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. .  . . - 
T h i s  r e p o r t  was p r e p a r e d  a s  a n  a c c o u n t  o f  Gove.rnment 

s p o n s o r e d  work.  N e i t h e r  t h e  U n i t e d  S t a t e s ,  n o r  t h e '  Com- 
m i s s i o n ,  n o r  a n y  p e r s o n  a c t i n g  on b e h a l f  o f  t h e  Commiss ion :  

A. Makes a n y  w a r r a n t y  o r  r e p r e s e n t a t i o n ,  e x p r e s s  
o r  i m p l i e d ,  w i t h  r e s p e c t  t o  t h e  a c c u r a c y ,  com- 
p l e t e n e s s ,  o r  u s e f u l n e s s  o f  t h e  i n f o r m a t i o n  
c o n t a i n e d  i n  t h i s  r e p o r t ,  o r  ' t h a t  t h e  u s e  o f  
a n y  i n f o r m a t i o n ,  a p p a r a t u s ,  m e t h o d ,  o r  p r o c e s s  
d i s c l o s e d  i n  t h i s  r e p o r t  may n o t  i n f r i n g e  p r i -  ' 

v a t e l y  owned r i g h t s ;  o r  

B. Assumes a n y  l i a b i l i t i e s  w i t h  r c s p e c t  t o  t h e .  u s e  
o f ,  o r  f o r  damages  r e s u l t i n g  f rom t h e  u s e  o f  a n y  
i n f o r m a t i o n ,  a p p a r a t u s ,  m e t h o d ,  o r  p r o c e s s  d i s -  
c l o s e d  i n  t h i s  r e p o r t .  

As u s e d  i n  t h e  a b o v e ,  " p e r s o n  a c t i l r g  on b e h a l f  o f  t h e  
Commiss ion"  i n c l u d e s  a n y  employee o r  c o n t r a c t o r  o f  t h e  
Commiss ion  t o  t h e  e x t e n t  t h a t  s u c h  e m p l o y e e  o r  c o n t r a c t o r  
p r e p a r e s ,  h a n d l e s  o r  d i s t r i b u t e s ,  o r  p r o v i d e s  a c c e s s  t o ,  a n y  
i n f o r m a t i o n  p u r s u a n t  t o  h i s  employment  o r  c o n t r a c t  w i t h  t h e  
C ~ ~ m i s s i o n .  
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ABSTRACT 

UCR L-82 76 

A study has been made of the radiation received by staff members  
of the 60-inch cyclotron for  the period from 1953 to  1957 and of the radiation 
environment in the target  a r e a .  The nature of the operations has  caused 
workers  to receive a n  average amount of radiation that was within the fo rmer ly  
accepted l imits and in addition i s  l e s s  than the present  maximum recommended 
by the AEC. Namely, the Maximum Permiss ib le  Dose (MPD) to  the most  
c r i t ica l  organs,  accumulated a t  any age,  shal l  not exceed 5 r e m s  multiplied by  
the number of yea r s  beyond age eighteen and the dose in any thir teen consec-  
utive weeks shal l  not exceed 3 r e m s .  There  has  been a year ly  dec rease  in 
average exposure however, and constant improvement of techniques lessens 
the amount of radiation received. 
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Because of the normal  concern for  personnel  radiation and the 
recent dec rease  in recommended tolerance level, an investigation was made 
of exposures received by  members  of the 60-inch cyclotron crew.  F i l m -  
badge readings for  the years  195 3 t o  1957 were  totaled fo r  the men doing the 
actual  work on the cyclotron. A comparison was made between the findings 
a t  the 60-inch.cyclotron and the findings a t  other acce lera tors ,  a s  shown in 
Table I. A summary  was made of the total  radiation received in performing 
various cyclotron operations. 

F igure  1 shows the .cyclotron a r e a .  A wide -range beta-gamma 
dose-rate  me te r  i s  placed a s  close to  the target  a s  possible,  a t .A,  which i s  
about 3 feet f rom the target  plate and on the same level a s  the t a r g e t C 2  This 
.indicates the level of exposure to  which a c rew member  i s  subjected when 
he must  en ter  the target  a r e a .  Every  effort i s  made to  keep the t ime of 
exposure a s  shor t  a s  possible. The average t ime required for  setting up a 
ta rge t  i s  usually about 3 minutes,  and the average t lme for  removing the 
target  assembly . f rom the cyclotron is about 1 minute. The assembly  i s  then 
dismantled, which takes l e s s  than a minute. The dismantling i s  done f rom 
behind a shield which consists of a 2-inch lead glass . f ront  and 2-inch lead 
base ,  the s ides  of which a.re open to  allow access  for  tools.  F o r  t ransuranic  
elements ,  a special  c a r t  i s  used whi,ch supplies the target  and assembly  , 

with c.ooling water ,  a i r ,  and.helium. . T h i s  takes about 5 minutes to  set  up, 
and less  than a minute to  remove f rom the a r e a .  Targe ts  f rom .the d i s -  
mant1e.d assembly  a r e  placed in shielded containers for t ransportat ion or  
s torage.  

Alpha-Particle Bombardments 

Alpha bombardments accounted for  73% of the total  bombardments 
fo r  the years .1953 to  1957. 

During an .average alpha bombardment,  the radiation level recorded 
by tge' .meter i s  10 to  20 roentgens per  hour. One minute af ter  the. bombard-  
ment, the level has dropped to  about 1.0 r /h r .  The radiation level af ter  5 
minutes va r i e s  with different target  mater ia l s  because of their  different 

1 
Solon, Mc Laughlin, and B latz, Stray Radiation Measurements  a t  Pa r t i c l e  . 

Accelerator  Sites,  NYO-4699, Jan. 1956, p. 25. 

' ~ e n n e t h  D. Jenkins, Wide -Range Beta-Gamma Dose -Rate Meter ,  in Physics  
Division Quar ter ly  Report,  UCRL-3689, Jan. 1957, p. 40-44. 



T a b l e  I 

Summary  cf radiation exposure c e s e s  repor ted  at various acce le ra tors  [from Solon, McUughl in ,  axd Blatz,  NYO-4699). 

b 
s i tea Accel  Par t ic le  Energy KO. of D a t e ,  months No. af exp-es at stated fat* of W E  Kumber of persons  accounting for 

(Mev) badges frequencyC stated percentage of e ~ p e s u r e e  --- - 0.25 to0.5 g .5 to  l = 2to3 >3 -- 
CIT syn P 440 5 1 5/53-1/55 (ZO) W - 253 116 58  19 6 10 5 0 

C O ~  C Y C .  d 10 27 11/53-1/55 (13) w i z  1 - 14' n 00 

. S F . .  p 305 

MIT cyc ' d  15 

S F  e 340 11 4/5.3-1/55, (Z 1) B .13 4 - 1 8 ID0 
P i t t s  cyc d , 16 10 7/53-,1/55 (18) B . 67 25 17 8 - 6 7 3 

P r i n  PMcyc p . 18" 32 3/53-1/55 (22) B 4 4 - 14 100 

Roch sym P 250 60 6/54-1/55 (;) B 24 . 6 1 - 9 26 

d 4 11 11/5.3-1/55 (13) B 1 1 - Yale cyc 3 100 

c. a lif 
22 7/52-6/54 (2.3) W 150 147 6 8  13 5 

cyc 1 441 14 a 1/55-7/56 (18) W ' 85 . 102 56 ' 3 1. 

a ~ l ~  = Carnegie Ini t i tdte of Technology; Col = C d u m b i a  Ilhiverstiy; MIT = Massachusetts  Institute dd Technology; Pit ts  = Unis-ersity of Pi t tsburgh;  
P r i n  = Princeton University; Roch = University of Rochester;  Yale = Yale Univeasity; Calif = Universi ty of CalZornia,  Crocker  Laboratory 

bsyn = synchrocyclotrdn;  cyc = cyclotron 

'W = weekly; B = biweekly 
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Fig. 1. Arrangement of the 60-inch cyclotron area. 



activities. In some cases, a target i s  removed from the cyclotron to a 
shielded enclosure as soon a s  possible - -  i:.e., from 1 to 5 minutes after 
the bombardment. Five minutes from beam cutoff and after target removal, 
the level of radiation a t  the meter  i s  usually about 0.3 r /hr .  In other cases,  .. 
while a target i s  stil l  in  place, the level may exceed 1.0 r /hr .  Most targets 
a r e  removed from 5 to 10 minutes after the bombardment. After 10 minutes, 
the level with the target removed i s  still slightly over 0.2 r /hr .  

Targets and their assemblies normally emit about 100 to 500 r /hr  
5 minutes after bombardment. An internal target (one that has been inserted 
into the tank on a probe) may emit more  than 10,000 r /hr .  Figures 2 and 3 
show typical radiation mete r  readings for alpha-particle bombardments taken 
from a Speedomax chart. 

Proton Bombardments 

About 77'0 of the total bombardments were with protons. 

Most of the proton bu~illardmenta a r e  on a beryllium target fo r  
neutrons. During a proton bombardment, the radia.tion level a t  the meter  i s  
about 50 to 60 r /hr .  One minute after beam cudtoff the level i s  usually more  
than 1.0 r /hr ,  and after 5 minutes greater  than 0.5 r /hr .  For  prolonged 
bombardments, the level has been known to exceed 3 to 4 r /h r  after 1 minute. 
Proton bombardme nt s on other targets have shown radiation levels similar 
to those for alpha bombardments. 

Deuteron Bombardments 

Deuteron bombardments accounted for 20% of the total bombardments. 

Deuteron bombardments create a much higher radiation level. They 
a r e  run only on Friday evenings and Saturday, and - -  i f  demands a r e  high - -  
on Sundays. Fo r  these b6mbardmeulb a longcr eooling time i~ required. 
.A nominal time of Z5  to 30 minutes i s  set, but sometimes the radiation meter  
indicates that the cooling time can be shorter.  Even, after very shurl Lolmbard- 
ments on a cool machine, the radiation level i s  quite high; e. g. , for a 
10-minute bombardment at  60 pa, the lcvcl after 10 minutes ' cooling i s  more  
than 1. 0 r /hr .  F o r  most  bombardments, the level during the irradiation i s  
over 100 r /hr ,  and 2.0 r /hr  5 minutes after the beam i s  off. Follojnring 
long deuteron bombardments, the radiation level 5 minutes after cutoff i s  
sometimes 8.0 r/hr.  Following bombardment of a beryllium target for 
neutrons with 70 pa of beam, the radiation level has been 1.5 r /hr  after 
30 minutes. A prolonged uranium bombardment with 30 pa of beam has 
resulted in a radiation level of more  than 1.0 r /hr  after 1 hour of cooling. 
Figure 4 shows a typical radiation meter  reading for a deuteron bombard- <.  

ment taken f rom a Speedomax chart. Radiation meter  readings of various 
bombardments a r e  shown in Table 11. 

Setting up . "cart1" nuns in the evenings after deuteron bombardments 
presents a problem, a s  the car t  i s  usually about 5 feet from the target 
chamber. 



~t From beam cutoff (minutes )  MU-,550; 

Fig. 2; T y p i c a l  radiation decay on Speedomax char t .  
: Alpha par t ic les ,  on Ni and Au; 7.5 pa on t a rge t  . . (5/8" diarn);  

38.0 pa on col l imator;  2-hr bombardment. ,  
A= beam bff. 1,000 R/hr full' scale  
B= scale  change 10 R full  scale  a 

, 

C= t a rge t  being removed 
D= ta rge t  passing me te r  

' 

E= t a rge t  removed, setting up next ta rge t  
F= oscillator on . 



At From b e a m  cutoff ( minutes ) 

Fig. 3 .  Typical radiation decay on Speedomax char t .  
Alpha part ic les  on U;  15 pa on ta rge t ;  20 pa on col l imator;  
1.6 h r  bombardment. 
A=beam off 1,000 R full scale  
B=scale change 10 R full  scale  
C=target being removed 
D=target passing me te r  
E=target  removed, setting up next target  
F=osci l la tor  on 
G=beam onnex t  ta rge t  . 



A t  From beam cutoff  ( minutes 1 

Fig: 4. Typical rad ia t iondecay  on Speedomax cha r t . .  
Deuteron particles, '  on Be;  70 pa on t a rge t ;  3.4 h r  
bombardment;  af ter  8 hr  0.400 R . 
A=beam off 1,000. R full scale  
B=scale  change 10 R full  scale  



Table I1 

Typical radiation levels (r./hr) following jombardment of various targets  (meter  3 feet f rom target  chamber) 

Target  Mater ia l  ------..------- --- . -- 
Fe(on . Ag(on 

Bombardment Conditions Be Re 'J =&~u Np ~ r o b e p  probep Be Be Re P11 Hg .Be - - -  
Beam particles a a a 1 a a a P P P d d d d 

Total  beam (pa) 

on target  
... ... on collimator ... .6 35 36 ... ... ... ... 35 ... ... 

Durattrjn of bombardment (h r )  0.4 0.9 ..E 1.4 6.3 2.9 2.9 2.0' 2.9d ' 8.5 1 mine 3.3e 0 . ~ ~ 9 '  3.ze 

Radiation Level r e -  
corded a t  me te r  [ r / h r )  0 

- 1 

.; 5 - 
10 2 

2 15 

; 20 

% 30 

;i 40 

"LOW-level i"terna1 beama *~went:,  8-mi" bombardments g ~ a r g e t  removed after this reading ' ' 

b ~ o o l ~ c y c l o t r o n ;  beam was off fo r  2 hr. e ~ l ~  these  =ombardments 'on the same day i n  order  given h ~ a r g e t  left on cj.cl&troo 

= ~ i e v e n  10 -min bombardments ' ~ a c h i o e  "hot"f.~lLowing 3-hr deuteLon bomjardment  'i 8 t r  af ter  "bearboff"radiation Level was 0.400 r /hr .  

I 



. 5 .  . .. 

Heavy-Ion B ombardmei ts  

' . During the last  5 . y e a r s ,  heavy-ion experiments and bombardments 
have averaged 35 days per  year.. Most of the.heavy-ion work has been with 

, beryllium .and carbon ions.  The radiation background during operations i s  
not known, but t a rge t - a rea  radiation Le'vel should be f a i r l y  low,' a s  the beam 
intensities a r e  very  low. Internal carbon beam c u r r k n t s ' a r e  ve ry  seldom 
over 0.2 pa.; c,onsequently, most  of the:radiation emitted i s  f rom the back- 
ground of the cyc.lotr.on itself'. Though .most of the target's a r e  relatively 
cool, some uranium targe ts  taken off the machine have radiated 500 r /h r .  

. . . . 

Scattering Experiments'. . . . I 

Scattering ,set,ups (on'the average;  ten 9-day runs.  per  yea r )  
usually talce about 6 hours and require  20 differ'ent sett ings for  "burn" 
pattcrrls uri emulsion plates.  The crew members  receive for  each  a total  of 
about 0,3 r .  F o r  this setup the normal  target  snout plate i s  replaced with an  
i ron  snout plate, an operation which takes l e s s  than 5 minutes.. Collimating 
s l i t s  a r e  put in the probe port ,  and then a pat tern i s  taken a t  the i ron  snout 
@late. Adjustments, if necessary ,  a r e . m a d e  on the s l i t s .  A 5-foot i ron  
snout .is then placed in position 'at the end of the.snout plate to  bring the beam 
b+yond the .magnetic field. The mounting' and adjusting of this section requi re  
f rom about 1 to  2 hours ,  but the c rew is in  the t a r  e t  a r e a  for  a total  of l e s s  
than 1 hour. The level in the target  a r e a  i s  0.2 r ? hr during this period, and 
the emulsion plates emit  8.0 r / h r  2 minutes af ter  cutoff. Fu r the r  work in 

i s  ' required, but pr imar i ly  about 10 feet  away in a region df 

Developmental ~ o r ' k  

Cyclotron experimental ' ,and developmental work i s  done pr imar i ly  
with alpha part ic les .  Usu,ally m o r e  t ime i s  spent in the target  a r e a  than f o r  
bombardments,  a s  the setup i s  m o r e  i-nvolved. During the operation, i t  m a y  
be necessa ry  to  t r y  manyldifferent pa ramete r s ,  and sometimes this  requi res  
that adjustments .be made i n  the ta rge t  a r e a .  The radiation received by 
personnel during this work .var ies  appreciably. 

Maintenance 
. . 

Exposure doses during cyclotron replacements  ar.e a l so  difficult 
to evaluate, since they depend. on the job't%o be done. F o r  deflector and exit-  
s t r ip  removals ,  0.5 r , exposure  i s  to be expected. The intensity of radiation 
by the exit s t r i p  averages about 10,000 r'j/hr, and the deflector about 500 r /h r .  
The deflector i s  removed and taken to shielded s torage in  less  than half an 
hour, and the exit. s t r ip  in less  than 5 minutes.  With these two pa r t s  removed, 
most  of the high-radiation pa r t s  a r e  gone. They a r e  replaced in about the 
same length of t ime.  An average of three  such changes a year .was  made 
during this 5-year  period. 

Operations - Summary 

During the 5 years .  covered, the cyclotron operated for  an average 
of 837'0 of the available t ime:  7'70 for  experimental  and developmental purposes,  
and 7670 fo r  target  bombardments.  In 1956 and 195 7, ta rge t  bombardments 



accounted for  8470 of the available t ime.  In 1954, the cyclotron was down 
for  m o r e  than 3 months for  remodeling (increasing the energy  f rom 10 Mev 
per.nucle.pn to  12 Mev p,er nucleon). This. remodeli,ng brought about a higher 
radiation, level, , a s  . the: beam currents  re.mained, the.-same. 

. . ' 

~ r k m  1 9 5 3  to 1656, t h e ,  average exposure was 0.165 r/man/week. 
The highest individual exposure during these yea r s  averaged slightly more  
than 0.2 ,r/week.' In 1957, the average. dropped to O ; l  . r /man/week, and the 
."high man" rece,i'ved 0.13 r/week average.  This. i s  of in te res t ,  because during 
195 7 there '  were m o r e  than a thousand target.-changes,  plus the' scat ter ing 
setups and cyclotron maintenance, whereas in 1956 there  were  approximately 
780 ta rge t  changes, and before that an average of 500 ta rge t  changes. Ex- 
posurqs of more  than (4.3 r/week accounted for  one-third'of the total  radiation 
received,  and"exposures of m o r e  than 0.5 r/week accounted for  15% of the 
total  radiation.. A summarizat ion of the radiation received by  the per  s onne l 
during !his -5-year  period i s  shown in Table 111. 

. . . . 

Finger  f i lms show that the hands receive about ten t imes  a s  much 
exposure a s  the body for ta rge t  operations; i. e .  , sett ing up and dismantlin . 
In lI954 and 1955, a blood check was taken on a number of c rew members .  9 
The study showed a significant increase  in incidence of binuc leated lymphocytes 
in persons  exposed to  ionizing radiation a t  levels of the order  of 0.2 r/week. 

There  m a y  be reasons  for  the decrease  in radiation received during 
1957. One i s  the experience gained by  the c rew m e m b e r s  in assembling and 
disassembling the t a rge t s ,  and setting them up for  the bombardments .  Time 
i s  one of the most  important fac tors  in the amount of radiation received, and 
famil iar i ty  with the ta rge ts  added to the speed of ta rge t  setups and disassemblies  
The average  duration of ta rge t  bombardment during the yea r ,  excepting - 
sca t t e r  work, was less  than 3 houys. Another reason  i s  use of a reliable 
radiation me te r  in the cyclotron near  the ta rge ts ,  which informs the personnel 
of the radiation level during and af ter  the bombardment.  This takes much of 
the guesswork out of the question "How long should the ta rge t  cool?"  Thirdly, 
a grea t  help in decreasing the radiation received i s  the target-dismantling 
shield; unfortunately, however, i t  i s  not known how much of the decrease  i s  
due to  this  shield.  

A fur ther  survey i s  being made of the amount of radiation received 
during the .-various s tages  of operation and maintenance. . We believe that 
additional knowledge gained f rom the study will make i t  possi'ble to  lower the 
radiation exp.o.sure .st i l l  fur ther  by  using bet ter  techniques.  

. . 

. . .  . . 
. . 

- . . 
3 ~ .  Lowry Dobson and.Mary M. Chupp, Effect of Small  Measured Doses of 
R-adiation on Lymphocyte Morphology in Man, P r o c .  Soc. Exptl. Biol. Med. , 
9'5, q60-361 (1957). . ' . -  

: - .  
. . , . . ,  



. . 
Table I11 

. . 
Summary. of radiation .exposures received by personnel a t  Crocker  Laboratory ' 

Total rad i -  
ation rec 'd  High-rrm , H-I 

Men by workers  average Target  Scatter work Cyclotron 
Year Ful l  Time P a r t  Time ( r )  (r/week) - chLanges set,wps : (days) replacements  
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