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ABSTRACT 

Tb« purpose of Project 2.16 "Residual RedlaCion in Che Crater end 

Crecejp-Llp Aree of Low-Yield Nucleer Devices (U)" wee to determine 

es ouch es possible ebout the residual redletion environment in end 

neer e nuclear crecer. The specific information desired was: (1) the 

change in gamma intensity with time, (2) the change in meen genme 

energy with time end, (3) the chenge in genme ectivity in eoil with 

depth end perticle size. The project participated in Shot Little 

Feller II to obtein genatelntensity versus time, end gemma activity versus 

soil-depth information; and In Shot Johnie Boy to obtain gemma intensity 

versus time, and mean gamma energy-versus-time Information. 

The experimental procedure was to obtain the intensity-versus-time 

and meen energy versus time data by placing instrument peckages on a 

D-7 Caterpillar tractor and guiding the tractor Into the crater aree by 

radio-control as soon efter the detonation as possible. The self- 

recording gamna-intensity gages were mounted on a steel boom and attached 

to the blade beam of the radio-controlled doser at preselected intervals 

to obtein data from the crater and crater lip, based upon predicted 

crater dimensions. A gemma scintillation detector was mounted on the 

doser with e cable reel.     Thus, «t * later time, a pulse-height 

analyzer could be connected to the free cable end>and gamna-energy 

spectrume obtsined at various times. The soil samples for the gemma 

intensity-versus-depthdata were obtained et t+4 days by driving soil 

core-sampling tubee into the ground at the Little Feller II creter 

area. Essentially no data was obtained on Shot Johnie Boy end results 



r 

and conclusions are hased upon Little Feller II data. 

Inforroation 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 (at Hfl 

hour)of the two instrument records is 2020 r/hr. The intensity- 

time records indicated the dose-rate decay exponent was -1.2 after 

Hfl2 hours. Test data indicates that cratering mechanisms affect 

the dose rates at various distances from GZ at early times. 

Previous test data indicated that 007. 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 was found in the soil samples, 

and  en epprsciable amount of alpha contamination. Alpha contamin- 

ation can probably be expected when low-nuclear-efficlency weapons 

mich as the and the( 

iare employed. The particle 
and activity distribution 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 i./ experimental and theoretical data. 

Cvd' 
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CHAPTER. 1 

INTRODUCTION 

The range of yields and nuclear weapons systems avail- 

able Co the field any 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 situation 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 

ianediate 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 employment 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 



1.2 BACKGROUND AMD THEORY 

The final decision at to whether e low-yield weapon will 

be uied in e tactical situation often will depend on the 

character and intensity of the residual radisdon resulting 

from the weapon's employment.    The military significance of 

a low-yield nuclear crater end 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 i Crater Intent tty.    Efforts to obtein 

creter-intensity information on past weapon tests have been 

partially successful     <Me References 1 and 2).    But in nearly 

all cases the data was obtained through extrapolation of late- 

time data to early times« using the t function.    This 

method wee refined on Shot Fig, Operation Hardtack, where 

readings were extrapolated to Hfl 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 

U 



and field fortifications.    Calculations done in Reference 3 

on the energy of U2^5 fission products indicate    a 30% re- 

duction in energy level  from ftfl hours to H+20 hours.    This 

would indicate thatthetransmitted dose through     1 inch of steel 

would decrease 24%.    Other experimental and theoretical data 

indicates the significance of this effect may be greater than 

previously supposed  (see    Referenced. 

1.2.3 Activity with Depth Distribution.    Of 

scientific interest as well as a 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 Teapot indicated that 

90X 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 



relatively short hilf-lif* of induced radionuclidu    this 

90% depth can b« «xpsctsd to deereast with tin« as  :he fission 

products on th« surface bacon« a larger percentage of the 

total ganma activity. 

i 
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CHAPTER 2 

PROCEDURE 

2.1 SHOT PARTICIPATION 

This project participated in Shots Little Feller II end 

Johnie Boy of Operation Sun Bean.    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 reasons other than those 

previously mentioned. 

2.1.1 Shot Johnie Boy.    Shot Johnie Boy was to be a 

detonation of the 
This munition 
is in many respects the backbone of operational demolition 

planning.    This 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 at the Nevada 

Test Site (NTS). Since one of the main concerns was the effect of small 
depths of burst (DOB) 

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 



•npIaceiMnt 1« practically Identical with what would b« the 

actual cat« In tha carrying out of hasty danolltlon missions; 

tharafor«, of prim« interest in determining the radiation 

environment of low-yield nunitiona. 

2.1.2      Shot Little Feller 11. Shot Little Feller II 

Shot Little 

Feller ZI    waa to be e warhead positioned 

at the operational burat height of  3 feet above alluvium 

In Area 18 of HIS. Operational devices of this yield exist 

or are planned 

Thus, a broad baae of Intereat exists for the effects 

at these low yields. 

2.1.3     Project Activity. It wee planned to obtain 

Intensity-time and intensity-depth Information on Little 

Feller II; and obtain Intensity-time and mean energy on Johnle 

Boy. The Intensity-depth data was to be obtained by Johnle 

18 



Boy Project 2.12. Thtra w«« insufficient tin« pUnntd b«tw««n 

Littl« F«Il«r II and John!« Boy to obtain aMn>g«aBi-«n«rgy 

data on Littl« Tailor II. 

2.2 INSTRUMENTATION 

Tha instruaantation and procaduras axplalnad ara organlzad 

aa to daca objactlvaa Instaad of shot participation. 

2.2.1 Cratar Intanalty Maaauramant.    It vaa plannad 

to obtain tha gaana intanalty-varsus^tlaa data by mounting in- 

struaantation on a rtmota-control dotar which would ba abla 

to placa tha ins trumantat ion in tha cratar at aarly tlmaa. 

Two typaa of Ina trumantat ion wara utad,  (1) scintillMBatar, 

and (2) Ionisation chmnbar. 

Tha basic scintillomatar was tibia Hilen-2Rmanufacturad by 

tha Ebarlina Instrunant Corporatlon^with two intanalty rangaa 

of saro to 100 and saro to 1,000 roantgans par hour   (see 

Figura 2.1).   Tha instrumant is basically a battary-oparatad, 

self-recording intanslty gaga which maaauras gamma Intanalty 

by recording the output currant from a photomultiplier      tuba 

which is coupled to an organic scintillation crystal.    Tha 

19 



thr«« InatruiMnts for ehii proJ«et vor« nodi£l«d so they would 

rtad t«ro to 1.000 and t«ro to 10,000 r/hr.    Th« in«tnia«nca' 

rtcordtrs w«r« Assvably Produces Incorporatod "varsaprinti" 

nodlficd for 12-vdc oporation and a 30-aocond print cyclt. 

Two of thata imtrumant« wara usad on Llttla Pallor II and 

tbraa usad on Johnla Boy. 

Tha ionisatlon.typa instrumant was basically ths radiae 

■at Modal MG-3 rsmota-nonitorlng daviea davalopad by tha Rs- 

public Ilactronle Industries Corporation for tha Air Pores 

(sea Plgura 2.2).   This basic instrumant waa 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,    Tha modified Instrument wasmade up of a 

detector,  indicator, and recorder,all of Which ware battery 

powered.    Tha MG-3 was chosen for the high-range modification 

because of fewer technical problems and short lead times. 

The response of tha modified MG-3 was linear at low levels 

and logarithmic in the higher levels of primary interest. 

20 



2.2.2     Mtan Energy Mmurwacnt. Th« basic instru- 

msnt Co be used In obtaining radiation spectrum data from 

the Johnie Boy crater vas the RCL 128 channel sealer analyzer. 

Thia scintillation counter can be used for pulse-height 

analysis, or it can be used as a multichannel sealer 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 3,000»foot cable. To minimize noise and cable 

problems, the preamplifier in 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 which 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 Nl-Cad transistor power supply 

batteries in the preamp. 

21 



Th« scintillation d«t«ctor VM placed In an aluminum 

bouilng flttad with a thruit baarlng at tha crystal and. 

Tba othar and was boltad to tha voodan cab la raal and tha 

complata assanbly mounted on a vertical shaft and thrust 

bearing fastened to the doser running boerd. Thus, the 

cable reel and scintillation detector would rotate es the 

coaxial cable paid out while the docer advanced toward the 

crater. To prevent an overloading of the photomultiplier, 

the crystal projected Into a lead colllmator mounted on the 

thrust bearing at the crystal end of the elumlnum detector 

housing. The colllmator waa eccentric to the crystal axis 

with 2 Inches of lead on the top and back »^ 3 Inches of 

lead In front Where the 1/32-Inch window waa located (see 

Figure 2.9* The colllmatlng block waa held stationary by 

a metal strap while the detector and cable reel rotated so 

the window would always look towards a spot In front of the 

dozer. 

The final procedure then was to tie-off the analyser 

end of the cable during reentry after zero time, and let 

the cable pay out as the dozer advanced toward the crater 

22 



fron th« upwind direction. At toon «• practical the 2 1/2-ton 

Initnmcnt van would reenter (planned for the next morning) 

and park near the cable tie-off point. The cable would then 

be connected to the analyzer equipment located lnelde,and 

necesaary epectrum and decay data obtained. 

2.2.3  Gamma Intenelty vereui Depth.   The remaining 

instrumentation consisted of soil core samplers used to obtain 

soil samples at various depths for the intensity-depth 

determination. The approach used on Little Feller II was 

essentially the same as used on Project 2.5.1 of Operation 

Teapot in 19S8  (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 minimise carry-down of surface 

contamination and to eliminate the bothersome sur face-J tab ills a- 

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)• 
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Dupllcat« sanplas fron eh« cor« •aaqpltrs war« to b« pr«- 

partd and on« sat ••nt to th« Nucl««r D«f«ns« Laboratory's 

hot lab to datarmina partfcla dlftrlbutlon and specific 

activity for aach of tha following partiela sizaa: 

Fraction Six«, Micron« 

U >840 
A 840 to 420 
B 420 to 210 
C 
D 

210toW5 
105 to 74 

1 74to44 
r <44 

Th« altamata sat of aamplat wara to undergo gaona-apactrum 

analysis by tha RCL-128 scalar analytar aquippad with a 3. 

inch crystal-wall counter. 

2.2.4 Inatrumant Placement Systan.   k radio con- 

trolled D-7 bulldozer waa the means by which the self-recording 

intensity-time and energy-level-versus-time instrumentation waa 

to be placed in the crater are« at early tines.   Operational, 

safety, and lead-time consideretions precluded practically 

all other mathoda by which tha data might be obtained.    Tha 

radio-controlled dosar waa a tested item of equipment which 

waa lunedlataly available. 

24 



The doztr WM a Caterpillar D7, series 3T modified to 

permit operation either manually or remotely,using a radio 

link.    The radio link consisted of a standard Signal Corps 

RC-67 transmitter and receiver with a Signal Corps developed 

tone-modulated coder-decoder operating on a carrier frequency 

of 32.1 me.    Control of the dozer vas maintained by using an 

electrohydraulic       system.    The receiving radio system supplied 

power to actuate control relays and solenoids for gear 

selection, steering,  and blade control.    Electric motor 

linear actuators were used for throttle and compression con- 

trol.    There «ere 15 control functions needed in this operation: 

1. throttle open 

2. throttle closed 

3. compression on 

4. compression off 

9. left steering 

10. right steering 

11. left cluth and brake 

12. right clutch and brake 

5. master clutch disengage  13. blade beam up 

6. low 

7. forward 

8. reverse 

14. blade beam down 

15. diesel hot start 

25 



To «nabIt the dozer to carry the instruments end place 

them 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 instruments in the crater, on the lip crest, and down 

the lip from the crest. The estimated crater profiles used 

were: 

The booms were mounted on the blade Deem in such a way 

that the end of the boom was 4  or  S feet above ground 

when the beam was in the up position. Thus, clearance was 

provided when the doser was traveling toward the crater. The 

instruments were bolted to the frames at intervals so that 

when lowered Ir. the crater they would be at the desired loca- 

tions (see Figure 2.7). 
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The ays ten developed for locmtlng the dozer «t ell tines 

consisted of e transit end e tegged steel cable. Prior to 

shot tine, transit points were luceted 2,000 end 3,000 feet from 

Little Feller II end Johnle Boy GZ's respectively. Located 

along the main access road, azimuths were shot to the GZ's 

fron e preset backshot location. The steel cable wee tagged 

every 200 feet on the laat 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 ettached to the dozer tow bar would indicate the dozer's 

diatance 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, start the dozer, attach the tegged ceble and send It 

on its way. When the dozer reached the desired location, the 

boom wes to be lowered, the throttle and compression turned 

off, end the reentry party return to the Control Point. 
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2.3 INSTRDMEHI CALIBIATIOM 

Tb« fjodlflad MC-3 vas callbrattd with m cobalt sourc« 

by tb* ««public Elaetronle Zaduatrl«! Corp. and a calibra- 

tion teal« suppllad by than.    Th« lndlcat«d lnt«naity 1« within 

t 101 of th« actual intanslty.    Th« Eb«rlln« Hll«a 2R'« war« 

calibrated by Ebarllna at th« Bdg«rton, G«rm«ahaui«n & 

Grl«r radiation facility in Laa Vagaa.   Aftar correction 

for inatrument raapona«,  th« Rll«n ZR'a war« accurate to 

+ 8X.   Th« inatrumant raapona« corractiona for tha saro to 

10,000 r/hr rang« at«: 

Modal Mo. 116 
True Intanaity ■ (1.28)(r«corded intenalty) 

Modal No. 129 

True Intenalty ■ (1.00)(recorded intenalty) 

Model No. 130 

True Intenalty ■ (0.88)(recorded Intenalty) 
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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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34 



•s 
cd 
2 
s 
2 

E 
g 

S 

I 
e 

'S 
h 
v 
S 
■M a 

i 
« 
I 

N a 
& J 
9 Q 

r w 

35 



CHAPTER 3 

RESULTS 

3.1 PLACEMENT SYSTEM 

The radio-controlled dozer operated latlsfactorlly on 

both shots and proved Itself to be a stable and reliable 

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 II, 

the dozer overshot the crater end 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 edvanced too far up the lip. Be- 

fore the dozer, which had been halted, could back up far 

enough, the lip collapsed, the dozer lost traction, and slid 

into the crater. 

3.2 CRATER INTENSITT 

No ^ata was obtained from Johnie Boy. The two Eber- 

lines worked satisfactorily on Little Feller II and data was 
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obtained from Hfl.25 hours to Hf40 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 phocoanalysis 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 Hf30 hours. However, erratic behavior of the 

analyzer, later traced to a faulty diode in Che 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 Hf48 

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 

Soli samples from Little Feller II were obtained on DfS 

days and sent to NDL for analysis. An unusually heavy work- 

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  (seeFigure 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 

t 20% the curve for all samples analyzed. The activity- 

distribution, curve is accurate to the same limits  (see 

Figure 3.4). The gamma spectrums of all samples were very 

similar and Figure 3.5 Is representative. A three-dimensional 

plot of scintillation spectrums versus particle size would dis- 

close a gaussian distribution about the 420- to 840-micron 

particle size range. The scintillation spectrums and the 

scatter of intensity versus depth datafor 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 

Th« data for all Little Feller II plots ii found In 

Table 4.1. The Intensity for Hfl hours is an extrapolated 

value. The value of pi, the exponent of t in the standard 

decay function, is computed from the ratio of the intensity 

of Bfl hours to the intensity at the tune in question. 

4.1.1      Discussion of Results. The corrected data 

plots of the instrument records show good agreement (see 

Figure 4.1). The Hfl hour values were extrapolated from 

readings beginning at Hfl.25 hours. The corrected data indi- 

cates intensities of 2,370 r/hr at 19.S feet from GZ,and 

1,670 r/hr 11.5 feet from GZ^at Hfl hour. The intensities 

at these two points becameequal at Hf2 hours and did not 

again diverge to the extent they did at Hfl 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    function too wellies seen in Figure 4.2. 

A plot of M versus Ümeshows a clearer picture of this (see 

Figure 4.3). The change in n with time is readily apparent« 
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particularly In dat« from instrument E2* The initial valuai 

of u for the E» data suggesti a slgniflctnt influence it 

exerted by the decay of induced radiation while the E^ 

data decays more in the manner of pure fin ion products 

(References 1 and 9. However, the E2 data Is from a greater 

distance from GZ than the E, data, suggesting that the E, 

data should be the data Influenced by Induced radiation 

decay. The disperity of data In regard to the greater 

Intensity of the E2 at early times and the apparent in- 

fluence of iaduced-radiation decay on the E2 decay data 

suggest two possible explanations; 

l.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 just spherical divergence indicates the flux at 19.0 feet 

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

These considerations would indicate that the 

presence of a neutron shield was highly unlikely. 

2.The other 

explanation is that induced activity was concentreted in 

relatively shallow depths and some scour or throwout action 

took place. 
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There it lorn« indication that the energy 

density of the «ho^. ed sphere was high enough when it en- 

countered the ground surface to vaporize a relatively thin 

layer of material (Reference 7). Ttaua, 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 Dfl day indicate a clean 

scoured area around GZ (see Figure 3.1); also .the crater had a high 

diameter-to-depth ratio (Reference 9). In 

fact, the crater shape could best be simulated by an 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     Corrtlttlon with Prgvtoug Tut Data. Th«r« 

li little previous test date to provide e check on these 

test results. The extrapolated Bfl hour dete for Shot Fig, 

Operation Hardtack, agrees fairly veil (Reference 1). The 

change in n with tine has been plotted from fission-product 

decay data from Shots Fig and Nancy of Operation Upshot- 

Knothole (see Figure 4.1). These data correlate as well es 

can be expected with Little Feller II data. 

4.2 MEAN ENERGY LEVEL 

The lack of quantitative results precludes any discussion 

or comparison of previous test results. 

4.3 ACTIVITY WITH DEFT; DISTRIBUTION 

The experimental procedure used at NDL Is explained in the 

Appendix ;     the results are also presented hat 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- 

•hip between particle else 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/mln/tig on Df90 days.    The half-life of the samples Is 
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»pproxiroat«ly 40 hours.    If this hslf-llfe were constant, 

this would Infer a specific activity of 12,600 counts/min/^g or 

84 millicurias par gm. 

An analysis of tha scintillation spactruns of tha samples 

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 

Th« coneluiion« and raconntndatlons of this report 

«r« based upon results from Shot  Little Feller II.   Essentially 

no data was obtslned from Shot  Johnle Boy. 

S.l CONCLUSIONS 

1. The average dose rate at Rfl hour of 2,020 r/hr 

Indicates present prediction methods give results which are 

high by a factor of from two to three. 

2. Grstering mechanisms affect   the distribution of 

radistion for very-low-yield surface bursts. 

3. Radiation follows the T"1-2 function after Hfl2 h urs. 

4. Crater dose rates will not greatly affect   armored 

operations for any great period of time. 

5. Troops could stsy in the crater area four hours at 

ftf36 hours if unprotected and four hours at H+16 hours if 

protected (and receive 100 r). 

6. Any operations or sctivlties 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 

I.. Crater dot« rates should be c'etermined for 

datooatlons at shallow and deep burial to datermina 

dependency of dosa 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 

S«v«nt««n toil sanplM w«r« obtained from th« Littlt 

Ptlltr II crater area and placed In glai? vials.    A Ueckoan 

MX-5 vas need 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 msatlaum reading vu obtained.    The background 

vas subtracted where practical^ and data is reported with the 

accuracy of the instrument scale used.    The results ere report- 

ed in Table A.l. Samples 7-2 and B-3 wrce controls with no 

activity. 

The samples were placed in aluminum weighing dishes, 

dried for one hour in an oven at 110oC, allowed to cooljand 

weighed to + 1 mg. 

The semples were then placed on the center of a 3- by 

3-inch NaI(Tl) crystal and gamna spectra obtained with a 512- 

channel;Nuclear Data, Inc., ganna spectrometer.    Absorbers 

(1/16-inch aluminum and 3/8-inch Incite) 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 mln.    The sieves were separated and the 

particles retained on each sieve were weighed and counted— 

In the case of one sample,  the gaama spectra waa obtained. 

The samples were sieved Into seven size fractlont «i >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 Che geometry 

and to secure the samples.    The samples were then counted with 

a    1- by 1-inch     NalCTl) crystal associated with a Picker De- 

cade Spectrometer Sealer, Model 2818.    The spectrometer was 

adjusted to accept gamna-energy pulses from 10 kev   to 3.75 

Mev.    Samples E-2, C-l, and C-3 were chosen at random and 

counted at approximately 20-day intervals for d'scay measure- 

ments . 

A survey of the samples revealed that they all contained 

alpha cuntaminatlon.    Since self-absorption correction could 

not be made, alpha counting was not performed. 

The sieve analysis and gamna counting results are pre- 

sented in Tables A.2through A.9. 
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TABLE A.l BIU-GAMMA SURVEY 

Saapi« Total RMding 

r7E" 
Corractcd R««dlng 

" nr/hr 

B-l 0.1 0.06 

B-2 1.7 1.7 

B-3 0.03 Background 

C-l 0.4 0.4 

C-2 0.4 0.4 

C-3 0.5 0.5 

C-4 0.17 0.13 

D-l 0.05 0.01 

D-2 0.06 0.02 

D-5 0.06 0.02 

E-l 0.07 0.03 

B-2 1.8 1.8 

E-3 0.05 0.01 

1-4 0.05 0.01 

f-l 0.11 0.07 

F-2 0.04 Background 

F-3 0.18 0.14 

Nott: Background: 0.03to0.05 nr/hr 
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