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GAMM5-Ftk.Y CONTAMINATION I N  THE T€BRMAL PJEUTRON 

EXPOSURE: FACILITY OF THE OAK RIDCE: REACTOR 

Edgar B, Darden, Jr., C. W. Sheppard, L. C. Werson* 

To p e m i t  studies on the biological effects of thermal neutrons a 

special  exposure f a c i l i t y  as diagramed i n  Fig, 1 was instal led %n the 

thermal CO~UEUI of the Oak Ridge reactore 

a layer of bisnath several inches thick t o  fur ther  attenuate any Y radiation 

from t h e  reactor not absorbed in the multiple layer 0% BI brick formhg the 

f loor  of the col'umge However, studies wi%h a Victoreen dosimeter by Conger 

and stapleton (1) i n d i s t e d  the inherent ?'-;ray intensi ty  i n  the cavity 

amounted "rjo -6 r/nin. 

kind of work since it e d t s  eaptmo Y n y s  of i t s  own. 

of such a device may disturb the existing dis t r ibut ion of neutron flux some- 

what, so tha t  the reading obtained w i l l  not r e f l e c t  t h e  intensi ty  of capture 

y radfat4on normally present. 

of the radiation in the exposure facility u t i l i z ing  a specially designed ion 

chamber with a low cross section f o r  thema1 neutron capture. 

The exposure cavity is Pined with 

>-his type of instrument is not well suited for t h i s  

Us0 the introduction 

In t h i s  repor t  a r e  described adiiitionaf studies 

A t  the s t a r t  it was d e s h b l e  t o  lock fn to  t h e  poss ibui ty  tha t  the 

offending Ymdtation o r ighx tes  primarily from nornal capture processes 

in the surrounding media, 

t o  the mass difference in  the i n i t i a l  and prodnet nuclei is enitted as 

y radiation. 

I n  theaapture process the energy corresponding 

A P m  c%ipture processes b the b a d f a t e d  sample as well as 



The lower half of the  shaft Snto the t h e m 1  column %s shown in cut- 

away view, The graphite plug is a U  the way 3.n SO that the exposure 

n 
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i n  the surrounding region a re  important in evaluating the biological effects 

of thermal neutronsa 

The inteneity of eapture radiation from the graphite may be approxlmated 

to that present inanonabsorbing mvi ty  i n  a semi-infinite mass of the mterbl 

uniformly irradfated with thermal neutrons. 

of absorption and shape the intensi ty  of the y radiation i s  not appreekbly 

affected by the presence of the cavity, 

t i on  of the radiat ion wKl-2. be proportional t a  the denslZty o f t h e  absorber, 

Under rather general oondftions 

To a f k s t a p p r o x b a t i o n  t he  absorp- 

assuming Compton absorption pslrnarfly, The energy absorbed per gram w % l l  

be about the same i n  graphite and in a h  and dl1 also be equal t o  the energy 

produced, since in  a large mass,essent$ally all energy produced is absorbed. 

The energy a 1  be 

Q6 - mev B mev = F neutsonb 
gram see d see capture atom grapn 

E 

Where E y-my energy absorbed 

B -= binding energy of neutron 

Qc = capture cross sec,t;ion i n  units o f  PO v24 rn2 of atom 
of atomic weigh% A, Values used for cc are 
from ( 3 )  u d e s s  otherwise indicated. 

For Biological purposes E is more conveniently expressed in rep per minute 

or  per hour. Here L rep is taken to be the dose administered when 

6 = 52 x 10 mev 83 
1.6 x 10-6 esgs/mev 

a r e  absorbed --ier p a  of t issue OF %issue quhra len t  mtcrial and w & l l  be 



considered f o r  these purposes to be 2qui-Vslcn.f, t o  1 r of y m p .  

. 

I 

I 
I -  

8,2 mev, The re la t ive abmciance of C” and GI3 <*re 99 and l$ respectively. 

The walls of t h e  exposure chamber are several relaxation lengths thick so 

( n, y )  reaction ixl bismuth. 

The bincling energy f o r  Si2’” is 4-9  mev (6’) a& aC for  %he reaction is 

0,0L5 barns. Since Ei2@ is  abundant, then 

The t o t a l  for pqhLLe an2 bisrauth i s  ths;i -130 rep/hr not counting 



and rc the pa i r  production coefficient of absorption, but does not include 

CT s, the s c a t t e r b g  coefficient of absorption f o r  loss of intensity due t o  

scattering alone, since %he radiation is  incident on %he exposure chamber from 

a l l  sidesb 

nTSTRUME3J U T  ION 

It is d i f f i c u l t  t o  measme accurately the intensi ty  of yradiat ion 

ar is ing from t h e m %  neutron capture because of the effect  of t he  measuring 

deviceo To minhiee t h i s  factor  an ion chamber constructed en t i re ly  of 

beryllium and teflon was used in t h i s  study, 

low thermal neutron capture cross sections, 

i n  Fig. 2, 

Both of these materials possess 

A diagram of the device is  shown 

Employing the Sievert  condenser principle it is designed t o  be 

charged and read on an ord- Victoreen electrometer. 

make the four inkulators of minimum dbensions consistent with mechanical 

Ft was necessary t o  

strength t o  reduce ttsoakagell effects, 

electrodes the chamber is  rather susceptible t o  leakage, 

Because of the small clearance between 

With clean in suh to r s  

the  leakage did not become excessive if care was exercised t o  keep out particles 

of dust, p a r t i c u b r l y  during contact with the electrometer. This was largely 

prevented by discharging the electrQmeter and blowing out the charging recep- 

t ac l e  before inserting the chabe r  t o  dissipate the t lbmh" of charged dus t  

par t ic les  normally adhering t o  the center charging pin. Substitution of 

fluorothene i f i  ?%ace sf tef lon for the i r s u k t o r s  appmred t o  reduce the leakage 

somewha%,although this type of chamber has not been thoroughly tested, 

thene is conparable t o  tef lon in die lec t r ic  properties but is  'harder and 

Fluoro- 

smoother, I n  exposures of up t o  4. minutes no essent ia l  difference traceable 

t o  differences .in i n s u h t i ~ g  mte r i a l  was observed. Ui%h its re lat ively high 

8 
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Fig, 2 

BERPUIIIM-~LON CONDENSER SIEgQtT T E E  IONIZBLTION CHkMEER 

"he gas is allowed t o  flow through the chanber.for a few moments t o  

drive out-the air while the chamber is connected t o  the charging 

voltage, 

plug is  screwed in, the nozzle is  disconnected, and the port cover 

twisted t o  sea l  in the  gas. 

operations equi%$brium is established between the gas pressure and thdrt 
of the outside a h .  

The chamber is then removed from the eleotrcaneterp the 

In the interval  between %he last two 

9 



UNCIASSIFIED 

EXTERNAL VIEW 

INNER ELECTRODE 

PORT COVER 
lCTlON FIT) 

E FOR CHARGING 
GAS SPACE FOR IONIZATION 

CROSS - SECT1 ONAL VIEW 

FIG. 2 

10 



ch lo rhe  content, however, f3uorothene may be m s a t i s f a c t o q  for  long 

exposares because of the build-up of C138, a 384nwte ,  hfgh energy, 

d % % e r .  

The chamber was designed so  tha t  it oould be f i l l e d  with a gas and 

sealed as slhcwn i n  Fig, 2 in order t o  study its response t o  gases other 

than air ,  

The chamber was ca%ibra%ed a g a b t  om standard '-ray t h b b l e  ion 
60 chamber (8) using the medim intemi'tiy Co 

for various exposme times shown i n  Fig, 3 indicates that the discharge with 

time is essent ia l ly  linear over the fall. electrometer soale representing n 

range of fromrv$50 %o 400 v d t s ,  

the discharge with the  chamber a h  f i l l e d  was found t o  be independent of the 

i n i t i a l  charge placed on the charribere A closer study of i t s  saturation 

charaeter5stics was made by exposing the chamber t o  Go6' y radiation and 

measwing d i rec t ly  the fax? current generated d t h  c o l l e c t h g  potentials of 

from 0-500 volts w i t h  a vibrating reed electrometer i n  a manner sfmilas to' 

that described b o m  standard thinble chamber s tMfes  (8). 

curves aye shown in Fig 4. 

with the ehmber ffiled wi%h e i ther  a i r  sap q g e n  fs flat w;ithin rf: 2% of the 

mean. 

region the l inear  re la t ion breaks down cmpletely,p%obably as a resalt of 

mu3Pl%pPe ion c o l % ~ s i ~ n s ,  

som~e, The calibration curve 

Furthermore, fo r  t h i s  range of potent ia l  

The sa%ma.$ion 

1% a n  be seen tha t  from L30-.%OO volts the response 

ULth helium the response is flat up t o  about 70 volts. Beyond t R i s  

A l l  eqosuyea in the thermal c d m  were m d e  with the ion charnbes fnside 

the graphite box used fo r  the work (2.) previously referred t o  d e -  OS otherwise 



Fig, 3 

CALIBRBTION CURVE OF BERYUIUM ION CUNBER AWINST Y-RAY 

STAMIBRD TH1zMBLE ION CHAMI3EB 

Ordinates are units m the 108-r Vietoreen electrometer scab; 

abscissae m e  r units calcu%ated from the ion current gemrated in 

the standard chamber as measured by a vibrating reed electrometer, 
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SATURATION CURVES OF ION C-T GBEWTED IN BE&puIUM CH4MER 
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stated,  and thedekdls  of the exposure f a c i l i t y  and its operation are 

described therein. 

In making ionization measurements a considerable part of the time was 

spent i n  loading and unloadhg procedureso 

during these operations Yradh t ion  from the open shaf t  was intense enough 

t o  reduce the working time t o  a minute OF so per day. Additional shielding 

was introduced by arranging a &-in&-thick lead slab so tha t  it blocked the 

opening t o  the s h a f t  when the graphite plug was pulled out (Fig, 1). 

hoistfng mechanisms f o r  the lead door and the plug were interconnected 

e lec t r ica l ly  so tha t  the shhead was automatically lowered into place follow- 

I n i t i a l l y  it was found that 

The 

I 

ing withdrawal of the plugo 

from being accidentally released with the plug in’ the  shaft. 

qui te  effective fn reducing %he radiation hazard as shown in Table I. 

Interlocks were provided t o  prevent the shield 
~ 

The device was 

TBBLE I 

Radiation a t  Loading Position Adjacent to Thermal Column Shaft 

Plug in, gate up 

Plug out, gate up 

Plug out, gate down 

160 

8500 

L300 

Simltaneous measurements of the ionization intensity and the neutron 

f lux  were obtained a t  several positions inside the graphite treatment box 

as shown- i n  Fig, 5.  The flux was measured with indium f o i l s  as described by 



Fig, 5 

P C B I T I O N S  FOR INTENSITY AND FLUX M E B s m  

I N  W H I T E  EXPOSURE BOX 

17 



NEUTRON FLUX 
N IN NESTRONW 

cm h e c  
0 .65 lo9 

0,90 x IO9 

PILE POWER 3300 KW 

0.74 lo9 

FIG. 5 



Conger and Giles (1). The intensi ty  of the electromagnetic radiation was 

found t o  be more or l e s s  proportional t o  the flux and decreased ver t ica l ly  

upward (Figs, 5 and 6). 

ments appeared t o  be e s s e n t h l l y  zero. 

The horizontal variation by these and other measure- 

Several weeks l a t e r  the y-ray intensity 

was remeasured, but the flux d e t e d n a t i o n s  were not repeated. The resu l t s  

of these measurements a re  presented in Table %I. 

TABU3 II 

pll Gamma-@ In-tensitx _and Neutron-- Measurements 

Inside Graphite Treatanent & 

Po s i-t ion Y-hy Intensity Flux (n/cm/sec> Roentgens-per-Unit Flux 
(d-1 of 109 n/w/sec i n  Box 

(2) Left 6 3 3  8072 -- -- 

(3) RQht 7.06 - 0.7& x l o  
Center 

9.5 9 
Center 

10.1 9.0 0,90 x 10 9 ( 4 )  Floor 8.U 9.77 

required for the mterial Lo be earr,2ed. down t he  shaft t o  the exposure position 

and back. Tests were made to ascertain i f  the radiat ion .seecived dw5ng the 

interval  was suf%ic%en$ t o  a f fec t  the intensi ty  of resmnse d e t e d i i e d  wi th  



different t h e  intervals of exposuse. 

used, 

from the time the box was started down the shaft u n t i l  the upward movement was 

begun. 

agreed with tha t  calculated from intensity data for exposures made a t  several 

different points along the path of t r ans i t  as plotted in Flg 7, 

eurve %t may be deduced tha t  the over-all average intensity while the box was 

i n  t r ans i t  mounted. to about thee-eighths of the ful l  eqssme $ntens%ty, 

t h i s  basis the average intensfty measred i n  the bismuth safe appeared t o  be 

Exposure times of 1 t o  5 minutes were 

In  t h i s  case and i n  a l l  other experiments the exposure internal extended 

Negative resu l t s  were obtained as indicated i n  Fig, 6. Th i s  finding 

From the 

On 

l i t t l e  affected by dlfferences in the exposuse i n t e m l ,  

ference f o r  2- and 4-rd.nute exposmes tdas about 2s0 

intensity inside the shaft increases slowly and re lat ive$yl inear ly  downward 

t o  the entrance into the safe. 

fast r i s e  develops h the last f e w  centimeters along the path of trans5t t o  the 

final value w2th the  box 2n the treatment, pssi t ian and the point sf measmment 

roughly the center of the bismuth chamber. 

For example the dif- 

According t o  Fig. 7 the 

From t h f s  region on into the safe an b c r e a s b g l y  

The small self-generated Yradiation of t h e  beryllium chamber itself was 

verified by the sinuI.%aneous expsbure of these two chambers. 

essentially unaffected by the presence OF absence of the second chamber. 

present of biological material near the chamber, however, had an appreciable 

effect, 

the chamber when mice were placed 2n the box w%th it, 

The response was 

The 

The readings were increased a t  least 1% with ei ther  oxygen OF ab? in 

Nitrogen has ;i hfgh cross seetion (- 1,6 barns) f o r  the (n,p) reaction 

with thermal neutrons. 

i n  the t h e m %  column was investigated by comparing the response vi%h f i l l i n g s  of 

various gases in the ion chmber. As a control f o r  each gas the chamber was 

The contribution of t h i s  process t o  the observed inkensity 

20 



Fig, 6 

PLOT SHOWING Ii?mnY AS A FUNCTION OF EZPOSURE INTERMlllL 
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Distanoet is measured from the f loor  position of gkaphtte bax d t h  the 

box inserted t o  its Unit i n  the bismuth safe, 

Y-ray intensi ty  In the box a t  various poihts along the shaft were made 

with the 

represent data frcan Fig, 5 plotted for ccunparison. 

The measurments of 

&amber f k e d  b i d e  the box, The two dotted u m m s  
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Pos5tion h (Fig, 5 )  
Graphite W 

exposed t o  cobalt Yradiation. 

readings corrected t o  a constant p%le power of @OO kw are shown i n  Table 111, 

Comparative results wi%h the thermal column 

hverage Intensi ty  in roentgens per ninute 

hbr N2 02 He 

TABLE 111 

Thermal 
Column 
( T h e d  
neutrons + 
gasrma myl 

60 
co gammarays 

8.06 
( 3 )  

II 

10.1 
l ( 3 )  

4.5 t 2,o 
(7) 

I 

Figures i n  parentheses indicate number of bdividual observations, 



It is seen tha t  the response i n  a f r  and nitrogen is  about the sane but 

Helium showed anomalous behavior as predicted averages -8$ low in  oxygen, 

by the saturation carve (Fig, 4)  e 

t ion  due t o  the (n,p) reaction may be made by applying a correction t o  t h e  

intensity contributed by a large quantity of @s as mPculated, using the method 

previously described, 

For comparison,an estimate of the contribu- 

'In t h i s  reaction the binding energy is camied off by 

the proton, 

42 x x PO9 x 0.62 x 1,6 rep@ = u 
= 3000 f o r  N2 or  2400 f o r  a i r  

To estimate the contribution from the a b  volume i n  the chamber the annular 

cavity may be approxUted t o  a th in  radioactive layer sandwiched bebeen two 

thick layers of i ne r t  material. 

while the thickness of the basal layep (diameter of the inner electrode) 9s 

about l l m ,  

i n  a i r  of 0,62 inev protons is only about U. m e  

t i on  F of the ionization per ionized par t ic le  effective wethin the w v i t y  when D<Iz  

The thickness D of the cavity is about 0.5 mm 

The l a t t e r  i s  effectively of i n f in i t e  thickness since the range R 

The expression (4)  f o r  the frac- 
\ 

t 

I 

is  - Oe33 InD_ R 

26 



The contribution due t o  the (n,p) reaction then $9 

0,023 x 2.4 x Id = 192 r e p h  or -3 r ep lnb ,  

"hfs i s  higher than indiwted by the experimental resu l t s  but b sat isfactory 

agreement considering the assumptions involved. 1% seems clear then that- the 

(n,p) reactfsn is ruled out as a major factor responsible for  the ionization 

in the chamber, 

It was ascertained exrperirnenbllythae, the intensi ty  of captare radiation 

from pwe bismuth was too low to contribute appreciably t o  %he Sonfization. 

ion chamber was inserted in  a hole drilled in a 4 x 4 x 7-czn block of af from 

a l o t  checked for purity by spec%rographfc amd.pbs and was exposed inside the 

graphite box, 

The 

The intensi ty  was attenuated -32% ba- the bismuth. 

Ekposures were made wlLh the chamber attached direct ly  t o  the gmphLte plug 

wdthout the graphite contaben: t o  determine the inflmnce of the ba t te r  on the 

intensity. 

of the graphLte walls also was +io attenriiste radiation from external s o ~ c e s ,  

An increase of - 32% was noted, i n d f a i t b g  t h a t  the pri.na.ry e f fec t  

To obtain an e s t b a t e - o f  the  energy of the in.tslesfer2x.g y radiation intensity, 

measurements were made with the chamber enclosed in various thicknesses of lead 

absorbers inside a box made of boron PhSt2Ce 

large (n,~) cross section due t o  the BIoP the cross section of B1' for the (az,~) 

reackiion i, large enough that t h i s  contribution must be csrreeted for in absorp- 

t i a n  measurements. 

cavity with mlls and base maehhed t o  a -form thickness of fssm 2 -to 36 m 

(Fig, 8).  

I n  addition t o  the characterist ically 

Each absorber was a so l id  lead cylinder except for the chamber 

Each cylinder, closed by a lid of oorrespo3ld;in.g thickness, was centered 

inside the box 

tihe absaqtfon 

thermal columrn 

with spacers of high grade graphite 8 s  shown in Fig, 8. 

e r n e  i s  given i n  Fig, 9. 

a t  the time prevented ex%enclhg the mmsslsemerits to o b b i n  more 

A plot  of 

Limitations h -the avai%sbil%tg of the 
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SEMUOG PWT OF ABSOapTION OF Y RBDIATION IN LEAD SURROUNDEI) 

BY BORON PLASTIC 

The boron Y-rag component 

the left. 

subtracted from the main m e  is shown on 
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points on the Wph.  

by Stapletor, (5) who, in a similar study with a Victoreen chamber, studied 

absorption of the radiation i n  lead up t o  2 can thick, 

The residual slope is similar t o  that  of a cwve obtained 

The abssrp lbn  c m e  shows that 2 components of ?'radiation were presente 

The one due t o  t h e  boron was relatively sof t  with a coefficient of absorption 

corresponding roughly to an energy of 0.2 t o  0,5 mew, 

ponent showed max5mx.m penetrating a b i l i t y  in lead characterist ic of energies of 

from 2.5 t o  5 mev, 

indicates tha t  the intensity a t  -the cen-ber of the boron box was about 4@ less 

than the corresponding value fns5de the graphite container. Th i s  is evidently due 

t o  the boron acting as a sink ~f energy which affects  the neutron f lux not only 

h i d e  the box but apparently reduces the flux a t  the source or sources of the 

yradiat ion as well., 

The other residual com- 

~ r a p a k i t f o n  of %his portion of the m e  t o  zero thickness 

I -  

c 

A Sfevert type condenser ion chamber constructed of materials with a low vc 

such as Be and tef lon has proved effective for  the measurement of y radiation i n  

the presence of t h e m 1  neutrons without appreciably a l te r ing  the flux i n  the 

process. Reproducib.ility of the readings vas normally Wi thb  For h t ens i -  

tieslabackground leakage the agreement should be even better, 

however, is not adapted as it now stands f o r  soutine measurements bewuse of the 

precautions made necessary by *'the l&kage problm. 

The method, 

Since the chamber i s  calibrated i n  terms of equivalent cobalt roentgens, 

a conversion factor of Unl.mo~n proportions my be required to convert t o  absolute 

r u n i t s ,  The difference, however, is probably 42@. 
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Other factors  affecting the measurements a re  prhxxrily assocbted ~ t h  

the  reactor i tself ,  

is  not precise. 

levels, especially on different  days, have occasiomlly shown discrepancies (2). 

It is possible t h a t  t,eqmrary flux: changes, 

insertion o r  withdrawaZ. of materhl of high cross section in the p i le ,  would 

not be detected a t  the power-measuring devlceo Since the exposure intervals 

with QUI" chamber were generally < 4 minutes, such changes accursing a t  a cri t i-  

calmoment could have affected the readings. 

period of days or even weeks has, with few exceptims, reflected a hish degree 

of consistency in the measurements, 

e r ror  is relat ively unimportant and that the assumption is valid. 

The assumption made as t o  the relat ion of f l m E  t o  power 

Fo i lmeas~emen t~s  taken i n  the t h e m 1  ccahmn at various parer 

such as might occur loca l ly  due t o  

However, o m  data taken over a 

We conclude, then, tha t  t h i s  source of 

A s  f o r  the increase i n  the y-ray intensi ty  per u n i t  f lux shown i n  Table 11, 

operations involving changes in. shielding and other procedures were carried out 

on top of the thermal column by another project gsu? dwirig the appromate ly  

7-weeks interval. between the two sets of .measurements, 

tha t  tl-e flux dis t r ibut ion i n  the bismuth safe.cod.d have been thereby altered. 

A small chance exists 

Unfortunately, lack of t5me prevented further. investigation of t h i s  discrepancy, 

It is  therefore suggested tha t  the flux and the y-ray intensity be carefully 

remeasured before further biol.ogica1 exposures are made t o  determine whether the 

contaminating radiation is  building up, 

A s  f o r  the source of the unwanted 7 radiation, the evidence by a process of 

elimination indicates t h a t  at  least 90.; of the sadit?.f;lon measured by the c lwber  

is originating i n  the v ic in i ty  of the safe,psokbl.y fyoni a contaninant of high ae 

i n  the bismuth, The evidence may be smmrized  br ief ly  as foUsvso 

1. Both mlczil;;ted and experjmental. r-sults indicate that r a d h t i o n  due 
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t o  capture processes fn  the graphite of %he column, plus the  contribution 

due t o  pare bismuth can account f o r  only a neglig%ble postion of the total 

ionization measured by the chamber. 

2, The contribution due La the (nsp) reaction b %he cavSty of the 

chamber is apprecbble but s t i l l  <XI$ of i t s  total responsee 

3, The rough paralleEism betxeen neutron flux arid ion i~a - t ;L~n  intensi ty  

(Figs. 5 and 7 )  indfcates %ha% the  latter is due t o  c-apture radiation with 

absorption characterist ics coaespondfng t.0 energfes of several mev, and 

originating close t o  the point of measurement. 

,&, The rapSd increase fn intensi ty  as %he €31 safe is approached and 

%he effect  of the boron box i n  depressing %he intensi ty  narrow the location 

of the source of the radiation t o  the regfon of the safe, 

. 

, 

A method has been developed for the measurement of the intensl-by of 

y radiation %n the presence of a neutron flux, espechl ly  where the use of a 

measuring device with connecting leads is not feasible, 

of the Sievert condenser t ype  comtmcted of besypbim and teflon is employed 

which can be charged and exqmsed and the amount of discharge send on an 

ordinary V3etoree-n F neter, 

with a i r  and air gases is independex& of the charging potential  over the range 

of the electrometer, The presence of the chamber does not dep.ress %he neutron 

flwr nor a re  appreciable amounts of" capture p/ rap generated by ft, 

R small. ion chanber 

The resparise of tlie chmber wi%h the latter filled 

With the aid of t h i s  i.nsS;mnt a study was made of the m%we of the 

?'radiation present i n  the exgosure f a c i l i t y  located in the t h e m 1  column of 

the Oak Ridge reactor. It was found tha t  the a i r  dose recelved in the graphite 



treatment box amounted t o  a s  much as Jl r/minute, depending on the postion of 

the measuring fnstrument, and t ha t  t h i s  intensi ty  was roughly proportional to 

the  neutron flux a-b that point, 

The radiation shows maxfnum penetration i n  lead corresponding t o  an 

energy of 2-& t o  5 mev, It appears t o  be originating from a source or  sowees 

.%mediately adjacent t o  the exposure regLon, probably from a conlxnhant of 

high-capture cross section present in the bismuth walls of the f ac i l i t y ,  

There 3.s some evidence t o  suggest that the contaminating radiation 1s slowly 

building up but further tests a re  necessary before a defini te  conclusion can 

be drawn, 

Thanks a re  expressed t o  Dr, A. D, Conger f o r  h i s  help in obtahing  some 

of the data and t o  Mre J, J, Lane and Mr. Go E. Stapleton fo r  assistance i n  

making flux measurements, 
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