source, This fictitious point source has the seame gamma-
ray sotivity as the whole orater; it is looated not at the
gero point (center of the orater) but et some other point
such that the intensity ot the measuring point is given
by the inverse square law of distence from the fiotitious
point source., If a is the orater radius, and r is the dis-
tance of the measuring point from the zero point, then it

oan be shown by integral ocaloulus that

2
2 2 2
n 2
1l
log
- 13‘ -




Similarly in the oase of the serial survey, if r, is

the altitude, it oan be shown that the “effeotive altitude",

xz, is given by

122 = aZ
log 2
T2

In both formulas, logarithms are to the base e.

Thus, if absorption is negligible, the source intensity
should be observed on the ground at a distance r; as in the
air at an altitude ry, if ry and rp are so chosen that X, =
X5« Both the ground survey intensities and the aerial sur-
vey intensities were affected by alr ebsorption, so that this
factor will canoel out for equal effeotive distanoes, pro-
vided that the air absorption ocours in the same way in both
cases, MAstually the zeometrioal oconditions of the two oases
are quite different, so that the air absorption factors will
not be identical., However, it can be shown that the differ~

ence is not of much importance in ocomparison with the differ=

ence in sbsorption in the soil. On acoount of irregulerities
in terrain, leaching, and sub-surface induced aotivities, we

would expect that the average ray would have to treverse much
more 80il to reach an instrument on the ground than to reach ﬁ
an instrument in an airplane over the crater, Let ua sup-

pose that on this account the intensity, Iz, obgerved in

= 135 =
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e T

en aserial survey, will be k tines the intemsity, I

10
observed at an equal effeotive distance on the ground, We

would not expect k to be entirely independent of distanoces
However, in the ground surveys, the instrument reading
does not shange much within a range of one to six feet
above the ground., This indicetes that the variation of
k with distance is probably not very important,

From ths above it follows approximately that I, = kI1
if X; = X;+ The latter equation oan be simplified to:
rlz = rzz + '2 by using the expressions for X, and X,
given above, In order to test whether the aserial and
ground survey cata ocan be correlated on the basis of the
preceding assumption, the following simple proosdure is
followed, First, we plot I1 ve ry and Iz V8 rye Then by
trial end error-method ws select a value for k, and elther
maltiply all 11, or divide all 1, values by this faator,
and obtain an adjusted ourve, For various intensities,

we then obtain paire of values (r;, r;), and ses whether

2
n
we try another value of k and repeat., If the oorrelation

- rzz is essentially the same for eall pairs. If not,
is to be regarded as suocoessful, eaoh day's survey should
give approximately the same orater radius; but the value

of k would not be expected to remain constant from day to

dasy, because the depth distribution of motive material in

- 136 =




the soil of the orater will ohangs appreciably with time.
The following data show the extent to whioh correla~

tion ocan be obtained for certain surveys., The basio data

were used to find reasomable values for k and g, which

values were then used to ocmloulate 11 from 12.

- 137 - , ‘ !




TABLE 1

- o

X-ray Plus One lay Surveys

Basio Data calsulated 11

I1 Avg n 12. (For oomparison

r
2
Tar/hr) (yds) (ar/hr) (At Tt) with first eolunn)

500 460 14,200 500 590
120 650 5400 750 106
50 730 2660 1000 51
25 830 272 2000 25,5
;’ 12,5 930 32,1 3000 12
4 1100 4,05 4000 4,2
0.5  &00

* M justed to H plus 27 hr,
As between k = 5,6,7, k = 6 gives the most sonstant value of

a?; from the average aa, s = 345 yds,

- 138 «




TABLE I

X-ray Plus Si». Day Surveys

Basic Data Calcoulatad 1

1

I1 Avg " I2 T2 (¥or comperison
mr/hr Tyds] Tar/hr) TAt £t) with first column)
500 340 800 100 330
100 330 340 250 95

50 4190 130 500 48

25 440 80 750 23

12,5 500 10.2 1000 9.5

4 560 325 1500 4.5

1,32 2000

2
K = 1 gives reasonably constant values of a ; from the

avearage .2’ a = 328 yds,

- 139 -




TABLE II1I

Yoke Plus One Day Surveys

Basic Data Calsulated I1
Il dvg Ty I T2 (For comparison
mr/ar (yds) Tmr/hr) TAIt £ with first column)
500 620 25,000 250 500
120 700 7830 500 95
50 780 4770 750 49
25 830 2500 1000 24
12.5 1000 700 1500 12
4 1230 206 2000
83,5 2500
3047 3000
- 140 =




Disregarding the 4 m;/hr at 1250 yd point, whioh is way

out of line with the remainder of the ground curve, a fair-
ly constant value of 5? is obtained with k = 3,7; from the
average az, a = 370 yds.

Considering all of the faotors that are ooncerned, it
is seen that the oorrelation between the aerial survey data
and the ground aurvey data is very satisfactory.

Perhaps the most notable feature of the results is the
variation of the faotor k betwsen X-rey plus one and X-ray
plus 8ix, the reason for the variation is not clear, It

may be noted that a method has been worked out for prediot-
ing intensities on the ground from the eserisl survey data
above, This method involves & proocedure for estimating
the radius of the orater from the aerial survey data. Howe
ever, there is no known way of finding the appropriate value
of the factor k from the serial surveys as performed in
thess tests. Therefore, although the predioted intensities
run parallel with the observed intensities, they exceed
them by the unknown factor k. Hence, the method is not
very useful in its present state of development, and it will
not be desoribed here,

The values derived for orater radius are large enough

to include some considerable areas of water, For the most

- 11‘1-




part these ereas are on the opposite side of the crater

from the side on whioch the ground surveys were made;
therefore, the presence or absencs of radiosactive material
in these areas would have relatively little effect on tre
ground intensities, As for the intensities observed in

the aeriel survey, there is no way of knowing exastly over
what ground point the maximum intensities oocurred, so thst
the "center of activity" of the orater mizht hava been dis-
pleced away from the gero point without mch effeot on the

results,
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CLOUD RADIOACTIVITY

I ABSTRACT

The external radiation exposure was measured by means of film
badges in the drone planes which passed through the radicactive clouds
following the explosions in Tests X-ray, Yoke, and Zebra., In Test X-ray
and Test Yoke the exposures inside of the plane were in general found to
be less than 400 roentgens, while in Test Zebra where several of t he planes
passed through the head of the cloud, exposures of greater than 400 roentgens
were obtained inside the aircraft. Comparison of the readings obtained in-
gide and on the surface of the plane indicate that a B-17 aircraft provides
considerable protection to its personnel from the external radiation of a
radiocactive cloud. Calculations have been made which indicate that the
exposure resulting from the material actually deposited on the aireraft
is a small fraction of the total exposure experienced by the plane in pass-~
ing through the cloud. Rough calculations indicate that the average intensity
in a plane passing through the mushroom head of a cloud seven minutes after
detonation is about 1000 r/min. It is concluded that the external radiation
hazard to a plane operating in wartime in the vicinity of an atomic bomb
detonation would not be too serious and could easily be avoided without the

need for excessive special equipment.

I1 OBJECTIVE

The object of this project is to determine the gamma radiation ex-

-l-
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posure in a plane passing through the cloud shortly after an atamic bomb
burst, and if possible, in addition;, estimate from this the mean radiation
intensity of the cloud,

IITI HISTORICAL

At Bikini, drone planes were flown through the radiocactive cloud,
but in Test Able; no direct measurements were made of the radiation exposure
to which the planes were subjected. In Test Baker, this was attempted, but
the planes passed through the remnants of the cloud too late to receive im-
portant exposures. Since a knowledge of the exposure in the cloud is import-
ant in estimating the hazard of aircraft operations in atomic warfare, the
Armed Forces Special Weapons Project proposed a project to carry out this
measurement, This project received the approval of the SANDSTONE Scientific
Director.

IV  EXPERIMENTAL
A. MATERIALS AND OPERATIONS

Total range film badges were used to measure the gamma radiation
exposure, The range of the films, which were incorporated into three packets
;ln a single badge, is 0.05 to 22,000 r. A more detailed description of the
films and the methods of development, reading, and calibration, is included
in the report of project 7.1-17/RS-1 — Gamma Radiation vs Distance. Records
for each drone aircraft were kept of the altitude flown through the cloud

and the approximate time of entry into and exit from the cloud by the Radio-

-2-
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logical Safety Officar assigned to the mother aircraft of each drone. Un-
fortunately for the purposes of this project all drone aircraft penetrated
the clond more than once so that estimation of the cloud intensity cannot

be very precise, The Radiological Safety Officer removing the film badges
from the planesrat Eniwetok recorded the radiation intensity of the location
of each badge so that the contribution of residual contamination on the plane

to the total exposure could be calculated,

B. LOCATION OF FILM BADGES ON AIRPLANES
The location of the film badges in the planes are shown in Figures
1 and 2 and sre listed below: '

l. Back of pilot seat facing forward,

2. Back of co-pilot seat facing forward.

3, Back of top turret gunners chair,

4. Back of bombardier's seat, facing forward.

5. Back of navigatortis seat, facing left from direction of flight.
6. Back of radio operator!s seat facing forward.

7. On ball turret, taped to inner surface.

8, Left waist gunner’s position,

9. Right waist gunner's position.

10. Tail gunner's position, facing astern, taped to headrest. 4
11, Outside pilot's windshield. L :
12, Outside of aft end of port bomb bay door, N LI
The badges were placed on the drone planes the evening prior to : |

-3 -
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pilot

Co-FPilot
Engineer-guaner
Bombedier
Navigator

Rsdio Operator

Woae Cosmpartment

Pilot's Comspartaent

Bomd Bay

Badio Compartment

7 - Ball Turret Operstor
8 - Left Walet Gumner

9 - Righbt ¥alst Qunner
10 - Tail Gunner

11 - Outside windshield
12 - Outside bomd bay door

Waist Cospartsent

a1l Cosparteent

e

rigure 1

0P YIEV B-17 AIRPLARS CRRY POSITICWS
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SBGRET
each shot. When the drones landed after having campleted their penetration
of the cloud, they were monitored to determine the extent of the radicactive
contamination. As soon as the filters had been removed from the drones and
when the intensity was sufficiently how to permit entry into the planes with-
out exposing pe:"aonnel to excessive radiation, the film badges were removed
from the plane. | At the time of removal the intensity at the location of the
badge was measured by the monitor with a portable ianization chamber uto’r
in order to permit calculation of the exposure due to residual contaminat;iona
The badges were returned to the U. S..S. BAIROEO, where the contaminated alum=
inum foil covers were removed. The films were shipped to the United States,
where thoyl\'ere developed and read at f.ﬁe !{ational Bureau of Stamdards.

v RESULTS
Twelve badges wers placed in each ér the drone planes for Tests
Eray and Yoke, Six badges in each plans were 4}l that wers available far

‘Test Zebra. The recovery of these badges was about 95 per-cent., The total

exposure as recorded for each badge in Test X-ray, Yoke, and Zebra 1s listed

- in Tables I, II, and III respectively, The time at which the drone planes

entered and left the cloud on each of their passes was recorded by the moni-
tor in the drone mother and this information is summarized in Tables 1V, V,
M' VIo

VI DISCUSSION
-
A. TOTAL EXPOSURE INSIDE THE DRONE AIRCRAFT
L J
It will bs noted in Table I that with one or two exceptions none

-k -
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AIRCRAPT CRASHED. ALL

BADGES LOST IN SEA.
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of the film badges inside any of the drone planes recorded a total exposure

which would have been lethal had the planes been manned. The exposure in
all seven drones which returned to their bases was quite uniform in the |
neighborhood of 50 roentgens, Only the drones at 20,000 and 18,000 feet
had readings consistently higher than this average. This 1s surprising
in view of the dlfferent quantities of material that were collected on t.hn
filters on each plane., For comparison purposes the relative amount of radio=-
active material on the filteres is given in Table VII, Visual observation,
as indicated in Table IV, showed that all seven planes went through the cloud
TABLE VII
RELATIVE AMOUNT OF RADIOACTIVE MATERIAL ON DRONE PLANE FILTERS

RELATIVE STRENGTH ,
swrTTOne X-RAY YORE ZEERA *
14,000 — | 169 | 475
16,000 237 906 107
18,000 157 8l 1270
20,000 155 o 1870
22,000 57 1276 2hly
24,000 W57 833 1613
26,000 w0 739 192
28,000 685 1285 405

on their initial pass so that it is impossible to draw any conclusions as to

¢
]
8

4\),‘ '-’3




-.-in manned locations, Unfortunately, due to a misunderstandjng, no badges

A—

the importance of this pass as compared with the succeeding ones. However,

- 4t is interesting to note that the two planes which made only two passes

through the cloud were those at 18,000 and 20,000 feet. These two planes
were those having the highest exposure which would tend to indicate that

the largest part of the exposure is obtained on the initial passes.

Examination of the film badges from the planes in Test Yoke in-
dicates that the exposures were ln general about twice as great as those °
experienced in Test X-ray. The one exception to this is the drone at 30,‘000
feet which did not pass through the cloud. Nevertheless, an exposure of 175
roentgens was measured on the badges placed on the outside of the windshield.
Despite the higher exposures obtained in Test Yoke, few badges inside the
planes recorded values above the median lethal exposure (400 r). In Test
Yoke all planes which entered the cloud made three passes so it is impossible

‘to draw 'an'y conclusions as to the relative importance of each pass. Although

the results are somewhat less consistent than for the plenes in Test X-ray,
there does not appear to be a wide variation in the exposures sustained at
the various altitudes. |

In Test Zebra the exposures were considerably higher than those
msurod from the planes in the first two tests., Several of the drones,
namely those at 22,000 and 24,000 feet; have exposures above 400 roentgens

were placed in the drone at 20,000 feet, which, on the basis of the monitor ' ﬂ
readings made when the planes had landod,; was more heavily contaminated than
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any of the others, The higher exposures on the drones from Test Zebra can
probably be explained by the fact that the planes penetrated th mus' room
head of the cloud in this test while in the earlier tests only the tail of
the cloud was entered. It is worthy of note that the exposures on the drones
at 26,000 and 28,000 feet which did not penetrate the cloud on the first pass
were very much lower than on the other planes, This would indicate that the
largest fraction of the exposure was obtained during the initial penetration
of the cloud. Thrs would imply that there should be some correlation between
the exposure experienced on a plane and the time of initial penetration. How-
ever, examination of the results from all three tests failed to indicate any
such correlation within the experimental error. Other effects such as the |
exact part of the cloud traversed by the plane probably mask the minor differ-
ences which would be due to a variation of one or two minutes in the time of
1nitial entry.
B. PROTECTION PROVIDED BY THE AIRPLANE

0f the twelve locations selected for the film badges two of these
(11 and 12) are on the outer surface of the airplane while the remaining ten
were in locations inside the plane., While the results are not too consistent
it is apparent that the B-17 aircraft does provide considerable protection to
the rew when operating in or near the radioactive cloud. In general the ex-
posures inside the piane were 1/10 ta. 1/3 those on the outer surfaces. This
difference was in many cases the diff;;;nce between a lethal exposure outaide

the plaies and a sub-lethal exposure inside. This might seem surprising in

-1l3 -
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view of the light materials used in the conﬁtruction of an aircraft, but it
;i probably can be explained if the geometry of the problem is considered. A
plane penetrating the radioactive cloud is operating in the middle of a large
radiocactive soufce so that the radiation is arriving from all directions.
Therefore, a person placed in the forward part of the plane is being shield-

ed from nearly half of the radiation by the entire material of the plane.

Similar. considerations apply to other locations. The data in Tables I, II,
III have been examined to see ?f same locations in the plane are better pro-
tected than others, but no very obvious differences are apparent. Possibly,
the exposures.in position #6 in the .radio campartment and position #10 in

the tail are somewhat higher than the average.

C., EXPCSURE DUE TO CONT/LINATION OF AIRPLANE
The fraction of the total exposure which resulted from the de~
position.éf'radioactive material on the aircraft can be calculated with a
knowledge of the intensity (12) at the time (t2) the badge was removed from
the plane, & knowledge of ﬁhe time (t1) at which the plane was contaminated,

and the .decay rate of the radiocactive deposit. I, was measured by the moni~-

tor at the time he collected the badge. t; could not be measured directly,

‘but for the purpose of general calculation; it was assumed to be H plus 15

minutes. However, a check calsﬁlation wss made on some badges for tl = H
plus 5 minutes, the earliest time of penetration into the cloud. Ancther
calculation was made for tl: 1 hr., the time at wh':h a plane might have
landed after penetration of a cloud, in order to determine the increase in {

[ —_—




expogure resulting from having allowed the badge to remain in the plane after
it landed.

The exposure may be calculated as follows:

t,
lc = y Idt (1)

laboratory measurements gave the following for the decay rate.

1.2
-5 ()
1.2 t2
Substituting B o= I t; °° j t-1:2 g¢
Y
. Solving K, = .Z_ZI t ..':2 02 1 ] (3)
° o2 ( ¢

whoroxc = axposure in roentgens due to contamination
]:2 = intensity (r/hr.) at the time badge was collected
t, = time (H plus hour) badge collected

= time (H plus houwr) contamination occurred,

By means of equation (3), B has been calculated for a mumber of
badges removed from the plane in Tests Yoke and Zebrs. These results are
summarised in Table VIII. From these it ia seen that the contamination was
responsible for only about 10% of the total exposure.

L
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Badge Drone
Number Number
TEST YOKE

2680 7
2673 1
2668 1
2615 b
TEST ZEBRA

649 42
3228 62
3227 5=-2

.values were cobtained

TABLE VIIX
EXPOSURE FROM CONTAMINATION OF AIRPLANE

Total
Position (m.)

6 122
1 1500
6 168
1 140
11 2000
6 276

A 385

* Cslculsted for %1 = 15 aimtes.

I

£8 88

By B

LTI

4
(r/br.) (B-hr.) (roentgens) Total

8 § 18
8 36 2
8 2 12
'y 15 1

» 2204+ n

28 12

48 180 47

* When this exposure was calculated for other values of t3, the follewing

310 r for t) = 5 idnutes
133 » for ¢4 = 3 hour

expogure for t; = 15 minutes was 280 r.

-16 -
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If a decay rete proportional te T-1s3 was

assumed, then contamination




TABLE IX

RADIATION INTENSITY IN CLOUD

TEST ZEBRA
1st PASS
Drone Altitude Badge
Number (tost) Number  E(r) t]_(nin.) tz(dn.) Iz(r/dn.)“
21,000 2687 300 7 71/6 1800

8 22,000 2,1 380 5 5/12 6 2/3 260
2nd PASS

7 28,000 3236 50 13 1/a 13 1/2 140

2 26,000 205 36 19 2/3 20 N

* The badges for these calculations were selected ° om inside the plane
in order to improve reproducibility. Therefors, the intensity should
be multiplied by sbout five in order to obtain the wnshislded intensity
within the clowd,
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D. RADIATION INTENSITY IN CLOUD
As was mentioned earlier; it is impossible to make any direct

calculation of the intensity within the clouds because of the fact that

all drones made more than a single penetration. However, a rough esti-
mate to provide an order of magnitude can be made on the basis of the
Test Zebra results, since for this test two of the planes failed to con-
tact the cloud on the initial pass. If it is assumed thAt the exposures
obtained by these planes is representative of that obtained on the second
and third passes for some of the other planes, then it is posaible by aa‘- .
traction of this value to make an éstimate of the exposure encountered by"
the other planes on their initial pass. From this value one can calculate
the intensity in the clouds by means of Equation (3) using the times of
antry and exit. from the clotd at ty and ty respectively. This bas been
dona for the drones at 22,000 and 24,000 feet and the results listed in
Tables I1I. '

The agrsement betwsen thése calculations is not good, but when
it is considered that the planes ware passing through different parts
of the cloud they are probably the best that might be expected. (ne of
the greatest errors may be in the recorded times of entry into and exit
from the cloud since a small error in time makes a large error in I,.
On the basis of these results it may be said that the average intensity
inside a plane passing through the cloud is about 1000 roentgens per
minute at H plus 7 minutes and about 1/3 that value at H plus 15 minutes.




Further analysis is not warranted without information on the part of the
cloud entered by the planes.
A similar calculation can be made for the second pass for the

planes at 26,000 and 28,000 feet if it is assumed that on the third
pass only about 10 per cent of the total exposure wa- received. That
this assumption is not too unreascnable is indicated by the fact that
in Test X-ray the planes with the highest exposure were those which did
not make a third pass. The results of these calculations are also in-
cluded in T.ble IX.’

E. IMPORTANCE OF BETA RADIATION

All results which have been mentioned previously have been for
measurements made underneath a lead cross placed on the film badges and
mist therefore be considered as due to gamma radiation alone., No detail-
ed analysis has been made of the exposures as measured :mt.ude the lead
cross which would provide a measure of the extent of the beta and soft

gamma radiation. However, in general it may be said that for the badges

inside the planes,. the readings outside the lead cross were approximately
10 to 25 per cent graater than those underneath. As would be expec .ed,
this differen<e between the outside and underneath readings was greater
! for the badges placed on the outer surface of the plane where there was

I

a greater opportunity for thebadge to come in digocit .contact with the

radioactive material, However; since the planes were not airtight, con-
sideraple amounts of radiocactive material did penetrate into the aircraft

themselves,

-~19 ~




VII  CONCLUSIONS AND RECCMMENDATIONS

The external gamma radiation exposure of personnel in a plang
penetrating the tail of the radicictive cloud following an atomic bomb
explosion would not in most cases prove lethal. Kevertheless, it would

be sufficiently high as to provide considerable hazard, and therefore
* such contact shpuld be avoided, If the mishroom head of the cloud is
penetrated; the external radiation exposuxe would frequently be greater
than 400 roentgens and therefore be lethal to the personnel within the
plane., Because of the uncertainty in the sympt.oms which would result
fram aix exposure of this magnitude, no definite conclusions can be drawu
as to the ability of the crew tc land their plane before becoming in-
capacitated, However, such a return does not m pea- to be ruled out., for
the effects of radiation exposure are frequently sufficiently delayed as
to permit such an opgration even though the crew were eventually doomed,

' The pfotection from external radiation provided the crew of a

B-17 operating in or near a radicactive cloud is g preciable and might
well mean the difference between a lethal and sub-lethal exposure, No
particular positions in the plane are better protected tuan others.

A plane operating iu a radioactive cloud will become contamin-—
ated but this contaminetion would not in general be sufficiently great
to provle lethal to the planeﬂ_a crew prior to their return to base., In
all gaé@\ea‘where the contq.mmgi"ion was sufficient to provide a lethal
external radiation hazard the radiation from the cloud itself would al-
ready have proved deadly. It should be emphasized, however; that the
presence of radiocactive material inside the plane would provide an in-

-2 -




ternal hazard if the crew and maintenance personnel did not take adequate
preventive measures. Such measures might include wearing of masks or the
insertion of filters in the ventilating systems.

The average radiation field in the head of the radiogctive loud
from an atomic bamb explosion seven minutes after the detonation wave was
approximately 1000 r/min.

In conclusion it should be noted that the danger to ajrcraft
operating in or near the radicactive cloud from an atamic bomb explosion
is not as great as previously anticipated., Lethal exposures w re obtain-
ed only in planes which penetrated the head of the cloud within five to
ten minutes after the detonation. At this time the cloud would have been
clearly visible and distinguishable; probably even at night so that evasive
action could have easily been taken. Therefore; it would seem that the
need for elaborate detection instruments on aircraft carrying out wartime
operations in the viclinity of atomic bomb explosions is not a$ great as
has previously been thought. It is recommended, therefore, that develop~
ment of instruments for this type of operation be given lower priority
than the development of instruments for aerial survey of ground contamina-
tion and for operations on the ground itself. The major emphasis should
be placed on insuring the protection of personnel in planes from incurring
an internal radiation hazard. This protection could take the form of filtem
ed air supply or the use of 100 per cent oxygen when near or in contact with

atomlc bomb clouds.

-2] -
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ABSTRACT

Objective
The object of the work om this project was to determine the particle

size distribution of the radiocactive material in the cloud caused by an
atomic bomb explosion,
Results

Three of the four structures in which the Cascade Impactors were
installed during test X-ray were rolled over by the explosion, However,
all of the units apparently operated satisfactorily, except the ome in
the structure closest to the detonation, which was crushed by the doar
blown inside the building. Fifteen of the sixteen Cascade Impactor
slides were recovered, The quantity of dust collected on the slides
during the first test wmas too large far a reliable measurement of
particle size distribution by this method,

The results obtained during tests Yoke and Zetra signify that the
radiocactive material in the cloud is composed of very smll particles,
Since a comparatively minmute amount of radiosctive material was retained
on the first slides of the Cascade Impactors, indications are that the
majority of the particles are less than 0,5~microm diameter, By far
the greatest amount of material was collected on the canister filters,
which were on the effluent end of the Cascade Impactoars on the drome
planes, and were essentially a fifth stage.

All of the glass slides from the Cascade Impactors were returned ﬁ
to the Army Chemical Center, Maryland for a measurement of the particles




on them with an electron microscope, These results will be included in

a supplementary report to be sutmitted upon completion of the work,

By measuring the amount of radioactive material retained on various
depths of the filter paper in canisters M1l on the drone planes, pene-
trations through the filter paper of 0,021% and 0,018% were determined.
These particulate penetration results are in line with those obtained
in the standard laboratory test on this paper using an aerogol of
0,3-micron diameter,

Conclusiong

It is concluded that:

1, The Cascade Impactor equipment used for these tests is an
excellent field apparatus, It is easy to operate, portable and with-
stands rough usage,

2+ The radicactive material in the cloud apparently consists
of very small particles, Present indications are that a major portion
is below 0,5 micron in diameter,

3. The protection afforded by canister M1l against the
radicactive particulates in the cloud is comparable to that obtained
in laboratoary tests using & non-toxic aerosol of 0,3-micron diameter.
Recommenda ti ons

None, pending results of additiomal electron microscope measure-
ments which will be included in a supplementary report,




PARTICIE SIZE OF MATERIAIL IN CLOUD

I. QBJECTIVE

The object of the work on this project was to determine the particle
gize distribution of the radiocactive material in the cloud caused by an
atomic bomb explosion,

Theories have been advanced that, because of the tremendous emergies
released by the explosion, the radiocactive materials may be mesent
rrimarily in the form of extremely small particles, Information on the
size Of the radicactive particles is extremely important for the
development of adequate means of filtration and for determining
biologlical effects.

II, HISTORICAL
Appendix C con‘aing the repart, "Evaluation of Dusts with the

Cascade Impactor®, giving the details of the preliminary work om this
project including the construction and calitration of the Cascade '
Impactors and auxiliary equipment. The equipment was calibrated with
the dusts from Aomon, Engebi and Runit Ialands, Also included in the

repart is a discussion of the mrevious work on Cascade Impactors,

I1I, EXPER L FROC
A. Tept X-Ray
One Cascade Impactor with awdliary equipment was assembled
and installed in each of four Corps of Engineer structures on Engetd
Island, One was at 1000 feet, two at 1500 feet and the fourth




Cascade Impactor was at 2500 feet from Zero. The apparatus was attached

to a one~inch pipe which led to the cutside. A photograph of the equip~
ment installed in a structure is shown in Figure 2, Appendix A, The
rupture disc adapter, with the appropriate disc in place, was attached
to the inlet end of the cne-inch pipe on the outside of the building
(Figure 3, Appendix A),

After the batteriss were fully charged, the electric lead from
the blower and timing mechanism was comnected to the tattery case, The
dial of the clock was turned to "on" in order to check the operatiom
of the blower,

The microscope slides were cleaned and numbered. On I~ray minus
two days the slides were placed in their respective Cascade Impactors.
On X-ray minus one day the dial of the clock was set so that the "on"
switch would start the blower fifteen minutes before the detonatiom,
and the "off" switch was set to allow the blower to operate for me
howr after the explosion.

As soon after the explosion as radiological safety conditions per=-
mitted, the Cascade Impactors and canisters were removed from the
structures, The amount of radiocactivity of the material on each slide
inside the impactors was measured in the laboratary on the U,S.S. Baircko
(CVE=115) by a Scaler Unit, model 161-G, with an Eck and Krebs tube
having a window thickness of 30 mg/cm?. Samples of the filter material
(8.7 em? disc) and charcoal in the canisters were also measured for
radicactivity, At a later date the radiocactivity of the material on
the glass slides was measured again to determine its rate of decay,
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The Cascade Impactor slides were packed and returned to the Army Chemical
Center, Maryland for a count of particles with the light and electron
microscopes,
B, Tegt Yoke
One Cascade Impactar unit was set up on an ICM boat which
g was anchared in the lagoon domwind from the detonation at 2500 yards
from Zero, A second unit was assembled on Rujuro Island, the second
1sland west of Aomon, at 2000 yards from Zero. The third Cascade
Impactor apparatus ms installed on Drone Plane No, 6 which flew
through the cloud at an elevation of 16,000 feet and a speed of about
180 knots per howr,
The legs were removed from the apparatus installed in Drone Plane
No, 6, and the unit was placed inside the photo well in the radio
compartment of the plane, Approximately 3 feet of one-inch pipe led
from an opening in the belly of the plane at about 12 inches from the
after edge of the bomb bay doars to a 90° ell commected to the intake
of the expansion chamber on the Cascade Impactor equipment. Figures
4 and 5, Appendix A, show the equipment installed in the photo well,
An alumimm shield was placed around the motar operating the blower
to prevent interference with the radio circuits of the plane, A scoop,
in the form of a semi-ellipse about 2 inches long and with & cne-halfw
inch radius, wmas riveted to the fuselage over the opening in the belly
of the plane., A close~up of the scoop intake to the Cascade Impactar
apparatus and its relative position on the plane are shown in Figures
6 and 7, Appendix A, respectively., A plece of tape was placed over the
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open end of the scoop to keep dust from blowing into the unit befare the
test. The tape was removed by the crew chief of the drone after it was
taxied on the runway mrior to being ricked up by the mother plane,

As soon after the explosion as radiological safety conditions per-
mitted, the Cascade Impactors and canisters were removed from their
respective positions. The amount of radiocactivity of the material on the
Cascade Impactor slides and carister filters was measured in the labara-
tary on the U.S.S. Bairoko (CVE-115) as described under test X-ray. At
a later date the radioactivity was measured sgain to determine the rate
of decay of the material, The alpha radiation on the slides from the
impactor in the drone plane is being measured with nuclear track plates,
The Cascade Impactor slides were returned to the Army Chemical Center,
Maryland for a count of particles with the light and electron microscopes.

Two days after the explosion "fall-out" was detected on the U.S.S.
Baircko (CVE~115). A Cascade Impactor unit was set up on the forward
end of the flight deck and operated for 3 hours, The slides were
removed from the impactor, and the radicactivity on them was measured
in the laboratary, The following day the Cascade Impectoar unit operated
for 6 hours, after which the slides were removed and evaluated. The
slides used far these "falle-out" tests were also retamrned to the
Army Chemical Center, Marylsnd,

C. I Zelr
One Cascade Impactor unit was set up on an ICM boat which
was anchared in the lagoom downwind from the detonation at 4000 yards
from Zero, One Cascade Impactor apparatus was installed in each, Drone
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Plane No, 6 and Drone Plane No, 2, which flew through the cloud at
16,000 feet and 26,000 feet, respectively. The installation of the
equipment in the drone planes is described under test Yoke,

As soon after the explosion as radiological safety conditions per=
mitted, the Cascade Impactors and canisters were removed from their
respective positions and returned to the labaratory aboard the U.S.S.
Bairoko (CVE-115) for evaluation as described under test Yoke. These
Cascade Impactor slides also were returned to the Army Chemical Center,
Maryland,

IV, IEST RESUITS
A, Test X-Ray

The OCE Type A structire at 1000 feet from Zero was thrown
over 100 feet from its original position, turned upside down and the
door blown inside the structure as a result of the explosion. The
equipment inside the structure was smashed, and the Cascade Impactor
was broken in half, However, three of the four slides inside the
impactor were recovered,

The OCE Type A structure at 1500 feet from Zero was tuwrned upside
dowm, but the Cascade Impactor equipment was intact and apparently
operated during the test. The electric leads were still connected to
the battery case, and the unit remained attached to the cne-inch inlet
pipe to the structure. Figure 8, Appendix A, shows the condition of
the Cascade Impactor equipment in the structure after the explosion,

The OCE Type B structure at 1500 feet from Zero was throm over
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100 feet from its original positiom and turned upside down by the
explosion, The one=inch air inlet pipe was sheared off at the comnection

to the expansion chamber on the Cascade Impactor apparatus, and the
electric leads were torn loose from the battery case, However, there
ms gufficient dust on the glass slides in the Cascade Impactor to
indicate that the unit operated for at least a shart time after the
explosion, Figure 9, Appendix A, shows the condition of the Cascade
Impactor equipment in this structare after the explosiomm.

The OCE Type B structure at 2500 feet from Zero was moved along
the ground only about 3 feet, and the Cascade Impactor equipment
functioned satisfactorily during the test.

The amount of radiocactivity of the material on the glass slides
in each of the Cascade Impactors and on the canister filters is givemn
in Table 1, Appendix B, Photographs of the glass slides after the
test are shown in Figures 10 to 12, Appendix A,

B, Test Yoke
As a result of the explosion the Cascade Impactor apparatus
on the ICH boat was twrned over on its side with the inlet pipe facing
upward, However, the electric leads remained connected to the battery
case, and the unit functioned satisfactorily throughout the test,

The Cascade Impactor equipment on Rujuro Island, the second island
west of the Zero island, was rolled over on the ground with the air
inlet pipe facing upward, No damage was done to the apparatus, and this
unit operated satisfactorily throughout the test,

Drone Plane No, 6 on which the third Cascade Impactor was installed

-10 =




made three passes through the cloud, The plane flew through the cloud

at an elevation of 16,000 feet, and the times at which it entered and
left the cloud are given in Table 4, Appendix B,

The glass slides and canisters were recovered from all three
Cascade Impactor vnits, The amount of radicactivity of the material
on each of the glass slides and on the canister filters is givemn in
Table 2, Appandix B,

Cn ‘the second day following the explosion "fall-out® was detected
on the U.S.S. Bairako (CVE-115), A Cascade Impactar unit set up on the
flight deck of the ship operated for 3 hours on that day and for 6 hours
on the following day, The radicactivity of the material collected om
each of the slides is shown in Table 2, Appendix B,

C. ZTent Zelwra
The Cascade Impactor equipment assembled on the ICM boat,
which was anchared at a distance of 4000 yerds from Zero, was not
affected by the explosion and functioned throughout the test, However,
no "fall-out" occurred in the vicinity of the boat, and no radiocactivity
was detected on the glass slides,

Drone Flane No, 6 at an elevation of 16,000 feet made three passes
through the cloud, while Drone Plane No, 2 at 26,000 feet went over the
cloud on its first pass and made only two passes through the cloud, The
times at which each plane entered and left the cloud are given in Table 4,
Appendix B.

The material on the glass slides and canisters from the three
Cascade Impactor units were measured for intensity of radiation, and
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the results are given in Table 3, Appendix B,

Since the concentration of radicactive material on the canister
filters from the drone planes was high, measurenments were mede to
determine its efficiency in removing radioactive particulates. A
sample of the Type 6 paper from the canister M1l was weighed, and the
radiocactivity of the material on it was measured. A layer from the
influent surface of the paper was peeled off, and the amount of radio-
activity on the remainder of the filter was measured. Since the influent
and effluent concentrations of perticulates through a given depth of
filter is known, the filtration constent, s, can be determined from the
theoretical filtration equation:

A, - o=k

concentration of particulates penetrating a filter

=
:
=
1

N, = initial concentration of particulates

s = filtration constant

X = depth or quantity of filter
The results obtained on the filters from the canisters on Drone

Plane No, 2 and Drone FPlane No. 6 were as follows:

No. 2 No, 6
Weight of Original Sample (full thickness), mg 232 176

Radiocactivity of Material on Sample, N,, dpm 4,010 39,600

Weight of Paper Removed, X , mg 63 115 W
Amount of Radicactivity on Remainder of Filter,
N, dpm AVAA 158
Filter Constant, s 3.33 5453 |
- ]_2 -




(Note: The filter constent, s, was calculated from the thearetical
filter equation by assigning a value of unity to the respective weights,
X , of the filters, i.e., 63 mg of the filter from Drone Plane No. 2
would be one unit, while a weight of 115 mg would be one unit for the
filter from Drone Plane No, 6.)

The theoretical filtration equation plotted on semi~log paper
results in a straight line with a slope of "s", Knowing ®"s" and e
value of N/N,, the curves for the filters from the canisters in Drome
Plane No, 2 and Drone Plane No. 6 were plotted on semi-log paper and
are shown in Figure 1, Appendix A. From these curves the penetration,
N/ o» trough the full thickness (or weight) of the filter paper from
canister M1l an Drone Plane No, 2 was 2,1 x 10™% or 0,021% and cne
Drone Plane No, 6 was 1.8 x 10% or 0,018%.

A charcoal sample was taken from the influent layer of the chare
coal bed in the canister on Drone Plane No, 6. The sample weighed
428 mg, and its radicactivity was 788 disintegrations per minute when
measured at H plus 52 howrs, However, after all of the charcoal in
the canister vas tharoughly mixed, a sample weighing 708 mg had a
radiocactivity of only 115 disintegretions per minute, A charcoal
sample (estimated about 600 mg) from the influent layer in the canister
on Drone Plane No, 2 had a radiocactivity of 114 disintegrations per
mimite, when measured at H plus 32 howrs. The total weight of charcoal
in a canister M1l is about 150 grams, ﬂ

The results of the perticle size measwrements of the material on
the glass slides retarned to the Army Chemical Center, Maryland will
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be submitted at a later date as a supplement to this report upon completion
of this work., The alpha radiation measurements also will be included in

this supplemental report,

V. DISCUSSION
In the ariginal plan of test, Cascade Impactar equipment was to be

rlaced in each of four Corps of Engineer structures on Engebi Island
far the measurement of particle size of the material in the cloud

during test X-ray only. However, the apparatus functioned so satis-
factorily and vas in such good conditiom after test X-ray that three
of the units were used in the subsequent tests. The only apparatus
that was not usable after the first test was the vnit in the structure
at 1000 feet from Zero, since it was crushed by the door which was
blown inside the bullding as a result of the explosion. The Cascade
Impactor was btroken in half, but three of the fowr glass slides inside
the impector wers recovered, All of the glass slides in the other
three Cascade Impactors were recovered, Although threé of the four
structres were rolled over by the explosion, the functioning of the
Cascade Impactor equipment was not adversely affected by this rough
We. Ite performance as a field apparatus for the measurement of
particle size was entirely satisfactsry.

The results obtained during test X-ray, shown in Table 1, Appendix

B, probebly are not conclusive of the particle size distributiom of the
radiocactive dust in the cloud, The quantity of dust collected on the

glass slides was too large for an accurate measurement by this method.
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The dust was acowmulated on some of the slides to a depth of about 1/16
inch, Apparently there was much "slippage" from one stage to another,
There was no wide variation in radicactivity among the stages in each
Cascade Impactar, but less radicactive material was collected in the
Impactor at 2500 feet from Zero than at the closer stations, as would

be expected. When the dust on some of the slides was leveled to a
thin layer, the measured radicactivity of the material increased about
40%, indicating much self-ebsorption. No radiocactivity was detected
on the filters of the canisters Mll, which were at the effluent end
of the Cascade Impactars, due to decay of the radicactive material
since the measurements were made about seven days after the explosion
and only a small partion (about 1/69) of the total effective filter
was used,

The results in Tahles 2 and 3, Appendix B, obtained duwring tests
Yoke and Zetra clearly indicate that the radiocsctive material in the
cloud is composed of extremely fine particles. The glass slides from the
the first stages of the Cascade Impactors on the drone planes which
flew through the cloud at elevations of 16,000 and 26,000 feet, had a
comparatively small amount of radiocactive material on them. The other
three stages of the impactors had & considerably greater amount of
radiocactive material on them, while by far the greatest amount of
material was collected on the filters of canisters ¥ll, which were
on the effluent end of the Cascade Impactcrs and are essentially a
fifth stage. If the calilration of the impactors givenm in the interim
repart in Appendix C is applicable, most of the particles were less
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than 0.4 micron in diameter with the majority less than 0.1 microm,
However, the calitration may not apply since the pressure and flow
rate at that elevation may alter the distribution curves, Therefore
no final interpretation can be made until the perticles are measured
with an electron microscope. These measurements will be made at the
Army Chemical Center, Maryland, and the results will be submitted in
a supplementary repart upon completion,

The glass slides from the second stages of the Cascade Impactars
on the ICK boat at 2500 yards and on Rujuro Island at 2000 yards from
Zero during test Yoke retained the largest amount of radicactive
material. The third stages contained considerably less material, while
the first and fourth stages retained a comparatively small amount of
radioactive material, This indicates that the radiocactive material
at thoge distances from the detonation follows the particle size
distribution curves given in Figures 2 to 5 of the interim report in
Appendix C with a maximum retention of 0.2 to 0,3 micron,

A Cascade Impactor unit operated for 3 hours on the flight deck
of the U.,S.5. Bairocko during the second day following the explosion
of test Yoke when "fall-cut" was detected. The glass slide from the
secénd stage of the impactor retained most of the radicactive particles
indicating a particle size distribution with a maximm retention of
0.3 micron, The unit operated for 6 hours during the third day following
the explosion and a similar particle size distribution was indicated
although the quantity of radicactive material collected was considerably
less. The actual size of the particles collected on the glass slides
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from all of the tests will be determined with an electron microscope at
the Army Chemiceél Center, Maryland, and the results will be included
in the supplemeu;tary report.

In all cases the decey of the radicective material on the various
Cascade Impactor slides followed the same rate of decay as either the
crater sample ar the drone sample, This would indicate that there was
no segregation of the various radioactive mroducts in the cloud, and
that the radicective material is probably carried on dust particles.

The efficiency of .canism M1l in removing radiocactive particulates
was determined by measuring the amount of radicactive material retained
on various depths of the Type 6 filter peper in the canisters, By this
method the penetrations through the filter paper in the canisters from
Drone Plane No. 2 and Drone Plane No, 6 were calculated to be 0,021%
and 0,018%, respectively, The flow rate through the canisters, which
were on the effluent end of the Cascade Impactars, was apmroximately
16 liters per minute, and these results of particulate pemetratioms
are comperable to those obtained in the laboratary on this same type
of filter material using an aerosol of O,3=micron diameter.

A moderate amount of radicactive material was detected on the
charcoal in the canister M1l on Drome Plane No., 6, which flew through
the cloud at 16,000 feet during test Zelra, The majarity of the
radiocactive material was collected on the influent layer of the
charcocal bed in the canister, These results intimate that either
some radiocactive materizl in the cloud is present in wapar foum o
some of the radicactive material is vaporizing off the dust particlea
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after being collected by the filter,

VI. CONCIUSIONS
It is concluded thats

1. The Caascade Impactar equipment used for theae tests is
an excellent field apparatus. It is easy to operate, partable and
withstands rovgh usage.

2. The radicactive material in the cloud apparently consists
of very small particles., Fresent indications are that a major partion
is below 0,5 micron in diameter,

3., The protection afforded by canister M1l againat the radio-
active particulates in the cloud is comparable to that obtained in
labaratory tests using a non-toxic aerosol of O,3-micron diameter,

VII. RECOMVENDATIONS
None, pending results of additional electron microscope measure~
ments whick will be included in a supplementary repart,
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Figures 1 through 12
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Fig. 3 Inlet Tube for Cascade Impactor Showing Rupture Disc
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Fig. 5 Cascade Impactor Installed in Fhoto VWiell of B-17 Drone Plane




Fig. 7 Inlet Scoop for Cascade Impactor (Distant View Showing
Location on FPlane)
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Fig. 10 Slides Recovered from Cascade Impactor in OCE Type A
Structure at 1000 Feet
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Tables 1 through 4




Iable 1
Badicactivity of Material on Cascade Impactor Slides and

Canisters
Test X-Ray
Sampling Slide Time Radiocactivity Remarks
.Enaixinn_____ﬁ._szh___w_‘uﬁsgured
plus H disintegrations
hours per minute
OCE Type A at
1000 feet 1A 154 644 Cascade impactor broken
in half.
" 1B - - Not recovered.
" 1C 154 505 Corner of slide broken off.
" 1D 154 761
" Canister
Ml 172 o
" 1A 172 300 ) Decay follows same curve
" 1c 172 238 ) as for crater sample.
" h)) 172 414 )
OCE Type A at
1500 feet 2A a3 925
" 2B 83 1,737 ) Dust piled up to about
" 2C 83 1,450 ) 1/16 inch on slides
" 2D 83 1,320 ) 2B, 2C, and 2D.
" Canister
Ml 172 0
" 2A 172 195 (?) Result questionable.
" 2B 172 169
" 2C 172 102
" 2D 172 64
" 2A 176 93 ) Dust on slides leveled
" 2B 174 238 g to a thin layer.
" 2C 176 145
" 2D 176 76 )
OCE Type B at
1500 feet 3A 54 15,700
" 3B 54 14,700
" 3C 54 16,100
" 3D 54 16,400




Teble 1 (continued)

Sampling Slide Time Radioactivity Remarks
_Position 1 No. { Measured
plus H disintegrations
hours per minute
OCE Type B at
1500 feet Canister
Ml 173 0
" 3A 173 112 ) Decay follows same curve
" 3B 173 100 ) as for crater sample.
" 3C 173 105 g
" 3D 1713 81
OCE Type B at
2500 feet 4A 84 210
" 4B 84 293
" 4C 84 244
" 4D 84 229
" Canister
M1l 174 0
" 4A 174 7 ) Decay follows same curve
" 4B 174 14 ) as for crater sample.
" 4C 174 10
" 4D 174 10

Letters A, B, C and D after the slide numbers represent the first,
second, third and fourth stages, respectively, of the Cascade

Impactor.




lide
Canisters
Test Yoke
. Sampling Slide Time Radioactivity Remarks
plus H disintegrations
howrs per minute
: Drone #6 at
16,000 feet 6A 1 29,250 ) Material on slides
) barely visible with

" 6B 14 403,000 naked eye.

" 6C RVA 272,000

" €D 14 276,100

" Canister

Ml 82 %25,000 Reading on sample disc
of filter.

" " 82 1,725,000 Calculated to total of
area of filter.

" " 14 12,420,000 Extrapolated back to H
plus 14 hours on fission
products decay curve.

" 6A 41 9,790 ) Decay follows same curve

" 6B 41 119,000 as for drone sample

" 6C 41 82,200 (fission products).

" 6D 41 77,500

" Canister
Ml 122 17,000 ) Reading on sample disc
of filter.
LCM Boat at
2,500 yards 7\ 10 48

" 7B 10 10,350

" c 10 2,750

" D 10 16

" Canister 1

M1 10 0 '

" 7A 34 0 ) Decay follows same curve |

"’ 7B 34 1,294 ) as for crater sample.

" 70 34 384 )

" D 34 14 )
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Table 2 (continued)
Sampling Slide Time Radioactivity Remarks
plus H disintegrations
hours per minute
Rujuro Island
at 2,000 yards | 8A 42 30
n &8 42 1, 460
" 8c 42 930
" 1) 42 316
Flight Deck
of ¥.S.S.
Baireko 9A 62 66 Operated for 3 hours
from 1345 to 1645 on 3
May 1948
" 9B 62 480
! 9C 62 21
" %D 62 82
Flight Deck
of U.S.S.
Bairoko 104 86 0 Operated for 6 hours
from 0910 to 1510 on
4 May 1948
" 108 86 185
" 10C 86 7
" 1 86 LZL
W%’ — —— =ﬁ
%* Averapge reading of four samples of filter 8.7 sq. cm. in area.
Total effective area of filter in canister Mil is 600 sq. cm.
Note: Letters A, B, C and D after the slide numbers represent the first,
second, third and fourth stages, respectively, of the Cascade Impactor.




Iable 3
Radicactivity of Material on Cascade Impactor Slides and

Canisters
Test Zebra
Sampling Slide Time Radiocactivity Remarks
L No, | Meagsured
plus H disintegrations
hours per minute
Drone #6 at
16,000 feet | 164 11 1.15 x 10’; ) Material on slides

" 16B 11 3.50 x 105 barely visible with

" 16C 11 2.27 x 105 naked eye.

" 16D 11 4.90 x 10

" Canister

ni 33 be7.61 x 10* Reading on semple
6 disc of filter.

" " 33 5.25 x 10 Calculated to total eff.
area of filter.

" " 1 1.52 x 107 Extrapolated back to H
plus 11 hours on fission
products decay curve.

" 16A 51 2.96 x 102 ) Decay follows same curve

" 168 51 1.01 x 10° ) as for drone sample

" 16C 51 6.91 x 107 (fission products).

" 16D 51 1.27 x 10°

Drone #2 at
26,000 feet 127 1 2.7 x 102 Material on slides

" 12B 11 1.48 x 105 plainly visible.

" 12C 11 4.78 x 105

" 12D 11 3.29 x 10

" Canister

M1 33 b1.14 x 10° Reading on sample disc
o ter.

" " 33 7.87 x 10° Calculated to total eff.
area of filter.

" " 11 .42 x 106 Extrapolated back to H
plus 11 hours on fission
products decay curve.

" 124 51 5.95 x lgi ) Decay follows same curve

" 128 53 2.87x 1 as for drone sample

" 12C 53 6.84 x 107 (fission products).

" 12D 53 6.41 x 10%
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Table 3 (cantinued) ‘
Sampling Slide Time Radjoactivity Remarks
L No. | Measured
plus H disintegrations
hours per minute
LCM Boat at
4,000 yards 114 10 0 No "fall-out" in
vicinity of boat.
" 118 10 0
" 11C 10 0
" 11D 10 0

* Average reading of two samples of filter 8.7 sq. cm. in area.
Total effective area of filter in canister M1l is 600 sq. cm.

Note: Letters A, B, C and D after the slide numbers represent the first,
second, third and fourth stages, respectively, of the Cascade Impactor.




Drone
Teat FNumber

Second Pass
Enter Exit

Third Paas

Enter

Exit

Yoke (060900)* 6
Zetrs (060400)* 6
Zetra (060400)* 2

060945 | 061020
Over

062545 | 062645
062030 | 062200
062340 | 062400

063840
063300
063815

063915
063400
063835

L_m__uw

* The time of the explosicn is given in parenthesis.
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Interin Roport

EVALUATION DUST WITH CASCADE IMPAC

Oblect

The object of this work has been to construct and calilwate Cascade
Impactors and auxiliary equipment for the sampling of a particulate cloud
produced by a highly explosive weapoun.

Regulis
1. The three types of dusts are all of comparable density.
Rust Dengity
A 2,41
B 2,66
R 2,49

2, The fowr impactoars used gave comparable Frequency-Diameter Curves,

Discugsion

The increased impaction efficiency of the cloud has appreciably
shifted the peaks of the frequency curves, For example, the peak
frequency for jet 4 on all impactors is 0,1 microm, foar jet 3 it is 0,2
micron, for jet 2 it is 0,3, and where adequate counts permitted, it
is 0,4 micron on jet 1. Thus, the separation of the cloud has actually
oecurred; however, all in the range below 0,5 microm,

Conclugiong
The Cascade Impactors uniformly separate the cloud as follows:

Jot Frequency Peak
1 04 micram
2 0.3 micron
3 0.2 micron
4 0.1 micron

Apperently there is no serious loss of particles in the chamber,

Based upon a rather limited count, no peak shift occurred and there is
1ittle evidence that there is a serious loss of larger particles mriar
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to reaching the impactar,

Recommendaticns

It is recommended that rrovisions be made far retirn of the samples
to this laboratory for a coumt of the particles with the electron micro-
scops, This would emable rresentation of the data on a mass basis., Thus,
not only would presentation of a Frequency-Diameter curve be possible;
however, it would be possible to express an mmd per stage as well as for
the entire cloud,




Interin Repart

EVALUATION OF DUSTS WITH C. IMPAS

I. INIRODUCTION
A. Object

The object of thias work has beem to construct and calilrate
Cascade Impactors and auxiliary equipment for the sampling of a
particulate cloud produced by a highly explosive weapom.

B. Authority

letter dated 7 November 1947, from Armed Farces Special Weapons
Project, to the Chief, Chemical Carps., Sublect: Request for Cascade
Impactors.,

II. HISTGRICAL

K. R, ¥ay, H, L, Green eand J, W, Stevenson described the Caseade
Impactor in Porton 1600 (U3968) April 1, 1944. May later reparted the
impactor in the Jowrmal of Scientific Instruments in 1945, The impactor
as designed by May was used extensively during the war at all experi-
mental chemical warfare installations, and was found to be the most
mactical field sampling device for the evaluation of aerosols.

Recently a number of modifications of the ariginal design have
been made. L, S, Sankin described a "Modified Cascade Impacter®™ in
the Jowrnal of Industrial Hygiene and Toxicology, November 1946. Also,
H. C, Hodges redesigned the impactor and it is his design that has
been duplicated for this test.

ITI. THECRETICAL

The Cascade Impactor is a four stage impinger which is used for
sarting particulates into four size ranges. The separation of the
cloud into portions is accomplished by increasing the velocity of the
air stream through each of the four jets, thus, a [rogressively smaller
range of particles is "impacted out"™ as the sample passes from jet to
Jet. This sorting mresents a nmumber of convenient methods of exixressing
the nature of the cloud being sampled.

The cloud under consideration in this test will be composed. of
irregularly shaped dusts with an average specific gravity considerably
greater than the dispersed material reported by May; therefore, the
size ranges per stage will be cousiderably lower,
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The calitration of the impactars will be conducted with a cloud of
the same density materials as anticipated during the actual test. To
establish this, the density of the dusts "A", "E"™ and "R" are to be
determined, The three dusts will then be dispersed separately and
sampled with one impactor, A comparison of the counts from one stage
gshould then indicate the approximate distribution for each dust, If
the frequency curves are comparable the dusts will be mixed for a final
calitration,

The mresentation of the data will be a plot of frequency versus
size, Thus, if the impactars are uniform in the size range they remove
per stage, 1t will be possible to state that a given stage may be
rerresented by a frequency curve with a maximum retention of a stated
aize.

Iv, EXPERIMENTAL

A. Materials and Equipment
1. Cascade ctor

The Cascade Impactors employed for this work were constructed
from drawings by Dr. H, C, Hodges., Details of construction are givem in
drawings A through G, Enclosure D,

2, Expansion Chamber

To reduce the shock on the impactor from the bomb burst a
sheet retal chamber has been placed in front of it., This chamber ia
apmroximately one foot square with entrance and exit pipes of one-inch
diameter, See drawing H, Enclosure D and Fig., 1, Enclosure C,

3. Rupture Discs

To absarb the initial blast of the bomb burst a rupture
plate has been placed at the partrof the pipe leading to the expension
chamber and impactar, These aluminum discs are to be used at the three
inner positions., The 0,0015 inch thickness has been selected for the
middle positions, and the 0,003 inch thickness has been selected far
the inner position. No disc will be used at the outer sampling station.
The disc will be mounted in an adapter at the inteke pipe. The adapter
is showmn in drawing J, Enclosure D, Tables 1 and 2, Bnclosure B, give
the rupture pressures for the discs usged,

Lo Caplster

A M11 canisver has been placed as a filter at the effluent
of each Cascade Impactar to serve as a fifth impaction stage. The
location of the canister in the completed assembly is shomn by
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drawing H, Encloswre D and Fig. 1, Encloswre C,

5. DBlower

Vacuum for the system is supplied by a 24«vclt blower taken
from a Protector, Facepiece, E22, The blower is shown in drawing H,
Enclosure D and Fig. 1, Enclosure C.

6 . gtterieé

The batteries employed are 6-velt plastic stosage batteries
type BB-207/U. The betteries are housed two to a case witi cannon plug
commectors from the housing to the Blower«Timer circuit,

7. Iimer

A timer has been installed to clcse the Battery-Blower
circuit. This timer is spring wound with "on" and "off" tabs to make
and lreek the circuit. The minimum time that may be set between "on®
and "off" is apmroximately forty-five minutes. A special catch was
placed on the clock to stop it's operation after the circuit has been
cut off, This will eliminate the clock running another twenty=four !
"hour period and taking a sample the following day., Location of the
timer is shown in Fig. 1, Enclosure C, :

8. Aggembly Stand

The exmansion chamber, impactor, canister, blower and 5
timer are mounted on a rugged frame to permit ease of assembly at the :
moper height, Appmropriate double end wrenches are chained to the
stand to insure the availability of the mroper sized tools. See Fig, 1,
Enclosure C. Directions for field setup and operation are given in
Enclosure A.

B, Calilration Procedure

1., Adjustment of Flow

The blowers were operated at 12 volts rather than the
rating of 24, The units were assembled (including three feet of cmee
inch pipe on the intake of the expansion chamber) and the flow was
determined through each system operating at 12 volts,

2. Preperation of Dust

Dusts "A%, PE" and "R" were pulverized and a density deter- 1
mination wae made on each type. A cloud of dust "R" was then dispersed .
and inspected under the light microscope, Inasmuch as the particles ‘
found were in a range at the limit of resolving power of the microscope,
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it was decided to use the electron microscope for further calibratian
work, Each of the dusts were then dispersed and asampled on electron
microscope screens in impactor No, 1.

3. Sam Te ue

The final calibration of the four impactors to be used was
made with a mixture of the three dusts. The four impactars were mounted
in a hood in which the dust mixture was being dispersed and a sample
taken for 60 seconds.

To determine if a seriocus loss occurred in the expansion chamber,
anotker test was conducted with impactor No, 1 with an expansion chamber
and No, ? impector without sampling a cloud of mixed dust,

4o Meagurement of Particles

The increased impaction efficiency of the dusts necessitated
the examination of the slides with greater resolving power than the
light microscope could affard, In order to employ the RCA Universal
Type Electron Microscope, a technique waa devised that permitted collection
of the samples of 200 mesh electron microscope screens coated with Farmwar.
This technique consisted of spreading Farmvar on water and *dipping out®
with the half of the microscope slide to be used, The Farmvar firmly
held the screem on the slide even in the air stream from the jet, A
specimen screen was then placed at each side of the slide with collodiom
to space the Farmvar soated sample screen the correct distance from the
jets The samples were then photographed at a magnification of approximately
6900 diasmeters and enlarged photographically to 27,500 diameters, This
made 0.1 of a micron apmroximately 0,10 of an inch which made particles
less than a 0,10 micron sountable.

The mreliminary counts of the three dusts were made at a magnificatiom
of 2,380 and enlarged to 9,500 diameters, At this magnification, greater
errar in the 0,1 and 0,2 micron sizes was experienced; therefcre, it wme
decided to increase the magnification to the 27,500 diameter stated above,

Calibtration photographs of each magnification used are presented in
Enclosure E, This calibration is the standard method of photographing

a diffraction grating replica., The grating used for this calibtration
had 15,000 lines per inch,

C. Results

l, The determination of the dust densities indicated that the
three dusts were of comparable density.




Pust Dengity
A 2,41
E 2,66
R 2,49

2. The limitations of density determination on dust required
an actual test with each material dispersed and sampled by impactoar Ko, 1,
Results of these three tests are givem in Table 3, Enclosure B, also
Fig. 6, Enclosure C,

3. Data from the final calibration of the four impactors are
given in Tables 4 through 7, Enclosure B. All fowr impactars gave
comparable frequency curves as indicated by the Frequency-Diemeter
curves in Figs, 2 through 5, Enclosure C.

4. Results of the test to determine chamber loss are given
in Table 8, Encloswre B,

V. DISCUSSION
A. Geperal

The increased impaction efficiency of the cloud has apmreciably
shifted the peaks of the frequency curves., For example, the peak fre-
quency for jet 4 on all impactors is 0,1 micron, for jet 3 1t is 0,2
micron, far jet 2 it is 0,3, and where adequate counts permitted, it is
0.4 micron on jet 1., Thus, the separation of the cloud has actually
occurred; however, all in the range below 0,5 microm,

VI. CONCLUSIONS
A. The Cascade Impactors uniformly separate the cloud as follows:

Jet Frequency Feak
O/ micTon
003 micron
0.2 micron
0.l micron

o

Apparently there is no serious loss of particles in the chamber,
Based upon a rather limited count, no peak shift occurred and there is
1little evidence that there is a seriocus loss of larger particles mior
to reaching the impactoer.

VIJ. RECO TION,
A, It is recommended that provisions be made for return of the

samples to this laboratory for a count of the particles with the
electron microscope. This would enable resentation of the data on
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a mass basis. Thus, not only would presentation of a Frequency-Diameter
curve be possible; however, it would be possible to exrress an mmd per
atage as well ag for the entire cloud.
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DIRECTIVE
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1.

2.

3.

be

5e

6.

STRUC S FOR A G

CASCADE ACTOR G _AFP,

Place acid in batteries. The acid furnished has already been
adjusted for specific gravity.

Charge betteries at a 2 ampere rate for 20 to 24 hours, If the
colored balls are up, they are ready for use. Check batteries as
near shoot time as possible far comdition of charge. Double the
number of batteries needed and four times as much acid as needed
has been shipped. Extra fuses are in battery charger case,

Attach rupture disc adapter (appromriate disc is in place) to open-
ing on outside of barricade. Adapter wrench and extra discs (value
marked on cover) are sent in carton with spare parts. See Tables
1 and 2, Enclosure B, for rupture pressures.

Assemble apparatus framework making necessary adjustments with
horisontal and perpendicular slides and locknuts, Attach apparatus
to opening in barricade by means of the union on side of chamber,
Double end wrenches are attached to side of appsratus for attaching
impactar to union on other side of chamber, Attach a canister to
blower housing., Attach union between impactor and canister with
double end wrench, Attach eleoctric lead to battery case. Mamially,
tarn dial of clock to "on" in order to check operation of blower,

Set dial of clock using black tabs, along sides of dial, in such
a way that "on" switch will activate about fifteen minutes before
burst, and "off"® switch so that the blower will operate for the
desired number of minutes. Set book so that it will engage knodb
on the dial soom after the sampling period is over and blower has
stopped. This will stop the clock,

Wash, polish and mmber microscope slides, Flace in impactars,
being certain when installing springs, the sleeves are in positiom
to allow slides to be exactly equal distances from each side of
jet and perpendicular to air stream. Replace kmumrled caps snugly.
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5.
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6.

Ruptured at 155 P.S.I.

Held at 145 P.S.I1.

7.

Ruptured at 160 P.S.I.

Held at 155 P.S.I.

8.

Ruptured at 164 P.S.I.

Held at 160 P.S.I.

9.
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1.

Twice at 70 P.§.I. Ruptured at 2nd 70

Twice at 60 P.S.I.
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Ruptured at 93 P.S.I.

Held 90 P.S.I.

3.

Ruptured at 95 P.S.I.

Held 93 P.S.I.
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TABLE 3

[ i COMPARISON CF DUSTS "A®, E® AND "R®
DATA TAKEN ON IMPACTOR 1 JET 2

S ﬁiiioni? Numbe%‘l’otal Numbe%%%ti'otal Nmbe%%gmom
0.1 12 7.1 50 13.7 10 2.9
.2 28 16.7 68 18.6 32 9.3
3 36 21.4 112 30.7 75 21.7
N 1k 8.3 46 12.6 62 17.9
.5 9 5.4 26 7.1 W 11.9
.6 12 7.1 20 5.5 27 7.8
T 10 6.0 14 3.8 20 5.8
.8 8 4.8 12 3.3 2 6.1
.9 8 4.8 12 3.3 16 4.6
1.0 5 3.0 L 1.1 10 2.9
1.1 b 2.4 2 0.6
1.2 3 1.8 10 2.9
1.3 b 2.4 7 2.0
1.4 5 3.0 1 0.3
‘ 1.5 2 1.2 5 1.k
1.6 3 1.8 1 0.3 2 0.6
1.7 1 0.6
1.8 2 0.6
1.9 1 0.3
2.0 1 0.6 2 0.6
2.1
2.2 1 0.6
2.3
2.k 1 0.6
3.0 1 0.6
‘. -5 -




TABIE 4
FINAL CALIBRATION OF CASCADE IMPACTORS

IMPACTOR NO. 1

Size in Jet 1 Jet 2 Jet 3 Jet 4
Microns| Number]# of Total |Number]% of Total| Number] % of Total|Number[$ of Total
0.1 12 1.5 39 3.6 128 7.2
1 69 8.6 179 16.6 538 30.3
.2 167 20.8 | 359 33.3 b2 2.5
3 197 24.6 | 225 20.9 323 18.2
b 156 19.5 | 127 11.8 170 9.6
.5 75 9.4 T4 6.9 81 4.6
.6 54 6.7 Lo 3.7 37 2.1
.7 32 k.0 18 1.7 14 0.8
.8 16 2.0 10 0.9 8 0.k
.9 10 1.2 3 0.3 L 0.2
1.0 6 0.7 2 0.2 2 0.1
1.1 3 0.k
1.2 2 0.2 1 0.1 1 0.05
1.3 2 0.2
1.k
1.5 1 0.1 1 0.05
802 99.9 hotr | 100.0 1779 | 100.1




TABLIE 5

FINAL CALIBRATION OF CASCADE IMPACTORS
IMPACTOR NO. 2

e e T N o

0.1 8 1.3 35 1.8 101 6.6
1 8 5.8 93 14.9 306 21.8 475 30.9
2 21 15.1 161 25.8 290 31.3 428 27.9
3 25 18.0 192 30.7 | 21 19.5 252 | 16.4
" 28 20.2 56 9.0 92 12.0 136 8.9
.5 21 15.1 46 T.4 60 5.3 66 4.3
6 1k 10.1 30 4.8 31 3.7 36 2.3
7 8 5.8 15 2.4 12 2.1 17 1.1
8 5 3.6 10 1.6 10 0.9 12 0.8
.9 1 0.7 4 0.6 3 0.6 8 0.5

1.0 1 0.7 6 1.0 3 0.5 5 0.3

1.1 1 0.2 3 0.2 1 0.1

1.2 1 0.2 1 0.1

1.3

1.4 2 1.4 1 0.1

1.5 2 1.4

1.6 1 0.7

1.7 1 0.7

1.9 1

2.0 1 0.2 0.1

2.6 1 0.2

4.0 i 0.7

139 | 100.0 625 100.3  |1058 99.9 1537 |[100.1




TABLE 6
FINAL CALIBRATION OF CASCADE IMPACTORS

IMPACTOR NO. 3
i;_izéggi: mmg;ilgf Total ympif g of Total Mﬁi of Total lcrumbert hof tal
0.1 1 0.3 5 0.6 16 2.3 72 4.6
A |25 8.5 97 11.3 | 1 20.4 | 58 3T.%
.2 |60 20.5 190 22.1 231 33.4 L5 30.3
3 | 65 22.2 227 %.% | 128 18.5 | 250 15.9
Ao 79 27.0 121 14.1 91 13.2 98 6.3
.5 17 5.8 82 9.6 39 5.6 L8 3.1
6 |12 k.1 L6 5.k 19 2.7 19 1.2
.7 6 2.0 31 3.6 12 1.7 12 0.8
.8 9 3.1 2k 2.8 6 0.9 7 0.4

9 5 1.7 12 1.4 4 0.6 1 0.1
1.0 5 1.7 8 0.9 1 0.1
1.1 1 0.3 2 0.2
1.2 2 0.2 1 0.1
1.3 1 0.3 3 0.3 1 0.1
1.k 1 0.3 5 0.6
1.5 1 0.1
1.6 1 0.1
1.7 2 0.7 1 0.1
1.8 1 0.3 1 0.1
2.3 1 0.3
2.4 1 0.3
2.5 1 0.3
3.0 1 0.1

293 99.7 859 99.9 691 99.7 [1568 100.1
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TABIE 7
FIRAL CALIBRATION OF CASCADE IMPACTORS

IMPACTOR NO. &4

fé.é;i mmgfﬁr_me; nmg? "i_._mga;of mﬁéﬁw’ mlﬁ:ﬂ_ma_lh £

0.1 7 0.8 35 2.9 70 6.2
1 114 12.7 330 27.7 390 34.7
.2 208 23.2 350 29.4 317 28,2
3 265 29.5 203 17.1 168 15.0
i 122 13.6 113 9.5 98 8.7
.5 6L 7.1 61 5.1 43 3.8
.6 35 3.9 3k 2.9 17 1.5
.7 30 3.3 37 2.3 12 1.1
.8 21 2.3 14 1.2 4 0.4
.9 10 1.1 12 1.0 2 0.2

1.0 [t 0.h 6 0.5

1.1 3 0.3 1 0.1

5 0.6 1 0.1

3 0.3 1 0.1
2 0.2 1 0.1 1 0.1

2 0.2 1 0.1

2 0.2
1 0.2
898 99.8 1150 | 100.1 122 99.9
-5 -




COMPARISON (F SAMPLES TAKEN WITH AND WITHOUT EXPANSION CHAMBER

TABLE 8

31&12 Nupber %L.QI.MI MA 2.of Total

0.1 Y 2.7 5 1.3
o1 1% 30.3 107 2.5
2 132 25.1 88 234
.3 86 16.4 64 17.1
o4 57 10.9 32 8.5
o5 A 549 29 7.7
6 16 3.0 2 77
o7 12 2.3 10 2,7
.8 9 1.7 2 0.5
9 5 1,0 3 0.8

1.0 1 0.2 2 0.5

1.1 1 0.3

1.2 1 0.2 1 0.3

1.3 | 0.2

14 1 0.2 1 0.3

1.5

1.6 1 0.3

2.1 | 0.3
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ENCLOSURE C

FIGURES




Close-Up of Complete Assembly Close-Up of Complete Assembly

Back View

1,
| 2,
3.
4e
5
6.
7.

Front View

Timer Mechanism

Blower

Canister, M11

Cascade Impactor
Expansion Chamber
Assembly Stand

Two Double End Wrenches

Fig. 1 Complete Assembly of Cascade Impactor and Accessories
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ENCLOSURE E

ELECTRON MICROGRAFPHS

(These micrographs were never received.)
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Project 7.1~17/RS (CC)~8: Test of Efficiency of Field Collective
Protector E2LR3

Abstract

Objective:

The object of this project was to determine the efficiency of Field
Collective Protector ER4R3 in furnishing purified air to a building by the
removal of radioactive particulates and gases resulting from the explosion
of an atamic bamb,

Results:

With the Field Collective Protector E24R3 installed in the OCE Type A
structure at 1500 feet fram Zero, the rate of flow of air through the unit
was 316 cubic feet per minute, and it maintained a positive pressure of 0.8
inch of water inside the building,

As a result of the explosion the OCE structure was thrown approximately
30 feet fram its original position and turned upside down, The Field
Collective Protector was turned over but the only apparent damage to the unit
was a crushed gasoline tank., 4 visual inspection of the Collective Protector
showed that there were no cracks in the aluminum castings; the charcoal units
were still compactly packed, and there was no visible damage to the paper in
the filter units. As the Field Collective Protector did not operate after
the explosion no results were obtained on its efficiency in removing radio-~
active particulates and gases,

In tests Yoke and Zebra the Field Collective Frotector was placed on an
IQM voat anchored in the lagoon dowrmwind from Zero. However, no additional
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information on the efficiency of the unit in removing radiocactive particulates
was obtained, During test Yoke the blast stopped the electric generator which
was operating the Field Collective Protector and the radiocactivity detecting
equimment, while in test Zebra no "fallmout" occurred in the vicinity of the
boat.

During pre~test trials some trouble was experienced with the blower
units on the Field Collective Protectors, The impeller blades broke loose
fram the blower wheel to which they were apot welded. Upon riveting the
impeller blades to the wheel, the blower units operated satisfactarily.
Conclusions:

It is concluded that:

(1) The Field Collective Protector E24R3 would probably operste
satisfactorily during an atamic explosion if placed in a building which could
withstand the blast effects of an atamic explosion,

(2) The Field Collective Protector E24R3 wouid withstand the rough-
handling that would be expected wath field usage, as indicated by the absence
of mechanical failures in the unit placed in the structure which was thrown
about 30 feet and turned upside dowm by the explosion,

(3) satistactory oporation ci the Field Coilectave Protectar's
blower unit for long periods of time could not be assured with the impellar .
blades spot welded to the blower wheel,

Recamendations:

It is recammended thats:

(1) The impeller blades be riveted instead of spot welded to the

wheel of the blower units on the Field Collective Protector. This is already

i
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being done in the assembly of subsequent units.

(2) Further laboratory tests be conducted on the efficiency of
the filter material and absorbent in the Field Collactive Pratector in
removing radicactive particulates and gases, The particle size information
obtained fram Project 7.1~17/RS(CC)-9, Particle size of LMaterial in Cloud,
could be used in generating a simulated cloud.

(3) In future tests of atamic weapons, a more practical site be
selected for the installation of a Collective Protector, i.e. one in which
the effects of blast and radiation would not render the building uninhabitable

even if furnished with puvified air,
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Project 7,1-17/BS(CC)-8: Test of Efficiency of Field Collective Protectar

I. Objective:
The cbject of this project was to determine the efficiency of Field

Collective Protector ERLR3 in furnishing purified air to a building by
the removal of radioactive particulates and gases resulting from the

explosion of an atamic bamb,

In Test X—Ray one Field Collective Protector ER24R3 was installed in a

‘reinforced concrete structure, Type 4, constructed on Engebi Island by the

Corps of Engineers, This structure was 1500 feet from Zero. Radicactivity

detecting equipment was installed inside the structure to determine the air

" contamination within the building. Another Field Collective Protector was

placed on an LCVP baat which was anchored in the lagoon, dowrwind in the
predicted "fall~out" area at approximately 2500 yards from Zero., Radio-
activity détecting equipment was used to measure the radiocactive material
penetrating the Collective Protector unit.
In Tests Yoke and Zebra a Field Gollective Protector ERQ4R3 was placed
on an LGM boat which was anchored in the lagoon dowrwind in the predicted
" fall~out” é.rea, As in the first test radiocactivity detecting equipment
was installed on the boat for measuring the penetration through the
Collective Protector unit. The boat was anchored at a distance of approxi-
mately 2500 yards from Zero dur:i.né Test Yoke and 4000 yards from Zero
during I;est Zebra,
II. Hi;.‘horical: ﬁ
Co]Iective Protectors Ml and M2 were the standard protectors at the
start of quld War II, Collective Protector Ml was used for permanent
-1~
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fortifications and M2 for field installations, .Both types were bulky
and awkward to handle, In March 1943, the carbon impregnated filter of
the canister of each protector was replaced by an asbestos-impregnated
paper. The protection against liquid smoke was markedly improved by this
change,

Collective Protector M2A2 was standardized in March 1944, The main
difference in the X2 and M2A2 is the position of the canister, The
canister in the former is placed above the blower in a vertical position
while in the M2A2 the canister is resting in a horizontal position on a
steel frame beside the blower. In the -ertical pos’ .ion the canister
often broke the blower frane. In July 1944, Type ASC char cal was sub-
stituted for Type A charcoal in the canister, The protecti n 'a.gainst
cyanogen chioride was markedly inmproved by this change,

A small collective protector M3 of the same genera design as the
original field models was standardized in June 1942 for anstallation in
vehicles such as the Ordnance machine shop truck, laboratory truck and
similar vehicles, This protector was designed tc purify nly 50 cu. ft.
of air per minute as campared to 200 cu. ft., of air per minute foar the
field nodels,

However, experience has shown that Collective Protector M2A2 is too
heavy and cumbersome for field service and the M3 supplies insufficient
air to pressurize existing vehicles, The newly developed Field Collective
Protector E24R3 dispenses with the frame, using the air purifier itself
to support the blower, The camplete protector, which may be either
electric or gasoline motor driven, is made almost entirely of aluminmum,

- 2 -

e .




weighs only 300 pounds and is easily disassembled into eight separate
sections which permits easy one or two man carries. Its aire-purifying

capacity is 300 cu. ft. of air per minute which is sufficient for the
comfort of 30 men, and the active air purifying materials are Type ASC
charcoal and waterproofed asbestos-bearing filter paper (Type 6), an
improved filter material, Field Collective Protector E2LR3 is designed
for the removal of chemical and BW agents and radiocactive dusts fram
- air entering all types of mobile and portable shelters, dugouts, barracks,
trucks and trailers. The protector may be installed either inside or
outside of the structure for which it is furnishing pwrified air, It is
necessary‘that leaks in the sheltgr be minimized so that a positive
pressure of approximately 0.5 inch of water can be maintained within the
shelter,

The authority for the wark on this project was contained in the
letter of 22 Decémber 1947 fram Headquarters Joint Task Force SEVEN to
Director of Plans and Operations Division, Subject: Chemical Corps

_ Participation in .A-tfcmic Energy Activities, In addition to the Chemical
| Carps who have prime interest, this project has been sponsored by the
Corps of Engineers, Bureau of Yards and Docks, and the Armed Forces
Special Weapons Project,

A. Masterials and Equipments

1. Field Collective Protector E24R3:

The umts used for test X-Ray were gasoline motor driven

while those used for Tests Yoke and Zebra were electric motor driven,
- 3 -
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The floor space required by the unit is 5 sq. ft., and the overall height
is about 39 inches, One end of a flexible metal hose, approximately
8 feet long, was connected to the intake plemm of the Collective Protector,
while the other end of the hose was fitted with an adapter for attaching
to the é~inch air inlet pipe to the concrete structure., Photographs of
the gasoline~driven unit showing its construction are given in Figures 1
and 2, Appendix A,

20 Pitot Tube:

A pitot tube was used to measure the rate of flow of air
through the Field Collective Protector,
3. Draft Gage:
An Ellison draft gage (0 to 1.5 inches of water) was used to
indicate the pressure attained within the concrete structure while the
protector was in operation,

4o Radioactivity Detecting Equipment for Pemetration Measurements.
The equipment for measuring the radioactive material penetrating

' the collective protector consisted of an Eck and Krebs self-quenching Geiger
tube with a thin window (30 mg./cm.2) for measuring Beta activity, This was
connected to a counting-rate meter (General Radio Co,) which in turn was

~ e

:
i connected to an Bsterline-Angus recorder (Figure 3, Appendix A). The Geiger
F tube was placed in the effluent air stream fram the Field Collective Pro-
| tector and surrounded by at least 4 inches of lead in the form of bricks,
50 Electric Generators:
o A gasoline driven 115 volt generator producing 1~1/2 lkw. was
‘ used to operate the radicactivity detecting equimment in the concrete
-l -
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structure, while one producing £ kw. was used on the ICVP boat for +as®
X-Bay, One 5 kw, ¢lierfiic generaior was used fo oparave both the radios
activity detecting equpment and the electyic motor driven Field Gollective
Protector on the ICM beat during t-=ts Yoke and Zebmz,
B, Frocedure:
L. Test XoBay:

One Field Collective Protactor E24R2 with 3 gasoline mobnar
was installed in 3 Corps of Engineers Type A structure a2t 1500 fee® fram
Zaro, The inside dimensions of the structure wers 15 P, x 8 £, x 8 ft,

. and contained one door with an anti-back draft valve and no windows,

The Collective Prctector unit was placed on the floor in
appraximately the center of the building, Ore snd of-a finch diameter
flexible metal hose, about 8 feet iong, was connectad to *he intake plenum
of the Collestive Protector, and the wther end, with s special adapter.
was welded to the 4.inch air intake to the strusture, (Figures 4 and ©.
Apperdix A},

An Bk and Krebs bebtassarsitiss Geiger tubs was tlaced in a
right angle duet whizn was then attached to the Goiiective Protector blower
outlet (Figure 6, Appentix A), A shield of laad bvirks was tuilt around
the duct to prevent outside ra;diat-ion froy reaching th= Geiger tube, so
that only the radicactive particles penstrating the Collechive Protector
unit would be recaréed, Then the Geiger *ib= war cornacted Lo a Counting-
Rate Meter which in tura was connectad o an Estexlins Avgus vrecorder
(Pigures 7 and 8, Appendix A),

The counting tubes were calitrated with a Cobalt 60 standard

- 5w
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Frepared by the National Bureau of Standards. Diar ct calabrat’on of the
actavaty per liter of effluent air was difficult because of the cam—
plicated geametrical factors in 1 ed in measuring t.e activity of air
flowing hrough a duct. A rough estimate; which was prob bly sufficiently
accurate .0 hat purpose, indicated that the efficiency of the counting
set up was about 25%, The oun ing rate meter vas operated on the 6600
counts per minute rang., With this range accurate measurements can be
made from 100 to 6000 cpm. Since the volume of air measured at one time
1s about o e later; and sance the tube 15 only 25% efficient, this is
quivale to 400 to 24,000 cm per liter of effluent air., At an average

inhalation rate of 20 liters per minute, this is equivalent to the in-
halation of 8,000 to 480,000 cpm or 0,004 to 0,2 microcuries per mimute,

A 1-1/2 lov, gasoline~drive electric generator wa also
placed in the structure t operate the detection equipment (Figure 9,
Appendax A), An ov rall vi w of th generator and Coll cti.e Protector
umt anstalled an the building is shomn an Figure 10. Appendix

The flow rate through the Collec ive Protect r during i.s
opera 1o was determined by attaching a straight 4-1/8 inch diameter metal
tube, about 10 feet 1 ng, to the effluent end of the blower, ard measuring
the pressure differential with an impact type pitot tube connected to a
draft gageo

The r.sitive pressure maintained within the OCE stmcture
under operating conditions was measured by atta}c ing one erd of a dr-ft
gage to a “e~inch pipe which led to th .outside, while the other end of

the draft gage w s open to the inside of the strucuure,
-6 -
~Snenl




TSRS ol badl ot 2
z"i’ . PRGN, |

o -
(R R S R R

o

A second field Collective Protector EB24R3 with a gasoline

motor was set up in an ICVP boat which was anchored in the lagoon at
approximately 2500 yards from Zero. The same type of radiocactivity
detecting equipment as used in the OCE structure was assembled on the
boat, A 5 kw, gasoliune-driven electric generator was used to operate
the detection equipmen::.
On X-Ray minus two days the gasoline tanks on the Collective

Protectors and electric generators were filled and the operation of the
equipment checked, The electric generator was allowed to contime operat—
ing the counting rate-meter in the OCE structure to keep the meter warm
thus preventing moisture fram collecting inside the meter,
| On X~-Ray mimis one day the gasoline tank on the generator
in the OCE structure was refilled. At H-hour mimus six hours, the engine
on the.Collective Protector unit was started, It was also planned to
start the Collective Protector amd radicactivity detecting equipment on
the ICVP boat on X-Ray miri:5 cae day, bub the boat sank in the lagoon on
that monﬂ.ngAm.th all the equitment aboard,

2, Test Yoke:

A Field Collective Protector with an electric motor was set

up on an ICM boat, which was anchored dowrwind in the lagoon at apprax- ’
imately 2500 yards from Zero (Figure 11, Appendix A), The same radio-
activity detecting equipment as described under Test X-Ray was assembled.
on the boat, The 5 low. generator was used to operate both the detection
equipment and Collective Protector. On Yoke mimus one day the gasoline
tank on the generator was filled, and the generator, Collective Protectar 1
and radiocactivity detecting equipment were started,

-7 -
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3, Test Zebra:
The same ICM boat and equipment that was used during Test
Yoke was used for this test, However, during this test the boat was
anchored at approximately 4000 yards from Zero., The same procedure was
followed in starting the equimment as in the previous tests,
IV, Test Results:
A, Test X-Ray:

With the Field Collective Protector completely assembled and
installed in the OCE Type A structure at 1500 feet from Zero, the rate
of flow of air through the unit was determined,

Diameter of metal tube - 4,125 inches
Area of metal tube, A - 0,092 sq. ft.
Temperature; t - 32°¢

- Barometric pressure, Bar - 29,85 in, Hg

Reading on draft gage with
pitot tube in center of

air stream, D - 0,93 in, Hy0
234 t° 29,92
Flow Rate Q = A x 3435 \[Dx 273 x

Bar

oo xuss\om = LA « B

316 cubic feet per mimute

With the door on the structure closed and the Field Collective
Protector operating, a positive pressure of 0.8 inch water was maintained

inside the buildirg, e

< !
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During a pre~test check the electiic generator operating the
radiocactivity detecting equipmenﬁ performed satisfactorily for 24 hours,
After refueling on X-Ray minus one day, the generator would not start
appurently due to a tmrned out magneto, Since insufficient time remained
berore :l.e test to fix or replace the generator, the radicactivity
dei zcting equipment was removed froam the structure to prevent it fram
beccuing damaged during the test. However, the Field Collective Pro-
tector was started as scheduled and allowed to operate in order to
determine the effect of the explosion on the unit,

As a result of the explosion the OCE structure was thrown
appraximately 30 fecet from its origimal position and turned upside down,
An iaspection (. the inside of the builling showed that the Field
Colleclive Protector had turned over, btuc t.!‘e air purifier unit was
still in good condition, The electric g=urerator nad fallen against the
flexible metal inlet hose and had broken i+ away fram the air intake
pipe to the building, Tha Z6lleclive Pro2: 50 apparently did not
~perite afher the =Xplosici as no radicact yity was detected ¢n the
filver units, Figures 12 aad 13, Appendix A, shw the conditiocn of
this equirmert inside the structure after r.e explosion,

Tre only c-nceivable damage to ths Fie'd Collective Pro-
tector was the crushing of Lhe enlarged gasclire tank on the ergire,

A close visval examination cf the Collective Protector slowed that

there were no cracks in the aluminum castings. Tiie air purifier was
disassembled, and a visual inspection of tie filler units revealed no
damage to the paper, The atsorbents in the  l:::cal units were still
-9 -
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compactly packed, and no looseness of the charc:al was apparent upon
shaking,

As stated in the previous section, all of the equipment set
up on the LCVP boat was lost when the boat sank in the lagoon on the

morning before the test,

"B, Test Yoke:

As a result of the explosion the electric generator, which was
operating both the Field Collective Protector and the radiocactivity
detection equipment, stopped. The wires connecting the equipment to
the generator were torn loose, The record on the Esterline-Angus
recorder indicated that the equipment functioned up to the time of the
explosion and then stopped, Therefore no results were obtained on the
efficiency of the Field Collective Protector in removing radiocactive
particulates, However, upon starting the generator again all of the
equipment operated satisfactorily, so the same apparatus was used far
the next test,

C. Test Zebra:

For this test the ICM boat on which the equipment was assembled
was anchored at a distance of 4000 yards instead of 2500 yards from
Zero as in Test Yoke. The boat was placed downwind in the predicted
"fall-out” area, However, no "fall-out" occurred in the vicinity of
the boat, and although the equipment functioned satisfactorily through-
out the test, no results were obtained in this test on the efficiency
of the Fleld Collsctive Protector in removing radiocactive particulates.

- 10 -
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V. Discussion:

In the original plan of tes. X-Ray one Field Collective Protectar
E2/R3 was to be installed in each of two Corps of Engineers Type A
structures, one at 1000 feet and the other 1500 feet from Zero.
However, a late estimate of the pressure that would probably exist at
the 1000 feet structure as a result of the explosion clearly indicated
that this structure would be badly damaged or destroyed. Therefare it
would be impractical to set up the Field Collective Protector equip-
ment inside this building. It was decided to assemble this apparatus
on an ICVP boat anchored dowmvind in the lagoon, while leaving the
secord Field Collective Protector apparatus in the OCE struciure at
1500 feet from Zero as originally planned. All of the equipment
assembled on the ICVP was lost when the boat sank in the lagoon on the
day prior to test X-Ray. However the equ'..ment would have been of
no value if it were left in the OCE structurs at 1000 feet since this
building was thrown over 100 feet from its original position, turned
upside down ard tie door blown inside the structure.

In the pre-test runs prior to test X-Ray some trouble was
experienced with the blower units on the Field Collective Protectars.
After operating for several hours the impellor blades broke loose from
the blower wheel, scraped against the inside of the blower casing, amd
caused the engine to overheat and stop. Apparently the spot welds
holding the blades to the blower wheel were not strong enough for opera-
tion of the blower at 3400 revolutions per minute. The blowers were
repaired by riveting the impeller blades to the blower wheel. After
reassembly the blower units operated satisfactorily.

-1 -
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Although no results were obtained on the efficiency of the Field

Collective Protector in removing radioactive particulates, the tests
did show that the Field Collective Protector would withstand the
blast effects of an atomic explosion wher;’placed within a suitable
building at least as close as 1500 feet from the center of the
explosion, The OCE type A structure at 1500 feet from Zero was turned
upside down by the explosion, but the Field Collective Protector was
.stil]'. in good condition, The only visible damage to the unit was a

. crushed gasoline tank on the engine., There were no cracks in the
alumirmm castings, the charcoal units were still campactly packed,
and there was no visible damage to the paper in the filter units.

It may logically be assumed that if the Field Collective Protectar
were in a building that would withstand the effects of the blast fram
an atomic explosion, the unit would operate satisfactorily.

In connection with project 7.1-17/RS(CC)-9, Particle Size of
Material in cloud, a gas mask canister M1l was used on the effluent
end of the cascade impactor equipment. This canister utilizes the
same Type 6 paper as used in the filter units of the Field Collective
Protectar., Same information was obtained on the efficiency of Typs 6
paper in removing radioactive particulates by measuring the radio-
activity on warious thicknesses of the paper after drawing a sample
of the cloud through the cascade impactor and canister. Details of
these tests are given in the report on the project,

VI. Conclusions:
It i3 concluded that:
(1) The Field Collective Protector E24R3 would probably operate
-12 -
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satisfactorily during an atomic explosion if placed in a building

waid

which could withstand the blast effects of an atamic explosion.

(2) The Field Collective Protector E2LR3 would withstand

the rough handling that would be exspected with field usage, as
indicated by the absence of mechanical failures in the unit placed
in the OCE structure which was thrown aboul 30 feet and turned
upside down by the explosion.

(3) satisfactory operation of the Field Collective Pro- |
tector's blower unit for long periods of time could not be assured
with the impeller blades spot welded to the blower wheel.

VII, Recommendations:

It is recammended that:

(1) The impeller blades be riveted instead of spot welded
to the wheel of the blower units on the Field Collective Protectar,
This is already being done in the assembly of subsecuent units.

(2) Further laboratory tests be conducted on the efficiency
of the filter .ma.terial and absorbent in the Field Collective Protector
in removing radiocactive particulates and --ses. The rarticle size
information obtained fram Project 7,1-17/RS(CC)~9, Particle Size of
Material in Cloud, could be used in generatinm a simlated cloud.

(3) In future tests of atomic weapons, a more practical
site be selected for the installation of a Collective Protector, i.e.

one in which the effects of blast and radiation vould not render the

building uninhabitable even if furnished -vith purified air.
- 13 -
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AFPENDIX A

Figures 1 through 13




Field Collective Protector E2/R3

1.
2.

Charcoal Unit.

Filter Unit,

Top and Bottom Manifolds.
Intake Manifold.

Exhaust Manifold,

Blower,

Gagoline Tank,

Flexible Metal Hose,
Adapter to 6-inch Pipe.
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Fig, 2

Field Collective Protector E24R3

1.

Charcoal Unit.

Filter Unit.

Intake Manifold.
Exhaust Manifold.
Blower,

Gasoline Tank,
Gasoline Engine,
Engine Stand.

Flexible Metal Hose,
Adapter to 6-inch Pipe,
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Fig. 4 Collective Protector Installed in OCE 1500-feet Type A Structure

Fig. 5 Close~Up of Flexible Hose Air Inlet to Collective Protectar
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PL-312

Fig. 6 Collective Protector Showing G Tube Adaptation
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Fig. 8 Radioactivity Detection Equipment, OCE "A® 1500
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Fig. 11 Generator with Collective Protectar in Fareground in ICM Boat
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Fig, 12 OCE Structure "A" - 150u-feet - Interiar - Collective Protectar Unit




