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ABSTRACT

Residual contamination in the crater was measured af-

ter each of X-ray, Yoke, and Zebra explosions, A sample

taken about 100 feet from each tower base was followed for

decay using a Geiger-Muller counter and when sufficiently

reduced in radioactivity 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-

dioactivity 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 Na24 but indicated that per-

haps some other activity, not identified, was present.

Fractionation of the fission products is another possible

explanation. The best fit was obtained with t-1-45 for the

fission products but this was outside of any probable value
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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 base.

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, Na2 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. Again these in.-

dicated a mixture of fission products, Na24 and unidentified

activity. No crater sampling survey was made.

It is concluded that failure of samples to follow the

expected curve is perhaps due to large amounts of activity

-4-
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induced in unknown elments with fractionation another pos-

sible explanation. Because of the atypical nature of the

surface, the data are not very useful for predicting the

radiological hasards following air bursts.

4

A
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OBJBCTIV

Heasurements in connection with this project were made

for the purpose of obtaining as complete information as

possible about the radiation hazards existing in a laud a-

rea which had been exposed to an air burst atomic bomb.

They were designed to be useful in planning operations in

the future as wel as during OPEATION SANDSTOZ itself.

With reasonably good data obtained as soon as possible af-

ter the burst it is considered possible to extrapolate back

so that the hazards existing very soon after burst can be

determined.

?;-6-
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HISTORICAL

Following the test at Alamagordo, measurements were

made of radioactive 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 existing 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-l' 3 1 aw. It was hoped that the present project

would provide more complete information on the radioactive

situation existing after an air burst bomb.

-7-



EPMIMNTAL

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 TaEk GroLap 7.6

on the USS BAIROKO. Aliqaots 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 about 2.0 mg. Der 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. 2 . These counter tubes were

connected to General Aadio Company type 1500-A counting

rate meters which in turn were connected to Esterline-Angus

continuous chart recorders. The sizes of the initial sam-

ples were adjusted so that a counting rate of aporoximately

18,000 counts per minute was obtained. After the samples

had decayed 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-



After the initial rapid decay had taken place somue 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 requireut.•1ts in-

cidental to radiation health protection required the use of

scaling circuits on several occasions.

In addition to the crater samples described in the

foregoing paragraphs, scotch tape samples, taken from the

drone airplanes, were run on tests Yoke and Zebra. These

samples were obtained by applying a niece of scotch tane

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 a 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-

tervals throughout the run. Beta calibrations were made

• ...... ... ........- 9 -•



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

the 1.17 Mev beta particles from radium L. Gamma-ray cali-

brations were made using Co60 secondary standards which had

been checked against Co6 0 standards furnished by the Nation-

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 high specific ac-

tivity so that very thin samples could be used, and none of

the results were corrected for self absorption.

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

intensities given in this report are averages of readings

"10 -



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

addition, surface samples were taken at each ,tation 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.
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RESULTS

1. 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" 1 "2 law expected for

fission products. From the semilog plots it is evident that

a large fraction of the activity was due to 14.8 hour Na24

produced by the Na2 3 (n, 1) Na24 reaction.

Attempts were made to fit the observed decay curves

with an equation of the type

A = K" -Xt plus L Mi
t1. 2

where A = observed activity (counts per minute)

A= decay constant of Na24  = O.0468/hour

t time in hours

K and L = constants

The first term in Eq. (1) gives the contribution of Na24

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 this 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-



reasonably 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 a half-life considerably longer than that of

Na24 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

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 S32 (n,p)

8.5 day Ca4 l from Ca40 (n, 2n)

12.4 hour K42 from K41 (n, 9)

180 day Ca4 5 from Ca44 (n, V)

No consideration was given to s35 from C1 (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 .



V
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 beet 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 results 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 are with-

out significance. The large spread 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 t-1.2

fission product decay shows that at all distances studied

the samples from 2" and 41 below the surface show nearly

-14-



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 t-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 possibility.

To calculate the percentage activity due to fission

products the assumption was made that the only other active

constituent was Na2 4 . 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 -



Table I

Percent F, P. at 186 Hours

A B C D

Depth 0 li" 2" 41

Distance 100 ft. 46 100 100 100

200 ft. 48 69 100 100

3OO ft. 42 42 100 100

500 ft. 44 100 100 --

600 ft. 32 100 -...

700 ft. 37 100 100 -

800 ft. 35 100 100 100

900 ft. 44 47 100 100

1000 ft. 36 36 100 100

1100 ft. 98 100 100 100

1200 ft. 100 100 100 100

1I

- 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 rains. 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 I.

- 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 soots" 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" sa&-ple, 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 Na2 was

excluded. The results were then corrected by the t"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 7
H plus one hour 2.3 x 10 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

gamma ray with a half-value thi*.ness 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% Na24 and 25% fission products. The pho-

ton energy observed agrees as well as can be expected with

the 1.38 Mev gamma ray from Na2'. 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 -



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 O.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 proAucts. 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

Na24 induced by neutrons. The specific activity of the

sample at H, plus 22 hours was 2.8 x 10-4 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 frCE

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" above 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 10"3 microcuries per milligram.

- 21 -



The cement sample from the 1000 ft. O.C.S. structure

appears to differ in activity from a sample taken from the

base of zero tower. The first measurements oi. 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

4ith 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-

cal curves indicate a mixture of Na24 and fission products.

Ot)ier active materials may be present for observed curves can-

not be fitted with a two-constant equation having terms for

Na2 4 and fission products.

The decay curves for the drone 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.

-22-
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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 along 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. rnicrocuries/miL

1200 0.083

1500 6.6 x 10-6

1800 1.9 x 10-6

2100 7.0 x 10-7

2700 1.4 x 10-6

3000 4.8 x 10o-

3300 4.6 x 10-8

3600 5.8 x IC-5

3900 1.7 x 10-8

4200 1.0 x 109

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

Na2 4 and fissi~n 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 due 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 a 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

-24-



counts did not check with the re-ults 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 105

at plus 72 hours for both X-ray and Yoke tests. This cor-

responds to a plutonium content of about lo-3 micrograms

per gram of soil but this figure is not accurate beyond or-

der of magnitude.

- 25 -



DISCUSSION AND CONCLUSIONS

The outstanding result of all of the decay curves is

the failure to find components corresponding to the t-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.

All 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

curves seems unwarranted. Some measurements are being

continued on one sample from each crater.

No clearcut evidence of fractionation was obtained

because of the large and variable 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 typical terrain so

that a complete analysis can be obtained.
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ABSTRACT

Air radiological surveys were conducted with a C-47

airplane on eight occasions during the three atomic weapons'

tests at OPERAION SANDSTONE* A single survey at low

* Ialtitudes was also conducted with a Type HOS helicopter

following the third test. These surveys provided informa-

tion which could 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 intensity in the orator itself* Crater activities

estimated by means of this factor and an average intensity

measured at 1,000 feet might have been in error by as

much as a factor of two. The maximum altitude at which

radiation could be detected a few hours after each test

was 7,000 feet. The results obtained from these surveys

are considered -to be of sufficient accuracy to warrant

continued analysis. Preliminary work has indicated that

the orator aots as a point source for altitudes greater

than 1,000 to 2,000 feet. Various types of existing field

survey instruments were tested and a number of improvements

are reoommended. The over-all results of the project indi-

cate that the aerial survey shows promise as a possible

method of measuring the approximate extent of a oontaminated

area in the event of atomic warfares
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OBJWCTIVB

The objeotive of this projeot is threefold, (1) to

provide an serial reoonnaissanoe survey for the determina-

tion of intensities of gaia radiations within the blast

area without exposing personnel to harmful intensities of

radiations suoh as would be encountered in surface opera-

tions; (2) to aooumalate data for oonfirmation of theoret-

ioal caloulations regarding the attenuation of ganma radi-

ation above large land and sea area bouroes3 and (3) to

test instruments which would be practical for use in aerial

surveys of oontaminated areas in the event of atomic war-

fare*

HISTORICL

The first aerial survey of a land area exposed to an

atomic bomb explosion was made at the Trinity site approx-

imately one year after that test had been conducted. This

survey was made in a small single engine airplane. The

delay from the date of the test to the date of the survey

somewhat limited its praotical value, but it pointed out

3



the possibilities of this type of operation (i)*. Aotiv-

ity at altitudes as high as 1000 feet was measured in the

Trinity air survey.

At Bikini aerial redio'logioal surveys at altitudes up

to 4000 feet were made with FBM type aircraft after each

test, Aocuracy of the results of this survey was hampered

by the types of instruments used, by the inability to lo-

cate quickly the position at which a reading was made, and

by shifting lagoon currents which constantly changed the

radiation intensity of specific areas of the contaminated

water. No surveys of contaminated land areas were made at

Bikini. Nevertheless, the tests at Bikini proved that it

was possible to obtain reasonably reproducible values for

the decrease in radiation field with altitude (2).

Eirsohfelder, Hull, and Magee have made a number of

theoretical calculations of attenuation of gamma radiation

in air above an infinite contaminated land or sea souroe

Their studies involved gamma radiations of a number of dif-

ferent energies and took into account multiple scattering.

The experimental data from the aerial surveys following

test Baker at Bikini gave values in agreement with those

Numbers in parentheses indicate references on page
40 of this report.
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calculated for three million eleotron volts (3 Mav) gamma

radiation* A number of uncertainties still exist in these

oaloulations and further experimental confirmation is re-

quired.

IXPERIMENTAL

The present project was proposed by the U. S. Navy,

Bureau of Aeronautios and endorsed by the Arned Forces

Special Weapons Project and the U. S. Air Foroe. It was

approved by the Scientific Director of OPERATION SANDSTONE

and assigned to the cognizance of Task Group 7.6.

MATERIALS AND EQUIPMENT

All available types of portable radiao instruments for

use in the serial survey were flight tested to determine

their adequacy for this purpose. The following types were

given particular studys

a. National Technical Laboratories, Geiger Counter

Model MX-5.

b. Viotoreen Instrument Company, Ionization Chamber

Model 247-A-Sp (high range).

a. National Teohnioal Laboratories, Ionization Cham-

ber Model U-6.
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The aerial survey of ground oontamuination was made in

a C-47 type airplane furnished by Commander, Task Group

7.4. Tie C-47 was chocked prior to each tests A desk was

installed with a sunken oompartoent to hold the radiation

detection instruments. Special lights were available; a

red light with the switch in the navigator's eompartent

to indicate the exact time over the point zero, and a green

light operated from the copilot's seat which registered the

time on a particular flight logo Headphone and microphone

leads were available for use by the Radiologioal Safety

officer.

Film badges were worn by each member of the crew on

each mission and dosimeters were carried on the plane.

CALIBRATION PROCEDURES

All instruments were calibrated on the ground and in

the air with a radium source prior to their use in the

aerial radiological survey. Measurements were made of

the time oonstant of the various instruments*

-8-6



DECA.Y

All readings were corrected for decay as follows The

X-ray orator readings were corrected to X-ray hour plus 1,

the Yoke orator readings corrected to Yoke hI6ur plus 6, and

the Zebra orater readings corrected to Zebra hour plus 2.

The variance in the corrections was due to different trise

in which the test day missions were started, all corrections

being made to the approximate hour of starting each mission.

The decay correction curves were obtained as a part of Proj-

*Ot 7,1-17/AS-. Residual Contamination of Crater (5), in

which decay curves were measured for actual samples obtained

from each orater* These curves were converted into cor-

rection factor surves; whereby the decay factor for any

time may be obtained and multiplied by the reading to give

a figure corrected for deoay. Please ase Appendix 1, Figure

231 Appendix 2, Figure 191 and Appendix 3, Figure 14. All

graphs and charts shown use radiation intensities which have

been corrected for decay with the exception of those for the

Oross Section Radiation Field which use actual readings.

-7-



SURFACE MEASUREMENTS

On many of the graphs, ground areas and rates of radi-

ation measured on the surface have been inserted, These

are for direct correlation with the air readings and are

also corrected for decay. At various points throughout

the report, references have been made to the different

craters and to crater readings. The orator is defined as

the are& around the point of detonation which is directly

oontaminated by the bomb explosion. It does not include

the areas contaminated by material falling from the cloud.

This area may extend 1000 feet or more from the initial

position of the zero point.

Surface monitors, in measuring the crater areas on

suceeding days, discovered that the intensities increased

rapidly to a certain distance and then leveled off for a

varying distance. Within a few inches of the tower stumps,

or the ground between them, the radiation rate increased

tremendously. For this reason. an average of the "plateau*

of radiation which ranged from 100 to 1000 feet from the

tower stumps (depending on the particular crater) was

taken as the crater reading for this report. It is quite

apparent that the very high intensities recorded within

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

-8-



between them could not be detected in the air in the pros-

ence of the radiation frum the large contaminated area.

OPERATIONS

The survey was to provide rapid information on intensi-

ties of nuclear radiations within the blast area and to

accumulate precise scientific data in regard to the attenu-

ation of gamma radiation above land and see surfaoes con-

taminated by atomic bomb explosions.

SeFor these operations the crew consisted of a pilot, oo-

pilot, navigator, radiomen, and engineer. In addition to

their regular duties, the following special tasks were as-

signed to crew members. The pilot studied end practiced

the rather intricete flight pattern necessary for such an

operation with the assistance of the copilot who timed each

leg and croos leg with a stop watch. The copilot also noti-

fied the Radiological S •'•ty officer the time each leg was

started end completed by means of the speoially installed

green light, and kept a running log of the times of each

leg, and the time over the point zero. The navigator com-

puted the headings, true course, air speed, ground speed,

and time over point zero of the different legs. He also

cheocked the instant the plane passed over point zero in

-9e-



his driftumter, and notified the Radiologioal Safety

officer of this time by means of the specially installed

red light. During the Phase 3 operations, he oharted the

course 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 special mission

and in addition, on the teat days, transcribed the coded

messages given him by the Radiological Safety officer after

each leg. The engineer assisted the Radiological Safety

officer in his functions, and copied on prepared forms all

.eadings taken by the monitor.

The crew of the 0-47 aircraft were at Eniwetok on

Peter (practice), X-ray, Yoke', and Zebra days by it-hour.

After H-hour, the crew was prepared to take off immediately

in case the cloud should drift across the island. The sur-

vey unit took off on the mission at H-hour plus thirty

minutes and at 5000 feet altitude, orbited at a point five

miles upwind from point zero until directed by Commander,

Air Force, to proceed with the flight plan as outlined in

the following paragraphs.

The survey plan consisted of three phases as follows

- 10 -



Phase 1

Khen directed by Coummander, Air Force, the C-47 commenced

horizontal survey at 5000 feet. First leg was over point

zero on a bearing determined so as to avoid any downwind

contaminated air mass. All legs were made at a constant

air speed and along a constent bearing for three miles on

either side of point zero. The plane then turned and made

another leg at an angle of 045° from the original leg.

This maneuver was continued until a complete asterisk

pattern with legs at an angle of 450 had been made. (In

operations over the Yoke and Zebra craters only three legs

were flown at 1200 angle to each other.) After completing

this horizontal flight pattern, the same pattern was flown

at 4000 feet, 3000 feet, 2000 feet, 1000 feet, and lower

if rediological safety conditions permitted.

Phase 2

After completion of Phase 3, the survey unit retired from

the contaminated area and requested permission to survey

above 5000 feet. When approval was received, the survey

unit flew a six-mile leg at 6000 feet along the same axis

as the first leg in Phase 1. The second log was flown at

7000 feet on an axis 1800 to the first leg. The unit was

prepared to ascend by 1000-feet intervals on each reversal

until normal background was reached.

- 11-



Phase 3

Phase 3 wps inserted primarily for radiological safety

purposes in OPERATION SANDSTONE after the original plans

had been submitted. This survey was flown after Phase 1,

and is the fall-out survey. (Appendix 1, Figure 31;

Appendix 2, Figure 27; Appendix 3, Figure 20.) Here the

aircraft flew downwind from the crater for a distance of

eight or ten miles and returned by four-mile cross legs

spaced at a distance of two miles. This survey was to

check areas possibly contaminated by fall-out from the

aloud.

The survey unit was prepared to repeat the afore-men-

tioned flight on succeeding days if deemed necessary. When

needed for radiological safety purposes, the air survey of

ground contamination was continued in a helicopter, Type

BH3S. The general plan for this survey was vertical flights

over radioactive areas, taking readings of the radiation

intensity at various altitudes. These aeriel readings

were to be integrated with surface rerdings made by ground

monitors directly beneath the helicopter unit. The hell-

copter survey was not conducted until the ground radiation

intensity was low enough to permit ground monitoring.

- 12 -



RESULTS

During the three tests the C-47 Arial Radiologiol

Reconnaissance Survey was flown on eight different days;

three days over Engebi and Akman (X-ray and Yoke Islands);

and twice over Runit (Zebra Island)* The particular days

flown were X-ray, X-ray plus 6, Yoke, Yoke plus 1, Yoke

plus 9, Zebra, and Zebra plus 1. The aerial survey was

flown in a helicopter (Type H03S) on Zebra plus 4.

In completing these surveys, two hundred end eight

runs were made over the three craters, end three fall-out

surveys were performed at a low altitude. The total tim

flown in actual radiological reconnaissance for all three

tests was twenty-five hours.

Several complicating feators were encountered, es-

peoially on the first test. Slight to moderate contami-

nation of the airoreft due to unexpected fall-out occurred

following Tests X-ray end 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 ohambers used

became badly saturated over 3000 milliroentgen per hour

on X-ray day. This was corrected by the Instrument Group

after experimentation by increasing circuit voltage. It

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

-13-



should be flown in order to obtain date for an accurate

estimate of the crater intensity. Consequently, altitudes

were decreased to the point where the intensity was the

maximum which could be measured by the available instruments.

(The maximum intensity which could be recorded by the in-

struments used was 25,000 mr/Ar.)

The results of the missions were most satisfactory.

A tremendous amount of data were obtained and en analysis

made for this report of as much as time permitted. It is

recommended that further careful study be made of this

material. The missions proved useful from the standpoint

of rediologioal safety in that readings of high intensity

areas could be taken, thus advising surface monitors of

such areas. The fell-out survey proved practical in giving

the surface monitors informrtion on areas of high contami-

nation. Ten types of instruments were tested during the

surveys.

The primary objective of the mission, that of measur-

ing the attenuation of gamma radiation in the air above a

large contaminated surface, was aooomplishedj but the

analysis is not yet completed and it is felt that much

information was obtained which will further the study of

this work. A study by Dr. T. Ni. White on the correlation

of ground and air readings is included as Appendix 5.
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There is also a series of graphs made from the results of

each teat by which a relatively good estimate of ground

readings may be made from aerial surveys. One point of

interest is that the easm general ourve exists for obtain-

ing the correction fector used to determine ground intensi-

ties from aerial readings for all surveys made over the

X-ray and Yoke cretera. See Figure 1, page 34.
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TEST X-RAY

The C-47 with crew took off from Eniwetok Island 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 were received to

proceed on the mission.

In approximately one minute the Radiological Safety

monitor motised an instantaneous reading of 120 mrA/re He

ordered the pilot to change course, and the navigator re-

ported the plane under the uppermost fringe of the aloud.

Although the plane was not in the fall-out area, it was

apparent it had encountered some fell-out from the upper

portions of the cloud which had moved in a direction 180c

to the surface winds. The plane was moderately contami-

nated and the background remained at approximately 8 mr/ir

for approximately one hour, decreasing to 1 mr/Ar upon

landing. This background reading was for gamma only, there

being no beta encountered inside the plane. This back-

ground was subtracted from subsequent readings.

Phase 1 was then started at 0738 at an elevation of

5000 feet. Readings of 4 .r/hr were encountered at this

level. The pattern was also flown at elevations of 4000,

3000, 2000, and 1000 feet. The highest rate of radiation
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of 3500 mr/ir was enoountered at the 1000-foot elevation.

This value when iorrected for instrument error would give

a reading of 8700 ArAhr. A discussion of this instrument

error will be found on page 18 of this report.

As stated previously, an additional survey, the fall-

out survey, or Phase 3, was added a few days before the

first test. This mission oonsisted of flying directly

dowiwind from the teat island for a distanoe of eight miles

and returning by cross Legs of four-mile lengths with two-

mile intervals between. The flight was made at an altitude

of 200 feet with a constant air speed of 140 knots. Read-

ings of 500 mrAr were detected over the islands of Bogon,

Bogairikk, and Teiteiripuoohi which were directly west of

Engebi (Zero Island) and were in the expected fall-out area.

Lower readings were detected throughout the area, partiou-

larly over reefs and smaller islands.

Phase 2 was then started the first leg being at 5000

feet and other legs at 6000 feet, 7000 feet, and B000 feet.

The highest altitude flown where radiation was encountered

was 8000 feet at plus four and one-half hours. This read-

ing (0.1 ar/hr) is somewhat doubtful due to the high back-

ground in the aircraft. However, a definite rise above

background was encountered at 7000 feete
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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 as prectioable.

Three complicating factors presented themselves on

X-ray day. These were all corrected prior to the last

mission. Before the actual survey was started, the air-

plane had been contaminated by fall-out, although there

was none anticipated from the cloud at the height it was

encountered. Consequently it was decided to stay out from

under the cloud, no matter what its altitude, and if neoes-

sary to delay the beginning of the mission one hour. The

latter was actually done for the Test Zebra day flight.

At the 1000-foot level on X-ray day, and the lower

levels on X-ray plus one, the instruments appeared sluggish

in high intensity flights. Following the X-ray plus one

flight, the ion chambers were returned to the ship and

recalibrated. It was found that the MX-6 type instrument

was saturating on the 500 and 5000 mr/hr scales. This

was especially true of reading. over 3000 mr/hr. The in-

strument was found to read only 500u mr/hr in a radiation

field of 21,000 mr/hr. The instruments were calibrated

using a large radium source, and all readings taken on the

first two days were corrected for calibretion.
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Other instruments were obtsined which had a higher voltage

supply and were direct reeding. These instruments were

used for the remainder of the operation and werm chocked

after each mission for calibration and funotioLing.

It was determined after the X-rsj day flight that it

would be necessary to fly at a lower level to obtain the

proper curves and to extrapolate with sufficient accuracy

the maximum reading versus altitude curve to ground level*

On X-ray plus one, altitudes of 750 bnd 500 feet were flown

and, while the resultant cu.ves mere better, it was decided

that even lower levels should be tried. The intensity of

the crater had decreased enough by X-ray plus six that

flights at 250 and 100 feet were added to the Phase 1 plans

Readings of 800 mrAr were recorded at the lower level.

Ground monitors were in the crater at this time, and

their average reading was found to be 1800 mr/hr which read-

ing was also determined approximately by extrapolation of

the curve of maximum readings as a function of the altitude.

On later missions, the altitude was decreased until the

mneximum limit of the instruments used was reached.
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TEST YOKE

The 0-47 with crew took off from Eniwetok Island at

plus 31 minutes, and at plus 64 minutes was ordered to

start on its survey. It hod been orbiting ten miles up-

wind from Zero Island (Aoman) end the cloud wps pleinly

visible and easily observed. This cloud, unlike the one

over Engebi which conformed to the expected pattern, was

spread out over a tremendous area at a much lower level.

It was anticipated that certain iegs of the survey could

not be completed because of the close proximity of a por-

tion of the cloud. At the turn between legs one and two,

at the 5000-foot level, the cloud appeared very near;

and although the course was changed, fall-out was contacted.

The reading inside the aircraft rose to 150 mr/hr, but un-

like the Test X-ray contamination, did not drop as rapidly

and persisted at a relatively high level for some time*

Several rein clouds were flown through; but when it be-

came apparent that the background inside the plane was too

high to make accurate measureiaents, the airplane was or-

dered to return to Eniwetok. Here the plane was monitored

and allowed to sit and "cool off". Readings taken inside

the plane were as follows:
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Time Reading
mr~hr

0725 Fall-out eanoountered 150

0728 Aborting flission 48

0730 44

0731 Flying through rain clouds 44

0740 Flying through rain clouds 35

0756 Over base 30

0756 Over base 28

0805 Landed 25

0820 On Eniwetok 20

0857 On Eniwetok 18

1015 On Eniwetok 11

1232 On Eniwetok 6

1310 Take-off for resumption of 4

mission

As indicated, the decay rate was rapid, and the plane

took off under instructions at 1310 the same day. After a

short time the background in the plane had dropped to 3 mr/

hr, and it gradually dropped during the remainder of the

mission.

In certain respects the mission was flown the afternoon

of Yoke day more successfully than it could have been flown

at plus one hour* For one thing, no cloud was present to

disrupt the mission and there were no other airplanes In
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the vicinity, except two helicopters at very low altitude.

The crater had decayed enough that it was possible to de-

soend to 600 feet to make a survey and stay within the

maximum limits of the instruments. On this occasion it was

pointed out again how valuable it would have been to have

an instrument that would measure higher intensities than

26,000 mr/hr. At 600 feet the highest intensity recorded

was 21,000 mr/hr. One pass had been made at 500 feet, and

the 247-A-Sp went off scale.

Following Phase 1, Phase 3 was carried out as planned.

This survey was at 200 feet altitude and 140 knots constant

air speed, it wvas found that fall-out had occurred on all

islands north and west of Aoman, to and including Engebi

(X-ray Island)e Intensities as high as 6000 mr/hr were

measured over the island adjacent to Aoman (northwest),

Eberiru, and levels of 100 mr/hr or more were recorded over

the other islands, including Engebi.

Because of the delayed mission on Yoke day, the reading

at the 5000-foot level was negligible, and Phase 2 was not

necessary,

An will be noted in the graphs and charts, only three

legs were flown on Yoke day and on succeeding days. It had

been decided following X-ray day that lower altitude flights

were needed; so in order to compensate to some extent for
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the added dosage of radiation this would necessitate, three

legs at each altitude were used instead of the original

plan of four. These legs were to be 1200 apart with the

first leg always along the long axis of the island, unless

fall-out or some other factor necessitated a change. The

altitudes planned were as previously described, but also

included flights at 1600, 750, and 500 feet. On later days

it was possible to go even lower.

On Yoke plus I day the mission was repeated. The

highest altitude where appreciable radiation was detected

was at 3000 feet. The reading here averaged 31.3 mr/hr.

The lowest level flown was 250 feet where an intensity of

25,000 mr/hr was recorded.

On Yoke plus 9 day the mission was repeated, and at the

same time a survey party measured intensities in the orator

itself. Thus it was again possible to correlate directly

ground readings with air readings. The lowest intensity

recorded on this day was at 50 feet where the reading was

600 mr/hr. This corrected for decay gave 120,000 mrlhr,

and the curve of maxim= readings as a function of altitude

when extrapolated out came to approximately 260,000 mr/hr

which was very near the average corrected ground reading

for the crater outside the tower etumps.
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Despite the oontamination of the 0-47 on Yoke day, it

is felt that the reeults of the Yoke orater readings were

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

will be disoussed more in the next section of the report.

- 24 -



TEST ZEBRA

Prior to Test Zebra it had been deoided that if the

oloud appeared to be lingering in the area, the survey

would be postponed until H plus 2 houirs. It was also

planned to do Phase 2 first, starting at 10,000 feet and

working down, in order to determine accurately just how

high the gamma rays oould be deteoted.

The C-47 and crew took off from Eniwetok at plus 30

minutes, as on the previous tests, and resahed its orbit-

ing point ten miles upwind of Zero Island (Runit) in ten

minutes. It orbited here until plus 118 minutes at 10,000

feet when it was ordered to start its mission. The aloud

was not enoountered.

No radiation was deteoted at altitudes above 7000

feet, at whioh altitude the instrument showed about twioe

baokground for the entire length of the leg. At 6000 feet

a reading of I mrl/hr was obtained. The survey was con-

tinued until a level of 400 feet was renohed where the

rate reoorded was 21,000 mr/hr. It was not deemed neces-

sary to go lower than this altitude as there were no in-

struments available that would measure that high rate.

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

was started. As on the previous teats, the islands upwind
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of the Zero Island were contaminated by fall-out, with

Piiraai showing an intensity of 400 mr/hr, Biijiri and

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 carried out uneventfully, and it was felt

the results here should be better than those obtained from

any previous mission. However, the rapidity with which the

operation was being terminated preoluded the possibility

of additional flights at a later date during which intensity

measurements were made of the orater at point zero by

ground monitors. In general, this detracted from the value

of the survey as it is necessary to have 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

flights were continued at altitudes down to and including

150 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.
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INSTRUMENT TESTS

After oheoking several types of instruments as to

range, sensitivity, needle fluctuation, time oonstant, and

altitude effects, certain ones were ohosen for the first

test with the understanding that they might be exohanged

later if deemed neoessary. Those ohosen for the routine

surveys were the XX-5 and NX-6 of the National Technical

Laboratories and the 247-A-Sp produoed by the Viotoreen

Company. The MX-5 employed a Geiger-Mueller tube in de-

teotion of radiation, while the NX-6 and 247-A-Sp used ion

chambers. The NX-5 was set on the 20 soale (range up to

20 mr/hr) and the MX-6's were set on 50, 500, and 600

scales (ranges up to 50 mr/hr. 500 m-/hr, and W00 mr/hr

respeotively)* The 24 7-A-Sp was set on the 1000 1 scale

(range up to 25,000 mr/hr). It later was neoessary to use

an aX-6 on the 5 soale (range up to 5 mr/hr) when the MX-5

started saturating. These instruments were fitted into

the spaoe in the deok espeoially designed to hold them.

During the mission all instruments, exoept the MX-5, were

left on during the entire flight. The MI-5 was turned off

when its upper limit was reaohed, then turned on after point

zero had been passed and intensities within the range of the

instrument were again enoountered. This was neocessary as

the Geiger oounters were known to saturate when exposed
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to high intensities, while it was not believed the ion

chambers would*

Ans to the performance of these particular instruments,

it can be said that as a whole they were satisfactory.

However, 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 NX-6 saturated in high intensi-

ties and it was necessary to install more batteries. The

247-AP-Sp appeared to be quite adequate. It had been cali-

brated several times with a large source and needed no re-

setting or calibration curve. As stated previously, after

X-ray plus one, no curves were necessary for the 11X-6's as

they were direct reading.

The mechanical time constant was cheocked for all pre-

viously mentioned instruments, plus the 247-A and the 263-A

Geiger counter. These values were determined by exposing

the instruments to an X-ray machine which was switched on

and off for an instant. Adequate radiation intensities were

produced by regulating the amperage of the machine so all

the instruments oould be tested.

Results are as follows:
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11X-6 0 seconds

NX-5 0.2 seconds

247-A-Sp 0.2 seconds

247-A 0.2 seconds

263 0.2 seconds

In addition to saturating with their standard power

supply, the MX-6 was also affected by humidity toward the

latter part of the operation. It was necessary to remove

the instrument from the case several times during the last

few weeks. During Zebra day and Zebra plus one, two of the

IM-6 instruments used were rendered useless by moisture

oollecting in them.

As will be pointed out, extremely high intensities,

higher than the range of instruments available for this

operation, can be measured in a rapidly moving airplane.

Consequently, if instruments with higher ranges were avail-

able, lower altitudes could be flowvn and test results would

be more significant% In tests these surveys could be made

by teams with no one group exceeding a toleranoe dose.

On Yoke day plus nine, an additional monitor was carried

who cheocked four instruments in addition to those used by the

regular Radiological Safety officer. These instruments were:

Viatoreen 263-A Geiger counter, Viotoreen 247-A ion ohamber,

Viotoreen 247-A-Sp ion chamber, and the Instrument
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Developing Laboratories 2610 Geiger oounter. As a whole

the instruments were satisfactory, although they all dis-

played more of a mechanical time constant than the MX-6.

In higher intensities, all of the Geiger counters had a

tendency to saturate. Of the instruments tested, the

Viotoreen 247-A appeared much 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 scales and

gave readings within expectancy.

It should be stated that for the most part instruments

used in this survey were for low altitude flights, usually

under 5000 feet. On two occasions flights were made at an

altitude of 10,000 feet. The air monitoring section, Task

Unit 7.6.1, altitude tested all their instruments, and the

offeot of altitude upon these instruments is discussed in

the report of Task Unit 7.6.1. Prior to X-ray day, an

MX-5, three MX-6, and one 247-h-Sp were calibrated at 1000

feet intervals from 1000 to 7000 feet. The instruments were

also calibrated at ground level and curves for both alti-

tude and ground readings were drawn. The varianoe between

readings at 7000 feet and ground level were negligible.

Consequently, readings taken were not corrected for alti-

tude calibration.
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DISCUSSION

As a result of this project a vast amount of data has

been accumulated on the radiation field above the orater

from an atomic bomb detonation. At this time it is only

possible to make a very general 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 included as Appendices 1, 2, and 3 respeotively.

For the purposes of this discussion the analysis has been

broken down into the following categories:

Maximum Intensity At Bach Altitude

The maximum intensity was measured for each traverse of

the crater, 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 and 2 and Figures 1

and 2 of Appendix 3. The maximum intensity at each altitude

has been plotted as a function of altitude in Figures 8

through 10 of Appendix 1, 7 through 9 of Appendix 2, and 6

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 a relatively

smooth curve. The one possible exception is the X-ray

plus six day survey on which the lower intensity readings

were measured with an VX-5 type instrument which was

saturating badly. Extrapolation to the ground level was

attempted, and on two occasions ground measurements were

actually made on the same day as the survey was flown.

The extrapolated value obtained from the aerial survey

agreed very closely 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 factors Ly which the air readings can be

converted to the reasing for the intensity on the ground.

Such correction factors '.ave been computed for all surveys

made and the cmposite data Flotted as a function of alti-

tude in Figure 1 to this repot. The curves for all sur-

veys fall more or less along the same general line and

therefore a final curve can be drawn which will be useful

for all occasions. The factors obtained from such a

curve should prove of considerable value in the event that

prompt aerial survey would be required of a bombed area.
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Boundaries Of The Radiation Field Above Th. Crater

The outer limits of the radiation field (this was

selected as the 4 m/hr line) have been plotted for each

successive survey in Figures 4 through 7 of Appendix 1,

4 through 6 of Appendix 2, and 3 through 5 of Appendix 3.

The boundaries for the separate legs provide a three dinm-

uional picture of the volume within which the intensity

was greater than 4 mr/hr. The pattern conforms in general

to a large dome, and there was not much evidence of a de-

crease in the diameter at low altitudes. However, the

surveys in general were carried out at relatively high

altitudes, and it is quite understandable that this effect

was not observed.

Following Test Zebra a very low altitude survey was

made by means of a helicopter. This survey indicated that

beyond 350 yards from the center of the orater the intensity

increased with altitude up to 200 feet, while at 200 yards

and closer the intensity Increased as the ground was ap-

proached. Details of the survey are given in Appendix 4.

The presence of scattered areas of high activity in

the periphery of the orator and on adjacent islands ao-

counted to some extent for the irregularities in soms of

the boundaries of the radiation field. These highly active

areas on the ground were also detected and measured by
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ground monitors.

The highest altitude to which any radiation was do-

tooted was 8000 feet over Engebi at approximately H plus

4 hours and at 7000 feet over Runit at H plus 2 hours.

Intensity Of R~adiation 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 zero. These figures demonstrate

the extremely rapid rise and fall of the intensities en-

countered in flying over the crater. In general the fall

is roughly sym-netrioal -about the center, but on occasion

contaminated downwind areas oaused irregularities in the

radiation field. The land mass areas have been inserted

along the base line of the curves in order to explain some

of these irregularities. However, it is to be noted that

under most conditions this did not appreciably affect the

distribution of the field, indicating that at least at the

higher altitudes the orator mats as an 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 radiation encountered*
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Attenuation

In order to make a preliminary analysis of the factors

involved in the attenuation of the gamea radiation as a

function of altitude the intensity times the altitude

squared was plotted as a function of altitude on semi-log

paper. These plots and the basio data are included as

Figures 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-

crease in intensity and that, therefore, at these altitudes

the crater nan be approximately treated as a point souroe*

No attempt has yet been made to calculate the mean free

path from the slope of these curves 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 is playing the largest part

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

correlate these results obtained by means of the aerial sur-

vey with those obtained from the ground survey, assuming

that in both oases the crater could be considered as a

radioactive souroce onoentrated at some point. This analy-

sis is presented in detail in Appendix 5b
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Aerial Survey Of Fall-Out Areas

A. Phase 3 of the aerial survey operations, passes

were made at low altitudes over ereas downwind of the

crater. 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 indicated clesrly which

islands were contaminated and approximately to what extent.

The results were oonfirmed when land parties went ashore

and monitored the dow'ind islands.
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CONCLUSIONS AND RECOMMSUATIONS

The results of the C-47 survey show that it is feas-

ible to conduct an aerial reconnaissance of a bombed or

contaminated area in order to determine the extent of the

contaminated area and obtain a reasonably accurate 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 obtain a quick

estimate of the radiological defense problems involved so

that adequate planning can be undertaken without the delay

required if ground monitors have to survey the area. With

the present equipment it does not appear possible to detect

by aerial methods the local 'hot spots* within a contaminated

areGA

Arial survey of a contaminated area appears sufficient-

ly accurate to obtain data which can be used for detailed

analysis of the radiation field produced. It in recom-

mended that such analysis be undertaken with the present

data and that similar operations be conducted in future

tests.

Although the instruments used during the operation

proved satisfactory, a number of improvements should be

made in order that this type of survey can be adopted for
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operational use. They should be more adequately sealed in

order to prevent damage by moisture and to protect against

pressure changes, The time oonstant should be essentially

zero and the instrument direct reading with a reoording

mechanism which would eliminate the errors due to the nooes-

sity of making rapid readings as the plane traverses the

area. Sinoe the plane itself may provide some shielding

for the instrwuents, it is reeommended that the counting

tube or ion chamber be placed in a window in the deck of

the plane. Instruments with a range of at least 100,000

mrAhr should be available for this work.

It is reoonmended 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 atomic warfare.
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APPENDIX I

X-RAY CRATER CHARTS AND GRAPHS

CONTE1TS

Figures 1-3. * a . e Chart of Maximum Intensities

Figures 4-7e . . e * Cross Seotion Radiation Field

Figures 8-10 . . . . Maximum Intensity vs Altitude

Figures 11-22o .* Intensity vs Distance

Figure 23. . . , . . Correotion Ferotor for Deoay

Figures 24-27. . . . Intensity x Altitude 2 vs Altitude

Figures 28-30. .e Navigator's Data

Figure 31. . . . . . X-ray Fall-Out Survey
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FIGURE I

MAIIMlIM READINGS

C-47 RADIOLOGICAL SURVEY - Z-RAY DAY

Corrected

Altitude Leg Reading Plus Tims Decay Value (mrArr)
Foot (Minutes) Faotor to H plus 1 hr

5000 1 4 83 1.35 5.2
2 4 87.5 1.48 5.9
3 92.5 1.55 4.6
4 5 98.5 1.85 8.2

Average 4 90.76 1.5 6.0

4000 1 24 110.5 1.8 43.2
2 23 116.5 1.9 43.8
3 25 121 2.0 50.0
4 26 124.5 2.06 53.5

Average 25 117.5 1.9 41.5

3000 1 140 140 2.33 326
2 110 144.25 2.4 274
3 95 148.25 2.48 236
4 110 153.5 2.5 275

Average 114 146.75 2.46 276

2000 1 800 186.5 3.05 2440
2 700 196.5 3.26 2310
3 600 206 3.4 2020
4 800 215 3.58 2860

Average 72ra 200 3.43 2400

1000 1 8600 229.5 3.80 32,620
2 7600 236.1 3.95 29,850
3 8000 242.0 4.02 32,200
4 8000 248.5 4,12 33,000

Average 8050 239.5 3.96 31,850

42
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FIGURE 2

MAXIMUM READINGS

C-47 RADIOLOGICAL SURVEY - X-RAY PLUS 1

Corrected
Altitude Leg Reading Plus Time Decay Value (mr/r)

Feet (Hours) Factor to H Plus I hr

5000 1 0.4 26h37a 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 53 16.8 13.4

Average 0.7 26 40 16.6 11.6

4000 1 3 27h04. 17.0 51.0
2 4 27 09 17.1 68.4
3 5 27 15 17.2 86.0
4 4 27 19 17.3 69.2

Ave rage 4 27 12 17.2 68.8

3000 1 32 27h2ga 17.4 564
2 35 27 35 17.5 624
3 27 27 40 17.6 475
4 31 27 45 17.7 548

Average 31 27 37 17.6 546

2000 1 270 27h5ea 17.9 4840
2 240 28 02 18.0 4340
3 270 28 08 18.1 4860
4 240 28 13 18.2 4370

Anerage 255 28 04 18.1 4630

1000 1 2500 28h22u 18.4 46,000
2 2500 28 28 18.5 46,250
3 2500 28 34 18.6 46,500
4 2300 28 39 18.7 43,000

Average 2450 28 30 18.5 45,250

750 1 5250 28h49 18.7 98,000
2 4600 28 55 18.9 87.200
3 4600 29 05 19.0 87,500

4 5000 29 07 19.1 95,600
Average 4865 28 57 18.9 92,000
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FIGURE 2

Mmimum READINGS

C-07 RADIOLOGICAL SURVEY - X-RAY PLUS 1

(Continued)

Corrected

Altitude Leg Reading Plus Time Deoa67 value (mr/hr)

Feet 
(Hours) Factor to H Plus I hr

500 1 12,000 29hbl1 1903 230,000

2 11,000 29 20 19.4 211,700

3 13,500 29 26 19.4 261,000

4 15,500 29 52 19.5 261,500

Awerage 12,500 29 32 1904 241,200
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FIGURE 3

MAXIMUM READINGS

C-47 RADIOLOGICAL SURVEY - X-RAY PLUS 6

Corrected
Altitude Leg Reading Plus Time Decay Value (mr/hr)

Feet (Dayr) Faotor to H Plus 1 hr

3000 1 0.1 6.07 129 12.9

2500 1 0.5 6.09 129 64.5
2 0.5 6.10 64.5
3 0.5 6.10 64.5

Average 0.5 6.10 64.5

2000 1 1.3 6.10 129 168
2 1.3 6.10 168
3 1.3 6.11 168
4 1.4 6.11 181

Average 1.32 6.11 172

1500 1 4 6.11 129 508
2 2.2 6.11 284
3 3.2 6.12 413
4 3.6 6.12 465

Average 3.25 6.12 421

1000 1 11.0 6.13 129 1420
2 9.0 6.13 1160
3 11.0 6.14 1420
4 10.0 6.14 1290

Average 10.2 6.14 1320

750 1 60 6.14 129 7750
2 60 6.14 7750
3 60 6.14 7750
4 60 6.14 7750

Average 60 6.14 7750
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FIGURE 3

MAIMM READINGS

C-47 RADIOLOGICAL SURVEY - X-RAY PLUS 6

(Continued)

Corrpoted

Altitude Leg Reading Plus Tim Deoay Value (mrAhr)

Feet (Days) Faotor to E Plus 1 hr

500 1 120 6.16 129 18,500

2 120 6.15 16,500

5 150 6015 18,400

4 130 6.15 16,800

Average 150 6.15 16,800

250 1 540 6.16 129 44,000

2 410 6.16 53,000

3 560 6.16 46,500

4 550 6.16 45,000

Average 340 6.16 44,100

100 1 B00 6.17 129 101.000

2 800 6.27 101,000

Average 800 6.17 101,000
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FIGURE 24

X-RAY CRATER

Intensity x Altitude 2 vs Altitude Values

Average Maximum
Intensity

Altitude Correated H 4 1 hr Altitude2  IA

X-ray Day

5000 6 2.5 x107  1.5 x 108

4000 47.5 1.6 x 107 7.6 x 1O8

3000 276 9 x 106 2.5 x 109
2000 2400 4 x 106 9.6 x 109

1000 31,850 10o 3.18 x 10

X-ray plus I

5000 11.6. 2,5 x 107 2,9 x 108

4000 68.5 1.6 x 107 1.1 x 109

3000 546 9 x 106  4,9, x 10o

2000 4880 4 x i106  1.85 x 1010
1000 42.250 106  4.5 x 1010

750 920000 5464 x 10 5.1 x 1010
500 241,200 2.5 x 105 6.04 x 10I0

X-ray plus 6

3000 30 9 x 106 2.7 x 108

2500 66 6.25 x i06  4.1 x 108

2000 18D 4 x 106 6.4 x 108

1500 430 2.25 x 106 9.7 x 108

1000 1750 106 1.75 x 109
750 4800 5.6 x i0 2.7 x 10
500 15,000 2.5 x 10o 3.8 x 109

250 50,000 6.25 x 10 3.1 x 109

100 110.000 104 1-1 x 106
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FIGURE 28

NAVIGATOR'S DATA - X--RM DAY

Ground
Altittude True Drift True Wind Speed
(Feet) Heading Correotion Course Direotionzleloolty (knots)

W000 1260 -20 1280 100/10 11l
261 -2 283 130
042 +4 038 115
169 -4 173 117

4000 1260 -20 1280 100/10 111
261 -2 263 127
042 #4 038 115
189 -4 173 117

2000 1270 -10 1280 110/10 111
261 -2 263 129
042 +4 038 117
169 -4 173 116

1000 1270 -10 1280 120/9 111
261 -2 263 127
242. +4 038 118
169 -4 173 115

3000 1260 -20 1280 105/10 111
261 -2 265 129
042 44 038 116
169 -4 173 117

000 1260 -20 1280 100/10 111
0000 309 41 308 110/10 127

7000 127 -1 128 120/610 105
8000 307 -1 308 130/10 125

- 71d



FIGURE 29

NAVIGATOR'S DATA - X-RAY PLUS 1

Wind True Ground
Altitude True Drift True Direction/ Air Speed
(Feet) Heading Correction Course Velooity Speed (knots)

(knots)

8000 1250 -30 1280 090/9 120 110
262 -1 263 128
042 +4 038 110
168 -5 173 113

4000 1250 -30 128P 090/11 120 105
262 -1 263 125
042 +4 038 113
168 -5 173 113

3000 1250 -30 1280 090/12 120 106
262 -1 263 130
043 +5 038 110
168 -5 173 115

2000 125& -30 1280 090/14 120 112
262 -1 263 128
042 +4 038 110
168 -5 173 118

1000 1230 -59 1280 090/14 120 109
263 0 263 132
043 #.5 038 110
166 -7 173 118

760 1230 -50 1280 090/12 120 108
263 0 263 130
043 +5 038 109
166 -7 173 118

500 1230 -5P 1 2 8 ° 090/10 124 112
263 0 263 133
043 +5 038 113
166 -7 173 121
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FIGURE 30

NAVIGATOR' S DATA - X-RAY PLUS 6

Indioated Ground
Altitude True Drift True Air Speed Speed
(Feet) Heading Correotion Course (mi/hr) (knots)

3000 1210 -7° 1280 135 106
264 41 263 139
044 +6 038 105
164 -9 173 120

2000 1220 -60 1280 135 108
263 0 263 137
044 +6 038 107
165 -8 173 120

1500 1220 -60 1280 137 108
263 0 263 137
044 +6 038 107
165 -8 173 120

1000 1240 -40 1280 139 112
265 *2 263 132
039 +1 038 108
169 -4 173 121

750 1240 -40 1280 140 116
265 *2 263 129
039 41 038 110
169 -4 173 124

500 1240 -40 1280 140 120
265 +2 263 127
039 .1 038 118
169 -4 173 127

250 1250 -30 1280 118
264 41 263 130
038 0 038 110
170 -3 173 128 4

100 118
130110
128
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APPENDIX 2

YOKE CRATER CHARTS AND GRAPHS

CONTENTS

Figures 1-3 % . . • Chart of Mwdzmum Intensities

Figures 4-6 a * * * * Cross Seotion Radiation Field

Figures 7-9 . M a . Ihxiiwm Intensity ve Altitude

Figures 10-18 . , . • Intensity vs Distanoe

Figure 19 . . . . . * Correotion Faotor for Deoay

Figures 20-Z3 * . . . Intensity x Altitude2 ve Altitude

Figures L4-26 * * * . Navigator's Data

Figure 27 . . , . . , Yoke Fall-Out Survey
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FIGURE 1

MAXIMUM READINGS

C-47 RADIOLOGICAL SURVEY - YOKE DAY

Correoted
Altitude Leg Reading Plus Time Deoay Value (mr/hr)

Feet (Hours) Faotor to H Plus 6 hra

4000 1 17 7.10 1.19 21.2
2 18 7.25 1,20 21.6
5 17 7.33 1.21 20.6

Average 17.6 7.23 1.20 21.1

3000 1 87 7.40 1.24 108
2 85 7.45 1,25 106
3 85 7,50 1.26 107

Average 85.5 7,45 1.25 106

2000 1 630 7,65 1.29 877
2 700 7,70 1.30 910
3 700 7.75 1.51 917

Average 693 7.70 1.30 903

1500 1 1900 7.95 1.34 2540
2 1900 8.00 1,35 2565
3 2000 8.10 1.36 2720

Average 1933 8.02 1.35 2610

1000 1 6000 8.16 1.57 8230
2 5500 8.25 1.38 7600
3 6000 8.30 1.39 8350

Average 5833 8.25 1.58 8030

750 1 10,000 8.40 1.41 14,100
2 12,000 8.45 1.42 17,050
S 12,500 8.50 1,43 17,870

Average 11,500 8.45 1.42 16,300

600 1 22,000 8.70 1.46 32,100
2 18,000 8.75 1,47 26,500

3 23,000 8.80 1.47 33,800
Average 21,000 8.75 1.41 30,900
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FIGURE 2

MAXIMUM READI IGS

C-47 RADIOLOGICAL SURVEY - YOKE PUS 1

Corrected
Altitude Leg Reading Plus Time Decay Value (mr/hr)

Feet (Hours) Factor to H Plus 6 bra

3000 1 32 26.1 5.80 185.5
2 30 26.2 5.82 174.5
3 33 26.3 5.85 177.0

Average 31.3 26.2 5.82 176.0

2500 1 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 5.92 1,240.0
3 210 26.7 5.95 1,250.0

Average 205 26.6 5.92 1,210.0

1500 1 700 26.8 5.97 4,170.0
2 700 26.9 6.00 4,200.0

3 700 26.9 6.00 4,200.0
Average 700 26.9 6.00 4,200.0

1000 1 2400 27.0 6.02 14,455.0
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

750 1 4800 27.2 6.07 29,500.0
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
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IMMR 2

MAXIUM R2OINGS

C-47 RADIOLOGICAL SURVEY - YOKE PLU 1

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

teet (Hours) Factor to H Plus 6 bre

250 1 25,000 27.6 6.17 I54,000.9
2 25,000 27.7 6.20 155,000.0
3 25,000 27.7 6.20 155,000.0

Average 25,000 27.7 6.20 155,000.0

- 7l6 -
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FIGURE 3

MhZIMM READINGS

C-47 RJDIOLOGICOL SUR•2Y - YOUE PLUS 9

Correoted
Altitude Log Reading Plus Tim Deorq Value (mr/br)

Feet (Hours) Faotor to H plus 6 hru

2500 1 0.2 218.0 0oo 40.0
2 0.2 40.0
3 0.2 40.0

Average 0.2 40.0

2000 0.7 200 140
2 0.8 160
3 0.7 140

Average 0,7 140

1800 1 2.8 200 580
2 2.6 520
5 2.6 520

Average 2,7 540

1000 1 13.0 200 2600
2 13.0 2600
3 10.0 2000

Average 12.0 2400

750 1 25 219.0 200 5000
2 26 5000
5 20 4000

Average 23.3 4660

500 1 80 200 16,000
2 60 12,000
3 60 12,000

Average 66.6 130320

250 1 200 200 40.000
2 180 32,000
5 180 32,000

Average 173 34,0 00
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Mj!M EAJDINGS

C-47 RADIOLOGICAL SURWT - YOKE PLUS 9

Correoted

Altitude Leg Reading Plus Time Deoay Value (mr/hr)

Feet 
(Bours) Faotor to H Plus 6 hrs

100 1 500 200 100.000

2 400 80,000

$ 380 219.6 76,000

Average 420 84,000

60 1 000 200 120,000

2 600 120,000

Average 600 120O000

,80,
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FIGURE 20

YOKE CRATER

Intensity x Altitude2 vs Altitude Values

Average Maximum

Intensity Corrected 2 iAeAltitude to H 4 6 hrs Altitude2 A

Yoke Day

4000 21.1 1.6 x 107 3.98 x 108
3000 106. 9 x 1 6  9.54 x 108
2000 903 4 x x•- 3.61 x 109
1500 2610 2.25 x 1 5.84 x 109
1000 8030 106 8.03 x 109

750 16,300 5.6 x 105 9.04 x 109
600 30,900 3.6 x 105 1.45 x 1010

Yoke plus 1

3000 176. 9 x 106  1.58 x 109

2500 492 6.25 x 106 3.07 x 109
2000 1,210 4 x1 0 6  4.84 x 109
1500 4,200 2.25 x 106 9.46 x 109
1000 15,100 106 1.51 x 1010
750 289700 5.6 x 105 1.63 x 1010

500 48,200 2.5 x 105 1.21 x 1010
250 150,000 6.25 x 104 9.38 x 109

Yoke Plus 9

2500 40 6.25 x 106 2.5 x 108
2000 140 4 x 106 5.6 x 0

1500 540 2.25 x 1061 1.2 x 109
1000 2400 10 2.4 x 109
750 4660 5.6 x io5 2.6 x 109
500 13,320 2.5 x 105 3.3 x 109

250 34,600 6.25 x 104 2.1 x 109

100 84,000 104 8.4 x 108
50 120,000 2.5 x 103 3 x 108
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FIGURE 24

NAVIGATOR'S DATA - YOKE DAY

Wind Ground

Altitude True Drift True Direotion/ Speed

(feet) Heading Correotion Course Velocity (knots)

4000 2400 .40 2430 090/16 134

010 +7 003 118
11 -4 125 106

3000 2400 -3o 2430 090/15 153

010 +7 003 116

119 -4 123 108

2000 2410 .20 2430 080/14 134

009 +6 003 116

118 -5 123 109

1000 2410 .20 2430 080/14 130

008 +6 005 117

120 -3 123 112

780 2410 .20 2430 080/12 131

008 ÷5 003 118

119 -4 123 111

600 241 .20 2430 080/12 131

008 +5 003 117

119 -4 123 111

1500 2430 130
003 117
123 110
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FIGURE 25

N£VIGATOR'S DATA- YOKE PLUS 1 DAY

Wind Ground

Altitude True Drift True Direction/ Speed
(reet) Heading Correotion Course Velocity (knots)

3000 o08° +e0 0030 080/12 12o
120 -3 123 110
240 -3 243 130

2500 0080 +e 003° 080/11 118
119 -4 123 112
242 -1 243 131

2000 0080 4.5p 0030 080/10 118
120 -3 123 115
242 -1 243 130

18W0 0080 +Se 0o00 080/10 118
120 -3 123 115
242 -1 243 130

1000 0070 4,4 00350 090/8 120
121 -2 123 114
241 -2 243 128

750 0070 440 0030 09Q/7 121
121 -2 123 116
241 -2 243 129

b00 0070 +4o 0030 090/8 121
121 -2 123 115
241 -2 243 129

250 003 0 120
123 114
243 128
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FIGURE 26

WAVIGATOR'S DATA - YOKE PLUS 9 DL"

Ground
Altitude True Drift True Speed
(feet) ]abding Corrootion Course (knots)

2600 1.200 .30 1230 No run on this leg
242 -1 243 130 lst leg
007 +4 003 118 2nd leg

2000 1200 -30 123° 112

242 -1 243 129
007 +4 003 117

1 500 1230 112
243 129
003 117

1000 1230 114
243 130
003 117

760 1230 112
243 130
003 117

500 1230 112
243 129
003 117

250 123 114243 131

003 118

100 1230 112
123 129
003 117

50 1230 112
243 129
003 No run

100 120 .30 1290 115 Engebi X-ray plus 24
256 -1 257 132
049 43 046 120
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ZSBRA CRATER CHJRTS AND GRAPHS
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Figure 20 . . . . . . *Zebra Fall-Out Survey
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FIGURN 1

• IJM READINGS

0.47 RMDIOLOGICAL SURVE1 - ZEBRA DAY

Corrected

Altitbd* Leg Reading Plus Tim Dea.7y Value ( hrAr)

(ftet) (hours) Faotor to B Plus 2 hr$

8000 1 1 2.35 1.06 1o06

8OO0 1 3 2.46 3.18
2 3 2.60 3.18

5 2.5 2.66 2.65

Aver*60 2.8 2.60 3.18

4000 1 10.5 2.70 1.07 11.2

2 10.5 2.77 11.2

3 1008 2,82 11.2

Average 10.5 2.77 11.2

3000 1 60 2.00 1.08 64.8

2 60 2.95 84.8

3 55 3.05 59.4

Average 58 2.98 627

2000 1 340 3.11 1.096 367

2 340 3,16 367
3 340 3.24 1.10 374

Aiverage 340 3.17 367

1500 1 1200 3,32 1320

2 1100 5,58 1156

3 1200 3.45 1.11 1530

Ave ragte X180 3.38 1300

1000 1 3900 3.0• 4330
2 5700 3.60 4110

3 3900 3.65 4250
Ave rage 833 3657
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FIGURE 1

MAXIMUM READIEGS

0-47 RADIOLOGICAL SURVEY - ZEBRA DAY
(Continued)

Correoted

Altitude Leg Reading Plus Tim Decay Value (mr/hr)
(feet) (hours) Factor to H Plus 2 hrs

750 1 8000 3.70 1,12 6555
2 6000 3.77 6555
3 7000 3.83 7840

Average 6533 3.77 7010

500 1 14,000 3.90 15,700
2 14,000 3.9e 1.13 15,850
3 140000 4.03 15,850

Average 14,000 3.97 15,850

400 1 21,000 4.08 23,700
2 20,000 4.15 22,600
3 20,000 4.20 1.14 22,800

Average 20,333 4.14 22,700
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FIGURE 2

MAXIIMM READINGS

C-47 RADIOLOGICAL SURVEY - ZEBRA PLUS I

CorrectedAltitude Leg Reading Plus Time Decay Value (mr/hr)
(feet) (hours) Factor to H Plus 2 hrs

5000 1 0.5 26.33 7.6 3.8

4000 1 1.8 26.45 7.64 13.6
2 1.8 26.55 7.7 14.55
3 2.0 26.62 7.7 15.4

Average 1.9 26.53 7.68 14.6

3000 1 10.0 26.67 7.75 77.5
2 13.0 26.75 7.79 101.0
3 12.0 26.80 7.81 93.7Average 11.7 26.74 7.78 91.0

2000 1 85.0 26.84 7.83 665.0
2 80.0 26.90 7.86 629.0
3 80.0 27.02 7.92 633.0

Average 81.7 26.92 7.88 644.0

1500 1 250 27.08 7.94 1,985.0
2 240 27.12 7.96 1,910.0
3 240 27.20 8.00 1,920.0

Average 243.3 27.13 7.97 1,925.0

1000 1 1000 27.28 8.03 8,030.0
2 1200 27.35 8.06 9,670.0
3 1200 27.40 8.08 9,700.0

Average 1133.3 27.34 8.05 9,100.0

750 1 2100 27.43 8.10 17,000.0
2 2300 27.50 8.13 18,700.03 2400 27.60 8.18 19,600.0Average 2266.7 27.51 8.14 18,430.0
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FIGURE 2

MAXIMUM READINGS
C-47 RADIOL00ICAL SURVEY - ZEBRA PLUS 1

(Continued)

Corrected

Altitude Leg Reading Plus Time Decay Value (mr/br)

(feet) (hours) Factor to H Plus 2 hrs

50 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 b.22 405,000.0

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

3 27.92 8.34 IV000,000.0

Average 27.87 8.30 990,000.0

150 1 20,000 28.10 8.44 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

ZEBRA CRATER.

Intensity x Altitude 2 vs Altitude Values

Average Maximum
Intensity

Altitude Corrected to H + 2 hrs Altitude2  IA2

Zebra Day

6000 1.06 3.6 x 107  3.82 x 107

5000 3.18 2.5 x 107 7.95 x 107
4000 11.2 1.6 x 107 1.8 x 108
3000 62.7 9 x 10 6 5.64 x 108
2000 367 4 x 106 1.46 x 109
1500 1300 2.25 x 106 2.93 x 109
1000 4250 x 106 4.25 x 109

750 7010 5.6 x 105 3.92 x 109'
500 15,850 2.5 x 105 3.96 x 109
400 22,700 1.6 x 105 3.64 x 109

Zebra plus 1

5000 3.8 2.5 x 107 9.5 x 1C•
4000 14.6 1.6 x 107  2.34 x 108
3000 91.0 9 x 1 6  8.2 x 109
2000 644.0 4 x 106  2.57 x 109
1500 1,925.0 2.25 x I16 4.36 x 109
1000 9,100.0 i0 6 9.1 x 10 10
750 18,430.0 5.6 x 10-3 1.03 x 10
500 4.05x104 2.5 x105  1.05x 109
250 9.9 3 I0 4 6.25 x 104 6.19 x 109
150 1.7 x 105 2.25 x 104 3.38 x 10
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FJ GIUIB 18

NAVIGATOR'S DATA - ZEBRA DAY

Ground
Altitude True Drift True Speed
(feot) Hesditg Correotion Course (kmots)

00 144o 410 1430 114
260 -3 263 121
026 *2 025 124

4000 1420 -10 143, 113
261 "2 263 126
026 +3 023 122

3000 14& -30 1430 114
262 -1 263 128
027 *4 023 118

262 -1 263 131

028 +5 023 116

1500 1400 -30 1430 110
262 -1 263 131
028 +6 023 116

1000 139 -4P 1430 112
262 -1 263 132
028 +6 023 116

7690 -40 143e 112
262 -1 263 152
028 45 023 115

500 1390 -4o 1430 112
262 -1 263 134
028 +5 023 116

400 140° -30 143 111
263 -1 263 132
028 +5 023 115
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FIGURE 18

NAVIGATOR'S DATA - ZEBRA DAY
(Continued)

Ground1
A1 titude True Drift True Speed
(feet) Heading Correotion Course (knots)

6000 2680 -20 2700 121 5th log
7000 093 #3 090 120 4th leg
8000 265 -5 270 117 3rd leg
9000 094 +4 090 126 2nd leg

10000 266 -4 270 113 let log, Phase 2
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FIGURE 19

NAVIGATOR'S ZATA - ZEBRA PLUS I DAY

Ground
Altitude True Drift True Speed
(feet) Heading Correation Course (knot.)

4000 130 143e 115
262 -1 263 140
029 4.6 023 105

3000 1399 -40 1430 Ill
262 -1 263 135
028 +6 023 112

2000 138 0 1430 113
262 -1 263 136
029 +6 023 108

1500 1580 -5° 143 0 114
262 -1 263 133
028 +6 025 109

1000 1380 -5° 1430 111
262 -1 263 134
029 +6 023 110

760 1380 -50 1430 112
262 -1 2 63 132
029 +6 023 109

500 1390 -0 14Z0 115
263 0 263 130
028 +5 02Z 114

250 1390-° 14z0 116
263 0 263 132
027 *4 023 115

160 1590 40 1430 115
263 0 263 131
027 +.4 023 115
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APPEI4DIX 4

AERIAL RADIOLOGICAL SURVEY IN HELICOPTER, TYPE H03S

ZEBRA PLUS FOUR DAYS

In the original operation plan it was stated that,

if neoessary, routine aerial surveys would be carried out

employing helicopter&. Upon arrival at the target area,

it was soon apparent that the helioopters available were

to be used for so many functions that it was doubtful if

they could be soheduled for radiologioal surveys. Rather

than perform flights on the spur of the moment, it was

decided to continue the scheduled 0-47 surveys and, if

possible, work in as many helicopter surveys as possible.

Not until after the Zebra test was a helicopter

scheduled on the same day that ground monitors were con-

duoting their orater surveys. On Zebra day plus four, a

survey was made of Runit in a helicopter according to the

following plan.

The aircraft employed started at 1000 yards from point

zero 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 descent continued un-

til the oraft was 25 feet above the surfaoeo The craft
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then ascended and the procedure was repeated at 750 yards,

350 yards, 200 yards, 50 yards, and directly over the tower

remnants. At the latter spot, the craft descended to only

100 feet instead of 25 feet. The mission took only forty-

five minutes to complete, 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,: data given,

but one or two interesting points will be mentioned. As

can 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 1430 heading. The aerial readings taken on

Zebra plus four gradually decreased as one neared the ground

at all distances up to within 200 yards of the tower where

the readings began to increase as one neared the ground.

As can be seen from the ground readings, 200 yards from the

tower is the spot where ground readings start to increase

rapidly and continue to become higher as one approaches the

tower. This agrees with the observation that the boundary

of the contaminated area was between 200 and 350 yards.

Because of various factors involved in the type of

flights necessary it is not felt that helicopters could be

substituted for a level flying airplane in the type of
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survey that was planned. After enough data are available

whereby one may readily convert air intensities to approxi-

mate ground intensities, then the helicopter may well be

very valuable in aerial radiological reconnaissance.

Factors which speak against use of the helicopter in

this mission are mainly its inability to fly at altitudes

above 1000 feet without using its fuel supply rapidly, in-

ability to hover steadily, and to ascend in a straight line.

Riding in a helicopter is not a smooth level operation, nor

is hovering, ascending, or descending. With instruments

fluctuating badly on the ground, the rapid changing of

levels does not assist matters. These and other factors

speak against the use of this type craft for taking careful

preoise data. The pilots of the helicopters themselves, as

well as the Rotary Wing Section of the Bureau of Aeronautics,

were pessimistic as to successful use of the craft in this

type of work.
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ZEBRA DAY PLUS FOUR GROUND READINGS (14.3° HEADING)

Readings are not correoted for decay and are all in mrAr.

Distance in yards morwr

0 20,000
10 12,000
20 11,000
30 10,000
40 9000
50 8000
GO 75DO
70 7000
80 6500
90 6000

100 5200
110 5000
120 4900
130 450O
140 4500
150 4000
16o 3000
170 2500
180 2200
190 2000
200 1800
285 000
580 100
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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 aerial and ground survey data on the assumption

that the game-ray source material is confined to, and uni-

formly distributed over, a flat circular disk herein called

the orator.

It will be convenient to neglect absorption and to

calculate an *effeotive distance", ]ý, from a point of in-

tensity measurement on the ground to a fictitious point

source. This fictitious point source has the same gamma-

ray activity as the whole orator; it is located not at the

zero point (center of' the crater) but at some other point

such that the intensity at the measuring point is given

by the inverse square law of iistance from the fictitious

point sources If a is the crater radius, and r is the dia-

tahoe of the measuring point from the zero point, then it

can be shown by integral calculus that

X12 a2

( r12 .a2
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Similarly in the case of the aerial survey, if ! in

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

X2, is given by 2
1222••,

bohfomla, log (r 2 2+a2)

In both formulas, logarithms are to the base es

Thus, if absorption is negligible, the source intensity
should be observed on the ground at a distanoe rI as in the

air at an altitude r2, if r1 and r 2 are so chosen that Xk =

X2, Both the ground survey intensities and the aerial sur-

vey intensities were affected by air absorption, so that this

frctor will oonoel out for equal effeotive distanoes, pro-

vided that the air absorption occurs in the same way in both

oases. Actually the 'eometrioal conditions 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 comparison with the differ-

ence in absorption in the soil. On account of irregularities

in terrain, leaohizg, and sub-surfaoe induced activities, we

would expect that the average ray would have to traverse muoh

more soil to reach an instrument on the ground than to reach

an instrument in an airplane over the orator. Let us sup-

pose that on this account the intensity, 12, observed in
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an aerial survey, will be k times the intensity, I1,

observed at an equal effective distance on the ground. We

would not expeot k to be entirely independent of distance.

However, in the ground surveys, the instrument reading

does not ohange muoh within a range of one to six feet

above the ground. This indioates that the variation of

k with distanoe is probably not very important.

From the above it follows approximately that 12 = k11

If X2 = Xl The latter equation oan be simplified to:

2 2 2
rl = r2 * a by using the expressions for XI and 2

given above. In order to test whether the aerial and

ground survey Cata can be oorrelated on the basis of the

preoeding assumption, the following simple prooeftre is

followed. First, we plot I 1 ve r 1 and 12 vs r2. Then by

trial and error-method we seleot a value for k_, and either

multiply all 1, or divide all 1 2 values by this faotor,

and obtain an adjusted curve. For various intensities,

we then obtain pairs of values (rl, r 2 ), and see whether

rl2 - r 2  is essentially the same for all pairs. If not,

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

is to be regarded as suooessful, eaoh day's survey should

give approximately the same orater radius; but the value

of k would not be expeoted to remain oonstant from day to

day, beouse the depth distribution of active material in

-136-
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the soil of the orator will sh&]W appreciably with timS.

The following data show the extent to whioh oorrel&-

tion can be obtained for oertain .surveys, The basic data

were used to find reasonable values for k and a, whioh

values were then used to oloulate I1 from 120
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TABLE I

X-ray Plas One Day Surveys

Basio Data Jalaulated I

I1 Avg r2 12" r2 (For oomparison
ti-•r) T•7 7r ) It ?t' with first oolurm)

500 460 14.200 500 590

1D0 650 5400 750 105

50 730 2660 1000 51

25 830 2*72 2000 25.5

12,5 930 32.1 3000 12

4 1100 4.05 4000 4.2

04.s WOO

Adjusted to H plus 27 hr.

As between k : 5,6,7, k : 6 gives the most oonstant value of

a2, from the average a2 a = 345 yds.
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TABLE 11

X-ray Plus Si,. Day Surveys

Basio Data Calou1latedI

1 Avg r1  1 2 r 2  (For ooinpprison
(:,71r7 r (7d (-rnr/hr) *(77ft with first oo1arnn)

500 340 800 100 330

100 330 340 250 95

50 410 130 500 48

25 440 60 750 23

12.5 500 10.2 1000 9.5

4 560 3.25 1500 4.5

1.32 2000

K : 1 gives reasonably aonstatt vslues of a 2 froma the

average a 2 * 328 yda.



TABLE III

Yoke Plus One Day Surveys

Basic Data Calculated I

IAvg r1  12 r2 (For comparison

(mri7r 7'-F G7 T 7!i 7 (Alt rt) with first column)

500 520 25,000 250 500

100 700 7830 500 95

50 780 4770 750 49

26 890 2500 1000 24

12.5 1000 700 1500 12

4 1280 205 2000

83.3 2500

30,7 3000
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Disregarding the 4 Ar/hr at 12ý , yd point, which is way

out of line with the remainder of the ground curve, a fair-

ly constant value of a2 is obtained with k = 3.1; from the

average a2, a 3 370 yds.

Considering all of the factors that are concerned, it

is seen that the correlation between the aerial survey data

and the ground survey data is very satisfactory.

Perhaps the moat notable feature of the results is the

variation of the factor k between X-ray plus one and X-ray

plus six, the reason for the variation is not clear. It

may be noted that a met1od has been worked out for predict-

ing intensities on the ground from the aerial survey data

above. This method involves a procedure for estimating

the radius of the crater from the aerial survey data. How-

ever, there is no known way of finding the appropriate value

of the factor k from the aerial surveys as performed in

these tests. Therefore, although the predicted 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 described here.

The values derived for crater radius are large enough

to include some considerable areas of water. For the most
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part these areas are on the opposite side of the crater

from the side on whioh the ground surveys wore made;

therefore, the presence or absence of radioaotive material

in these areas would have relatively little effect on thf)

ground intensities. As for the intensities observed in

the aerial survey, there is no way of knowing exactly over

what ground point the maximum intensities occurred, so that

the "center of activity" of the crater might have been dis-

placed away from the zero point without much effect 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 radioactive 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 the 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-

side 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

radioactive cloud. Calculations have been made which indicate that the

exposure resulting from the material actually deposited on the aircraft

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/mino 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 equipment0

II OBJECTIVE

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



posure in a plane passing through the cloud shortly after an atomic bomb

burst, and if possible, in addition, estimate from this the mean radiation

intensity of the cloud.

III HISTCRICAL

At Bikini, drone planes were flown through the radioactive 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 0 This project received the approval of the SANDSTONE Scientific

Director.

IV EIPERIMNTAL

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

in a single badge, is 0005 to 22,000 r. A more detailed description of the

films and the methods c development, reading, and calibration,, is included

in the report of project 7.l-17/RS-l - 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-
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logical Safety Offijcr assigned to the mother aircraft of each drone. Un-

fortunately for the purposes af +.hi. projaa-.dron aircraft penetrated

the cloud more than once so that est~imation of the cloud intensity cannot

be very precise. The Radiological Safety Officer removing the film badges

from the planes at Eaietok 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 are listed below:

1, Back of pilot seat facing forward.

2. Back of co-pilot seat facing forward.

3. Back of top turret gunners chair.

4* Back of bombardiergs seat, facing forward.

5o Back of navigatorg s seat, facing left from direction of flight.

6. Back of radio operator's seat facing forward.

70 On ball turret, taped to inner surface0

8 Left waist gunner's position,

9. Right waist gunner's position.

10. Tail gunner9 a position, facing astern, taped to headrest.

U1. Outside pilot's windshield0

12. Outside of aft end of port bomb bay door.

The badges were placed on the drone planes the evening prior to
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Sam
each shot. %hen the drones landed after having canpleted their penetration

of the cloud. they were monitored to determine the extent of the radioactive

contamination. As soon as the filters had been removed from the drones and

when the intensity was sufficienty how to permit entry into the planes with-

Out exposing personnel 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 ionization chamber meter

in order to permit calculation of the exposure due to residual contamination.

The badges were returned to the Uo S. S. BAIR O where the contaminated alum-

mue foil covers were removed. The fls were, shipped to the United States#

where they were developed and read at the National Bureau of Standards0

V RESULTS

Twelve badges were placed in each of the drone planes for Tests

X-ray and Yoke, Six badges in each plane were all that were available .fo

-Test Zebrat The recovery of these badges was about 95 .:pr-cent.* Tb total

exposure as recorded for each badge in Test X-ray, Toke, and Zebra is listed

in Tables 14 11. and lII respectively, The time at which the drone planes

entered and left the cloud on. each of their passes was recorded by the mi-

tor in the drone mother and this information is suamarized in Tables IVY V,

and VI.

VI DISCUSSION

A. TOTAL ZVOSURE INSIDE TER DROM AIRMM

It will be noted in Table I that with one .or two exceptions non
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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 is surprising

in view of the different quantities of material that were collected on the

filters on each plane, For comparison purposes the relative amount of radio-

active material on the filters is given in Table VIi. Visual observation,

as indicated in Table IV, showed that all seven planes went through the cloud

TABLE VII

RELATIVE AMOUWT OF RADIOACTIVE MATERIAL ON DRONE PLANE FILTERS

RELATIVE STRENGTH

ALTITUDE XI=Rh lOKg ZEBRA
(Feet)

149000 - 469 475

16,000 237 906 1107

189000 157 81 1270 :

20,000 155 3- 170

229000 4?7 1276 21444

24,000 467 833 1613

26,9000 410 739 192

289000 685 1M5 405

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



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

it is interesting to note that the two planes which made only two passes

through the cloud were those at 18,000 and 209000 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 in general about twice as great as those

experienced in Test X-ray. The one exception to this is the drone at 30•00

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 any conclusions as to the relative Importance of each pass. Although

the results are somewhat less consistent than for the planes 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

measured from the planes in the first two tests, Several of the drones,

me1y those at. 22,000 and 24,000 feet, have exposures above 400 roentgens

in manned locations. Unfortunately, due to a misunderatandmzEq no badges

were placed in the drone at 20,000 feet, which, on the basis of the monitor

readings made when the planes had landedo' was more heavily contaminated than

- 12-
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any of the others. The higher exposures on Lhe 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. This 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

-initial entry0

B. PROTECTION PROVIDED BY THE AIRPLANE

Of the twelve locations selected for the film badges two of these

(3- and 12) are on the outer surface of the airplane while the remaining ten

were in locations inside the plane0 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 plane were 1/10 t&. V/3 those on the outer surfaces* This

difference was in many cases the difference between a lethal exposure outside

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

-13 -
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view of the light materials used in the construction of an aircraft, but it

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

radioactive source 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.

iimilar considerations apply to other .locations. The data in Tables I, II,

I1I have been examined to see if some locations in the plane are better pro-

tected than others, but no very obvious differences are apparent. Possibly,

the exposurest in position #6 in the radio compartment and position #10 in

the tail are somewhat higher than the average.

C. EQPOSURE DUE TO CCOTALINATION OF AIRPLANE

The fraction of the total exposure which resulted from the de-

position of radioactive material on the aircraft can be calculated with a

knowledge of the intensity (12) at the time (t 2 ) the badge was removed from

the plane, a knowledge of the time (tl) at which the plane was contaminated,

and the decay rate of the radioactive deposit. 12 was measured by the moni-

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

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

minutes. However, a check calculation was made on some badges for t 1 1 H

plus 5 minutes, the earliest time of penetration into the cloud. Another

calculation was made for tl- 1 hr., the tine at wh 4 :,h a plane might have

landed after penetration of a cloud, in order to deterine the increase in

- 14 -
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exposure resulting frm having allowed the badge to remain in the plane after

it landed.

The eosure may be calculated as follows:

t2
I dt (1)

ti

Laboratory masurments gave the following for the decay rate.

(x)l.2(2)

Substituting 1~ 12 t2 S,2t2 t-1 .2 d

ti

Whee B =exposure in roentgens due to ccntamininatim

I2 intensity (r/hr.) at the time badge ws collected

t 2 = tim (H plus hour) badge collected

t1 = tim (H plus hor) cantamination occurred.

Smeanms of equation () 3 has been calculated for a mbor of

badgaes raewvd fi the plane In Tests Yod and Zebra. These results are

amilsed In Table VnII. From thee it is smen that the coutaulnation we

resonsblefor way~ abouL X0% at the total eposure.

mI



TABLEviII

EXPOSU FROM OONTAMI.ATIOK OF AIRPLAN

Badge Drone Total 12 t2 h* %
Numbe Numbor Position (r/ar.) (Dmr.) (roentgaen) Total

(roentgens)

TUT ~

2680 ? 6 122 280 11 22 is

2673 1 1 1500 900 8 36 2

2668 1 6 168 500 8 212

261 4 U 140 W00 4 15

TEST ZUBRA

2649 4-2 U 1000 low 22e* 11

322 6-2 6 276 55 28 4

3227 5-2 4 385- 400 48 160 47

SCalculated for ti = 15 siumtes.

** Mhen this exposure was calculated for other values of tlp the follwiang

values were obtained

310 r for ti A 5inutoeo

133 r for ti I hour

If a decay rate proportienal to T"-13 waV amumda then contamlnatio

exposure for t1 m 1• idmtes me. 280 r.

- 16-
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TAB" 1X

RADIATION IE•SITT IN =W

TEST ZEMA

lot PASS

Drne Altitude BadgeN W(feet) ymber 9(r) t"(".in.) t2" 2(r/'/"n')*

3 21,000 2667 300 7 7 1/6 1o0

4 22,000 2414 380 5 5/12 6 2/3 260

2n PASS

7 2s,000 3236 50 131/4 13 1/2 o

2 26,000 2405 36 19 2/3 2D 470

* The badges for these calculations we selected 'a0 inside the plane

in order to improve reproducibilitY. Therefore, the intensity should

be xaltipUed by ebeAt five in order to obtain the unshielded intensity

within the cloud.

-17 -



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 rougb 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 possible by s&-

traction of this value to make an estimate of the exposure encountered by

the other planes on their initial passo. From this value one can calculate

the intensity in the clouds by means of Equation (3) using the times of

entry and exit from the cloud at t 1 and t2 respectively. This has been

dowsfor the drones at 229000 and 249000 feet and the results listed in

Tablm 11o

The agreement between these calculations Is not good, but when

It is considered that the planes were passing through different parts

of the cloud they are probably the best that might be expected, One 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 12*

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 V plus 15 minutes.

m



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 abo't 10 per cent of the total exposure wa- received. That

this assumption is not too unreasonable 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.

B. 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

must theret-te be considered as due to gamma radiation alone. No detail-

ed analysis has been made of the exposures as measured outside 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 plane:3. the readings outside the lead cross were approximately

10 to 25 per cent greater than those underneath. As would be expec.ed,

this differenr.-e between the outside and underneath readings was greater

for the badges planed on the outer surface of the plane where there was

a greater opportunity for thebadge to come in direct contact with the

radioactive materialo However, since the planes were not airtight, con-

sideraole amounts of radioactive material did penetrate into the aircraft

themselves.

-- 19 -



VII CONCLUSIONS AND RECOMIMNDATIONS

The external gamma radiation exposure of personnel in a plane

penetrating the tail of the radic tctive. cloud following an atomic bomb

explosion would not in most sases prove lethal. Nevertheless, it would

be sufficiently high a. to provide considerable hazardq and therefore

such contact should be avoided. If the mughroom head of the cloud is

penetrated. the external radiation exposure would frequently be greater

than 400 roentgens and therefore be lethal to the personnel within the

plane. Because of the uncertainty in the symptoms which would result

from ar exposure of this magnitude. no definite conclusions can be dramwi

as to the ability of the crew to land their plane before becoming in-

capacitated. However, such a return does not zppe•- to be ruled out. for

the effecte of radiation exposure are frequently sufficiently delayed as

to permit such an operation even though the crew were eventually doonmed

The protection from external radiation provided the crew of a

B-17 operating in or near a radioactive cloud is qppreaiable and might

well mean the difference between a lethal and sub-lethal exposure, No

particular positions in the plane are better protected than otherso

A pland operat.ng u, a radioactive cloud will become eontamin-

ated:'but this contamination would not in general be sufficiently great

to prowe lethal to the planege crew prior to their return to base. In

all casies where the contamination 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 radioactive material inside the plane would provide an in-

20-
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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 radioactive loud

from an atomic bomb explosion seven minutes after the detonation wave was

approximately 1000 r/min.

In conclusion it should be noted that the danger to aircraft

operating in or near the radioactive cloud from an atomic 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 vicinity of atomic bomb explosions is not aS 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 filtep-

ed air supply or the use of 100 per cent oxygen when near or in contact with

atomic bomb clouds.

- 21 -
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ABSSRACT

Objgctive

The object of the work on this project was to determine the particle

aile distribution of the radioactive material in the cloud caused by an

atomic bomb explosion.

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 one in

the structure closest to the detonation, which was crushed by the door

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 was too large for a reliable measurement of

imrticle size distribution by this method.

The results obtained during tests Yoke and Zebra signify that the

radioactive material in the cloud is composed of very srll particles.

Since a comparatively minute amount of radioactive material was retained

on the first slides of the Cascade Impactors, indications are that the

majority of the particles are less than 0.5-micron diameter. By far

the greatest amount of material us collected on the canister filters,

which were on the effluent end of the Cascade Impactors on the drone

planes, and were essentially a fifth stage.

All of the glass slides from the Cascade Impactors were returned

to the Army Chemical Center, Maryland for a measurement of the particles
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on them with an electron microscope. These results will be included in

a supplementary report to be submitted upon completion of the work.

By measuring the amount of radioactive material retained on various

depths of the filter paper in canisters MIll 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 aerosol of

0.3-micron diameter.

Conclusions

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 radioactive 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 protectico afforded by canister Ill against the

radioactive particulates in the cloud is comparable to that obtained

in laboratory tests using a non-toxic aerosol of 0.3-micron diameter.

Recommendations

None, pending results of additional electron microscope measure-

ments which will be included in a supplementary report.



PARTICIE SIZE OF MATMIAI. IN CLOUD

I. OBTECTI

The object of the work on this project was to determine the particle

size distribution of the radioactive material in the cloud caused by an

atomic bomb explosion.

Theories have been advanced that, because of the tremendous energies

released by the explosion, the radioactive materials may be present

primarily in the form of extremely small particles, Information on the

size of the radioactive particles is extremely important for the

development of adequate means of filtration and for determining

biological effects.

II. HUSTIUCAi

Appendix C co~ains the report, "Evaluation of Dusts with the

Cascade Impactor", giving the details of the preliminary work on this

project including the construction and calibration of the Cascade

Impactors and amxliary equipment. The equipment es calibrated with

the dusts from Anmon, Engebi and Runit Islands. Also included in the

report is a discussion of the previous work on Cascade Impactors.

111. EXPMIMML AL0CMM

A. T

One Cascade Impactor with adiliary equipment ws assembled

and installed in each of four Corps of Engineer structtwes on Rgebi

Island. One was at 1000 feet, two at 1500 feet and the fowrth



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

to a one-inch pipe which led to the outside. 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 one-inch pipe on the outside of the building

(Figure 3, Appendix A).

After the batteries were fully charged, the electric lead from

the blower and timing mechanism was connected to the battery case. The

dial of the clock was turned to "on" in order to check the operation

of the blower.

The microscope slides were cleaned and numbered. On X-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 detonation,

and the "off" switch was set to allow the blower to operate for one

hour 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 radioactivity of the material on each slide

inside the impactors was measured in the laboratory on the U.S.S Baircko

(CVE-II5) by a Scaler Unit, model 161-G, with an Eck and Krebs tube

having a window thickness of 30 m/cm2 . Samples of the filter material

(8.7 cm2 disc) and charcoal in the canisters were also measured for

radioactivity. At a later date the radioactivity of the material on

the glass slides was measured again to determine its rate of decay.
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The Cascade Impaectr slides were packed and returned to the Army Chemical

Center, Maryland for a count of particles with the light and electron

microscopes.

B. Test Yoke

One Cascade Impactor unit was set up on an ICM boat which

was anchored in the lagoon downwind from the detonation at 2500 yards

from Zero. A second unit uas assembled on Rujuro Island, the second

island west of Aemon, at 2000 Wards from Zero. The third Cascade

Impactor apparatus was installed on Drone Plane No. 6 dlich flew

through the cloud at an elevation of 16,000 feet and a speed of about

180 knots per hour.

The legs were removed from the apparatus installed in Drone Plane

No. 6, and the unit ues 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 doors to a 900 elo connected to the intake

of the expansion chamber on the Cascade Impactor equipment. Figures

4 and 5, Appendix A, show the equipeent installed in the photo well.

An aluminum shield was placed around the motor operating the blower

to prevent interference with the radio circuits of the plane. A scoop,

in the form of a semi-ellipee about 2 inches long and with a one-half-

inch radius, uas riveted to the fuselage over the opening in the belly

of the plane. A close-up of the scoop intake to the Cascade Impact

apparatus and its relative position on the plane are shown in Figures

6 and 7, Appendix A, respectivoly. A piece of tape was placed ovw the
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open end of the scoop to keep dust from blowing into the unit before the

test. The tape was removed by the crew chief of the drone after it was

taxied on the runway prior to being picked up by the mother plane.

As soon after the explosion as radiological safety conditions per-

mitted, the Cascade Impactcrs and canisters were removed from their

respective positions. The amount of radioactivity of the material on the

Cascade Impactor slides and canister filters was measured in the labora-

tory on the U.S.S. Bairoko (CVE-U-5) as described under test X-ray. At

a later date the radioactivity was measured again to determine the rate

of decay of the material. The alpha radiation on the slides from the

impector 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.

Bairoko (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 impector, and the radioactivity on them vas measured

in the laboratory. The following day the Cascade Impactor unit operated

for 6 hours, after which the slides were removed and evaluated. The

slides used for these "fall-out" tests were also returned to the

Army Chemical Center, Maryland.

C. Test Zjera

One Cascade Impactor unit was set up on an ILM boat which

was anchored in the lagoon downwind from the detonation at 4000 yards

from Zero. One Cascade Impactor apparatus was installed in each, Drone

-- 8--
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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 laboratory 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. TEST RESULTS

A. Test X-Ray

The OCE Type A structure 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 turned upside

down, 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 one-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 thrown over
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100 feet from its original position and turned upside down by the

explosion. The one-inch air inlet pipe was sheared off at the connection

to the expansion chamber on the Cascade lmpactor apparatus, and the

electric leads were torn loose from the battery case. However, there

was sufficient dust on the glass slides in the Cascade Impactor to

indicate that the unit operated for at least a short time after the

explosion. Figure 9, Appendix A, shows the condition of the Cascade

Impactor equipment in this structure after the explosion.

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 radioactivity of the material on the glass slides

in each of the Cascade Impactors and on the canister filters is given

in Table 1, Appendix B. Photographs of the glass slides after the

test are shovn in Figures 10 to 12, Appendix A.

B. Test yoke

As a result of the explosion the Cascade Impactor apparatus

on the ICM boat was turned 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 us done to the apparatus, and this

unit operated satisfactorily throughout the test.

Drone Plane No. 6 on which the third Cascade Impactor uas installed
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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 units. The amount of radioactivity of the material

on each of the glass slides and on the canister filters is given in

Table 2, Appsudix B.

On the second day following the explosion "fall--oatm ms detected

on the U.S*S. Bairoko (CEYE-15). A Cascade Impactor 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 radioactivity of the material collected on

each of the slides is shown in Table 2, Appendix B.

C. Test Zebra

The Cascade Impactor equipment assembled on the ICU boat,

which was anchored at a distance of 4000 yards 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 radioactivity

was detected on the glass slides.

Drone Plane 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 ihich each plane entered and left the cloud are given in Table 4,

Appendix R.

The material on the glass slides and canisters from the tbee

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 radioactive material on the canister

filters from the drone planes was high, measurenents were made to

determine its efficiency in removing radioactive particulates. A

sample of the Type 6 paper from the canister Mfl was weighed, and the

radioactivity 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 particulates through a given depth of

filter is known, the filtration constant, s, can be determined from the

theoretical filtration equation:
NIN e-ex

Where N concentration of perticulates penetrating a filter

NO r initial concentration of partic-ulates

s • filtration constant

-k ; depth or quantity of filter

The results obtained on the filters from the canisters on Drone

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

No. 2 No. 6
Weight of Original Sample (full thickness), mg 231 176

Radioactivity of Material on Sample, No, dpm 4,010 39,600

Weight of Paper Removed, X mg 63 115

Amount of Radioactivity on Remainder of Filter,
N, dput 144 158

Filter Constant, a 3.33 5.53
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(Note: The filter constant, s, was calculated from the theoretical

filter equation by assigning a value of unity to the respective fmtihts,

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 "al. Knowing "s" and one

value of NAIo, the curves for the filters from the canisters in Drone

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 penetratiom,

N/No, through the full thickness (or weight) of the filter paper from

canister Mll on Drone Plane No. 2 was 2.1 x 10-4 or 0.021% and one

Drone Plane No. 6 was 1.8 x 10-4 or 0.018%.

A charcoal sample was taken from the influent layer of the char-

coal bed in the canister on Drone Plane No. 6. The sample weighed

428 mg, and its radioactivity =s 788 disintegratioms per minute when

measured at H plus 52 hours. However, after all of the charcoal in

the canister vas thoroughly mixed, a sample weighing 708 mg had a

radioactivity of only 115 disintegrations per minute. A charcoal

sample (estimated about 600 mg) from the influent layer in the canister

on Drone Plane No. 2 had a radioactivity of 114 disintegrations per

minute, when measured at H plus 32 hours. The total weight of charcoal

in a canister MIll is about 150 grams.

The results of the particle size imeasurements of the material on

the glass slides returned 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. Te alpha radiation measurements also will be included in

this supplemental report.

V. DISCUSSIM

In the original plan of test, Cascade Impactor equipment was to be

placed in each of four Corps of Engineer structures on Engebi Island

for the measurement of particle size of the material in the cloud

during test X-ray only. However, the apparatus functioned so satis-

factorily and was in such good condition 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 unit in the structure

at 1000 feet from Zero, since it mas crushed by the door -hich was

blon inside the building as a result of the explosion. The Cascade

Impactor ins broken in half, but three of the four glass slides inside

the impactor were recovered. All of the glass slides in the other

three Cascade Impactors were recovered. Although three of the four

structures were rolled over by the explosion, the functioning of the

Cascade Impactor equipment was not adversely affected by this rough

usage. Its performance as a field apparatus for the measurement of

particle size ms entirely satisfac*sry.

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

B, probably are not conclusive of the particle size distribution of the

radioactive 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 uas accumulated on some of the slides to a depth of about IA6

inch. Apparently there was much slippage" from one stage to another.

There was no wide variation in radioactivity among the stages in each

Cascade Impactor, but less radioactive material us collected in the

Impactor at 2500 feet from Zero than at the closer statimns, as would

be expected. Mhen the dust on some of the slides us leveled to a

thin layer, the measured radioactivity of the material increased about

40%9, indicating much self-absorption. No radioactivity was detected

on the filters of the canisters Mnl, which were at the effluent and

of the Cascade Impactors, due to decay of the radioactive naterial

since the measmuements were made about seven days after the explosien

and only a small portion (about 1/69) of the total effective filter

was used.

The results in Tables 2 and 3, Appendix B, obtained drWing tests

Yoke and Zebra clearly indicate that the radioactive material in the

cloud in composed of extremely fine particles. The glass slides from the

the first stages of the Cascade Impactors on the &one planes which

flew through the cloud at elevations of 16,000 and 26,000 feet, had a

comparatively small amount of radioactive material on them. The other

three stages of the Impactors had a considerably greater amount of

radioactive material on them, while by far the greatest amoiunt of

material was collected on the filters of canisters Ill, which we

on the effluent and of the Cascade Impactors and are essentially a

fifth stage. If the calibration of the impactors given In the interim

report in Appendix C is applicablev most of the particles were leos
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than 0.4 micron in diameter with the majority less than 0.1 micron.

However, the calibration 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 particles 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 report upon completion.

The glass slides from the second stages of the Cascade Impactors

on the LCU boat at 2500 yards and on Rujuro Island at 2000 yards from

Zero during test Yoke retained the largest amount of radioactive

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 radioactive material

at those 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 hoars on the flight deck

of the U.S.S. Bairoko during the second day following the explosion

of test Yoke when "fall-out" was detected. The glass slide from the

second stage of the impactor retained most of the radioactive particles

indicating a particle size distribution with a maximum retention of

0.3 micron. The unit operated for 6 hours during the third day following

the explosion and a similar particle size distribution vas indicated

although the quantity of radioactive material collected was considerably

less. The actual size of the particles collected on the glass slides

S16
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from all of the 1lests will be determined with an electron microscope at

the Army Chemical Center, Maryland,, and the results will be included

in the supplementary report.

In all cases the decay of the radioactive material on the various

Cascade Impactor slides followed the same rate of decay as either the

crater sample or the drone sample. This would indicate that there was

no segregaticm of the various radioactive products in the cloud, and

that the radioactive material is probably carried on dust particles.

The efficiency of canister Mil in removing radioactive particulates

is determined by measuring the amount of radioactive material retained

on various depths of the Type 6 filter paper 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 Impactors, was approdmate4F

16 liters per minute, and these results of particulate penetrations

are comparable to those obtained in the laboratory on this same type

of filter material using an aerosol of 0.3-micron diameter.

A moderate amount of radioactive material was detected an the

charcoal in the canister Uil on Drone Plane No. 6, which flew throu&

the cloud at 16,000 feet during test Zebra. The mjority of the

radioactive material was collected on the influent layer of the

charcoal bed in the canister. These results intimate that either

some radioactive material in the cloud is present in vapor form or

some of the radioactive material is vaporizing off the dust particle@
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after being collected by the filter.

VI. CONWSIOLS

It is concluded thats

1. The Cascade Impsctor equipment used for these tests is

an excellent field apparatus. It is easy to operate, portable and

withstands rough usage.

2. The radioactive material in the cloud apparently consists

of very small particles. Present indications are that a msjor portion

is below 0.5 micron in dimeter.

3. The protection afforded by canister MiM against the radio-

active particulates in the cloud is coaparable to that obtained in

laboratory tests using a noa-tocz aerosol of 0.3-.icron diameter.

vII. B~om1A1D&ig

None, pending results of additional electron microscope meaurwe-

ments uihch will be included in a supplementary report.
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APPENIX A

Figures 1 th-rough 12
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Fig. I Filtration Efficiency of Type 6 Pap•" in Canistera 1. an

Drone Plane No. 2 and Drone Plane No. 6
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Fig. 2 Cascade Impactor Installed Inside CCL Structure

Fig. 3Inlet Tube for Cascade Impactor Showing Rupture Disc
(Outside View)



Fi. O~od Ip~t~ IsaledinPht WllofB-?DrnePln

Fig. 5 Cascade Impasctor Installed in Photo Well of B-17 Drone Plan.
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Fig. 6 Inlet Scoop for Cascade Impactor (Close-up View)

Fig. 7 Inlet Scoop for Cascade Impactor (Distant View Showing
Location on Plane)
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PA-l99mf)2004 001 S~seuo tu
"A*- 15000 Interor 17 AWr 48

Fig. 8 OCE Structure "A" - 1500-foot Interior

PA-198-11-3203-11 OCE Structure
"B" 15001 in~terior 17 APr 48

Fig. 9 OCE Structure "B" - 1500-feet Interior



Fig. 10 Slides Recovered from Cascade Impactor in OCE Type A

Structure at 1000 Feet

- 25 -



28 Y' • •s

Fig. 11 Slides froer Cascade Impactcrs in 1500-feet Type A Structure

Fig. 12 Slides from Cascade Impactors in 1500-feet Type B Structure
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APPENDIX B

Tables 1 through 4

-27-



RadloactivitX of Material on Cascade impactor Slides and

Test X-Ray

Sampling Slide Time Radioactivity Remarks
Position _ No. .Measure

plus H disintegrations
hours per minute

OCE Type A at
1000 feet IA 154 644 Cascade impactor broken

in half.

"IB - - Not recovered.
"IC 154 505 Corner of slide broken off.
"ID 154 761
"Canister

il1 172 0
"IA 172 300 ) Decay follows same curve
"1C 172 238 ) as for crater sample.
"1D 172 414 )

OCE Type A at
1500 feet 2A 83 925

"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
Ull 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 ) 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

iL .. , •. L _ i . . . . ... . . . . . , . . . .. . .. . .... . . . . i i l II .. . I I I I I l II I2.. .



Table 1 (continued)

Sampling Slide Time Radioactivity Remarks
-Pos itIion _ _ asured

plus H disintegrations
hours per minute

OCE Type B at
1500 feet Canister

Nil 173 0
"3A 173 112 )Decay follows same curve
"3B 173 100 )as for crater sample.
"3C 173 105 )
"3D 173 81 )

OCE Type B at
2500 feet 4A 84 210

to4B 84 293
it464 244"IQ 84

"Canister
Nil 174 0

"4A 174 7 Decay follows same curve
"4B 174 14 as for crater sample.
"4C 174 10 )
"4D 174 10 )

N2&1: Letters A, B, C and D after the slide numbers represent the first,
second, third and fourth stages, respectively, of the Cascade
Impac tor.
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Table
Radloactivity of Material on Cascade Imactor Slides and

Test Yoke

Sampling Slide Time Radioactivity Renarks
Poition No, _Measured

plus H disintegrations
hours per minute

Drone #6 at
16,000 feet 6A 14 29,250 ) Material on slides

) barely visible with
"6B 14 403,000 ) naked eye.

"6C 14 272,000
6D 14 276,100
Canister
Wll 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
Nil 122 17,000 ) Reading on sample disc

of filter.

LCM Boat at
2,500 yards 7A 10 48

"7B 10 10,350
"7C 10 2,750
"7D 10 16
"Canister
Nll 10 0

"7A 34 0 ) Decay follows same curve
"7B 34 1,294 ) as for crater sample.
"7C 34 384 )
"7D 34 14 )
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Table 2 (continued)

Sampling Slide Time Radioactivity Remarks
Position' No.. easured

plus H disintegrations
hours per minute

Rujuro Island
at 2,000 yards 8A 42 30

"8B 42 1,460
"80 42 930

" 42 316

Flight Deck
of U.S.S.
Baireko 9A 62 66 Operated for 3 hours

from 1345 to 1645 on 3
May 1948

"9B 62 480
9C 62 21
"9D 62 82

Flight Deck
of U.S.S.
Bairoko IGA 86 0 Operated for 6 hours

from 0910 to 1510 on
4 May 1948

""10 86 185
" 10C 86 7

""GD 86 24

* Average reading of four samples of filter 8.7 sq. cm. in area.

Total effective area of filter in canister 1ll 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.
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Radioactivity of Material on Cascade Imactor Slides and
S~ Canisters

Test Zebra

Sampling Slide Time Radioactivity Remarks
Pos it ion .•, Maue

plus H disintegrations
hours per minute

Drone #6 at
16,000 feet 16A 11 1.15 x 104  Material on slides

" 16B 11 3.50 x i0 5 barely visible with
"160 1. 2.27 x 10 5  naked eye.
"16D 11 4.90 x 105
"Canister
Nil 33 7.61 x I Reading on sample

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

area of filter.
11 1.52 x 107 Extrapolated back to H

plus 11 hours on fission
products decay curve.

16 51 2.96 Decay follows same curve
"16B 51 1.01 x 01. as for drone sample
"16C 51 6.91 x 164 (fission products).
"16D 51 1.27 x 1i 5

Drone 12 at
26,000 feet 12A 11 2.79 x I0 Material on slides

" 12B 11 1.48 x 10 5 plainly visible.

"12C 11 4.78 x 10 5
"12D 11 3.29 x 10 5

"Canister
M11 33 *1.14 x i01 Reading on sample disc

of filter.
33 7.87 x 105 Calculated to total eff.

06 area of filter.
" 11 2.42 x 10 Extrapolated back to H

plus 11 hours on fission

products decay curve.
12A 51 5.95 x i& ) Decay follows same curve
"12B 53 2.87 x 10. 4 as for drone sample
"12C 53 6.84 x 1I4 (fission products).
"12D 53 6.41 x io6

-32



Table 3 (comtinued)

Sampling Slide Time Radioactivity Remarks
Pos it ion o Measured

plus H disintegrations
hours per minute

LOU Boat at
4,000 yards 11A 10 0 No "fall-out" in

vicinity of boat.
"1iB 10 0
"liC 10 0
""lD 10 0

* Average reading of two samples of filter 8.7 sq. em. in area.

Total effective area of filter in canister Mll 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.
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Paw Times of Irae plane Thrb ÷i ClaIu

Drone First Pass Seonmd Pass Third Psa
Teat Numb.' Enter I bt Enter FBit Eniter E~t

u- - n -n -. -.

Ycke (06o9oo)* 6 061620 061640 062545 062645 063840 06"915

Zeba (060400)* 6 060945 061020 062030 062100 063300 063400

Zebra (06O1400)* 2 Over 062340 06400 06385 063835

The Usme of tbe expicsion iu given in Iurenthesu.
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APPODIX C

Interim Report

EVAWIATION OF DUSTS WITH THE CASCADE IMPACTCIK

by

Howard Ianier
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VA LUATION OF DUST WI1TH THE CASCADE IMPACTC1t

ABSTRACT

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

1. The three types of dusts are all of comparable density.

A 2.41
3 2.66
R 2.49

2. The four Impactors used gave cmparable Frequency-Diameter Curves.

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 micron, for 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
occurred; however, all in the range below 0.5 micron.

The Cascade Impactors uniformly separate the cloud as follows:

We Freguency Peak
1 004 microna
2 0.3 micron
3 0.2 micron
4 0.1 micron

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

It is recacnded that provisions be made fcr reton of the samples
to this lab•atory for a comt of the Particles vith the electon micro.-
moope. This woul. enable •resentatio.: of the data an a mass basis. Thus,
not only would presentation of a FrequencyDiameter ouwve be possible;
however., it would be possible to exress an md per stepe as vell as for
the entire cloud.
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Interim ReoR"t

EVALUATION OF DUSTS WITH =CASCADE IMPACTU

I. DINODUCTICN

A. ObJec

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

B. A

Letter dated 7 November 1947, from Armed Forces Special Weapons
Project, to the Chief, Chemical Corps. Subject: Request for Cascade
impaactors.

II. HIS&IC

K. R. May, H. L. Green and J. W. Stevenson described the Qaweade
Impactor in Porton 1600 (U3968) April 1, 1944. May later reported the
impactor in the Journal of Scientific Instruments in 1945. The impactor
as designed by May was used extensively during the war at all ezpwi-
mental chemical urfare installations, and us found to be the most
practical field sampling device for the evaluation of aerosols.

Recently a number of modifications of the original design have
been made. L. S. Soklin described a "Modified Cascade Impactor" in
the Journal of Industrial Hygiene and Toxicology, November 1946. Also,
H. C. Hodges redesigned the impaector and it is his design that has
been duplicated for this test.

The Cascade Impactor is a four stage impilger which is used for
sorting 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 progressively smafl"
range of particles is "impacted out* as the sample passes free jet to
jet. This sorting presents a number of convenient methods of expressing
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 ay; therefore, the
size ranges per stage will be considerably lower.

39



The calibration of the impactors 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
should then indicate the approximate distribution for each dust. If
the frequency curves are comparable the dusts will be mixed for a final
calibration.

The presentation of the data will be a plot of frequency versus
size. Thus, if the impactors are uniform in the size range they remove
per stage, it will be possible to state that a given stage may be
represented by a frequency curve with a maximum retention of a stated
size.

IV. EXPERIVMETAL

A. .Materials and Eauipment

1. Cascade IMPactcr

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

2. Expansion Chamber

To reduce the shock on the impactor from the bomb burst a
sheet metal chamber has been placed in front of it. This chamber is
approximately 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 abeorb the initial blast of the bomb burst a rupture
plate has been placed at the prtw of the pipe leading to the expansion
chamber and impactor. 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 for
the inner position. No disc will be used at the outer sampling station.
The disc will be mounted in an adapter at the intake pipe. The adapter
is shown in drawing J, Enulosure D. Tables I and 2, Enclosure B, give
the rupture pressures for the discs used.

4. 2.'ise

A Ml canist6er has been placed as a filter at the effluent
of each Cascade Impactor to serve as a fifth impaction stage. The
location of the canister in the completed assembly is shown by
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drawing H, Enclosure D and Fig. 1, Enclosure C.

5. Blower

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

6. Itteriee

The batteries employed are 6-volt p.astic sto!ige batteries
type BB-207/U. The batteries are housed two to a case wit, cannon plug
connectors from the housing to the Blower-Timer circuit.

7. Timer

A timer has been installed to close the Battery-Blower
circuit. This timer is spring wound with "on" and "off" tabs to make
and break the circuit. The minimum time that may be set between "on"
and "off" is approximately 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. Assembly Stand

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

B. Calijatich Procedure

1. AdJuntinent of Flow

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

2, Preperaticn of DuRt

Dusts "A", "E" and "?" were pulverized and a density deter-
mination was made on each type. A cloud of dust "R" ws 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 calihration
work. Each of the dusts were then dispersed and sampled on electron
microscope screens in impactor No. 1.

3. Samilina TechniQue

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

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

4. Measrement of Particles

The increased impaction efficiency of the dusts necessitated
the examination of the slides with greater resolving power than the
light microscope could afford. In order to employ the RCA Universal
Type Electron Microscope, a technique was devised that permitted collection
of the samples of 200 mesh electron microscope screens coated with Favazr.
This technique consisted of spreading Formver on water and wdipping outN
with the half of the microscope slide to be used. The Fcruvar firmly
held the screen on the slide even in the air stream from the jet. A
specimen screen was then placed at each side of the slide with collodion
to space the Formvar coated sample screen the correct distance from the
jet. The samples were then photographed at a magnification of approximately
6900 diameters and enlarged photographically to 7,500 diameters. This
made 0.1 of a micron approximately 0.10 of an inch which made particles
less than a 0.10 micron sountable.

The preliminary counts of the three dusts were made at a magnification
of 2,380 and enlarged to 9,500 diameters. At this magnification, greater
error in the 0.1 and 0.2 micron sizes was experienced; therefore, it we
decided to increase the magnification to the 27,500 diameter stated above.

Calibration photographs of each magnification used are presented in
Enclosure 1. This calibration is the standard method of photographing
a diffraction grating replica. The grating used for this calibration
had 15,000 lines per inch.

C. Results

1. The determination of the dust densities indicated that the
three dusts were of comparable density.
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Density
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 impactor No. 1.
Results of these three tests are given 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 four impactors gave
comerable frequency curves as indicated by the Frequency-Diameter
curves in Figs. 2 through 5, Enclosure C.

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

V. DISCUSSION

A. General

The increased impaction efficiency of the cloud has appreciably
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 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
occurred; however, all in the range below 0.5 micron.

VI. CONCWSIoNS

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

Jet Freauency
1 0.4 micron
2 0.3 micron
3 0.2 micron
4 0.1 micron

Apparently there is no serious loss of particles in the chamber.
Based upon a rather limited count, no peak shift occurred and there is
little evidence that there is a serious loss of larger particle.s ricr
to reaching the impactor.

VII. RECOMWMEDATIONS

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 presentation or the data on
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a uass basis. Thus, not only would presentation of a Frequency-Diameter
curve be possible; however, it would be possible to express an amd per
stage as well as for the entire cloud.
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ENCLOSURE A

DIREClTIVE
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33SITRUCTICCIS FOR IJISTAULNG

CASCADE IMPACTCR SAMPLING APPARATM

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

2. Charge batteries 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 for condition of charge. Double the
number of batteries needed and four times as much acid as needed
has been shipped. Exta fuses are in battery charger case.

3. Attach rupture disc adapter (appropriate 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, Enclowre B, for rupture pressures.

4. Assemble apparatus framework making necessary adjustments with
horizontal and perpendicular slides and locknuts, Attach apparatus
to opening in barricade by means of the union on side of chamber.
Double end wenches are attached to side of apparatus for attaching
impactor to union on other side of chamber. Attach a canister to
blower housing. Attach union between impaotor and canister with
double end wench. Attach electric lead to battery case. Manually,
turn dial of clock to "0" in order to check operatiom of blower.

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

6. Nash, polish and number microscope slides. Place in impactors,
being certain Yken installing springs, the sleeves are in position
to allow slides to be exactly equal distances from each side of
jet and perpendicular to air s~eam. Replace knurled cape snugly.
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ENCLOSURE B

TABLES
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TABLE 1

0 V 0

0 q) =

1t d1 V

21 r .- 2
CirJ2 0IAt H 1U ~ 4  gi

1 110 lO4 1 150 114 1 150 140

2 115 104 2 140 124 2 155 167

3 110 102 3 135 128 3 155 1467

4 112 107 4 132 128 4 155 148

5 110 108 5 132 128 5 160 1588

6 110 108 6 130 1285 6 156 150

7 112 108 7 130 128 7 164 1389

8 110 106 8 129 128 8 162 148

9 112 106 9 132 1286 9 160 154

10 ii0 105 10 132 128 10 160 149

11 X 74 11 X 120 11 X 142

12 X 80 12 X 122 12 X 136

A 110 100 A 130 114 A 160 i4

1~~~~~ IL I- -1

5. Held at 125 P.S.I. Ruptured at 130 P.S.I.

6. Held at 128 P.S.I. Ruptured at 132 P.S.I.

7. Held at 145 P.S.I. Ruptured at 155 P.S.I.

8. Held at 155 P.S.I. Ruptured at 160 P.S.I.

9. Held at 160 P.s.I. Ruptured at 164 P.S.I.
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TABIE 2

00 07 to

0 50.4 a0 0 4) 20
3 73

4 0 0 4, 4 6 57 4 9
tSl U3 N W W N CD N toe W w3 U)u

1 50 24 1 50 40 1 70 7O 1 90 60

2 50 20 2 50 38 2 70 60 2 100 05

3 50 191 3 50 36 3 70 70 3 90 033

4 50 22 4 40 38 4 60 57 4 90 84

5 50 20 5 40 39 5 70 602 5 93 843

6 20 20 6 38 38 6 70 60 6 93 84

7 20 19 7 38 36 7 70 65 7 93 84

8 20 19 8 37 37 8 68 65 8 93 85

9 20 19 9 37 36 9 67 64 9 95 864

10 20 18 10 37 37 10 63 63 10 94 86

11 x 17 11 x 32 11 x 48 ii x 105

12 X 17 12 X 28 12 X 59 12 X 101

A 20 18 A 40 36.5 A 70 63 A 90 82

1. Disc blew out

2. Twice at 60 P.S.I. Twice at 70 P.S.I. Ruptured at 2nd 70

3. Held 90 P.S.I. Ruptured at 93 P.S.I.

4. Held 93 P.S.I. Ruptured at 95 P.S.I.
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TABLE 3

COMPARISON O DUSTS "A', "E" AND KRV

DATA TAKEN ON IMPACTOR . JET 2

Size in 2ust NAs HE" t "
Microns Number i ofrTotall Number_ of Total Number of Total

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

.4 14 8.3 46 12.6 62 17.9

.5 9 5.4 26 7.1 41 11.9

.6 12 7.1 20 5.5 27 7.8

.7 10 6.0 14 3.8 20 5.8

.8 8 4.8 12 3.3 21 6.1

.9 8 4.8 12 3.3 16 4.6

1.0 5 3.0 4 1.1 10 2.9

1.1 4 2.4 2 0.6

1.2 3 1.8 10 2.9

1.3 4 2.4 7 2.0

1.4 5 3.0 1 0.3

1.5 2 1.2 5 1.4

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 o.6

2.1

2.2 1 o.6

2.3

2.4 1 0.6

3.0 1 o.6
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TABLE 4
FINAL CALIBRATION OF CASCADE IMPACTORS

IMPACTOR NO. 1

Size in Jet 1 Jet 2 Jet 3 Jet 4
Microns Number--of Total Number-f-of Total Numb~e r of Total Number -f-of Total

0.l 12 1.5 39 3.6 128 7.2

.1 69 8.6 179 16.6 538 30.3

.2 167 20.8 359 33.3 472 26.5

.3 197 24.6 225 20.9 323 18.2

.4 156 19.5 127 11.8 170 9.6

.5 75 9.4 74 6.9 81 4.6

.6 54 6.7 40 3.7 37 2.1

.7 32 4.0 18 1.7 14 0.8

.8 16 2.0 10 0.9 8 0.4

.9 10 1.2 3 0.3 4 0.2

1.0 6 0.7 2 0.2 2 0.1

1.1 3 0.4

1.2 2 0.2 1 0.1 1 0.05

1.3 2 0.2

1.4

1.5 1 0.1 1 0.05

802 99.9 1077 100.0 779 100.1

S - - • I I I I . . . .. . .. . . I I . . . .. . . l 1 I . . . . . . i i 1 I i 10 r l-a . . . . . . . ... . . . .. . . ... . . . .



TABIL 5

FINAL CALIBRATION OF CASCADE IMPACTIRS

IMPACTOR NO. 2

Sizein t ej

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.o 192 30.7 211 19.5 252 16.4

.4 28 20.2 56 9.0 92 12.0 136 8.9

.5 21 15.1 7.4 60 5.3 66 4.3

.6 14 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 1 0.7

139 100.0 625 100.3 1058 99.9 1537 100.1
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TABII 6

FINAL CALIBRATION OF CASCADE DhPACTORS

IMPACTOR NO. 3

Size in t 4•et
r f t N of otal Number of Total Number of Total

0.1 1 0.3 5 0.6 16 2.3 72 4.6

.1 25 8.5 97 11.3 141 20.4 586 37.4

.2 "6o 20.5 190 22.1 231 33.4 475 30.3

.3 65 22.2 227 26.4 128 18.5 250 15.9

.4 79 27.0 121 14.1 91 13.2 98 6.3

.5 17 5.8 82 9.6 39 5.6 48 3.1

.6 12 4.1 46 5.4 19 2.7 19 1.2

.7 6 2.0 31 3.6 12 1.7 12 0.8

.8 9 3.1 24 2.8 6 0.9 7 0.4

.9 5 1.7 12 1.4 4 0.6 0 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

1.4 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 io0.1
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TABLE 7

FINAL CALIBRATION OF CADCADE IMPACTORS

IMPACTOR NO. 4

Size in ja t Jet .3t 4of1r, of TotalNuoT l

0.1 7 0.8 35 2.9 70 6.2

.1 114 12.7 330 n7-7 390 34.7

.2 208 23.2 350 29.4 317 28.2

.3 265 29.5 203 17.1 168 15.0

.4 122 13.6 113 9.5 98 8.7

.5 64 7.1 61 5.1 43 3.8

.6 35 3.9 34 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 4 0.4 6 0.5

1.1 3 0.3 1 0.1

1.2 5 0.6 1 0.1

1.3 3 0.3 1 0.1

1.4 2 0.2 1 0.1 1 0.1

1.5 2 0.2 1 0.1

1.6 2 0.2

1.7 1 0.?

1.8

1.9

898 99.8 1190 100.1 E12 99.9

"5 5-
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TABLE 8

COMPARISON CF SAMPLES TAKEN 17H AND WITHOUT EXPANSION CHAMg•R

Size inA
&g=rcn j•j o% Tof

o.1 14 2.7 5 1.3

.1 159 30.3 107 28.5

.2 132 25,1 88 23.4

.3 86 16.4 64 17.1

.4 57 10.9 32 8.5

.5 31 5.9 29 7.7

.6 16 3.0 29 7.7

.7 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

11 1 0.3

1.2 1 0.2 1 0.3

1.3 1 0.2

1.4 1 0.2 1 0.3

1.5

1.6 1 0.3

2.1 1 0.3

• 55 t
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Close-Up of Complete Assembly Close-Up of Complete Assembly
Back View Front View

1. Timer Mechanism

2. Blower

3. Canister, Mn

4. Cascade Impactor

5. Expnsion Chamber

6. Assembly Stand

7. Two Double End Wrenches

Fig. 1 Complete Assembly of Cascade Impactor and Accessories
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Project 7.1-17/RS (CC)-8: Test of Efficiency of Field Collective
Protector EZR

Abstract

Obj ective:

The object of this project was to determine the efficiency of Field

Collective Protector E24R3 in furnishing purified air to a building by the

removal of radioactive particulates and gases resulting from the explosion

of an atomic bomb.

Results:

With the Field Collective Protector E24R3 installed in the OCE Type A

structure at 1500 feet from Zero, the rate of flow of air through the unit

was 316 cubic feet per minute, and it mintained 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 from 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. A 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 Potector was placed on an

UK boat anchored in the lagoon dowrzind from Zero. However, no additional
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information on the efficiency of the unit in removing radioactive particulates

was obtained. During test Yoke the blast stopped the electric generator which

was operating the Field Collective Protector and the radioactivity detecting

equipment, while in test Zebra no "fa~lll-ot" 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

from the blower wheel to which they were spot welded. Upon. riveting the

impeller blades to the wheel, the blower units operated satisfactcriye.

Conclusions:

It is concluded that:

(1) The Field Collective Protector E2W would probably operate

satisfactorily during an atomic explosion if placed in a building which could

withstand the blast effects of an atcuic explosion.

(2) The Field Collective Protector V4M woui withstand the rough-

handling that would be expected with field usage, as indicated by the absence

of mechanical failuree in the unit placed in the structure which was thron

about 30 feet and turned upside down by the explosion.

U) satizfactory oporation ce tje Field Coaectjvo ProtectwI a

blower unit for long periods of time could not be assured with the iwell.

blades spot welded to the bl.ower wheel.

Recmenxationua:

It is recoamended that:

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

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

removing radioactive particulates and gases. The particle size information

obtained from Project 7o.1I7/RS(CC)-9o Particle size of Laterial in Cloud,

could be used in generating a simulated c2oudo

(3) In future tests of atomic weapons0 a more practical site be

selected for the installation of a Collective Protector, ioe. one in which

the effects of blast and radiation would not render the building uninhabitable

even if furnished with purified air,
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Project 7.1-17/RS(CC)-4: Test of Efficiency of Field Collective Protector

I. Objective:

The object of this project was to determine the efficiency of Field

Collective Protector E24FO in furnishing purified air to a building by

the removal of radioactive particulates and gases resulting from the

eplosion of an atomic bomb.

In Test X-Ray one Field Collective Protector E24F3 was installed in a

reinforced concrete structure, Type A, constructed on Engebi Island by the

Corps of Engineers . This structure was 1500 feet from Zero. Radioactivity

detecting equipment was installed inside the structure to determine the air

contamination within the building. Another Field Collective Protector was

placed on an LCVP boat which was anchored in the lagoon, dowvdnd in the

predicted "fal-out" area at approximately 2500 yards from Zero. Radio-

activity detecting equipment was used to measure the radioactive material

penetrating the Collective Protector unit.

In Tests Yoke and Zebra a Field Collective Protector E2J43 was placed

on an LU boat which was anchored in the lagoon dowrwind in the predicted

"fall-out" area. As in the first test radioactivity 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 frao Zero during Test Yoke and 4000 yards from Zero

during Test Zebra.

3I. Hietwical:

Collective Protectors MI and M2 were the standard protectors at the

start of World War IT. Collective Protector Ul was used for permanent

-1.-W



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 r2 and 12A2 is the position of the canister. The

canister in the former is placed above the blover in a vertical position
while in the M2A2 the canister is restin 6 in a horizontal position on a

steel frame beside the blower. In the -.ertical pos" .ion the canister

often broke the bloner frane. In July 1944, Type ASC char cal was sub-

stituted for Type A charcoal in the canister. The protecti n against

cjanogen chloride was markedly improved by this change,

A sm• l collective protector M3 of the same genera des.gn as the

original field models was standardized in June 1942 for installation in

vehicles such as the Ordnance machine shop truck, laboratory truck and

similar vehicleso This protector was designed tc, purify nly 50 cu. ft.

of air per minute as compared to 200 cu. ft. of a3r per minute for the

field models.

However, experience has shown that Collective Protector M2A2 is too

heavy and cumbersome for field service and the U3 supplies insufficient

air to pressurize ewisting vehicles. The newly developed Field Collective

Protector E24R3 dispenses vith the framep using the air purifier itself

to support the blower. The cunplete protector, which may be either

electric or gasoline motor driven, is made almost entirely of aluminum.
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weighs onJy 300 pounds and is easily disassembled into eight separate

sections which permits easy one or two man carries. Its air-purify-uig

capacity is 300 cu. ft. of air per minute which is sufficient for the

comfort of 30 men, and the active air puridi•ng materials are Type ASC

charcoal and waterproofed asbestos-bearing filter paper (Type 6), an

improved filter material Field Collective Protector E2R3 is designed

for the removal of chemical and BW agents and radioactive dusts froa

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 purified air. It is

necessary that leaks in the shelter be minimized so that a positive

pressure of approximately 0.5 inch of water can be maintained within the

shelter.

The authority for the work on this project was contained in the

letter of 22 December 1947 from Headquarters Joint Task Force SEVEN to

Director of Plans and Operations Division, Subject: Chemical Corps

Participation in Atomic Energy Activities. In addition to the Chemical

Corps 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.

III. fperimental:

A. Materials and Equiunent:

1 Field Collective Protector E24B

The units used for test X.ry were gasoline motor driven

while those used for Tests Yoke awl 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, apprcrizately

8 feet long, was connected to the intake plea= of the Collective Protector,

while the other end of the hose was fitted with an adapter for attaching

to the 6-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.

2. Pitot Tube:

A pitot tube was used to measure the rate of flow of air

through the Field Collective Protector.

3. Draft Geae

An Ellison draft gage (0 to 1L5 inches of water) was used to

indicate the pressure attained within the concrete structure while the

protector was in operation.

4. Radioactivity Detecting zuiapment for Penetration 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./cm2 for measuring Beta actxvity. This was

connected to a counting-rate meter (General Radio Co.) which in turn was

connected to an Esterline-Angus recorder (Figure 3, Appendix A). The Geiger

tube was placed in the effluent air stream from the Field Collective Pro-

tector and surrounded by at least 4 inches of lead in the form of bricks.

5* Electric Generators:

A gasoline driven 315 volt generator producing 1-3/2 kw. was

used to operate the radioactivity detecting equipment in the concrete
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I i

structure., wh~ile one produririg 5 ýw wa,3ý or., ~rh LM V boat ifar t.-ýs

X-Ray. One 5 kw. ~e d genrAeý ar was- CUe(.q 'r-o &¶ bko*n th-? rsdo.ýo

activity detecting seq'npment and the i~~rc;tro ~trveni Field Colilective

Protector on~ the Wn. boat-. duvi~ng ttsYoka- and Zatb-7s

B. Pror adar- -,

One Fielh Collect~ive Protzc-trr ZE)? 4A3 with a gasall~ns iwotot-

was installed in s Corps of Engineers Type. A 5trict',c'- at I)rOO feet fr~

Zex-o. The i~nside -iizenaiona of the etructurews v.-e1 ft 0, X 8 ft.. x 8 ft.,

and contained one door with an anti-b~a6k draft, vaivp rm-d nIO Win~dos.,

The Collective Pot~ec~tor unit was placed. on the flohor in,

apprcfriately the center of the bu:U,&-v.g. O,-- n of --a 4-inch diameter

flexible muetal, hose, abouit 8 feet -lng waz- connect-A to -ie ntake ýIenum

,)f the Cofl~e,'ýtive Prrotewtor, and the cAther end.ý 'wi th -a ý-,reciaTl ada~pt~e,.

was weldied to the 'nhair intake. 6 th t.'>Iie. (Figures 14 and

Appendix, A"I

Art FAk an~d Krsb~ eA Geigor, t-'ah-, wa-ý Plxced tLn a

right angie- ±aci whlzxi was then att~a h&Qe' o the CPIIýLiv- Pm3 - tector blover

outlet (Figure bq Apperidi A)., A shield of lead v vas J"I2t. around

the duct to prevent outside radiation .fre- reachizng th~a Geiger tube, so

that onl~y the radioa4vtie -iie;penP+ratjing the Co~Uec tj,ý Pro-tector

unit would be record4ed., Then. the Geigoer vab ý w r-orw.#-ted to a COuimt~ng-,

Rate Meter whirh in turn c~ onneot~ad to ar, Zsts-,lirk-: ýkigus recordenr

(Figures 7 and 8., Append~i A).

The oc'nmtlng tUbse were iih vte at-b a Cobalt 60 standard

51DiF -



prepared by the National Bureau of Standards. Dir ct calibraV'on of the

activity per liter of effluent air was difficult because of the ccm-

pl.icbted gecmetrical factors in 1 ed in measuring t ie activity of air

flowing hrough a duct. A rough estimate, which was prob bly sufficiently

accurate .o hat purpose, indicated that the efficiency of the counting

set up was about 25%. The oun ing rate meter -vas operated on the 6000

counts per minute rang.. With this range accurate measurements can be

made from 100 to 6000 cpa° Since the volume of air measured at one time

is about o e Liter, and since the tube is only 25% efficient, this is

quivale to 400 to 24,000 cpm 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 40s,000 cpm or 0o00a4 to 0,2 microcuries p r minute,

A 1-1/2 W. gasoline-drive electric generator wa also

placed in the structure t operate the detection equirpment (Figure 9,

Appendix A). An ov rail vi w of th generator and Coll cti, e Protector

unit installed in the building is shown in Figure 10,, Appendix o

The flow rate through the Collec ive Protect r during i .s

opera io was determined by attaching a straight 4-V/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 gage,

The ,,sitive pressure maintained within the OCE stri.cture

under operating conditions was measured by attac ing one end of a dr-ft

gage to a -ie-inch pipe which led to th . outsidep while the other end of

the draft gage w a open to the inside of the struck.ureo
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A second field Collective Protector X2W with a gasoline

motor was set up in an IMVP boat which was anchored in the lagoon at

approximately 2500 yards from Zero. The same type of radioactivity

detecting equipment as used in the OCE structure was assembled on the

boat. A 5 W.° gasoline.driven electric generator was used to operate

the detection equipment,

On X-Ray minus two days the gasoline tanks on the Collective

Protectoiv and electric generators were filled and the operation of the

equipment checked. The electric generator was allowed to continue operat-

ing the counting rate=meter in the OCE structure to keep the meter warm

thus preventing moisture from collecting inside the meter.

On X-Ray minus one day the gasoline tank on the generator

in the OCE structure was refilled. At ff-hour minus six hours, the engine

on the. Collective Protector unit was started. It was also planned to

start the Collective Protector and radioactivity detecting equipment an

the ICVP boat on X-Ray -nz cne day. but the boat sank in the lagoon on

that morning with all the eqy.7-ienr. aboard.

2, Teset Yoke:

A Field Collective Protector with an electric motor was set

up On an ICU boat, which was anchored downwind in the lagoon at approx-

Imately 2500 yards fromu Zero (Figure 11, Appendix A). The same radio-

activity detecting equipment as described under Test X-Ray was assembled

on the boat. The 5 1cff. generator was used to operate both the detection

equipment and Collective Protector. On Yoke minus one day the gasoline

tank on the generator was filled, and the generator, Collective Protector

and radioactivity detecting equipment were started,

"-7-



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 equipment as in the previous tests,

IV. Test Results:

A. Test &Ea:

With the Fie3d Collective Protector conpletely assembled and

installed in the OCE Type A structure at 1500 feet from Zeros the rate

of flow of air through the unit was determined,

Diameter of metal tube - 4.125 inches

Area of metal tubes A - 0.092 sq. ft.

Tenperaturep t - 320 C

Barometric pressure, Bar - 29.85 in. Hg

Reading on draft gage with
pitot tube in center of
air stream, D -0M93 in. H20

273 4t 29.9
Flow Rate Q A x 3435 D x 273 x

Bar

0.93 273 4

316 cubic feet per minute

With the door on the structure closed and the Field Collective

Protector operating, a positive pressure of 0o9 inch water was maintained

inside the buildir4&
-8-



During a pre-test check the elect-ric generator operating the

radioactivity detecting equipment performed satisfactorily for 2-4 hours.

Atter refueling on X-Ray minus one day., the generator would not start

apptrent!y due to a bourned out magneto. Since insufficient time remained

before ,I0e test to fax or replace the generator, the radioactivity

dei •ct__g equipment was removed fram the structure to prevent it frcm

beioxing 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

approximately 30 feet from its original position and turned upside down.

An i.ispectior (..- the inside of the building showed that the Field

Collective Protector had turned over, bua tl-÷ air purifier unit was

shill in good condition. The electric n .er.tor nad fallen against the

flexible metal inlet hose and had broken ik xway from the air intake

pipre to the Vlaing., ThC collec tive Pro-e. apartntJ7 did not

7,perite after fhe Lcxsi-.:, as no radioac~t4.iity -- us detested '-n the

filber units. Figures 12 &and 13, Appendix A.. 9hakw ý-he condition of

tbis equipmei•t inside the structure after rT.-e exp Losion.

The only c-nceivable damage to trhs F'.e..j Collective Pro-

tector was the erushing of Lhe enTlarged gasoli-e tank on the engine.

A close visual examination cf the Collective Pr•tector slh0ed that

there were no cracks in the aluminum castings. 'Lie air parifier was

dlassembled, and a visual inspection of t e f,!•'er units revealed no

damage to the paper. The a•bsorbents in ttrift zoal unit.3 were s Lil-
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compactly packed, and no looseness of the charcoal was apparent upon

As stated in the previous section, all of the equipment set

up on the IVP 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 radioactivity

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 radioactive

particulates. However, upon starting the generator again all of the

equipment operated satisfactor13y.9 so the same apparatus was used for

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 satusfactorily through=

out the test, no results were obtained in this test on the efficiency

of the Field Collective Protector in removing radioactive particulates.
- 10-



V. Discussion:

In the original plan of tes• X-Ray one Field Collective Protector

924R3 as 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 IMVP boat anchored downrind in the lagoon, while leaving the

second Field Collective Protector apparatus in the OCE structure at

1500 feet from Zero as originally planned. All of the equipment

assembled on the ICVP vras lost when the boat sank in the lagoon n the

day prior to test X-Ray. However the equ*.--aent would have been of

no value if it were left in the OCE struct.r• at 1000 feet since this

building was thrown over 100 feet from its original position, turned

upside down and tihe 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 Protectors.

After operating for several hours the impellor blades broke loose from

the blower wheel, scraped against the inside of the blower casing, and

caused the engine to overheat and stop. Apparently the spot welds

holding the blades to the blower wheel were not strong enoughi 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.

-- 11--



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 when placed within a suitable

building at least as close as 1500 feet froa 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

still in good condition. The only visible damage to the unit was a

crushed gasoline tank on the engine. There were no cracks in the

aluminum castings, the charcoal units were still conpactly packed,

and there was no visible damage to the paper in the filter units.

It may logically be assumed that if the Field Collective Protector

were in a building that would withstand the effects of the blast fron

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 Ml] 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

Protector. Sane information was obtained on the efficiency of Typs 6

paper in removing radioactive particulates by measuring the radio-

activity on various 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. Concluions:

It is concluded that:

(1) The Field Collective Protector E24F3 would probably operate
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satisfactorily during an atomic explosion if placed in a building

which could withstand the blast effects of an atonic explosion.

(2) The Field CollectLve Protector E2JJ3 would withstand

the rough handling that would be ecpected with field usage, as

indicated by the absence of mechanical failures in the unit placed

in the OCE structure which was thrown about 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 recommended that:

(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 being done in the assembly of subsecuent units.

(2) Further laboratory tests be conducted on the efficiency

of the filter nmaterial and absorbent in the Field Collective Protector

in removing radioactive particulates and 'se3, The iairicle size

information obtained from Project 7,l-17/RS(CC)-9,, Particle Size of

Material in Cloud, could be used in generating a sin, lated clouds

(3) In future tests of atomic weapons, a more practical

site be selected for the installation of a Collective Protector, ioeo

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

building uninhabitable even if furnished -rith pur3ified air.

S. .. I I.. ... . . Iillli'J3 -......



APPENIX A

Figures 1 thr*%gb 13
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Pig. 1 Field Collective Frotectcr E24R3

1. Charcoal Unit.
2. Filter Unit.
3. Top and Bottom Manifolds.
4. Intake Manifold.
5. 1xhaust manifold.
6. Blower .
7. Gasoline Tankc.

10. Plexible Retal Hose..
1U. Adapter to 6-inah Pipe..
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Fig. 2 Field Collective Protector E24R3

SI0

1. Charcoal Unit.
2. Filter Unit.
4. Intake Manifold.
5. Exhaust Manifold.
6. Blower• .

G. Gasoline Tank.
8. Gasoline Engine.
9. Engine Stand.

10. Flexible Metal Hose.
ii. Adapter to 6-inch Pipe.
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FiMg. 3 CU of Counting Rate Meter, tsteri~n and Angus

Recorder, "A" 15'00
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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 Protecter
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Fig* 7 Genieral View of Collective Proetctor., OCE "A" 1500

Fig. 8 Radioactivity Detectioni Equipment, OCE "Au 1500
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Fig. 31 Generatar with Collective Protector in Foreground in IC Boat
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Fig. 1.2 OCI~ Structure OAO 15(Xu-feet - Tterior -Collective Protectcr Unit

Fig. 13 OCE Structure "A" -1500-feet -Interimw Collective Protectr 'Unit
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