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This is a preliminary report based on all data
available at the close of this project’s participa-
tion in Operation PLUMBBOB. The contents of
this report are subject to change upon completion
of evaluation for the fina l report . This prelimi-
nary report will be superseded by the publication
of the fina l (WT) report. Conclusions and recom-
mendations drawn herein , if any, are therefore
tentative. The work is reported at this early time
to provide early test results to those concerned
with the effects of nuclear weapons and to pro-
vide for an interchange of information between
projects for the preparation of final reports.
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destroyed in accordance with applicable security
regulations.
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ABSTPACT

Laboratory and field exper~~~nts relative to the use of semi— .-
~conductor fast-neutron dosiii~tere which were pirsued on a small scale

in Operation Upshot—Knothole and Operation Teapot were continued.
Considerable improvements in methodology and procedures of dosimeter
preparation leading to increased accuracy, reproducibility and sensi—
tivity were obtained in inter im laboratory stu U~ee • Results obtained
during Operation Plumbbob that take advantage of these improvements
are reported.
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Chapter 1

mTRODU ION

1.]. BkCKC~tOUN

Discovery of changes in the electrical conductivity of single..
crystal germanium produced by ~ cposure to a fast-neutron flw~ was the • 

-

result of Investigations by Lark-Horowitz and collaborators at Oak
Ridge.1 First attempts to use this phenomenon for dosi~~tric appli-
cations were made by the authors in a preliminary study2 at Operation
Upshot-Knothole in 19S3 • Between 1953 and 3955, extensive ii~ rcw~ aent
was obtained in small-scale research and development at the UClA
Atomic ~ ier~ r Project (ucL&-AEP) . Participation was ualertalaen in

t Operation Teapot,.~ and relatively excellent results were obtained with
one purchased batch of germanium. At the same time results were ob—
tam ed with material from other sources of supply which were very
difficult to interpret. Variable surface condirtivity conditions were
also encountered . It was then realized that material could not be

• satisfactorily specified for p~ chase and that probably subspectro...
j scopic amounts of impurities could radically change the response char-

acteristics of the sLng].e-crymtal germanium to fast neutr ons. Durin g
t 3956, the Biophysics Department of the UCLA School of Medicine, in

cooperation with the- UCLA-AEP, received a grant from the Air Force to
study the preparation of single-crystal germanium so that it could be
grown to have reproducib le and specifiable properties id.th respect to
its response to fast neutrons • A zone-melt ingot purification and
crystal-growing furnace was set up, and many melts were made under a
wide variety of conditions.~1. It was found that eny type of previously
observed response, e.g., that of the Genera l Electric Co. (GE) and
Hu~ tea batche s found during Operation Teapot,3 could be reproduced by
control of minute anounts of certain additives such as metallic indium.

• r Several such crystal ingots were grown in preparation for Operation
P].umbbob • It has not yet been determined whether or not the prepared

- • doslimeters are opthmmt for field measurements, but they are believed
to be better than those previous ly used.

F
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The basic findings of thi s interim effort dn the preparation ofgermanium suitable for dosimetry are shown in Fig. 1.1. The dose— p
response curve of the material s~ost highly purified by zone melt is
represented diagra~tm~atical1y by curve A. It had the highest slopeand the crossover point (a) fell in the range of 100 to 150 rep. Therelative behavior of other batches is shown by curves B, C and I).Materia l pre pared by GE3 followed a respo nse such as D, ‘ed.th a cross-.over point (d) In the region of 18,000 rep. However, the initial slopein the negative dire ction, indicated by the clotted line F, was higherthan the slope of A above its respective crossover point . For thisreason the GE material seemed to give indicat ions of some of the in..tern a]. shelter doses on shot Apple I in the dose range of 25 rep.3

Up to the present time, numerous unsuccessfu l atte mpts have beenmade to add cont rolled amounts of indi um to a mator ial of charact er..istic response A in order to shift its starting point beyond the cross-ov er (a) shown on the abscissa of Fig. 1.1. Different parts of thesame ingot have boon shown to acquire differe nt responses , and much ofthe ingot was usually unusable because of the resultant 1cm resis-tivity of tho dosimeters . Preliminary tests indicated that a practicalprocedure for application to the problems of Operation Plumbbob en-tailed a prccscposure of ci simcters made of typo A material to about2000 to 5000 rep., e.g., by placing a batch at a selected distance froma shot ear lier than the shots on which the dosimeters ~ ,uld be used formeasurement purposes • The procedure i~~uld produce the “bump—over”desired, with the associated disadvantage that the dosimoter s wouldrequire recalibration at the UCL A—AEP to establish their initi al re-sistance s prior to field use.

1.2 OBJE CT IVES

The main objective of the present operation was to determinewhether or not the interim improvements and increased ~a~ow1edge ofthe behavior of germanium dosimeters, as described in Sec. 1.1, couldbe utilized to obta in increased accuracy and sensit ivity of fast -.neut ron dosage measur ements made in the regi on of a nuclea r detona tion .A suppl~ nenta ry object ive was to deter mine whether or not the higherinitial. negative slope of the type D material (Fig . 1.1) could be usedto obtai n greater sensitivity for measur ement of fast—neutron pene-tration of personnel sheltem close to GZ.

REFER~}~CES

1. Nucleon Irra diated Semiconductors , Reading G~nfcrenco , PurdueUniversity Special Report , July, 1950.

2~ B. Cassen , II • Gass and J. Nizling, Measur ement of Fast Neutronsby Effoct~ on Semiconductors, Operation Upsh ot—Kno thole ReportV~T—803, September, 1953.
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Fig. 1.1—Dose—response curves for various
purities of germanium.
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3. B. Cassen, II. Gass, T. Crough , W. A. Smith, Jr., and
J. Lk yer, Measurement and Permanent Recording of Fast
Neutrons by Effects on Semiconductors , Operation Teapot
Report ~T—U7O, March, 1957.

Ij~. 3. Cassen, ‘1. Durkig and ~. A. Selle, DoveloFrient of a
Germanium Crystal Dosimeter, School of Aviation Medicine,
U1\Y, Report No. 57—90, May, 1957 .
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Chapter 2

IHODS V

2.]. SHOT PARTICIPATION

After discussion with other dosimetric groups participating in
Operation Pluznbbob it was agreed that ma~d.mum information on the per.-
forrnance of the single—crystal germanium fast—neutron dosimeters could
be obtained with minimum effort and expense through cooperative par-
ticipation . Germanium dosimeter stations similar to those used at
Operation Teapotl were placed adjacent to neutron and gam ma—dosimetry r
stations surveyed and estab lished by Projects 39.1 and 39,5 (ITR—l500 V

and ITR—].5Ot~). In this manner, resultant measurements could be di—
recti~y compared with those made by other techni ques . Partici pation
of this nature was undertaken on shots Stokes , Doppler , Franklin Prime,Smoky, Fizeau and Laplace. On shot Smoky certa in t~ypes of germanium
fast—neutron dosimeters were placed in shelter s in cooperation withProject 39.1 and returned to Project 37.1.1 for reading after their
postshot recovery.

2.2 INSTR UMENTATION

The laborato ry instrumentation and field methodolo~ r and instru-
mentation were not significantly different from Operation Teapot]. andthe ref erences gLven in it .

2 .3 FI~~D PROCEDUR~~
Germanium dosimeters were prepared for field experiments by in-serting four dosimeters into an 8—in , length of 52S aluminum tubing Vwith a 0,3 75—in. outside diameter and a 0,0149—in, wail. The aluminumtube was swaged closed at one end , and after it was filled, the openend was closed with glass—fiber—reinforce d scotch tape . Two of thef illed tubes were wrapped in aluminum foil and placed within a 12-in.long thin—wall aluminum tube of 1—in, outside diameter. Both ends were

_ _ _ _ _ _  
-- 

_ _ _ _  —



V - - - - - -

soaI~d ~-rith ru3ber stoppers to prc~~~t inf iltration of radioactive
conta.’J~nants.

The stoppered units were fastened to stan J ard angle—iron fence
costs, 1.2E in. by 1.25 in. by 6 ft., wh ch were th-iven into the
~~ound so that the apex of the anglo faced the direct ion of the on-
coming shock front . The post was slanted so that the major dimension
of the dosimeter unit was approximately perpendicular to the rad ial
Line from the point of detonation. The tubular units were f ast ened
to the stake in its protected included ang le and were held in position
with standard fiber—g1ass-~roinforced tape . The sta~~ s and tubes were
then completely covered with heavy-duty aluminum foil to act as a
heat—flash shield. Previous operations had shown that even at stations
set up near the base of ta~ers this type of flash shiel d successfully
prevented severe burning of the stakes and attached materials.

These units were located along the surveyed lines of Pro jects
39.1 and 39.5 near stations established by those projects as well as
those of Pr ojects 39.9 and 37.5. Slant distances were computed frc~n
information supplied by the former two ~~oups • Two to four of the
stoppered units were used at each of the close—in stations and one or
two at the more distant stations • On hi~ ier yield shots stations were
generally located at 600, 700, 800, 900, 1000 , 1100, 1200, 1250, 1300,
iliOO, 1500, 1750 and 2000 yards from GZ. On smaller ,-ie id shots the
distances were usually 500, 600, 700, 500, 900, 1000 , 1250 and 1500
yards.

Postshot recoveries were customari ly made on ~~2 day, since the
resistance changes in the dosimeters produced by fast—neutron exposure
are relatively permanent . This allows a later recovery after the
areas have become mor e accessible from a 1~~d-.Safe standpoint . In s~~~cases recoveries were made much later without apparent effect on the
dosimeters • If on recovery any tubes showed radioactive contamination
beyond acceptable limits, the rubber stoppers were removed and dis-
carded with the outside tube at tho recovery site, and the non—con—
tazninated inner containers were transported back to the I.~ercury labora-
tory.

After each shot recovered dosimeters wer e recorded and sorted into
special holders in which they were transported to the UCIA-.~ EP for
cold-bath measurements of resistivity changes.

Preliminary resul t s obtai ned on shot Stokes indicated that the
amount of indium in nest of the dosimeters was not constant nor suffi-
cient enough to yield linear resp onses in the lower dosage range. This
suggested that instead of depending on exact indium-content control ,
the dosimeters should be preirradiated by exposure to about 2000 rep
on a shot prior to the one which they would document • Therefore on
shot Lbppler 250 dosimeters were placed in a steel pipe at a distance
chosen to receive approx imately 2000 rep . These dosimeter s ~~re then
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sent back to the UCL &—AEP for establishment of a new preshot resistanc e
value • The chosen pro dose proved to be optimum, and 99 percent of the
instruments showed a slight increase in conductivity, indicating that

- they had been dosed just beyond their crossover points as explained
- in Sec . 1.1. These dosimeters were used on shot Franlclin Prime, and

• a new batch was preirradiated by Fra nklin Pri me for use on later tests.

• R ’ER~~C1~
- 1. B. Cassen, 11. Gass , T. Crou gh, W. A. Smith, Jr., and

J . }byer , Measurement and Pernmnent }~ cord ing of Fast
Neutrons by Effects on Semiconductors , Operation Teajxt
Report Wr—U70, March, 1957.

-~

L 

‘ 

__ 
IIIIIIIIIIIIIIIII LJ-- _ _



- . 

I
9 •~~-

• . ~~~~~~~~~~~

Chapter 3

R~~IJLTS

3, ]. INT PPJM SUMMARY

The results of laboratory measurement of exposed dosinietera show-
ed that the expected impr ovement in accur acy and sensitivity was not
obtained . This was traced back to laboratory errors in pro—measurement.
The results, however, have about the same quality as tho se obtained
during Teapot .~~ Table 3.]. is a en~nmery of some of the measurements
obtained . They and add itional measurements, which are herder to
definitely interpret at the present time, such as shelter measurements
on shot Smoky, will be exhaustively analyzed in the final report .

The units of ,A C in Table 3.1 are ndcronthoa per inch as used
previously in ~T—1l 70. In W~—ll70 the symbol Ao was used instead of
AC. They are equivalent .

R~~ER~~C~~ :

1. B. Cassen , ii. Gaas , T. Crough , W. A. Smith, Jr., and
J . Moyer , Measurement and Permanent Recording 01’ Fast
Neutrons by F~ffects on Semiconductors, Operation Teapot
Report ;7r—U 70, March , 1957.
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Table 31 — SUMMA~~ OF RESULTS

Slant No. of Slant No. of
Shot Distance Doei- Average Shot Distance Dosi- Average

in Feet meters Ac in Feet meters ~~C

Stokes 231.3 10 114,31i5 !ranklii 1677 6 13,900
7 114,1481 Prime 3 15,605

2581 15 l2,1~05 U Lh,]51
28148 13 7,157 6 13,100
301414 9 3,891 1951 14 8,208
33514 10 61~ 10 7,962

______ _______ _______ ________ 
8 7, 770

2229 14 14,069
Doppler 212]. 16 16,308 114 14, 215

23143 10 8,662 5 14,818
11 10,138 14 14,516
15 10,622 14 3,993

2581 14 6,232 23l.i3 14 3,007
16 7,360 14 3,213

14 3,338
• 27014 2]. 6,570 14 3,2714

281.iB 17 3,955 25114 7 2,568
301414 7 2,570 14 2,588

• 2,9148 3 2,137
3351j 8 1,14914 28U 14 1,877

Ii. 1,519 14 1,276
______ _______ _______ _________ 

3093 3 :i, 1814

Laplace 1677 8 5,162 
81i6

1950 7 3,2014
2226 7 1,662 Fizeau 1869 10 9,1196

2173 3 8,709
2735 li 5,979
3039 8 2,250

9 2,165
3633 10 360
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