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Clasrified material has been removed in Order to makc the information 

The effort to decla88ify this report has been accomplished 
available on an unclarrified, open publication basir. to any intere8ted 
parties. 
specifically to 8upport the Departrnnt of Defense Nucleat Te8t Perronnel 
Review (NTPR) PKoqKu. The objective ia to facilitate 8tudies of  the low 
level8 of radiation received by - individual8 during the ItmoEpheric 
nuclear te8t program by making a8 much information a8 po88ibh available to 
a11 interested p.ttie8. 

The material which has been deleted is either currently Cla88ified as 
Restrictad Data or Pormerly Restricted Data Under the provisions of the Atomic 
energy Act of 1954 (as amended), or is National Security Information, OK has 
been determined to be critical military information which could reveal 8yster 
OK equipment Vulnerabilities and is, thetefOK+, not appropriate for open 
publication. 

The Defenre Nuclear Agency (DNA) believer that though a11 classified 
material has been deleted, the report accurately portray8 the contents~of the 
original. DNA a180 believes that the deleted material i8 of little or no 
significance to studies into the amounts, or typea, of radiation received by. 
any individuals during the amspheric nuclear test progrm. 
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ABSIRACT 

Dose datermlaatlona were performed at dlntmce6 ranging from 1,000 to 1,950 feet from 

ground zero on the Llttle Faller fI event and from 1,000 to 1.550 feet on the Llttle Faller 

I event. The nuclear detonation on the Llttle Feller II event occurred 3 feet above the 

grouui and on the Llttle Feller I went approxhately 20 feet above ground level. 

Natron and gamma dosage In W md at vary- depthm in t l . m u e  and tirnue-lila mptt- 

rids were determined. Dosimetry pockngea Included the following dosheten: Bsrlon 

foil.. gold folla, d i u r  pellets. sIlfcon &ode neutmn dorlmetsrr. radlophotolumlnesccnt 

glass rods. film pack. and pockst chamhers. 

Data u e  presented showlng the comparhoa of rndlatlooa dose In ah md In tl.nre. The 

parformance of mlciodoalmeterr In the Peld wan demonstrated. 

.. . 
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The Pmject MUcer la Indebted to and wlrhes to Oclmoarladge the malrtance of John M. 

Swnru, let Lt. USA. U8ABRDL. Fort Monmouth, New Jemey, for .upplylug the rlllcon 

&ode neutron dorlmetus used In these rtudlea. 

The Project Otncer Is indebted to the personnel of Gmup €I-8 of H Dlvlrlw of Los 
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TISSUE DOSIMETRY 

INTRODUCTION 

Objective& The o b j d v e a  of tb project were to: (1) meac.ure the lnltlal neutron 

ard gamma ruIlaUon doas from the d6toMtlon of a low-yleld nuclear weapozx (2) memure 

ard m m p m  ruIlation doeage determined In alr a d  at varying depth lo animal tlsnte and 

rgnthetlc tlante-equlvaleat materials (3) compare the rubt ion dore at varyhg depth. In 

.ntmrl Uaaue and rgnthstlc tlante materlpls and (4) evaluate the performance of mlcro- 

doabetera d e r  field condl t lo~.  

Backgromd. Durhg the moratorium on ntmo6@erlc teatlag of nuderr weapons. s&- 
dflant advance8 were made In the ow of dorlmetry. Recent advaucea In &e mint.tur- 

lutlon of radlatlon doalmetera have made It poaalble to determine neutron and gamma 

dom la living tlaaue. Gamma d o a b e t e n  In the form of glP.8 rodm 0 mm In dlameter 

by 6 mm In l@) were developed for lo *vu appllcaUolu (Reference 1). 81l1con &ode 

nautron doalmetera (S mm iu dlameter by 16 mm in length) are avrikble (Reference 2). 

Laboratory evaluatlon of the neutron and g a k u  mlcmdoalmetera demonatrated thelr 

suitabUy for uae In Uvlng oganlsmr  It wao considered w8enUal to evaluate the per- 

formance of tbs mlcmdoslmetera when thy were apoaed to tbe ruIlatlonrr from a nuclear 

weapon detonatkm The unavallablilty of laboratory sources of neutron and gpmrm radla- 

t l o ~  preveated the d u a t l o n  of the doalmsterm at the Ugh dore rates churacterlstlc of 

a nuclear detonatloL 

The exprlment descrlbed in thls report w a s  8ccomplldm.I on a nonbded, nonlnter- 

ference basin. 

PROCEDURE 

Inrtrumsntatloa Gamma doslmetry w a s  accomplished by mema of hlgh atomlc weight 

radlophotolumlnescent glass rods (fluorode), National Bureau of Standards (NBS) film 

pack, and pocket doalmeters. Packages contalnlng the gamma meaaurlng doslmeters 



were positioned in ah, at varyhg d e  in tlssue, aad at varytng de& In rynthetic 

tissue materials. 
Neutron dosimetry was performed urlng SUlcon diode aeutron doslmeters (Reference 

2). and boron and cadmium covered flsrlon folls of Ndn,  U", and FuZb (Reference 3). 

suliur pellsrr and bare and cadmium covered gold folls were also used in determlnlag 

the neutron dose. 

The radiophotolum'nesccot syntem used in these studies to measure the gamma dose 

in the mked neutron ad gamma fleld wan deacrlbed in Reference 4. El& itomic num- 

her d v e r  metaphosphPte glass rods. composition by welght 46 pereent Al PO,, 23 per- 

cent &, (PO&, 23 percent & PO,, and 8 pem=nt &, PO4, were u r d  Exposure of 

the rdophotolumineeccmt W L )  rods to loutzing r.diou00 caues loosely bound el=- 

trow to he freed pad to migrate through the glass. Some of the elactrons w trapped by 

lnterstitld silver im to hrm photoluminescent centers. The dosimeter wo. read by 

exclung tbe photoluminescent centers with ultraviolet Ilght and converting the emltted 

orange-yellow fluorescence to an electrlc current through the UM of a photomulti&s 

tuba 

The RPL rod I8 a relative system. that la, it must be d lb ra t ed  .gnllut standard 

gamma detecting Instruments ucposed In known rndlation field.. A callbration curve 

wan prepared at the Nevada Teat Ute by exposing the RPL rods to known doass of gamma 

radhtbn from a Co* rource. The measured fluorescence wan plotted against known 

exponure dose la constructlap the dose response curve. Dose response curves were 

prepared for the Bausch a d  Lomb micmdosheter reader pad the Turner fluorometer 

used in these investlgatlonr. The rsPdlngs oht.lned in alr and la t h u s  from the RPL 
rods expored to the nuclear daomtlom were read aga&st the dome response curve. 

. .  
The self-lndicatlng pocket doaimeterl were read directly. The pocket dosimeters 

were cdlhrated pgalnat a 125-curie C S ' ~  Bourne. The appropriate correction factor 

was applled to each dosimeter. 

The NBS fUm pa& were processed by the A l r  Force Radlologlcal Laboratory, Wright- 

Patterson Alr Force Base. Denaltometer readings were performed and compared to NBS 

fum path expored on a CS'" calibration range. 

Neutron doshetry was performed by exposure of flselon folls to the radiations from 

the nuclear detonation and counting the resulting radloactlvlty in a fiarion foll counter. 

Fisaion folls and gold foils were cdlbrated at Lo8 Marnos Sclentific Laboratory's Omega 
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E a t  Reactor. 

the name haion foil counter as the experimentpl toll.. 
The Cdlbrptlon foil8 We- f l O m  to h N0P.d.. Ted Site pld counted on 

Thermal neutron activation of bare and cadmlum covered gold foil. wan determined 

by . c i a a t i o n  c o u n ~ .  A Y1,-hch thick ahmimm U t e r  waiured to dimkrptc the 0.96- 

M w  Ad* bate 

Sulfur p e l l e t m  were returned to the RadlochemLcd8ectlon of Biophynicr Brmch, KLn- 
land Air Force BMO. New Mexfco. The NLiUr pellets were beta counted in a low back- 

ground Oean than 0.5 cwntdmln) counter. 

The sUon dlode neutron donhetern were repd at the N w d  Test SUO. Neutron 
dome In d M. obt.lnd by comparing the 8 4 0  rwdlng peSine! a prsplou.ly prepared 

&ration gra& 
Iburce~of8amples. A n l m a l  Tlnrue .  Thornlnvltlanuer apomedInthlnCrpcr1- 

ment w&td of enbalmed sheep carcame& The rnlnvlr were rrcr l f lcd under nembu- 

to1 Meltheal0 by exa-oll. DorIm.trg pokage. 0 0 ~  flwmda. rillcon dlods., 
NB8 film p c b ,  fInslon foiln. bore and cadmium cwered p l d  folln. and r e  pslletm 

were attached by nuturea to the aorta. The domirnohy packages oacupled a porltlon wlthin 

the b ~ d g  ranga &om the ilra lumbar to the e- r o o d  vertebrae ~dantlcol doma- 

eter psckages were placed on the front and back n e e  of the n h ~ p  E U Q I ~ O ~  a d  n u -  
psnded free in &. The meamurement. thw recorded repremeat the mouurd  eutrme 
dome, the mldllge dose. and the exlt doab These domea .hould be compared with the a h  

dose whlch occupied the same relative posltlon PI the mldlho packwe. In oddltlon. 
doairnotry pcrcknees. c o ~ i ~ t h g  of fluorode. rillcon dloda.. and pellet.. were 

placed ~n the vagina, and the right & ieit (PT c d  of the experimental subjects. M e r  

the domWeters were Implanted, the aurnicrlopeaiaps were  autured and the CP~CMS em- 

balmed wtth lO-pemerd EormPlIn  solutio^^ The carcamsem were  wrapped and aealed In 

polyethylene bagn. In the neld the carcan8 was supported In the normal anatomlcal poal- 

uon Wlpure l). 

T l a a u e - E q u i v a l e n t  P l a s t i c  C y l i n d e r s .  Three cyllnders of tiaeue- 

equldent plnstlc were purchased (Reference 5). The tisaue-epuldent p h t l c  ued & 

the cylinders contpined approxlmately the same proportlons of carbon, hydrogen, oxygen. 

nttrogen, and trace elements an are found in human muscle tls8ue. The cyllnders were 

25 cm in diameter by 30 cm & length. Each cyllnder contained a 5.1-cm dlameter by 

15-cm deep center well, a 1.9-cm dlameter by 12.5-cm deep lateral well, and SIX 0.65- 
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cm dinmeter by 15-cm deep Well% The sk s d  W e l l s  were on the oppslte end of the 

from the center well. The lateral well was on the slde of the cylinder. 7.5 cm 

from the end of the cyllnder contahlng the a d 1  wells. 

T l s s u e - E q u l v a l e n t  G e l .  A Ussue-equivalent gel (Reference 6) waa pre- 

pred w~th ammonium formate, ethylene glycol, m, calcium chlortde, sodlum chloride, 

water. The gel was autoclaved at 105. C. The molten gel wan caut in polyethylene 

cprboys of 25-cm diameter by 30-cm heIghr Doslmetry puckages were herted at w l -  

oua depths in the gel. 

T Is 8 ue - E q u l v  a i  e nt  M a n  Ikln. A specially developed tissue-equivalent 

plratlc murllh, contplnlng a humrn skeleton, wan purdmned from the name source an 
the plastic cylurs .   he cornpaition of the tlrsue-iquivalent plertlc skeleton v m  the 

same as that of the cyllnders. The pl.stlanut waa exposed at a &tame of 1.300 feet 

from grourd zero on the Llttle Feller II event only. The plutlnaut contalmd a cavity 

for dosimeters in the abdomen. Sulfur pellet., fluorcdn, and sillcon dlodes were poll- 

tloned lu the abdomen. 

A I r D o e I m e t r y . Alr  doelmetry packages were supported on woodm mpports 

ueed to hold the pnlmrl carcanoes old cyllnders. The ah dosimetry mzkages were  p a l -  

tloned SO cm from the harest maas of tiesue or  tiesue-m materhl. 

L o c a t l o n  of S t a t l o n s .  The experiment wan dea&nedto encompass the 

range of blologlcally slgnlncant radiation dosea. Three statione were aeleoted with l i n e  

of-slght vlew of ground zero. The neareat station wae 1,000 feet from ground zero. The 

tlltermedlate station wan 1,300 feet from ground zero. The dlrrtnnt atatlon was 1,950 feet 

from ground zero on the W e  Feller I[ event Becauae of inmrferhg terrain thh atation 

was &oval forkkd to 1.550 feeton the Little Feller I event. 

R e c o v e r y  o f  S p e c l m e n s .  All atatlons were recovered at H+75 mlnutes on 

the Little Feller 11 event and at H+ 3 houri on the Little Feller I event The dosimeters 

were removed from the pnlmal carcasses, plaatlc manlkLn (Little Feller 11 only), tlssue- 

equlvalent plastlc and gel cyllndera, and the air doee measurement packages. Dosimetry 

readhgs were begun at H+ 5 hours on b t h  events and continued on a round-the-clock bnsla 

untU completed. The nssion folls were counted flrst, followed by gold folls. Fluorode. 

slllcon dlodea, aad pocket doelmeters were read after the threshold and actlvatlon folle 

were counted. 
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RESULTS 
~n T & I ~  1, the ratlo of neutrons Ln each of four intervals &a @pen. This table 

p w k l e s  a compuison between the two events and ah0 k t w e m  a IOW-ylCld nuclear &to- 

muon - the -  sed Reactor @PRl. a o ~ d l a - r p ~ e  crlticpl asaedly .  The major 

difference banv0.n the spectrum of the nuclear W M F  

&e abundance of neurroas above an energp level of 
some four times as mnay neutrons with anerglee -eater thnn 

th.t Of a &sed rePctor i m  & 

the Latter cam. There p ~ r  

tbe case of the 

pulsed mactor. N~ut roar ,  in the range are approxhately pbuo- 

dsnt in the nuclear weapons spectra as the reactor sectrum. 

Table 2 summuiees the a x p r l m e W Y  determined neuron and BDmmn doses on the 

two .hot.. Natmn dose was meaeWd bp thrioh0b.i detrnors nrd slllcon dlcde nytron 

dorlmeters callbnted agalnnt a G d v a  spectrum. Pocket -rs. N'Bs fUm pack. a d  

~ o p h o t o ~ u m ~ n e s c m t  glans rods were emplogd in nrriviap at an eathate of the gamma 

dorager 

T ~ O  9 rumm;rrizem the flndhga of neutron and gnmmo dose determLnotlonr on the 

W e  Feller I and fI eveutm. Slllcon diodem a d  threshold detectors ware ued for m e u -  
urlng neutron domc The slllcon dlodes were OYLllIhpd On the Littal Feller II e v d  only 

and conrlstsntly yleldd hlgher results thon the threshold dstectorr The .Illcon diodes 

were callbratad agalnn a W v a  neutron spctrum rather thrn w e l r p o ~  epactrum and 

tbls may ba rcspotulble for the varlatlon noted 

In Table 4 am presented the results of fast neutron flux and g- dose d e t s r m h -  

UOM on the Llttle Feller II event. These data were obta4ned from doehetry pcket. 
herted in natuni bAy orlticem in the came of biological tlesue and exbung cavities in 

the p & c  mrnfkia 
. .  

Table 5 presents the experhentally determlned thermal neutron flux BLI measured by 

the bare guld-codmlum covered gold method. The t h e d  neutron flux may be converted 

to rad dose ty mulUpIyhg . The t h e m 1  neutron rad dose was in all cases 

lens than 1 rad and 1s not Included In the doses given in the tables. 

Table 8 summarUes the ratlo of bare to cadmium covered gold foll counts on the Little 

Feller I1 event, The moderatlon of neutron flux by hydrogenous material la readl?y appar- 

ent from the value8 reported. The sb l la r l ty  between tlssue and the thsue-equlvalent 
plastic and gel used in these studies Is equally obvious. 

In Table 7 data are presented relatlve to the effect of shleldlng on the RPL md 
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detectors. The rod6 encased la polyethykm tubing consistently exhlblted a hlpher 

ent gamma dose. 

Flgures I through 4 Illustrate the doslmeters and instrumentatlon setups employed & 

these studles. Flgures 5 and 6 are  vlews of the 5eld stations. 

DISCUSSION 
Compnrlson of gamma dose as meaaured on Uffle Feller I a d  XI usIng NBS fllm pack 

and llthlum-lead ohldded glass fluorods In alr, tissue. and tlssue-equivalent materlds 

are la general agreement, though certain dlscrepsncles are obvlwa. At all locatlono the 

glass fluomd dose In higher th.0 the dose determlned by the NBS film pack.. 

Neutron ood gamma air dose mearurements. reported la Table 2, reveal llffle correla- 

Uon between the two .hot. even though they were of the same approximate yield. preehot 

dose calculntbns determined by the methods glven In Reference 7 glve calculated neutron 

doses at dlntancea of 1,000, 1,300. 1,500, and 1,960 feet from ground zero 

The experlmenUy mawured data on the Uffle Feller I 

event agree well with the predlcted dues.  Only the 1.950-foot statbn on Llffle Feller fI. 
however, falls near the predlcted &sa. It In suggested that the best explumtion for tblr 
anomrlp. L t h t  the 1,000- pad 1.300-foot 8 t a t l O M  on Lltth Feller II We= d d d d .  The 

1,960-IOot statlon on Uttle Feller II was on a sllght elevatlon and, consequently. dtd not 

experience the ahleldln& seen by the two closer-la statlm. 

In splte of the d d d l n g  It 1s belleved that the data on Llttle Feller I1 can he used for 

purposes of comparing in-aLr and In-VIVO neutmn dose. 

In the case of gamma doshetry,  nelther Llffle Feller I nor II ylelded data In accord 

wlth the predlcted +ues of 145, 173. 48, and 23 roentgen8 at dlstnnces ranglag from 

1,000 to 1.950 feet from ground zero. It appears that this anomaly Is due mostly to in- 

accuracies LO the code wlthln 2.000 feet of ground zero. 

The gamma dose recorded by the glass fluorais was some 1.2 to 1.8 times hlgher than 

the gamma dose detected by the NBS film pack It Is belleved that the dlscrepancy between 

film pack and fluomd measured gamma dose is due m part  to: dlfferences In callbration. 

enerw dependency, and thermal neutron sensltlvlty. The results of the measurements 

should be conaldered relatlve. and comparisons should be made between in-alr and In- 

VIVO gamma dose measurements determined wlth the same type of detectors. The m-air 

neutmn to gamma ratlo was found to be 2.3, using gammas as determined by the NBS 

fUm, and 1.5 U fluorods were used as the bask gamma determinations. There was also 
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K agreement between the gamma dose as me-ured by the pocket air loa&rtion chambers 

pld gamma dore as determined by the fluorod or film pack It is probable that the die- 

cropracy l a  &e to the dose rate and energy dependency of the pocket chambers. 

The -ked energy dependency and thermal neutron senaltlvity of unahfelded pines 

fluomdm in wldent In the data presented In Table 7. Publbhed reoults of thermal neutron 

sennltlvlty of unohidded glasa fluoroda (Reference 6) have rndlcated that I-rad-equlvdent 

gamma respolue ir produced by 3 x IO' tberma~ neutrnu per aquare centimeter. 

Data presented In Table 7 r w d  the marked differences In rerponne between Ilthlum- 

l e d  rhldded and whlelded glass fluorods. The neutron component Ieada to apparent 

dosea which are 1.5 to 2.5 Umea higher tban those given by the ehlelded fluorod.. 

The fut neutron flux as meaaured by sulfur'pelleta ls rapidly attmuated by tissue and 

tiasue-equtvalent materials as Is shown In Tables 4 and 5. Conversdy, there ir a slgnlfl- 

cant bulldup of the& neutrons at S h I k  porltlons. It I8 notd that there WM not a 

rlgnlflcant dlfference In fast neutron fluxes between midline and exit measurement loco- 

tiom. Apparently, the intervening tissues between entrance and mldllne thermalize the 

majority of neutronn. T U  ls borne out by d e  results of experiments in which sulfur 

pellstl ware  placed In the rIght and Ieft auditory canals of the 8h-p cadaverr. The flues 

dstermlnd d e r  theas condltlona (In wblch the sulfur pellet on the rlght or entrance slde 

of the anlrnaI WPI wlthln 1 cm of the mrfice, while on the left or exit &ace -me 10 to 

12 cm of bony and soft tirsuer intervened) revealed doses on the rlght slde mldway between 
entrance aud mldllne doses. On the left slde of the animal, the dose was roughIy equlva- 

lent to that at mldlIne. 

Comprlson of results between neutron and gamma doses I I W M U ~ ~ ~  in tissue ami In 
. .. , 

tlrsue-&uivalent materlols tndlcate general agreement. C e W y ,  under the condltlone 

of neld tenting, tlssue-equlvalent materials have much to recommend them. The rather 

wide varlatlona In experimentd results are to be explained on the basla of the problems 

of preclse dose measurements in the fleld as opposed to the mame measurements made in 

the Iaboratory. Subsequent experiments in the laboratory. using the same type of dosln- 

eters and the Qodlva-type reactor at the Sandla Pulsed Reactor Faclllty, have shown that, 

under labratory conditlona at least, a hlgh degree of precision is possible uslng the do- 

simeters employed In theae studies. The unsultahllity of existing methods of determining 

neutron dore In the fleld was demonstrated during these studles. Exlstlng methods of 

neutron doalmetry are laborious, time-consuming, and dlfflcult to accomplish under neld 
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conditlona. Flsslon foll counting me&& are not well adapted to use under aqy con&- 

other than those normally encountered & tbs laboratory. The .Lucon diode neutron d o a h -  

&rm are atlll In an early stage of development pad require additional studlea before they 

may be reliably u s d  In datermiuhg neutron exposure dona The dlodea rued In thlr study 

had bean callbrated agabt the Qodlva flasion spectrum at the Sandla Pulied Reactor Fa- 

cllltg and appear to be atmngly neutron emrw dependen+ It 6houId be polntad out, how- 

ever, that the Burnt threshold doshe t rp  6yaem ls only atrlctly appllcable for dose deter- 

mlnatlon, as calibrated. U the neutron envlronmant belag maamed is sfmllv to a h a i o n  

spectnm. Thls condition obviously was not met under ileld coldltlons. 

It w u  possible to measure neutron IUI gamma depth dome In ti.m ad tis.w-equlva- 

lent Muripla. The w k U o n  h e e n  smbplmed carcuses ad Ussue-equlvalent mate- 
ripla MI relatively a d  

The apeemant of results obtohed when gamma de* dose was determined with plastic 

ami gal materipla Is couldered noteworthy. Thl. la especiplly true In light of the relative 

C0.t of th. two materlalr The plastic uIsuc.qulvalant cylblers  cost several dollar# 

per pound compnred to a few cents per pound for the gel tlaaue-equlvalent matertal. 
T b  dlmgreement betwean f l u o d  and d r  ionization chamber reaultr my b. due to 

the dose rate dependency of the alr lonhatlon type devlcr. C h i  fluomds are rueful 

gamma dosimeters In a mixd neutron and gamma fleld only when adequate precautions 

are observed to prevent neutron effects. 

coNcLumoMI 
The red t r  of the exparlments accomplhhed on the Llttle Feller I and II event# of 

Operation Sun 

tron & gamma dorhe t ry  under close-In fleld condltlonr Tissue depth doses of both 

neutron and gamma radlatiom were measured. It was demonstrated that tlmsue and 

tlssue-equivalent materlala used In these studies were roughly equal in thelr mcderatlng 

and attenurtlng propertlea. The gamma doses observed from nuclear weapons are  llttle 

affected by the klads of tissue slmulants used UI these studies. 

demonatrated the feaalblllty of performlng falrly reproducible new 

Unprotected personnel exposed at dlstances beyond 500 yard8 would probably have 

survived the radiation exposure on the Little Feller I1 event. Observation of blast and 

thermal dnmage to the etatlons during recovery operations dld not revenl any evldence 

of damage even at the 1.000-foot etatlon. On the Little Feller I event personnel would 

probably have been able to survive and contlnue their duties If they were not closer than 
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600 yards from ground zero. It does not appear probable that either event would have 

cpumad the immdkte incapacitation of prsonnel located at the indicated &tames. 

Lethal doses of rndlatlon exponure would have been aumtalned by most, if not all. per- 

sonnel located 1,300 feet from ground zero, but in nelther eveni WBO sufficient dose 

delivered to have rendered the majority of praonnel nonoperationnl wlthLn minutes to 

hours postdaomtlon. 



TABLE 1 SUMMARY OF FREE AIR FLUX MEASUREYENTS ON SHOTS LlTTLE FELLEI3 I AND I1 

' R.uo Neutrons h energy btervsl 
Neutrons 4 Lev x IO" dcm'  

0.004 Yev 0.160 Her  1.6 Yev 2.6Ysv ~ 

4 lo 160 ksv 0.16 to 1.6 Yev 1.6 to P.6 Yev 2.6 Ycv 
n 

Lltt le Feller 1 1,000 

I .SO0 

1.600 

Little Feller 11 1.000 

1 .I 00 

1.500 

1.700 

ry P, " 

1.960 ~ ;* I 7 '  

Gcdlva I1  Crltlc.1 
AsBembly - . .  c m r . ,  

, '  
TABLE 2 FREE A m  WUTRON AND MYNA WBE YEASUREYENTB 

ON BHaill W L E  PELLEU 1 AND U 'I 

Event DdLWd ' N ~ ~ I O O  NUIIOD & m m  Gammn Gsmnu 

8 rad* ndt r! rf r l  

Little Feller I 1,000 
1.300 
1.600 

Llttle Feller 11 1.000 
1.500 
1.s50 

N a t r o n  doae dotermbed by I b r e h l d  daator om- 
t Neutmn dose determlncd by nllloo. dloda. 
t Gamma &#e ddermlwd by NFN3 fllm p& 
1 G a m m  done  daermlwd b g h n  fluorads h Ll-Pb Canlnters. 
I Gamma doae delermlned by pockel &mlrn.Ur. 

.. 



1.300 

1.600 

LUtL. ?de n 1,000 

d 

1.300 

.... 
Thrnbold d Q M r  methcd. 

1 Clam. fluorods Lu LA-Pb cudatera. 
t Slllcon dlodsm. 1 NBS N m  p c t  

I Pocket doaimeler. 



380 sa 200 
318 
160 

186 110 138 
118 
1W 

161 

159 46 
160 

w 185 

Ip 

loa w 



1.100 

1.500 

- -  
1.100 

1,Stio 
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1.86 
4.80 
4.6 

4.4 
4.0 

1.7 
4.9 
8.s 
8.4 
a2 
7,1 

1.a 

4.8 
s.2 
4.8 
T.8 

&a 

L a  

. .  

r 

4s i  
, r S l O  

SQ 
376 
2w 

175 

c 

110 
166 
200 
125 

36 
37 
42 
36 

a00 
M O  
a40 - 

zm 

210 
2w 
275 
290 
216 

85 
66 

105 
80 
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Flgure 1 Qamma doalrnetera. (FCWT DABA 804-08-NTB-62) 
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Flpm 2 Neutron doelmetere. (FCWT DA8A 604-OS-NTS-62) 
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Flgure 3 Polyethylene t u b a  contalnlng fluorodr. (FCWT DASA 801-07-NTB-62) 
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Flpre 4 Slllcon diode reader. (FCWT DASA 804-03-NTS-62) 
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Flgure 5 Vlew of sheep and cyllnders. 8bot Llttle Feller 11. (FCWT D M A  691-03-NT8-62) 



Flgure 6 Vlew of plastlnaut, Shot Little Feller 11. (FCWT DASA 691-01-NTS-62) 
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