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FOREWORD

Classified material has been removed in order to make the information
available on an unclassified, open publication basis, to any interested
parties. The effort to declassify this report has been accomplished
specifically to support the Department of Defense Nuclear Test Personnel
Review (NTPR) Program. The objective is to facilitate studies of the low
levels of radiation received by some individuals during the atmospheric
nuclear test program by making as much information as possible available to

all interested parties.

The material which has been deleted is either currently classified as
Restricted Data or Pormerly Restricted Data under the provisions of the Atomic
Energy Act of 1954 (as amended), or is National Security Information, or has
been determined to be critical military information which could reveal system
or equipment vulnerabilities and is, therefore, not appropriate for open
publication.

The Defense Nuclear Agency (DNA) believes that though all classified
material has been deleted, the report accurately portrays the contents of the
original. DNA also believes that the deleted material is of little or no
significance to studies into the amounts, or types, of radiation received by
any individuals during the atmospheric nuclear test program.
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ABSTRACT

The purpose of Project 2.16 '"Residual Radiation in the Crater and
Cratey-Lip Area of Low-Yield Nuclear Devices (U)'" was to determine
as much as possible about the residual radiation enviroﬁment in and
near s nuclear crater. The specific information desired was: (1) the
change in gamma intensity with time, (2) the change in mean gamma
energy with time snd, (3) the change in gamma activity in soil with
depth and particle size. The project participated in Shot Little
Peller II to obtain gamma intensity versustime, and gamma activity versus
soil-depth inféormation; andinShot Johnie Boy to obtain gamma intensity
versus time, and meangamma energy-versus-time information.

The experimental procedure was to obtain the intensity-versus-time
and mean energy versus time data by placing instrument packages on a
D-7 Caterpillar tractor and guiding the tractor into the crater area by
radio-control as soon after the detonation as possible. The self-
recording gamma-intensity gages were mounted on & steel boom and attached
to the blade beam of the radio-controlled dozer at preselected intervals
to obtain data from the crater and crater lip, based upon predicted
crater dimensions. A gamma scintillation detector was mounted on the
dozer with a cable reel. Thus, 8t & later time, & pulse-height
snalyzer could be connected to the free cable end,and gamma-energy
spectrums obtained at various times. The soil samples for the gamma
intensity-versus-depthdata were obtained at t+4 days by driving soil
core-sampling tubes into the ground at the Little Feller II crater

area. Essentially no data was obtained on Shot Johnie Boy and results
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and conclusions are hased upon Little Feller II data.

Information from Shot Little Feller II indicated that present
prediction methods give H+l hour intensities in the crater area two
or three times higher than measured. The average intensity @t H+l
hour) of the two instrument records is 2020 r/hr. The intensity-
time records indicated the dose-rate decay exponent was -1.2 after
H+12 hours. Test data indicates that cratering mechanisms affect
the dose rates at various distances from GZ at early times,

Previous test data indicated that 907 of beta activity was
concentrated in the first 12 inches of soil. This project reached
the same conclusion for gamma activity on Little Feller II. A
significant amount of induced nuclides wasg found in the soil samples
and an appr:ciable amount of alpha contamination. Alpha contamin-

ation can probably be expected when low-nuclesr-efficiency weapons
f '
ruch as the and the

.are employed. The particle
and activity drétribution curves indicate an almost lineal relation-

ship between particle size and amount of activity.
Incomplete data from Johnie Boy indicates the mean energy of
residual radiation may be higher at specific times than previously

postulated ., experimental and theoretical data.
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CHAPTER 1
INTRODUCTION
The range of yields and nuclear weapons systems avail-

able to the field army has greatly increased. The increased
availability of tactical weapons of low yield has particularly
influenced the capability of the field army to adapt to a
fluid tactical s!tuation in a nuclear conflict. However, it
is necessary to be able to predict the effects from low-yield
tactical weapons quickly and accurately,because of their

immediate effect upon friendly and enemy tactical operations.

1.1 OBJECTIVE

The objective of this project was to obtain information
about the residual radiation environment in the crater and
crater-lip area resulting from the employuent of low-yield
fission weapons. The information needed specifically was:
(1) the change in intensity with time, (2) the change in mean-
gamma-energy level with time, and (3) the activity-level variation

with depth in the soil.

13
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1.2 BACKGROUND AND THEORY

The final decision as to whether a low-yield weapon will
be used in a tactical situation often will depend on the
character and intensity of the residual radiation resulting
from the weapon's employment. The military significance of
8 low-yield nuclear crater and its attendant residual radiation
must be known to enable tactical commanders to predict what
effect it will have upon friendly and enemy operations and
movements .

1.2.1 Crater Intensity, Efforts to obtain

crater-intensity information on past weapon tests have been
partially successful (seeReferences 1 and 2), But in nearly
all cases the data was obtained through extrapolation of late-

-1.2 ginceion. This

time data to early times,using the t
method wvas refined on Shot Fig, Operation Hardtack, where
readings were extrapolated to H+l hours by using the decay
curve of fallout samples from that detonation.

1.2.2 Mean Energy Level. The change in mean

energy level of fallout radiation is also of significance

in determining the shielding effectiveness of armored vehicles

14
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and field fortifications. Calculations done in Reference 3
on the energy of U235 f1ssion prodﬁcts indicate a 30% re-
duction in energy level from H+l hours to H+20 hours. This
would indicate that thetransmitted dose through 1 inch of steel
would decreass 24%. Other experimental and theoretical data
indicates the significance of this effect may be greater than
previously supposed (see Reference4).

1.2.3 Activity with Depth Distribution, Of

scientific interest as well as & matter of concern to units
faced with possible decontamination of a crater area is the
gamma-activity variation with depth in soil. It is easy to
conceive a situation where the radioactivity of a crater area
would prohibit the utilization of nearby vital facilities.
The knowledge of activity-depth distribution would permit

planning a successful decontamination operation to eliminate

this hazard. Experiments conducted during Operation Teapotindicated that

90% of the beta activitywas located in a soil layer 12 inches
thick. (see Reference 5). This deep activity is due to the
neutron flux interacting with trace metals such as sodium,

magnesium, and aluminum. Consequently, because of the

15
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relatively short half-life of induced radionuclides this
90% depth can be expected to decrease vith time as che fission
products on the surface become a larger percentage of the

total gamma activity.

16



CHAPTER 2

PROCEDURE
2.1 SHOT PARTICIPATION

This project participated {n Shots Little Feller II and

Johnie Boy of Operation Sun Beam. Despite the prospect of
facing the severe handicaps of extremely short lead times,
and lack of precedence on experimental systems proposed, a
maximum effort was justified for reascons other than those
previously mentioned.

2,1.1 Shet Johnie Boy. Shot Johnie Boy was to bea

detonation of the
This munition
is in many respects the backbone of operational demolition
planning. TLis operational munition figures heavily in the
planning of denial and demolition operations of the Army and
Marine Corps. This particular shot called for an operational

to be placed in the alluvial deposits of Area 18 atthe Nevada
Test Site (NTS). Since one of the main concerns was the effect of small
depths of burst éDOB)
on cratering efficiency, the munition was to be emplaced with

1 foot of soil above the munition case or with the center of gravity (CG) of

the critical assembly 23 inches below ground surface. This

17



emplacement is practically identical with what would be the
actual case in the carrying out of hasty demolition missions;
therefore, of prime interest in determining the radiation

environment of low-yield sunitions.

2,1,2 Shot Little Feller II. Shot Little Feller II
$hot Little
Feller I wvas to be & warhead positioned

at the operational burst height of 3 feet above alluvium
in Area 18 of NIS. Operational devices of this yield exist

or are planned

Thus, a broad base of interest exists for the effects
at these low yields.

2.1.3 Project Activity. It was planned to obtain

intensity-time and intensity-depth information on Little
Feller 1II; and obtain intensity-time and mean energy on Johnie

Boy. The intensity-depth data was to be obtained by Johnie

18
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Boy Project 2.12, There was insufficient time planned between
Little Feller II and Johnia Boy to obtain mean-gamma-energy

data on Little Feller II.

2.2 INSTRUMENTATION

The instrumentation and procedures explained are organized
as to daca objectives instead of shot participation,

2,2.1 Crater Intensity Measurement. It vas planned
to obtain the gammsa intensity-versus-time data by mounting in-
strumentation on & remote-control dozer which would be able
to place the instrumentation in the crater at early times.

Two types of instrumentation were used, (1) scintillometer,
and (2) ionization chamber.

The basic scintillometer was the Hilen-2Rmanufactured by
the Eberline Instrument Corporation,with two intensi{y ranges
of zero to 100 and zero to 1,000 roentgens per hour (gee
FPigure 2.1), The instrument is basically a battery-operated,
self-recording intensity gage which measures gamms intensity
by recording the output current from a photomultiplier tube

which is coupled to an organic scintillation crystal. The

19



three instruments for this project were modified so they would
read zero to 1000 and zero to 10,000 r/hr. The instruments’
recorders vare Assembly Products Incorporated '‘versaprints"
modified for 12-vdc operstion and a 30-second print cycle.
Tvo of these instruments were used on Little Feller II and
three used on Johnie Boy.

The ionization-type instrument was basically the radisc
set Model MG-3 remote-monitoring device developed by the Re-
public Electronic Industries Corporation for the Air Force
(see Tigure 2.2). This basic instrument was modified to extend
its range from 1,000 to 20,000 r/hr and to replace the
spring-driven recorder,with an electric recorder to increase
recording time. The modified instrument WASmade up of &
detector, indicator, and recorder,all of which were battery
povered. The MG-3 was chosen for the high-range modification
because of fewer technical problems and short lead times.

The response of the modified MG-3 was linsar at low levels

and logarithmic in the higher levels of primary interest.

20



2,2.2 Mean inerjr Measurement, The basic instru-

ment to be used in obtaining radiation spectrum data from

the Johnie Boy crater was the RCL 128 channel scaler analyzer.
This scintillation counter can be used for pulse-height
analysis, or it can be used as a multichannel scaler for gross
counting and decay determinations. For this project, however,
it was necessary to modify the scintillation detector so that
it could be placed on the radio-control dozer and send signals
back over a 5,000-foot cable. To minimize noise and cable
problems, the preamplifier 1in the scintillation detector was
modified to operate with an independent power supply (see
Figure 2.3). The conventional preamp in the detector was re-
placed with a device vhich utilized Ni-Cad batteries for
transistor power, and filters for returning the signal back
on the high-voltage lead of the photomultiplier tube (see

Figure 2.4).

A filter system was also required at the analyzer end of
the cable to separate the incoming signal from the outgoing
photomultiplier high voltage. A simple battery charger was
also built for charging the Ni-Cad transistor power supply

batteries in the preamp.

21



The scintillation detector vas placed in an aluminum
housing fitted with a thrust bearing at the crystal end.
The other end was bolted to the wooden cable reel and the
complete assembly mounted on a vertical shaft and thrust
bearing fastened to the dozer running board. Thus, the
cable reel and scintillation detector would rotate as the
coaxial cable paid out while the dozer advanced toward the
crater. To prevent an overloading of the photomultiplier,
the crystal projected into a lead collimator mounted on the
thrust bearing at the crystal end of the aluminum detector
housing. The collimator was eccentric to the crystal axis
vith 2 inches of lead on the top and back &nd 3 inches of
lead in front where the 1/32-inch window was located (see

Figure 2.5). The collimating block was held stationary by

- & metal strap while the detector and cable reel rotated so

the window would always luok towards a spoet in front of the
dozer, '

The final procedure then was to tie-off the analyzer
end of the cable during reentry after zero time, and let

the cable pay out as the dozer advanced toward the crater



from the upwind direction. As soon as practical the 2 1/2-ton
instrument van v;:uld reenter (planned for the next morning)
snd park near the cable tie-off point. The cable would then
be connected to the analyzer equipment located inside,and

necessary spectrum and decay dats obtained.

2,2.3 Gamma Intensity versus Depth.  The remaining

instrumentation consisted of soil core samplers used to obtain
s0il samples at various depths for the intensity-depth
determination. The approach used on Little Feller II vas
essentially the same as used on Project 2.5.1 of Operation
Teapot in 1958 (Reference 5). Because of results obtained

by Project 2.5.1
the length of the core sampler was

shortened from 5 to 3 feet. The outer rotating tube was constructed
of thin-wall aluminum tubing to minimize carry-down of surface

* contamination and to eliminate the bothersome surface-stabiliza-
tion procedure. The sample slots were 4 by 3/4 inches on 6-
inch centers with the slots for shallow samples 2 x 3/4 inches

on 4- and 3- inch centers (see Figure 2.6).



Duplicate samples from the core samplers were to be pre-
pared and one set sent to the Nuclear Defense Laboratory's
‘hot lab to determine particle distribution and specific
activity for each of the following particle sizes:

Fraction Size, Microns

>840
840 to 420
gigto 210
103 8 ;25
7410 ¢4
<44

ﬂ.UOU>;

The alternate set of samples were to undergo gamma-spectrum
analysis by the RCL-128 scaler analyzer equipped with a 3-
inch crystal-well counter.

2,2.4 Instrument Placement System. A radio con-
trolled D-7 bulldozer was the means by which the self-recording

intensity-time and energy-level-versus-time instrumentation vas
to be placed in the crater area at esarly times. Operational,
safety, and lead-time considerations precluded practically
all other methods by which the data might be obtained. The
radio-controlled dozer was a tested item of equipment which

vas {mmediately available.

24



The dozer was a Caterpillar D7, series 3T modified to
pernmit operation either manually or remotely,using a radio
link. The radio link consisted of a standard Signal Corps
RG-67 transmitter and receiver with a Sizgnal Corps developed
tone-modulated coder-decoder operating on & carrier frequency
of 32.1 me. Control of the dozer wvas maintained by using an
electrohydraulic system. The receiving radio system supplied
pover to actuate control relays and solenoids for gear
selection, steering, and blade control, Electric motor
linear actuators wvere used for throttle and compressioan con-

trol. There were 15 control functions needed in this operation:

1. throttle open 9. left steering

2. throttle closed 10. right steering

3. compression on 11. left cluth and brake
4. compression off 12, right clutch and brake

5. master ciutch disengage 13. blade beam up
6. low 14. blade beam down
7. forward 15. diesel hot start

8. reverse

25



To enable the dozer to carry the instruments and place
then at a desired spread of data points, booms were constructed
of two 6-inch steel channels laced together and mounted on
the hydraulically controlled blade beam, The booms were con-
structed to roughly conform to the estimated crater profiles,
with {nstruments in the crater, on the lip crest, and down

the lip from the crest. The estimated crater profiles used

wvere:

The booms were mounted on the blade bean in such a way
that the end of the boomwas 4 or 5 feet above ground
when the beam was in the up position. Thus, clearance was
provided when the dozer was traveling toward the crater. The
instruments were bolted to the frames at intervals so that

vhen lowered i:. the crater they would be at the desired loca-

tions (see Pigure 2.7).
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The system developed for locating the dozer at all times
consisted of a transit and a tagged steel cable. Prior to
shot time, transit points were located 2,000 and 3,000 feetfrom
Little Peller II and Johnie Boy GZ's respectively. Located
along the main access road, azimuths were shot to the GZ's
from a preset backshot location. The steel cable was tagged
every 200 feet on the last 1,000 feet and every 10 feet for
the last 100 feet. The vertical hair of the transit would
thus establish a line of approach for the dozer, and the
cable attached to the dozer tow bar would indicate the dozer'’s
distance from GZ., Five headlights were arranged in a + pat-
tern on the back of the dozer to provide a tracking point
for the transit if the dust from the blast precursor or from
the base surge reduced visibility.

The planned placement procedure was simply to truck the
dozer with boom to the transit point, off-load via an earth
ramp, ct;rt the dozer, attach the tagged cable and send it
on its way. When the dozer reached the desired location, the
boom was to be lowered, the throttle and compression turned

off, and the reentry party return to the Control Point.

27
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2.3 INCTRUMENT CALIBRATION

The rodified MG-3 was calibrated with a cobalt source
by the Repudblic Electronic Industries Corp. and a calibra-
tion scale supplied by them. The indicated intensity is within
+ 102 of the actusl intensity. The Eberline Hilen 2R's were
calibrated by Iberline at the Edgerton, Germeshausen &
Grier radistion facility in Las Vegas. After correction
for {nstrument response, the Hilen 2R's were accurate to
+ 8%. The instrument response corrections for the zero to
10,000 r'/br range are:

Model No. 116
True Intensity = (1.28)(recorded intensity)

Model No. 129
True Intensity = (1.00)(recorded intensity)

Model No. 130
True Intensity = (0.88)(recorded intensity)
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Figure 2.1 Eberline self-recording scintillometer (modified Model Hilen-2R).
(ERDL photo)
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Figure 2.3 Scintillation detector modified for battery operation
with external photomultiplier power supply. (ERDL photo)
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Figure 2.4 Wiring dilagrams for the modified scintillation
detector, signal filter, and battery charger.
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CHAPTER 3
RESULTS
3.1 PLACEMENT SYSTEM
The radio-controlled dozer operated satisfactorily on
both shots and proved itself to be a stable and relisble
platform for placing the instruments in the crater area.
However, the tagged cable used to determine the dozer's
distance did not prove accurate. On Shot Little Feller 1I,
the dozer overshot the crater and had to be backed up.
Consequently, the instruments were not placed exactly where
desired (see Figures 3.1 and 3.2), The tagged cable again
gave a false indication of distance on Shot Johnie Boy with
the result that the dozer advanced too far up the 1ip. Be-
fore the dozer, which had been halted, could back up far
enough, the 1ip collapsed, the dozer lost traction, and slid

into the crater.

3.2 CRATER INTENSITY
No data was obtained from Johnie Boy. The two Eber-

lines worked satisfactorily on Little Feller II and data was
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obtained from H+1.25 hours to H#40 hours. The pen in the

MG-3 was jarred from its mounting and no data was obtained.
Although the instruments were not placed where planned, the
final locations determined by photoanalysis and ground sur-

vey were satisfactory (see Figure 3.2).

3.3 MEAN ENERGY LEVEL

Although the dozer and scintillation detector slid into
the Johnie Boy crater, the instrumentation remained intact.
The instrumentation van was moved forward and the signal cable
connected by B+30 hours. However, erratic behavior of the
analyzer, later traced to a faulty diode in the memory
module, prevented the acquisition of enough data for quanti-
tative results. During the short periods of normal analyzer
operation, enough data was obtained for an indication of
qualitative results (as shown in Figure 3.3 until the
signal cable was cut by access road traffic at about H+48
hours. The energy range in Figure 3.3 is approximately 0

to 1.4 mev.
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3.4 ACTIVITY WITH DEPTH DISTRIBUTION

Soil samples from Little Feller II were obtained on D+5
days and sent to NDL for analysis. An unusually heavy worke-
load precluded any analysis until September; consequently,
the induced nuclides had greatly decayed, Samples were ob-
tained from five locations varying from 30 to 80 feet from
GZ (seeTigure 3.2). The ground of Area 18 is very hard and
data was not obtained at all the depths desired.

The general particle-gradation curve describes within
* 20% the curve for all samples analyzed. The activity-
distribution. curve is accurate to the same limits (gee
Figure 3.4). The gamma spectrums of all samples were very
similar and Figure 3.5 is representative. A three-dimensional
plot of scintillation spectrumsversusparticlesize would dis-
close a gaussian distribution about the 420- to 840-micron
particle size range. The scintillation spectrums and the
scatter of intensityversusdepthdatafor each data point
indicates that the core samplers carried down a significant
amount of surface fallout. However, the gross data indicates
approximately 90% of total activity was located in the upper

12 inches of soil,as indicated in Figure 3.6.
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CHAPTER 4

DISCUSSION
4,1 CRATER INTENSITY

The data for all Little Feller II plots is found in

Table 4.1, The intensity for H+l hours is an extrapolated
value. The value of u, the exponent of t in the standard
decay function, is computed from the ratio of the intensity
of B+l hours to the intensity at the time in question.

4.1,1 Discussion of Results. The corrected data

plots of the instrument records show good agreement (see
Pigure 4.1) The B+l hour values vere extrapolated from
readings beginning at H+1.25 hours. The corrected data indi-
cates intensities of 2,370 r/hr at 19.5 feet from GZ,and
1,670 r/hr 11.5 feet from GZ,at B+l hour. The intensities

at these two points becameequal at H+2 hours anddid not
again diverge to the extent they did at B+l hour. Figure 4.4
is a plot of average intensities. The decay curves of the
two intensity records are similar in shape but do not follow

the classical T"1:2

function too well,as seen in Figure 4.2,
A plot of u versustimeshows a clearer picture of this (see

Figure 43). The change in u with time is readily apparent,
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particularly in data from instrument E;. The initial values
of u for the !2 dats cugso‘tc a significant influence 1is
exerted by the decay of induced radiation while the E;

data decays more in the manner of pure fission products
(References 1 and 6), However, the E, dats is from a greater
distance from GZ than the !1 data, suggesting that the El
data should be the data influenced by induced radiation
decay. The disparity of data in regard to the greater
intensity of the E, at early times and the apparent in-
fluence of induced-radiation decay on the E; decay data

suggest two possible explanations:

1.The simplest explanation
is that some form of neutron shield greatly reduced the
ground-incident neutron flux 11.5 feet from GZ in comparison
to the incident flux at 19.0 feet. However, a consideration
of jult_ophcrical divergence indicates the flux at 19.0 feet

vould be approximately 40% of the flux at 11.5 feet. Also

These considerations would indicate that the

presence of a nevtron shield was highly unlikely.
2.The other

explanation is that induced activity was concentrated in

relatively shallow depths and some scour or throwout action

took place.



There is some indication that the energy
density of the sho..’ed sphere was high enough when it en-
countered the ground surface to vaporize & relatively thin
layer of material (Reference 7). Thus, a very strong ground
shock would be produced. Reference 8 states that when a
strong ground shock is formed from a surface burst there is
a propensity for a rarefaction wave to travel from the air
to the ground. As the dry alluvium has little tensile
strength, a relatively weak rarefaction wave could dislodge
and throw out significant quantities of material. This
vaporization action, indigenous with the impact of the device
vapors, could possibly be supported by two other observations.
Photographs of the crater area on D+1 day indicate & clean
scoured area around GZ (see Figure 3.1); also,thecrater had a high
diameter-to-depth ratio (Reference 9). In
fact, the crater shape could best be simulated byan HE charge
with a diameter-to-thickness ratio of about six,placed on the
ground. The validity of this explanation will rest upon sub-

sequent evaluation of test results by other projects.
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4$.1,2 Correlation with Previous Test Data. There

is little previous test data to provide a check on these
test results. The extrapolated B+l hour data for Shot Fig,
Operation Hardtack, agrees fairly well (Reference 1) The
change in p with time has been plot't:cd from fission-product
decay data from Shots Fig and Nancy of Operation Upshot-
Knothole (see PFigure 4.%). These data correlate as vwell as

can be expected with Little Feller 1II data,

4.2 MEAN ENERGY LEVEL
The lack of quantitative results precludes any discussion

or comparison of previous test results.

4.3 ACTIVITY WITH DEPT: DISTRIBUTION

The experimental procedura used at NDL is explained in the
Appendix . the results are also presentedtinr without the
voluminous spectrum analysis data and curves.

4.3.1 Discussion of Results. The general particle

and activity-distribution curves show an almost lineal relation-

ship between particle size and amount of activity (see Figure
3.4). The highest specific activities were found 41 feet
from GZ where the average specific activity was 233,76

counts/min/ug on D#90 days. The half-1ife of the samples is
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approximately 40 hours. If this half-life were éonntanc,
this would infer s specific activity of 12,600 counts/min/ug or
84 millicuries per gm.

An analysis of the scintillation spectrums of the sampies
indicates the possible presence of five induced isotopes and
four fission-product isotopes (see Figure 3.5), These
identifications cannot be definite because decay data is
lacking.

4.3.2 Correlation with Previous Test Data.

Previous test data consists of the variation of beta activity
with depth and correlates very well. The isotopes tentatively
identified are also consistent with previous test data

(Reference 2).
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CHAPTER 5
CONCLUSIONS AND RECOMMENDATIONS
The conclusions and recommendations of this report
are based upon results from Shot Little Feller II. Egsentially
no data was obtained from Shot Johnie Boy.
5.1 CONCLUSIONS

1. The average dose rate at B+l hour of 2,020 r/hr
indicates present prediction methods give results. vhich are
high by a factor of from two to thres.

2, Cratering mechanisms affect the distribution of
radiation for very-low-yield surface bursts.

3. Radiation follows the T-1-2 function after H+12 L urs.

4. Crater dose rates will not greatly affect armored
operations for any great period of time,

5. Troops could stay in the crater area four hours at
B36 hours if unprotected and four hours at B+l6 hours if
protected and receive 100 r).

6. Any operations or activities in the crater area will
have to be cognizant of the alpha radiation hazard. This hazard

can be expected when employing low nuclear-efficiency weapons

7. The remote-controlled, ground-approach, instrument-

placement technique is effective when human error is eliminated.
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5.2 RECOMMENDATIONS
1. Crater dose rates should be determined for
detonations at shallow and deep burial to determine
dependency of dose rates on DOB,

2. Crater dose rates should be determined for surface
bursts of 1 and 10 kt to determine dependency of dose rates
on yield.

3. The above data should be incorporated into present

prediction methods for tactical weapons.
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Appendix
CORE SAMPLE ANALYSIS

Seventeen soil samples were obtained from the Little
Feller II crater area and placed in glase vial,. A Beckman
MX-5 was used to determine the activity levels and radiation
hazards of the samples. The readings were taken by holding
the GM tube in contact with the glass vial and moving the
tube until a maximum reading was obtained., The background
was subtracted vhere practicalyand data is reported with the
accuracy of the instrument scale used. The results are report-
ed in Table A.1l. Samples F-2 and B-3 weore controls with no
activity.

The samples were placed in aluminum weighing dishes,
dried for one hour in an oven at 110°c, allowed to cool,and
veighed to + 1 mg.

The sampler were then placed on the center of a 3- by
3-inch NaI(T1l) crystal and gamms spectra obtained with a 512-
channel, Nuclear Data, Inc., gamma spectrometer. Absorbers
(1/16-inch aluminum and 3/8-inch lucite) were utilized to
absorb beta particles. Background was subtracted where

necessary.
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Next, the samples were shaken on a small 3-inch-diameter
sieve shaker for 2 min. The sieves were separated and the
particles retained on each sieve were weighed and counted —
in the case of one sample, the gamma spectra was obtained.

The samples were sieved into seven size fractionc .« >840,

420 to 840, 250 to 420, 149 to 250, 105 to 149, 74 to 105, and <74 micron
fractions, These size fractions were then placed in stain-
less steel counting cups and weighed. Xylene and Canadian
balsam were then added to minimize changes in the geometry

and to secure the samples. The samples were then counted with
8 1-byl-inch NaI(T1l) crystal associated with a Picker De-
cade Spectrometer Scaler, Model 2818. The spectrometer was
adjusted to accept gamma-energy pulses from 10 kev to 3.25
Mev,. Samples E-2, C-1, and C-3 were chosen at random and
counted at approximately 20-day intervals for decay measure-
ments.

A survey of the samples revealed that they all contained
alpha cuntamination. Since self-absorption correction could
not be made, alpha counting was not performed.

The sieve analysis and gamma counting results are pre-

sented in Tables A .2 through A.9.
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TABLE Al BETA-GAMMA SURVEY

Sample Total Reading Corrected Reading
wr/hr o /hr

B-1 0.1 0.06

B-2 1.7 1.7

3-3 0.03 Background

c-1 0.4 0.4

C-2 0.4 0.4

c-3 0.5 0.5

Cc-4 0.17 0.13

D-1 0.05 0.01

D-2 0.06 0.02

D-$ 0.06 0.02

E-l 0.07 0.03

E-2 1.8 1.8

E-3 0.05 0.01

E-4 0.05 0.01

r-1 0.11 0.07

P2 0.04 Background

r-3 0.18 0.14%

Note: Background: 0.03t0 0.05 mr/hr
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