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ABSTRACT 

Electrochemical e tch ing  of fast-neutron-induced r e c o i l  p a r t i c l e  t r acks  

in polymers i n d i c a t e s  i t  can be  used success fu l ly  i n  h e a l t h  phys ics  and 

therapy. 

foils dll  be designed and combinations of parameters w i l l  b e  i n v e s t i g a t e d  

f o r  f u r t h e r  improvements. 

An electrochemical  chamber capable  of processing l a r g e  numbers of 

Also methods wil l  be explored t o  f i n d  f o i l s  hav- 

ing very l o w  background counts o r  t o  remove the  background. This  would make 

the technique capable  of de t ec t ing  a s i n g l e  neutron t r ack .  D i rec t iona l  r e -  

sponse needs t o  be improved and experiments w i l l  be c a r r i e d  ou t  t o  f u r t h e r  

i t s  reduct ions.  Electrochemical e tch ing  behaves i n  a manner t h a t  i s  ex- 

pected t o  lower the  energy threshold f o r  neutron de tec t ion .  Various ion  

beams from t h e  Georgia Tech Van de Graaff a c c e l e r a t o r  w i l l  be  used t o  in -  

v e s t i g a t e  t h i s  th reshold  and t o  f u r t h e r  confirm our  f ind ings  t h a t  proton 

t racks  a r e  r e g i s t e r e d  i n  these  f o i l s .  Experiments w i l l  be  c a r r i e d  out  t o  

measure neutron contamination i n  photon beams i n  a c c e l e r a t o r s  i n  some l o c a l  

h o s p i t a l s  where o t h e r  a t tempts  t o  make these  measurements have been unsa t i s -  

f ac to ry  . 
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PROPOSAL FOR CONTNUED DEVEUPMWT AND APPLICATION 

OF SOME FAST NEUTRON DOSIMETRY TECHNIQUES 

UTILIZING PLASTIC TRACK DETECTORS 

FOR THERAPY AND HEALTH PHYSICS 

In t roduc t ion  

Our previous published cummunications on the  use of e lec t rochemica l  

a m p l i f i c a t i o n  of fast-neutron-induced r e c o i l  par t ic le  t racks  have found 

worldwide interest as a new approach t o  the  problems of f a s t  neut ron  dosim- 

etry, i n  p a r t i c u l a r ,  f a s t  neutron personnel  dosimetry. The c h a r a c t e r i s t i c s  

and advantages of t h i s  dosimetry technique as w e l l  a s  a b r i e f  d e s c r i p t i o n  

of some i n t e r e s t i n g  and somewhat t a n t a l i z i n g  r e s u l t s  on t he  opt imiza t ion  of 

e lec t rochemica l  e tch ing  parameters  are given i n  the  accompanying Progress  

Report .  

While conducting t h i s  r e sea rch  and some conccmitant s r u d i e s ,  we en- 

countered a number of c l e a r l y  r e l a t e d ,  new, and i n t e r e s t i n g  i d e a s  which need 

t o  b e  inves t iga t ed .  Fu r the r ,  such i n v e s t i g a t i o n s  would be contiguous with 

the o b j e c t i v e s  of our  p re sen t  c o n t r a c t  and would enable us to  complete and 

improve this dosimetry approach as a s tandard  dosimetry method with high 

accuracy for low neutron doses of i n t e r e s t .  

Proposed New Research 

The proposed new research  areas are given b r i e f l y  as fo l lows:  

1. For r o u t i n e  a p p l i c a t i o n s  the  electrochemical  e tch ing  chamber should 

have the  capac i ty  of e t ch ing  a l a r g e  n m b e r  of f o i l s  simultane- 

ously.  In  our  work i n  p rogres s  we a r e  using chambers having a 

capac i ty  of process ing  six f o i l s  simultaneously t o  demonstrate 
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the f e a s i b i l i t y  f o r  e tch ing  a nunber of foils. This would make 

&e process  very time consuming i f  a l a r g e  number of f o i l s  were 

to be etched.  Therefore ,  we a r e  now planning t o  design a chamber 

having t h e  capac i ty  of e tching a much l a r g e r  number of f o i l s .  

Such a chamber is of i n t e r e s t  no t  only t o  us  bu t  a l s o  t o  vendors 

of f i l m  badge services, Nat ional  Labora tor ies ,  and o thers  con- 

cerned with l a r g e  scale dosimetry programs. knprovements w i l l  

be made a l s o  i n  t h e  design of t he  chamber t o  minimize the  volume 

of t h e  e t chan t  i n  the  chamber as w e l l  as using f ixed e lec t rodes .  

We should f u r t h e r  v e r i f y  the  electrochemical  e tching parameters 

governing t h e  e tch ing  process .  

eters a l lows  many a l t e r n a t e  approaches some of which w e  be l ieve  

w i l l  l e a d  t o  a d d i t i o n a l  improvements. 

For any dosimetry app l i ca t ion ,  background counts w i l l  l i m i t  the  

accuracy of t h e  measurements. This i s  t r u e  e spec ia l ly  fo r  low 

neut ron  doses of i n t e r e s t  t h a t  a r e  encountered i n  rout ine  fast  

neutron personnel  dosimetry. 

n a t e  f o i l s  obtained from var ious  manufacturers.  Some batches 

showed high background counts,  being due f o r  the  most p a r t  t o  

s c ra t ches  caused by mishandling the  f o i l s  i n  manufacturing, 

packaging, and shipping,  and some high backgrounds were due t o  

cosmic r a d i a t i o n  when the  f o i l s  had been kept  i n  s tock f o r  a long 

time. A batch obtained from one manufacturer had a background 

t r ack  d e n s i t y  as  high as 500 -C 200 t racks/-  . 
obtained from one manufacturer had as low as 30 2 15 trackslcm . 

2. 

Having about 10 d i f f e r e n t  param- 

3. 
- 

In our s t u d i e s ,  we  used polycarbo- 

2 Another batch 

2 

Theref o r e ,  when 

could s e r i o u s l y  

low neutron doses are of i n t e r e s t ,  background 

d i s t u r b  the  accuracy of the  measurements. 

2 



Attempts w i l l  be made t o  explore  many f o i l s  obtained from 

a number of manufacturers  and vendors as w e l l  as explore  methods 

of removing these background t racks .  If the  background were r e -  

w e d  or the polymer w e r e  completely f r e e  from these  t r a c k s ,  

then any single t r a c k  caused by cosmic r a d i a t i o n ,  or o t h e r  low 

neut ron  dose (e.g. around nuclear  f a c i l i t i e s )  could be de t ec t ed  

wi th  high accuracy and p rec i s ion  i n  the  measurement. 

4. Direct i n t e r a c t i o n  of f a s t  neutrons with polymers shows an inherent  

d i r e c t i o n a l  dependence as i s  the  case  with many o t h e r  dosimeters .  

This d i r e c t i o n a l  dependence needs t o  be reduced t o  remove any un- 

certainties i n  the neut ron  dose determination for cases where the  

d i r e c t i o n s  of neut rons  might be known. In our paper given i n  

Amsterdam (May, 1975), which i s  a t tached  t o  our Progress  Report, 

w e  r epor t ed  some improvements by wrapping the  f o i l  around a Luci te  

tube.  

t o  be  c a r r i e d  ou t  t o  opt imize the  s i z e  of the f o i l s  and t h e  diam- 

eter of t h e  Luc i t e  tube t o  prevent microscopic f r a c t u r e s  i n  the 

f o i l  materials. These small cracks i n  the f o i l s  must be avoided 

S a t i s f a c t o r y  r e s u l t s  were obtained but  f u r t h e r  work ought 

because they are ampl i f ied  a l s o  by electrochemical e tch ing  and 

sanetimes are d i f f i c u l t  t o  d i s t ingu i sh  from neutron induced t r acks .  

In a d d i t i o n ,  o t h e r  approaches will be explored and a personnel  

badge w i l l  be cons t ruc t ed .  

5 .  So f a r ,  t h e r e  has been an open quest ion as t o  whether or not 

polycarbonate  Lexan i s  i n s e n s i t i v e  t o  r e g i s t r a t i o n  of pro ton  

tracks. Only carbon,  oxygen, and n i t rogen  r e c o i l s  having energy 

g r e a t e r  than a th re sho ld  value produce s u f f i c i e n t  damage dens i ty  
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t o  be  revea led  by conventional e tch ing  methods. 

q e r i m e n t  seem t o  provide a neutron threshold energy i n  t h i s  

case of about 1 M e V  for neutron r e g i s t r a t i o n .  However, e l ec t ro -  

&mica1 e tch ing  behaves q u i t e  d i f f e r e n t l y  from conventional 

e tch ipg .  

that proton t r acks  can a l s o  be r e g i s t e r e d  in Lexan polycarbonate 

and that i n  t h i s  case the  neutron threshold energy should be lower 

than 1 MeV f o r  e lectrochemical  e tch ing .  

Both theory and 

Based on some of our  p re l imina ry  s tud ie s  w e  be l i eve  

Experiments w i l l  be  c a r r i e d  out  using the Georgia Tech 1 MeV 

Van de Graaff a c c e l e r a t o r .  Several  types of ions ,  e.g.  protons,  

carbon, oxygen, e t c .  w i l l  be suppl ied and used a t  var ious  energies .  

This w i l l  enable  us t o  determine t h e  energy threshold f o r  t rack 

r e g i s t r a t i o n  of ions ,  as mentioned above, a s  w e l l  as e s t a b l i s h  the  

threshold energy f o r  neutron de tec t ion .  

g r e a t  importance no t  only from the  s tandpoint  of p r a c t i c a l  appl i -  

c a t i o n  b u t  a l s o  t o  r e so lve  some i n t e r e s t i n g  quest ions of theory. 

This information i s  of 

6 .  Measurement of f a s t  neutron contamination produced by photoneu- 

t ron  r eac t ions  in high energy x-ray beams of medical e l ec t ron ,  

be t a t rons ,  and l i n e a r  a c c e l e r a t o r s  i s  of considerable  i n t e r e s t  

and importance t o  the  medical phys i c i s t  and r ad io the rap i s t .  Be- 

cause of the  low percent  of neutron contamination i n  the  main 

x-ray beam, a d e t e c t o r  having n i l  response t o  gamma and x ray  

is requi red .  The usual  method of looking f o r  these  neutrons has  

been a c t i v a t i o n  a n a l y s i s  o r  f i s s i o n  fragment r e g i s t r a t i o n  method. 

However, n e i t h e r  of t hese  methods i s  q u i t e  s a t i s f a c t o r y .  For 

example, t h e  f i s s i o n  fragment r e g i s t r a t i o n  method, due t o  low 

th reshold  f o r  pho to f i s s ion  r eac t ions  (e.g. > 5 MeV) shows s e n s i t i v i t y  
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t o  x rays  as w e l l  as t o  neut rons  which should be cor rec ted ,  

and a c t i v a t i o n  a n a l y s i s  i s  less s a t i s f a c t o r y  i n  sane r e spec t s .  

Therefore ,  i t  i s  of cons iderable  concern t h a t  o the r  approaches 

b e  found. Our prel iminary r e s u l t s  have ind ica t ed  the f e a s i b i l i t y  

of our  technique fo r  t h i s  app l i ca t ion .  

posing t o  i n v e s t i g a t e  f a s t  neutron contamination of high energy 

x-ray beams a t  Einory Universi ty  Medical Center and At lan ta  West 

Hospi ta l .  

Therefore ,  we are pro- 

As w e  promised in our o r i g i n a l  proposa l ,  this continued research i s  

expected a l s o  t o  make a s i g n i f i c a n t  con t r ibu t ion  t o  the  technology of f a s t  

neut ron  dosimetry,  r ad ia t ion  p r o t e c t i o n ,  and therapy. In  the  course of 

these i n v e s t i g a t i o n s  we have accumulated some necessary equipment which w e  

need f o r  these and f u t u r e  s t u d i e s .  Therefore ,  i n  these  s tud ie s  our time 

will b e  more e f f i c i e n t l y  devoted t o  promote f u r t h e r  t hese  research a c t i v i t i e s .  

Duration of the  Proposed Research 

?he proposed research i s  intended t o  be  completed wi th in  a period of 

12 m o n t h s  which last  from September 1, 1975 t o  August 31, 1976. 
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PROPOSED BUDGET 

9/1/75 - 8/31/76 

A. Direct S a l a r i e s  and Wages 

1. P r i n c i p a l  I n v e s t i g a t o r s :  
Mehdi Sohrabi* ( f u l l  t i m e )  $17,000 
Karl 2. Morgan** (k t i m e  academic y r . )  6,000 

2. Machine Shop 600 
$23,600 TOTAL DIRECT SALARIES AND WAGES 

3. Retirement Bene f i t s :  8.77% of app l i cab le  
1,491 

TOTAL DIRECT SALARIES, WAGES AND RETIREXENT 
BENEFITS $25,091 

salaries and wages 

B. Materials and Expendable Supplies 2 ; 500 

C. Report and Publ ica t ion  Costs 400 

D. Travel 550 
1 

11,440 E. I n d i r e c t  Costs 

A t  a predetermined, f i x e d  rate of 65% 
of Direct S a l a r i e s  and Wages as estab- 
l i shed  by t h e  Naval Material Command 
upon advisory a u d i t  by t h e  Defense 
Contract Audit Agency 

TOTAL PROJECT COST $39,981 

* Mr. Sohrabi is  expected t o  complete t h e  requirements f o r  t h e  Ph.D. 
degree i n  t h e  Summer of 1975. He has 6 years  of r e l a t e d  experience 
i n  add i t ion  t o  t h e  t i m e  spent  as a graduate s tuden t .  

** No overhead charges w i l l  be  made aga ins t  K. 2 .  Morgan who will be 
employed as a consul tan t  because he has reached age of forced 
retirement.  
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Project Personnel 

Karl Ziegler Morgan was born in Enochsville, North Carolina on 

a-1, respectively, and the degree 

4-1. From 1934 to 1943 he was chairman 

of the Physics Department of Lenoir Rhyne College, and during this period 

did research in cooperation with Duke University in the field of cosmic ray 

showers, the meson lifetime, etc. in Linville Caverns, on Mt. Mitchell, 

Beech Mountain, Mt. Evans, etc. 

He joined the Metallurgical Laboratory staff at the University of Chicago 

in the spring of 1943. 

and established the new science and profession of health physics. During the 

f a l l  of 1943 he transferred to Oak Ridge National Laboratory where, until the 

latter part of 1972, he was director of the Health Physics Division which 

was engaged in research, engineering, and applied problems. Upon leaving 

Oak Ridge National Laboratory he joined the faculty of the Georgia Institute 

of Technology as Neely Professor in the School of Nuclear Engineering 

Here he was one of a group of six persons who developed 

In 1956 he was the first president of the Health Physics Society and 

from 1966 to 1970 was the first president of the International Radiation 

Protection Association which has about 10,000 members in some 65 countries. 
0 

He now is President Emeritus of IRPA, an 

sion of ICRP, and a member of NCRP. For 

committees of ICRP and NCRP dealing with 

of radioisotopes. He has published Over 

Emeritus member of the Main CorOmis- 

20 years he was chairman of the 

maximum permissible internal dose 

250 papers dealing with subjects 

of cosmic rays, radiation protection, instrumentation, internal dose, and 
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gene ra l  h e a l t h  physics .  H e  i s  e d i t o r  of t he  j o u r n a l  HEALTH PHYSICS. 

In 1962, IC. 2. Morgan and W. B i d s  (England) were awarded the  f i r s t  

gold medals f o r  mer i tor ious  work i n  the  f i e l d  of r a d i a t i o n  pro tec t ion  by 
. .  

the Royal Academy of Science of Sweden. 
c 4  ' Ir. 

.I 0 a,. '4 .e * % .  . . ., 

Morgan received the  Dist inguished Alumni Award and the  honorary Doctor 
1'- 

-6. J- - . **> 

of Science Degree from Lenoir Rhyne College, honorary membership i n  Sigma 

P i  Sigma from Berea College,  and the  F i r s t  Dis t inguished  Serv ice  Award of 

t h e  Western Chapter of t h e  Health Physics Society.  H e  i s  a member of t h e  

i.' 

Health Physics Society,  t h e  I n t e r n a t i o n a l  Radiat ion P ro tec t ion  Associat ion,  

the American Publ ic  Health Associat ion,  t h e  American Assoc ia t ion  for the  

Advancement of Science, t h e  American I n d u s t r i a l  Hygiene Associat ion,  t he  

Research Society of America, the  Radiation Research Socie ty ,  the Society of 

Nuclear Medicine, t he  American Associat ion of P h y s i c i s t s  i n  Medicine, t he  

American Associat ion of Physics Teachers, an Associa te  Fellow of the Ameri- 

can College of Radiology, a Fellow of the American Phys ica l  Society and of 

t he  American Nuclear Socie ty ,  and an A f f i l i a t e  of t h e  Royal Society of 

Medicine. 
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P u b l i c a t i o n s  of the Las t  Five Years 

"Common Sources  of Human Exposure t o  Ion iz ing  Radiat ion i n  t h e  United 
States," American Engineer, Ju ly  1968. 

"Ionizing Radia t ion :  Bene f i t s  Versus Risks,"  Annual Meeting of t he  
Eea l th -Phys ic s  S o c i e t y ,  June 16-20, 1968, Denver, Colorado; and pub- 
l i s h e d  i n  H T H  PHYSICS, Vol. 1 7 ,  No. 4. 

"Assumptions Made by t h e  I n t e r n a l  Dose Conmittee of &he I n t e r n a t i o n a l  
Commission on Radio logica l  Pro tec t ion ,"  S ix th  Annual Meeting of t h e  
G e s e l l s c h a f t  f u r  Nuclearmedizin, Wiesbaden, Germany, September 26- 
28, 1968; Publ i shed  i n  Proceedings, 1969. 

"Redirect ing Heal th  Physics  Studies  t o  Areas of Greatest I n t e r e s t , "  
F i r s t  European Oongress of t h e  I n t e r n a t i o n a l  Radiat ion P r o t e c t i o n  
Assoc ia t ion ,  Menton, France, October 9-11, 1968; Publ ished i n  Proceed- 
ings ,  1968. 

"The Need f o r  S tanda rd iza t ion  Procedures i n  t h e  Applicat ion of Ioniz ing  
Rad ia t ion  t o  Medical and Dental  P a t i e n t s , "  Seminar sponsored by the  
Nat iona l  Center  f o r  Radiological  Heal th ,  Rockvi l le ,  Maryland, Novem- 
ber 15, 1968, Seminar Paper  003. 

Uranium Mines of t h e  United S ta t e s , "  Hearing on Radiat ion Standards 
for  Mines, Washington, D. C., November 20, 1968; Congressional  Record, 
1968. 

"Supplemental Statement  on t h e  Proper Working Level of Radon and Its 
Daughter Products  in the  Uranium Mines of t h e  USA," Supplement t o  
Testimony p resen ted  on November 20, 1968, Washington, D. C.; Congres- 
sional Record, 1968. 

y e a r  Topica l  Symposium, Los Ange les ,  Ca l i fo rn ia ,  January 29-31, 1969. 

February 1969; Reprinted from Yale S c i e n t i f i c  i n  t h e  Jou rna l  of t h e  
American Radiographv Technolo!zists, Vol. X I V ,  No. 4, Winter 1969. 

"Radiation s t a n d a r d s  for Xeactor S i t ing ,"  Testimony presented  before  
the J o i n t  Committee on Atomic Energy a t  i t s  Hearings on Environmental 
Effects of Producing E l e c t r i c a l  Power, Phase 2, January 1970; Con- 
g r e s s i o n a l  Record. 

"Energy P o l l u t i o n  of t h e  Environment," Midyear Symposium of t h e  Heal th  
Physics S o c i e t y ,  L o u i s v i l l e ,  Kentucky, January 28, 1970; Proceedings 
publ i shed  i n  USPHS-B2H Ser i e s .  

"A Time of Chal lenge t o  the  Health Phys ic i s t , "  P r e s i d e n t i a l  Address pre- 
s en ted  b e f o r e  t h e  Second I n t e r n a t i o n a l  Congress on Radia t ion  Protec- 
tion, May 8, 1970, Brighton, England; Health Physics ,  Vol. 20, May 

"The Proper  Working Level of Radon and Its Daughter Products  i n  t h e  

"Future Oppor tun i t i e s  i n  Hea l th  Physics," Health Physics  Soc ie ty  Mid- 

"Risks from Diagnos t ic  %Rays," Yale S c i e n t i f i c ,  Vol. XLII, No. 5 ,  

1971, pp. 491-498. 
'My Opinion--You Can D r a s t i c a l l y  Cut X-Ray Exposure Below Today's 
Levels," Consul tan t ,  Xarch/Aprfl 1970. 

"History of t h e  H e a l t h  Physics Society," published as p a r t  of t h e  RSNA 
Symposium on t h e  C r i t i c a l  H i s t o r y  of American Radioloqv (Nov. 1970). 

"History of t h e  I n t e r n a t i o n a l  Padiat ion P ro tec t ion  Associat ion,"  pub- 
l i s h e d  in Proceedings of t h e  RSSA Symposium on the  C r i t i c a l  His tory  
of American Radiology, h'ovember 1970. 

"Criteria f o r  t h e  Control  of Radioactive Eff luents , "  IAEA Symposium 
on Environmental Aspects of Nuclear Power S t a t i o n s ,  UN Bui lding,  
New York, August 1970, Proceedings publ ished,  t h i s  paper is IAEA- 
SM-146/10; synops is  published aleo i n  Environmental S tud ie s ,  1971. 

0 3 9 r"l b 0 
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17. 

18 

19. 

20 . 
.21. 

22 . 
23 . 
24. 

25. 

26. 

27. 

28. 

29. 

''Haximum Permiss ib l e  Levels  of Exposure t o  Ionizing Radiat ion,"  
International Sumner School on Radiat ion P ro tec t ion ,  Boris Kidr ic  
I n s t i t u t e  of Nuclear Sc iences ,  Cavtat ,  Yugoslavia, September 20-30, 
1970; Proceedings publ i shed  i n  1971 under t i t l e  of "Radiat ion 
Dosimetry," 

May 1970, Health Physics, Vol. 20, No. 5 ,  1971. 

Anniversary of t h e  Discovery of X-Rays , Milwaukee, November 13-14, 
1970; Mate r i a l s  Eva lua t ion ,  Vol. XXIX, No. 3, March 1971. 

"Why t h e  1968 A c t  for Radia t ion  Control  f o r  Health and Sa fe ty  Is Re- 
quired,"  Radiology, Vol. 99,  No. 3, pages 569-588, June 1971. 

"Excessive Pledical D iagnos t i c  Exposure,'' T h i r d  Annual Nat iona l  Conf . 
on Radia t ion  Control ,  S c o t t s d a l e ,  Arizona, May 3, 1971; Published i n  
Proceedings. 

"Health Physics  and t h e  Environment," I n t e r n a t i o n a l  Symposium on Rapid 
Methods f o r  Measurement of Radioac t iv i ty  i n  the  Environment, Neuher- 
berg, Federa l  Republic of Germany (Proceedings publ ished by IAEA). 

"Adequacy of P resen t  W d i a  t i o n  Standards I '' presented a t  t h e  Environmental 
and Ecologica l  Forum, S i l v e r  Spring, Maryland, January 20, 1971; 
Proceedings of Forum publ ished i n  1972. 

Material," presented  a t  t h e  IAEA/WHO Symposium on t h e  Assessment of 
Radioact ive Organ and Body Burdens, Stockholm, Sweden, November 22- 
26, 1971, IAEA/SM/150-50; Proceedings of Symposium publ ished by IAEA. 

"Health Physics  Measures t o  Implement New USAEC Regulat ions Rela t ing  t o  
Radiat ion Exposure of t h e  General Publ ic ,"  Budapest, Hay 1971; Pro- 
ceedings publ i shed .  

"The Need to  Reduce Medical Exposure i n  t h e  United S t a t e s , "  o u t l i n e  of 
testimony presented  b e f o r e  t h e  Health and Welfare Subconmittee of 
t h e  Senate Committee on Labor and Pub l i c  Welfare on Senate  B i l l  
S.3327, May 15, 1972, Washington, D. C.; published i n  Congressional 
Record, 1972. 

"Environmental Impact of Natural and Man-Made Ionizing and Non-Ionizing 
Radiattons," Second Heal th  Physics  Summer School, Herceg Novi, Yugo- 
slavia, August 1973; Proceedings publ ished 1974. 

"The Need f o r  Radia t ion  P ro tec t ion , "  Radiologic Technology, 44, no. 6, 
385-395, 1973. 

"Possible Consequences of Excessive Medical Exposure i n  the Un5ted S ta t e s , "  
Given be fo re  the Fachverband fur Strahlenschutz  a t  t h e  B e r n ,  Switzer land 
meeting, March 21, 1973 and publ i shed  i n  the  Fachverband Proceedings 
1973. 

"Pres ident ' s  Report  t o  t h e  General  Assembly of IRPA," Brighton, England, 

W? His to ry  of Radia t ion  P ro tec t ion , "  Symposium Commemorating t h e  75th 

"Proper Use of Informat ion  on Organ and Body Burdens of Radioac t ive  

30. 'T ranspor ta t ion  of Radioac t ive  Material by Passenger Ai rc ra f t , "  committee 
r e p o r t  t o  the J o i n t  Committee on Atomic Energy of Congress, Congressional 
Record, Sept.  17, 1974. 

Shor t  Course, Sept. 9, 1974. 

Hygiene Assn., 36, 5, 358 (May 1975).  

M i a m i  Beach, F la . ,  Sept .  23, 1974, In t e rna t iona l  C o n f .  on Shipping of 
Radioactive Material, Proceedings t o  be published (1975). 

"Heal th  Physics--Past ,  P r e s e n t  and Future ,"  Published i n  Proceedings 'of 
F i r s t  A s i a  Congress of the International Radiation P ro tec t ion  Associa- 
tion, Dec., 1974.- 

31. 

32. "Reducing Medical Exposure t o  Ion iz ing  Radiation," J. h e r .  I n d u s t r i a l  

33. 

%.ological Effects of Ion iz ing  Radiat ion , I' published. i n  Proceedings of 

"Appropriateness of Regulat ions for Air Sh'ipment of Radioact ive Materials , ' I  

34.  



35. "Suggested Reduction of Permissible  Exposure to  Plutonium and Other 
Transuranium Elements," i n  p re s s  and to  be publ ished i n  J. of h e r .  
I n d u s t r i a l  Hygiene Assn. (probably J u l y  1 9 7 5 ) .  

t h e  Environment--Cost-Benefit Analysis t o  be publ ished by Pergamon 
P r e s s  (1975). 

Chapters on "Ionizing Radiation Exposure" and on "Exposure t o  Non-Ionizing 
Radiat ion" i n  text ,  Environmental Problems i n  Medicine, Ed. W. D. McKee; 
pub l i she r ,  Chas. C .  Thomas, 1974.  

Methods," Proc.  3 rd  European Cong. IRPA, Paper 14, Amsterdam, The Nether- 
lands  (Nay 1 9 7 5 ) ,  with Mehdi Sohrabi. 

36. "Effects  of Radiation on Man," Proceedings of Short  Course on Energy and 

37. 

38. ''Recent Developments i n  F a s t  Neutron Personnel  Dosimetry Using Track Etch 
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BIOGRAPHICAL SKETCH 

Education 

Employment His tory 
National Iranian Oil Co., Trainee in Mechanics 19 65 
Army of Iran, 2nd Lieutenant 1966- 1967 
Tehran University Nuclear Ctr., in charge of reactor Health Phys 1967-1970 
Officer's College, Instructor 1968 
Oak Ridge National Laboratory, Alien Researcher 1970-1971 
Georgia Institute of Technology, Graduate Assistant 1972-Present 
Experience Summary: While working at the Tehran University Nuclear Center, 
Sohrabi was responsible for personnel mnitoring, calibration of instruments, 
shielding inspections of radiology departments of the hospitals, and dosim- 
etry research. Since the Tehran Univ. Research Reactor, a 5 MW swimming 
pool type reactor, became critical, he was in charge of reactor health phys. 
Meanwhile, he was involved in teaching college physics, mechanics, and 
health physics at the Univ. of Tehran and other colleges. 
programs such as Applications of Radioisotopes in Medicine, Agriculture, and 
Industry--Handling of Radiation Accidents--Dosimetry Intercomparison held by 
the International Atomic Energy Agency. He has been active in establishing 
the Iranian Radiation Protection Association and has been a member since 
its incept ion. 

In August 1970, under the sponsorship of the IAEA and the National 
Academy of Sciences, Sohrabi was sent to the DOSAR, Health Physics Div. at 
ORNL where, under the direction of Drs. Karl 2 .  Morgan, John A. Auxier, and 
Klaus Becker, he did some solid state dosimetry research. 
been pursuing a Ph.D. degree in Nuclear Engineering w i t h  a specialty in 
Health Physics. Meanwhile he has been studying, teaching, demonstrating 
laboratory experiments, and doing research. 
Radiation Protection Association, Health Physics Society, and the Society of 
Sigma Xi. 

He attended many 

Since 1972 he has 

He is a member of the Iranian 

Reports, Publications and Papers 

1. "Electrodeposition of U-238 and its application in fast neutron dosim- 
etry by fission fragment registration in silver activated phosphate 
glasses," M.S. Thesis, Tehran University Nuclear Center, 1969. 

tlSome studies on the application of track etching in personnel fast 
neutron dosimetry," M.S. Thesis, University of Tennessee, ORNL-TM- 
3605, 1971. 

from Np-237,'' Nucl. Inst. Methods, 104, 409 (1972). 

a warm and humid climate," Paper 58, 17th Annual Meeting, Health 
Physics SOC., Las Vegas, 1972. 

"Literature review of the proposed research; Fast neutron microdosimetry 
by plastic track detectors inside heterogeneous phantoms," in partial 
fulfillment of the Ph.D. degree, Ga. Institute of Technology, 1973. 

2. 

3. 

4. 

"Fast neutron personnel monitoring by fission fragment registration 

"Fading characteristics of various films and solid state dosimeters in 

5 .  

1439;1 b31 
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'a'  
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Reports, Pub l i ca t ions  and Papers (Cont . ) 
6 .  "Electrochemical Amplification of Recoil  P a r t i c l e  Tracks i n  Polymers 

and Its Applicat ion i n  Fast  Neutron Personnel Dosimetry," Health 
Phys ics ,  27, 598 (1974). 

"Recent Devsopments i n  Fast  Neutron Personnel Dosimetry Using Track 
Etch Methods," Proc. 3rd European Cong. IRPA, Paper 14, Amsterdam, 
The Netherlands (May, 1975) with Karl 2. Morgan. See a l s o  Trans. 
Am. Nuc. SOC. Student C o n f ,  p .  24 (1975). (This paper w a s  awarded 
as the  b e s t  paper of the  Health Physics Session a t  the  American 
Nuclear Society Student Conference.) 

Tracks i n  Polymers f o r  Therapy and Radiation Pro tec t ion ,"  Ph.D. 
D i s s e r t a t i o n  (1975), i n  prepara t ion .  

7. 

8. "Electrochemical Amplification of Fast-Neutron-Induced Recoil P a r t i c l e  
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Support F a c i l i t i e s  a t  Georgia Tech 

The f a c i l i t i e s  most closely r e l a t e d  t o  teaching  and research  i n  the  

nuc lear  engineer ing  programs a t  Georgia Tech are loca ted  i n  t h e  Cherry L. 

Emerson Building and t h e  Frank H. Neely Nuclear Research Center.  

Cherry L. Emerson Building 

The School of Nuclear Engineering occupies about  24,000 square f e e t  in 

the Emerson Building. This  space conta ins  ample classrooms, s tuden t  labora- 

t o r i e s  and o f f i c e s ,  as w e l l  as a pe r lod ica l  l i b r a r y ,  s t a f f  machine shop, 

e l e c t r o n i c s  shop, seminar room, computation l a b  and a l a r g e ,  two-story bay 

with-a . ten ton crane.  The l a t t e r  space houses t h e  nuc lear  engineer ing 

labora tory .  

ped wi th  convent ional  r a d i a t i o n  de tec t ion  instruments  , ( inc luding  s e v e r a l  

mult ichannel  ana lyzers )  In s u f f i c i e n t  numbers t o  accommodate l abora to ry  sec- 

tions of 12-15 graduate  s tudents .  

The count ing rooms and o the r  l a b o r a t o r i e s  have been w e l l  equip- 

- 

Specia l ized  equipment a v a i l a b l e  i n  the  Emerson Building t o  nuc lear  

engineer ing  s t u d e n t s  inc ludes :  

an AGN-201 t r a i n i n g  r e a c t o r  

a n a t u r a l  uranium-light water s u b c r i t i c a l  assembly 

100 vgram Cf-252 source 

b r a d  K-15 pulsed ruby laser 

three FA1 Model TR-20 analog computers 

a 12,000 c u r i e  Cs-137 g a m a  source 

a one MeV Van de  Graaff p o s i t i v e  p a r t i c l e  a c c e l e r a t o r  wi th  beam 
a n a l y s i s  system . 

SO and 250 KVP X-ray machines 

14 



8everal gas chromatographs 

e leven  r ad io i so tope  fume hoods and t h r e e  g love  boxes 

vacuum depos i t i on  system 

The t r a i n i n g  r e a c t o r  is loca ted  i n  the  nuc lear  engineer ing l abora to ry .  It . 

l e  used i n  l abora to ry  e x e r c i s e s  and f o r  s p e c i a l  s tuden t  problems and theses .  

The GTRR cont inues  t o  b e  a v a i l a b l e  f o r  a l l  pedagogical experiments and re- 

search which r e q u i r e  i t s  higher  f lux .  

Nuclear Research Center 

The Frank H. Neely Nuclear Research Center ,  valued a t  $4,500,00, was com- 

p le ted  in 1964. 

key component of t h e  Center is a heterogeneous,  heavy-water moderated and 

The Georgia Tech Research Reactor (GTRR) which serves' as the  

cooled type,  fue l ed  wi th  enriched uranium. It is s i m i l a r  i n  des ign  t o  t he  

Argonne Research Reactor ,  CP-5, which has demonstrated e x c e l l e n t  r e sea rch  

c a p a b i l i t y  and dependable service. The GTRR has been designed t o  develop a 

sus ta ined  power output  of f i v e  megawatts with a corresponding thermal  neutron 

flux of about l O I 4  neutrons/cm*. 

f a c i l i t i e s  (such as beam tubes,  through-tubes, pneumatic tubes ,  f a s t  f l ux '  

The r e a c t o r  has  a v a r i e t y  of experimental  

f a c i l i t y ,  biomedical f a c i l i t y ,  thermal column, and gamma f a c i l i t y )  t o  provide 

f o r  a wide range of experiments. The GTRR c u r r e n t l y  ope ra t e s  a t  a power of 

one megawatt two o r  t h r e e  s h i f t s  per  day. It c u r r e n t l y  is undergoing modi- 

f i c a t i o n  t o  i n c r e a s e  power to the f u l l ,  r a t e d  l e v e l  of 5 megawatts. 

The r e a c t o r  and a s soc ia t ed  systems are housed i n  a s tee l  containment 

bui ld ing  e igh ty  f e e t  i n  diameter and s ix ty - f ive  feet i n  he igh t .  The adjoin- 

ing 24,000 square f o o t ,  two-story, a i r -condi t ioned l abora to ry  and o f f i c e  

bui ld ing  conta ins  l a b o r a t o r i e s  f o r  radiochemistry,  h e a l t h  physics ,  materials 

prepara t ion ,  nuc lear  spectroscopy,  low-level count ing,  rad iobio logy ,  elec- 

t ron ic s ,  as w e l l  as a machine shop and a l a r g e  animal q u a r t e r s .  

15 



, , /.,.I.. * ~ , , , - . , , ,.,. , , I. 

, . , . I , , , ,  , ,..,,,,I, . I , .  I#/ . I  , ,  

Equipment a t  t he  Frank H. Neely Nuclear Research Center includes:  

5 megawatt, heavy-water research  r e a c t o r  

t h r e e  neutron d i f f r ac tomete r s  

t ime-of-f l ight  neutron spectrometer  

experimental  set-up f o r  p i l e  o s c i l l a t o r  measurements 

50,000 c u r i e  h o t  c e l l  with master-s lave manipulators 

20' x 6' x 18' deep s to rage  pool  jo ined  t o  ho t  cel l  by t r a n s f e r  chute 

neut ron  generator--200 keV TMC Act iva t ron  Model 211, (d,n r eac t ion  with 
tritium producing 14 MeV neut ron  peak i n t e n s i t y  of 2 x loi4 n/sec  

gannna f ac i l i t y - - spen t  f u e l  element s torage  i n  pool provides gamma rates 
t o  LO 6 R/hr depending on sample geometry 

100,000 c u r i e  cobal t  i r r a d i a t i o n  source 

in te rmedia te  level radiochemistry labora tory  (18' x 26') with rad io iso tope  
hoods, shielded glove boxes 

f a c i l i t i e s  f o r  t reatment ,  s to rage ,  and handling of s o l i d  and l i q u i d  radio-  
active wastes, including r e t e n t i o n  tanks of 8,000 ga l lon  capac i ty  

Model 33 t e l e type  terminal provid ing  remote computer access on and off campus 

PDP-8 computer system 

PDP-12 computer 

The d a t a  a c q u i s i t i o n  system c o n s i s t s  of two data  processors (PDP-8, PDP-8/1), 

with appropr i a t e  pe r iphe ra l  devices  f o r  use i n  sophis t ica ted  experiments re- 

qu i r ing  on-l ine ana lys i s  and c o n t r o l ,  as well as data co l l ec t ion .  One of the  

processors  i s  located wi th in  the  r e a c t o r  containment bui ld ing  and i s  intended 

f o r  use by experimenters wi'th a minimum of se tup  t i m e .  A r a t h e r  soph i s t i ca t ed  

i n t e r f a c e  f o r  accepting both d i g i t a l  and analog s igna l s  i s  operat ional .  There 

is a communications l i n k  t o  the  o t h e r  processor ,  located i n  the  labora tory  por- 

t i o n  of  the Center, which acts as a d a t a  c o l l e c t i o n  center  f o r  several experi-  

ments and a secondary processor.  Both processors  funct ion (with lower p r i o r i t y )  

as a d a t a  reduct ion and preprocessing f a c i l i t y ,  and a s  such are genera l ly  a v a i l -  

a b l e  f o r  use 24 hours a day. The PDP-12 computer i s  a l s o  a v a i l a b l e  t o  t h i s  

p r o j e c t  i f  required.  
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Computer Fac i l i t i es  

The Rich E l e c t r o n i c  Computer Center is  housed i n  a modern re inforced  

concre te  and b r i c k  bu i ld ing .  Espec ia l ly  desiened t o  accommodate computer 

f a c i l i t i e s ,  t h e  p l a n t  con ta ins  approximately 6,000 square  f e e t  of space used 

fo r  equipment and o f f i c e s .  

Two computers w i th  a s soc ia t ed  card  and tape-handling c a p a b i l i t i e s  are 

p r e s e n t l y  i n  ope ra t ion  a t  t h e  Computer Center. These are: 

1. Burroughs B-5500 wi th  32,000 48-bit words f o r  co re  memory and 3.6 
m i l l i o n  48-bi t  words of d i s c  memory. High speed card readers  and 
l i n e  p r i n t e r s  are a l s o  provided. This machine also has mult iplexing 
c a p a b i l i t y .  

2. In  1975, a Control 'Data  Corporation CYBER 70 Model 74-28 replaced 
Linivsc-1108 Shared Processor  system. 
6400 rep laced  an IBM 360/30. 
t h e  support  of educat ion and research.  

Also a Control Data Corporation 
Both computer systems a r e  dedicated t o  

The Computer Center maintains  an extens ive  l i b r a r y  of f requent ly  used cm- 

p u t e r  programs. In  a d d i t i o n  t o  the  programs a v a i l a b l e  f o r  immediate use i n  the  

l i b r a r y ,  the  Center p a r t i c i p a t e s  i n  program-sharing p lans  with o ther  computer 

u se r s ,  which e f f e c t i v e l y  inc reases  the  ex ten t  and scope of i t s  own l i b r a r y .  

L i b r a r y  

The P r i c e  G i l b e r t  Memorial Library  i s  a c e n t r a l i z e d  s c i e n t i f i c ,  t echn ica l ,  

and management c o l l e c t i o n  of 679,000 volumes p l u s  s i x  hundred thousand micro- 

text and o t h e r  b i b l i o g r a p h i c  u n i t s .  Outstanding c o l l e c t i o n s  i n  t h e  f i e l d s  

of sc i ence  and engineer ing  have been developed t o  support  graduate  study and 

research .  It is  housed i n  ad jo in ing  s t r u c t u r e s  t o t a l i n g  240,000 square f e e t  

of space. It can house over one m i l l i o n  volumes and can seat two thousand 

users. The l i b r a r y ' s  United S t a t e s  Pa ten t  s p e c i f i c a t i o n  c o l l e c t i o n  is t h e  

on ly  one i n  t h e  Southeas te rn  area. I n  1962, t h e  l i b r a r y  was designated one 

of twelve Federa l  S c i e n t i f i c  Report Centers  and i t s  c o l l e c t i o n  of r e p o r t s  from 

t h e  Atomic Energy Commission, t he  Department of Defense, t he  National Aero- 
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n a u t i c s  and Space Adminis t ra t ion,  and t h e  Clearinghouse f o r  S c i e n t i f i c  and 

Technical  Snformation now t o t a l s  over 490.000 t i t les .  Extensive f i l e s  of 

s tandards  i ssued  by American a s soc ia t ions  and s o c i e t i e s  and a complete f i l e  

of U. S. M i l i t a r y  Standards and Spec i f i ca t ions  and of B r i t i s h  Standards are 

maintained. The L ib ra ry  is a l s o  a deposi tory f o r  United S t a t e a  government 

pub l i ca t ions  i ssued  by t h e  Government P r in t ing  Off ice ,  and f o r  maps i ssued  

by t h e  Amy Map Service.  Avai lable  on microfilm a r e  more than 6,000 company 

ca t a logs  providing information on i n d u s t r i a l  components. 

Other F a c i l i t i e s  

Georgia Tech has  many o the r  f a c i l i t i e s  c l o s e l y  a l l i e d  wi th  t h e  nuc lear  

engineer ing program i n c l u d i n g , . f o r  example, var ious  f a c i l i t i e s  operated by 

Divis ions of t h e  Engineering Experiment S ta t ion .  Among these are spec ia l i zed  

l a b o r a t o r i e s  u t i l i z i n g  X-ray equipment, . 'optical  and e l e c t r o n  microscopes, 

emission and abso rp t ion  spectroscopes,  analog computers, microvave systems, 

c r y o s t a t s  and many o t h e r  research  devices.  I n  add i t ion ,  c l o s e  cooperat ion 

exists between t h e  School of Nuclear Engineering and o the r  Schools of t h e  

Engineering College and t h e  School of Physics.  

In a d d i t i o n  t o  t h e  f a c i l i t i e s  a v a i l a b l e  on the Georgia Tech campus, Oak 

Ridge Nat ional  Laboratory,  which i s  loca ted  about t h ree  hours d r iv ing  t i m e  from 

At lan ta ,  has  r a d i a t i o n  sources  of our i n t e r e s t  and, under a subcontract  No. 3921, 

we have easy access t o  these  f a c i l i t i e s .  In p a r t i c u l a r ,  t h e  Heal th  Physics Re- 

search  Reactor,  which is a bare, unmoderated r eac to r  fac i l i ty  having a neutron 

leakage spectrum of 1.5 MeV average energy, i s  a v a i l a b l e  t o  us. This f a c i l i t y  

and t h e  DOSAR low-energy neutron generator  a r e  considered as two sources of 

neutrons i n  a d d i t i o n  t o  those  a t  Georgia Tech. 
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