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PROPOSAL TO CONTINUE DEVEUPMENT AND APPLICATIONS 

OF SOME FAST NEUTRON DOSIMETRY TECHNIQUES 

UTILIZING PLASTIC TRACK DETECTORS 

FOR RADIOTHERAPY AND HEALTH PHYSICS 

M. Sohrabi and K.  2. Morgan 

Abstract  

The research i n  the a r e a  of  e lectrochemical  e tch ing  i s  a t t r a c t i n g  

widespread i n t e r e s t  for many h e a l t h  physics  and r ad io the rapeu t i c  app l i ca t ions .  

A few of  the many problems of i n t e r e s t  which we propose t o  ca r ry  o u t  i n  the  

coming year  include f a s t  neutron dosimetry intercomparison, neutron r ad i -  

ography, some rad iobio logica l  a p p l i c a t i o n s  and explora t ion  of  some t rack  

reading techniques.  The i n v e s t i g a t i o n s  of  these  problems a r e  expected t o  

be a major cont r ibu t ion  t o  f a s t  neutron dosimetry technology and radiography 

as wel l  as rad iobio logica l  a p p l i c a t i o n s .  
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In t roduct ion  

The r e s u l t s  of  i n t e r e s t i n g  and e x c i t i n g  electrochemical  e tching of 

fast-neutron-induced r e c o i l  p a r t i c l e  t racks  i n  polymers, e spec ia l ly  polycar- 

bonate f o i l s ,  were accumulated and repor ted  i n  our  recent  progress  repor t  

(Om-4814-5). The r e s u l t s  show the i n t e n s i v e  research done by these in -  

v e s t i g a t o r s  i n  t h i s  f i e l d  as wel l  a s  some recommendations on new problems t o  

be solved fo r  the advancement of t h i s  new and i n t e r e s t i n g  avenue of approach 

fo r  many neutron dosimetry app l i ca t ions .  Some of the  recommended s tudies  

have been inves t iga t ed  under t h i s  cu r ren t  c o n t r a c t  and r e s u l t s  of some of  

them a r e  given i n  a progress r epor t  accompanying t h i s  proposal (ORO-4814-9, 

1976) and i n  papers  presented r ecen t ly  a t  s c i e n t i f i c  meetings (American 

Physical Soc ie ty ,  Auburn, Alabama, 1975; Health Physics Society,  Denver, Col- 

orado, 1976, and San Francisco, 1976; I n t e r n a t i o n a l  Radiation Protect ion 

Associat ion,  Amsterdam, The Netherlands, 1975; and American I n d u s t r i a l  Hygiene 

Associat ion,  A t l an ta ,  Georgia, 1976). 

The reported problems under cur ren t  i n v e s t i g a t i o n  range from design and 

cons t ruc t ion  of electrochemical e tching systems f o r  la rge-sca le  neutroa 

dosimetry app l i ca t ions  e spec ia l ly  i n  rou t ine  monitoring o f  personnel for  

l a r g e  l a b o r a t o r i e s ,  t o  background t rack  d e n s i t y  comparison of d i f f e renc  

polycarbonate f o i l s ,  t o  neutron contamination measurement in s ide  high energy 

x-ray beams and t h e i r  d i s t r i b u t i o n s  f o r  d i f f e r e n t  medical e lec t ron  accelera-  

t o r s ,  and t o  r e g i s t r a t i o n  of charged p a r t i c l e s  produced by acce le ra to r s .  

The las t  problem i s  s t i l l  i n  the prel iminary s t a g e  of i nves t iga t ion  which 

should be c a r r i e d  out  i n  the  remaining con t r ac t  per iod ,  followed by continu- 

a t i o n  of some o t h e r  i n t e r e s t i n g  a reas  of research  as proposed below. 
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Proposed New Research 

n e  following proposed s t u d i e s  a r e  a f e w  of many problems of i n t e r e s t  

t h a t  might be s tud ied  f o r  the promotion of e lectrochemical  e tch ing  amplif i -  

ca t ion  of charged p a r t i c l e  t racks  f o r  f u r t h e r  app l i ca t ions  as wel l  a s  obtain-  

ing bas ic  information i n  the  proposed areas. Each of these problems i s  

b r i e f l y  considered h e r e ;  neve r the l e s s ,  expansion and  cont inua t ion  of  each 

p a r t  may be expected t o  r e s u l t  i n  major con t r ibu t ions  t o  sc ience  and engi- 

neer ing.  These problems a r e  a s  follows. 

1. Neutron Dosimetry 

Although f a s t  neutron dosimetry s t u d i e s  by r e c o i l  par t ic le  t rack  ampli- 

f i c a t i o n  have proven i t s  f e a s i b i l i t y  and super ior  c h a r a c t e r i s t i c s  for per-  

sonnel dosimetry, i t s  performance i n  the  neutron environment of  d i f f e r e n t  

neutron producing f a c i l i t i e s  r equ i r e s  f i e l d  tests. Such f i e l d  t e s t s  can 

only be achieved by providing t h i s  dosimetry system f o r  p r a c t i c a l  t e s t s  a t  

many neutron producing f a c i l i t i e s .  Here they would be exposed t o  unknown 

doses of f a s t  neut rons  used on personnel ,  a s  a rea  monitors and a s  dosimeters 

to  measure unknown doses of fas t  neutrons i n  neutron beams. 

The polycarbonate dosimeters w i l l  be s e n t  t o  a number of neutron pro-  

ducing f a c i l i t i e s  t o  be exposed t o  unknown doses of  f a s t  neutrons.  The 

dosimeters w i l l  be c o l l e c t e d ,  e lec t rochemica l ly  t r e a t e d  and the r e s u l t s  of 

t rack  counting and neutron dose estimates will be compared t o  the  reported 

doses by the  f a c i l i t y  of concern based on t h e i r  eva lua t ions  us ing  their 

methods of approach. 

Attempts will be made t o  make improvements i n  the  badge design so t h a t  

the  dosimeters can be  sen t  i n s i d e  a badge f o r  convenient neutron dosimetry 

intercomparison. 

3 



2 .  Neutron Radiography 

Among var ious e x i s t i n g  techniques t o  ob ta in  neutron radiographs of 

b i o l o g i c a l  or  i n d u s t r i a l  o b j e c t s ,  t rack  e tch ing  methods provide many ad- 

vantages over conventional methods under most circumstances. 

neutron radiography by r e g i s t r a t i o n  of  fast-neutron-induced r e c o i l  p a r t i c l e  

t r a c k s  produced d i r e c t l y  i n  polymers such as c e l l u l o s e  n i t r a t e  and polycar- 

bonate have been s tudied  by seve ra l  i n v e s t i g a t o r s ,  but  the radiographs ob- 

ta ined  by r e c o i l  p a r t i c l e  t rack  r e g i s t r a t i o n  i n  polycarbonate have poor 

c o n t r a s t  f o r  thorough ana lys i s  when they a r e  etched by conventional methods. 

On the  o t h e r  hand, e lectrochemical  e tch ing  ampl i f ica t ion  of  r e c o i l  p a r t i c l e  

t r a c k s  which has been the  sub jec t  of ou r  research and many of our  previous 

communications provides l a rge  t r acks  with high con t r a s t  making ana lys i s  of 

the  radiographs poss ib l e  by the  unaided eye. 

v e s t i g a t i o n s  i n  t h i s  f i e l d  gave some promise f o r  such appl ica t ion .  However, 

f u r t h e r  d e t a i l e d  experiments a r e  requi red  t o  develop a method under bes t  

cond i t ions  t o  obta in  high con t r a s t  radiography with high s p a t i a l  r e so lu t ion .  

"his i n v e s t i g a t i o n  i s  expected t o  be a major cont r ibu t ion  to the  f i e l d  of 

neutron radiography of i n d u s t r i a l  and biomedical ob jec t s .  

3. Radiobiological Applications 

Especial ly ,  

Some of our prel iminary in -  

I n  many rad iobio logica l  app l i ca t ions ,  preparing high c o n t r a s t ,  high 

r e s o l u t i o n  radiographs of  b i o l o g i c a l  specimens containing f i s s ionab le  ma- 

ter ia ls  o r  alpha emi t t ing  rad ionucl ides  i s  of  v i t a l  importance. By analyz- 

ing  the  radiographs,  one can o b t a i n  some d e t a i l e d  information on the  micro- 

d i s t r i b u t i o n  of  such elements t o  assess the dose rates received by c r i t i c a l  

t i s s u e s .  

One such area  of app l i ca t ion  i s  t o  determine the d i s t r i b u t i o n  of e l e -  

ments s t a t e d  above i n  bone o r  i n  t i s s u e s  ad jacent  t o  the bone t o  c a l c u l a t e  
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the  dose r a t e s  received by r a d i a t i o n  s e n s i t i v e  t i s s u e s  such a s  red bone 

marrow o r  p e r i o s t e a l  and endosteal  t i s s u e s  of t r abecu la r  bone where most 

r ad ia t ion  induced bone tumors have t h e i r  o r i g i n .  

Track e tch ing  methods provide the advantage of i n s e n s i t i v i t y  o t  low-LET 

r a d i a t i o n  such a s  b e t a ,  gamma and x r ays ,  ease of handling the  f o i l s ,  no 

darkroom requirement, no t rack fading and radiographs may be prepared i n  a 

r e l a t i v e l y  sho r t  per iod o f  time, compared t o  autoradiographs obtained with 

photographic emulsions. 

Electrochemical e tching adds the  advantage of having l a rge  s i z e  t racks  

and high t rack  dens i ty  which make image ana lys i s  easy by the unaided eye. 

Experiments w i l l  be c a r r i e d  out  t o  i n v e s t i g a t e  the f e a s i b i l i t y  of  t h i s  ap- 

proach f o r  such app l i ca t ions .  Bone sec t ions  containing the  elements of  

i n t e r e s t  f o r  such app l i ca t ions  w i l l  be requested f o r  our  s tud ie s  from o the r  

l a b o r a t o r i e s  involved i n  rad iobio logica l  experiments. 

4 .  Track Reading Techniques 

I n  ou r  previous inves t iga t ions ,  microscopic counting, v i sua l  counting 

i n  microfilm screen,  o p t i c a l  densitometry,  and l i g h t  s c a t t e r i n g  measurements 

were used a s  t r ack  reading techniques.  Nevertheless ,  v i s u a l  counting under 

a microscope o r  on a microfilm screen have been used f o r  most neutron dosim- 

e t r y  app l i ca t ions .  The technique of v i s u a l  counting of e lectrochemical ly  

e tched t racks  i n  polycarbonate i s  f a i r l y  s imple,  unl ike the  tedious counting 

of o t h e r  types of t racks  such a s  proton t racks  i n  nuclear  t r ack  emulsions 

o r  r e c o i l  p a r t i c l e  t racks  i n  polycarbonate etched by conventional methods. 

On the o the r  hand, such a technique of i n t e r e s t  fo r  la rge  sca l e  dosimetry 

r e q u i r e s  a complete assurance of a rap id  reading procedure. Therefore,  the  

reading techniques given above and  some o t h e r  poss ib l e  methods will be ex- 

p lored  f o r  such app l i ca t ions .  
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Proposed Budget 

A .  Direc t  S a l a r i e s  and Wages 

P r inc ipa l  I n v e s t i g a t o r s  : 
Mehdi Sohrabi * $6 000 
Karl 2. Mor an (- 30% o f  academic y r )  8 * 200 
Shian J .  SuB* (par t  t i m e  support)  3,200 
Gary B .  Sti l lwagon* (par t  t i m e  support)  5,200 

Machine Shop 600 

Retirement Bene f i t s  (9 .l% of  appl icable  S a l a r i e s  
and Weges 

$23,200 

55 

Total  Di rec t  S a l a r i e s ,  Wages and Retirement Benef i t s  $23 * 255 

B .  Mater ia l s  and Equipment 2 500 

C .  Report and Pub l i ca t ion  Costs 775 

D .  Travel 

E .  I n d i r e c t  Costs 

A t  a predetermined f ixed  r a t e  of 68% of 
S a l a r i e s  and Wages as e s t ab l i shed  by the  
Naval Material Command upon advisory 
a u d i t  by the  Defense Contract Audit Agency 

TOTAL PROJECT COST 

* 
Jrk 

Consul tant  

Graduate S tudents  

850 

6,120 

$33,500 
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Dura t i o n  o f  the Proposed Research 

The proposed research  i s  intended to  be completed wi th in  a period o f  

1 2  months which w i l l  l a s t  from September 1, 1976 to  August 31, 1977. 

P r o j e c t  Personnel 

Karl Zieg le r  Morgan was born i n  Enochsvi l le ,  North Caro l ina  on 

H e  rece ived  t h e  -and e g r e e s  from t h e  - 
1-1 r e s p e c t i v e l y ,  and t h w d e g r e e  

1-p From 1934 t o  1943 he  was chairman 

of t h e  Physics Department of Lenoir  Rhyne College,  and during t h i s  per iod  

d i d  r e sea rch  i n  coopera t ion  wi th  D u k e  Un ive r s i ty  i n  t h e  f i e l d  of cosmic r ay  

showers, t he  meson l i f e t i m e ,  etc. i n  L i n v i l l e  Caverns, on M t .  Mi tche l l ,  

Beech Mountain, M t .  Evans, e t c .  

He  joined t h e  Meta l lu rg ica l  Laboratory s t a f f  a t  t h e  Un ive r s i ty  of Chicago 

i n  t h e  spr ing  of 1943. 

and e s t a b l i s h e d  t h e  new sc i ence  and p ro fes s ion  of h e a l t h  physics.  During t h e  

f a l l  of 1943 he  t r a n s f e r r e d  to Oak Ridge Nat iona l  Laboratory where, u n t i l  t h e  

l a t te r  p a r t  of 1972, he  was d i r e c t o r  of t h e  Heal th  Physics Div is ion  which 

was  engaged i n  r e sea rch ,  engineer ing ,  and app l i ed  problems. Upon leaving  

Oak Ridge Nat ional  Laboratory he jo ined  the f a c u l t y  of the Georgia I n s t i t u t e  

of Technology as Neely P ro fes so r  i n  t h e  School of Nuclear Engineering 

Here he was one of a group of s i x  persons who developed 

In 1956 he was t h e  f i r s t  p r e s i d e n t  of t h e  Health Physics  Soc ie ty  and 

from 1966 t o  1970 was the f i r s t  p r e s i d e n t  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  which has  about  10,000 members i n  some 65 coun t r i e s ,  

He now i s  Pres ident  Emeritus of IRPA, an  Emeritus member of the Main C d s -  

sion of ICRP, and a member of NCRP, For 20 y e a r s  he  was chairman of the  
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committees of ICRP and NCRP dealing with maximum pe rmis s ib l e  i n t e r n a l  dose 

of  r ad io i so topes .  He has publ ished over 300 papers  dea l ing  with sub jec t s  

of cosmic rays  , r a d i a t i o n  p ro tec t ion ,  i n s t rumen ta t ion ,  i n t e r n a l  dose, and 

g e n e r a l  h e a l t h  phys ics .  H e  i s  e d i t o r  of t h e  j o u r n a l  HEALTH PHYSICS. 

I n  1962, K. 2. Morgan and W. B i d s  (England) were awarded t h e  f i r s t  

gold medals f o r  mer i to r ious  work i n  t h e  f i e l d  of  r a d i a t i o n  p ro tec t ion  by 

t h e  Royal Academy of Science of Sweden. 
,. 4 

Morgan rece ived  the  Dis t inguished  A l u m n i  Award and t h e  honorary Doctor 
, .  

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

Pi Sigma from Berea College, and t h e  F i r s t  D i s t ingu i shed  Serv ice  Award of 

the Western Chapter of t h e  Heal th  Physics Soc ie ty .  H e  is a member of the 

Heal th  Physics  Socie ty ,  t he  I n t e r n a t i o n a l  Rad ia t ion  P r o t e c t i o n  Assoc ia t ion ,  

t h e  American P u b l i c  Heal th  Assoc ia t ion ,  t h e  American Assoc ia t ion  f o r  t h e  

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

Research Soc ie ty  of America, the  Radia t ion  Research Soc ie ty ,  t he  Socie ty  of 

Nuclear Medicine, t h e  American Assoc ia t ion  of P h y s i c i s t s  i n  Medicine, t h e  

American Assoc ia t ion  of Physics Teachers , a n  Assoc ia t e  Fellow of t h e  Ameri- 

can College of Radiology, a Fellow of the American Phys ica l  Soc ie ty  and of 

the American Nuclear Soc ie ty ,  and a n  A f f i l i a t e  of t h e  Royal Socie ty  of 

Medicine. 
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Major P u b l i c a t i o n s  of the L a s t  F ive  Years 

1. 

2. 

3. 

4. 

5.  

6. 

7. 

a. 

9. 

10 . 

11 

1 2  

13 . 
14. 

1s . 
16. 

"Common Sources  of Human Exposure t o  Ion iz ing  Radia t ion  i n  the  United 
States ,"  American Engineer, J u l y  1968. 

Heal th  Phys ics  S o c i e t y ,  June 16-20, 1968, Denver, Colorado; and pub- 
l i s h e d  i n  HEALTH PHYSICS, Vol. 17 ,  KO. 4. 

"Assumptions Made by t h e  I n t e r n a l  Dose Committee of t h e  I n t e r n a t i o n a l  
Commission on R a d i o l o g i c a l  P ro tec t ion , "  S ix th  Annual Meeting of t h e  
G e s e l l s c h a f t  fur Kuclearnediz in ,  Wiesbaden, Germany, September 26- 
28, 1968; Publ i shed  i n  I roceed ings ,  1969. 

"Redi rec t ing  Hea l th  Phys ic s  S tud ie s  t o  Areas of Greatest In t e re 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  Rad ia t ion  P r o t e c t i o n  
Assoc ia t ion ,  Menton, France,  October 9-11, 1968; Publ i shed  i n  Proceed- 
ings ,  1968. 

The Need for S t a n d a r d i z a t i o n  Procedures i n  the  App l i ca t ion  of Ion iz ing  
Rad ia t ion  t o  Medical ana Dental  P a t i e n t s , "  Seminar sponsored by t h e  
Nat iona l  Center  f o r  Radio logica l  Heal th ,  Rockvi l le ,  Maryland, Novem- 
ber IS, 1968, Seminar Paper 003. 

Uranium Mines of t h e  United S ta t e s , "  Hearing on Rad ia t ion  Standards 
f o r  Mines, Washington, D. C., November 20, 1968; Congress iona l  Record, 
1968. 

"Supplemental S ta tement  on t h e  Proper Working Level  of Radon and Its 
Daughter P roduc t s  i n  the  Uranium Mines of t h e  USA," Supplement t o  
Testimony p resen ted  on h'ovember 20, 1968, Washington, D. C.; Congres- 
6iOnal Record, 1968. 

y e a r  Topica l  Symposiun, Los Angeles, C a l i f o r n i a ,  J anua ry  29-31, 1969. 

February 1 9 6 9 ;  Repr in ted  from Yale S c i e n t i f i c  i n  t h e  J o u r n a l  of t h e  
American Radiographv Technoioz is t s ,  Vol. XIV, No. 4 ,  Winter 1969.  

Radia t ion  S t s n d a r a s  f o r  a e a c t o r  S i t i n g , "  Testimony p resen ted  b e f o r e  
the J o i n t  Committee on Atomic Energy a t  i t s  Bearings on Environmental 
E f f e c t s  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-BRH S e r i e s .  

"A Time of  Chal lenge  t o  t h e  Heal th  P h y s i c i s t , "  P r e s i d e n t i a l  Address pte- 
s e n t e d  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 R a d i a t i o n  Protec- 
tion, May 8, 1970,  Brighton,  England; Heal th  Phys ics ,  Vol. 20, May 

Ion iz ing  Rad ia t ion :  Bene f i t s  Versus R i s k s , "  Annual Meeting of t h e  t* 

I t  

"The Proper  Working Level  of Radon and I ts  Daughter P roduc t s  i n  t h e  

"Future  O p p o r t u n i t i e s  i n  Heal th  Physics  ," Heal th  Phys ic s  Soc ie ty  Mid- 

"Risks from Diagnos t i c  X-iiays," Yale S c i e n t i f i c ,  Vol. XLII, KO. 5 ,  

II 

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," Consu l t an t ,  Xarch/April  1970. 
"History of t he  Hea l th  Phys ics  Society,"  publ ished as p a r t  of t h e  RSNA 

Symposium on t h e  C r i t i c a l  His tory  of American Radiology (Nov. 1970). 
"History of t h e  I n t e r n a t i o n a l  k i d i a t i o n  P ro tec t ion  Assoc ia t ion , "  pub- 

l i s h e d  i n  Proceedings  of t h e  RSXA Symposium on the  Cr i t i ca l  Hi s to ry  
of American Radiology,  h'overnber 1970. 

"Criteria f o r  t h e  Can t ro l  of Radioact ive Ef f luen t s , "  IAEA Synposiwn 
on Environmental Aspects  of Nuclear Power S t a t i o n s ,  UN Bui ld ing ,  
New York, August 1970, Proceedings publ ished,  t h i s  paper  i s  UEA- 
SM-146/10; s y n o p s i s  publ ished a l s o  i n  Environmental S t u d i e s ,  1971. 
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17. 

18. 

19. 

20. 

.21. 

22. 

23. 

24. 

25. 

26. 

27. 

28 

29. 

30. 

31. 

32. 

33. 

34. 

"Maximum P e r m i s s i b l e  Levels  of Exposure t o  I o n i z i n g  Radiat ion,"  
S n t c r n a t i o n a l  Surcner School on Radia t ion  P r o t e c t i o n ,  Boris Kidr ic  
I n s t i t u t e  of Nuclear  Sc iences ,  Cavta t ,  Yugoslavia,  September 20-30, 
1970; Proceedings  publ i shed  i n  1971 under t i t l e  of "Radiation 
Dosimetry." 

May 1970, Hcalth Phvsics, Vol. 20, No. 5, 1971. 

Anniversary of t h e  Discovery of X-Rays, Milwaukee, November 13-14, 

"P res iden t ' s  Report  t o  t h e  General Assembly of IRPA," Brighton,  England, 

"History of R a d i a t i o n  P ro tec t ion , "  S p p o s i u n  Comemorating t h e  75th 

1970; M a t e r i a l s  Eva lua t ion ,  Vol. XXIX, No. 3, )larch 1971. 
"Why t h e  1968 Act for Radia t ion  Control  for Heal th  and Safe ty  Is Re- 

q;ired," RadioloEy, Vol. 99, Xo. 3, pages 569-588, June 1971. 

on Rad ia t ion  Con t ro l ,  S c o t t s d a l e ,  Arizona,  May 3, 1971; Published i n  
Proceedings.  

"Health Phys ics  and t h e  Environment ,** I n t e r n a t i o n a l  Symposium on Rapid 
Methods for Measurepent of Rad ioac t iv i ty  i n  t h e  Environment, Neuher- 
berg, F e d e r a l  Republ ic  of Germany (Proceedings publ ished by IAEil). 

"Adequacy of P r e s e n t  Rad ia t ion  Standards,"  presented  a t  t h e  Env i romen ta l  
and Ecologica l  Forum, S i l v e r  Spring,  Yaryland, January 20, 1971;  
Proceedings of Forun published i n  1972. 

Material," p resen ted  a t  t h e  IAEA/WHO Symposium on t h e  Assessment of 
Radioac t ive  Organ and Body Burdens, Stockholm, Sweden, h'ovenber 22- 
26, 1971, IAEA/S11/150-50; Proceedings of Symposium publ ished by SAEA. 

"Health Phys ics  Measures t o  Inplenent  New USAEC Regulat ions Rela t ing  t o  
Radia t ion  Exposure of t h e  General  Pub l i c , "  Budapest, Hay 1971; Pro- 
ceedings published. 

"The Need to  Reduce Medical Exposure i n  t h e  United S ta t e s , "  o u t l i n e  of 
testimony p resen ted  be fo re  t h e  Heal th  and k 'e l fa re  Subcommittee of 
t h e  Senate C o m i t t e e  on Labor and Pub l i c  Welfare on Senate  B i l l  
S.3327, May 15, 1972, Washington, I). C. ;  publ i shed  i n  Congressional 
Record, 1972, 

"Environmental Impact of  Na tu ra l  and Man-Made Ioniz ing  and Non-Ionizing 
Radiat ions,"  Second Heal th  Physics  Summer School,  Herceg Novi, Yugo- 
s lavia ,  August 1973; Proceedings publ i shed  1974. 

"Excessive Ned ica l  Diagnos t ic  Exposure," Third Annual Nat iona l  Conf. 

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

"The Need f o r  Rad ia t ion  Pro tec t ion ,"  Radio logic  Technology, 44, no. 6 ,  
385-395, 1973. 

"Possible  Consequences of  Excessive Medical Exposure i n  t h e  United S ta t e s , "  
Given b e f o r e  t h e  Fachverband f u r  S t r ah lenschu tz  a t  t h e  Bern, Switzer land 
meeting, March 21, 1973 and publ i shed  i n  the Fachverband Proceedings 
1973. 

r e p o r t  t o  t h e  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 l a . ,  Sept .  23, 1974, I n t e r n a t i o n a l  Conf. on Shipping of 
Radioact ive Material, Proceedings t o  b e  publ i shed  (1975). 

"Health Physics--Past ,  P r e s e n t  and Future ,"  Publ ished i n  Proceedings 'of 
F i r s t  Asian Congress of t h e  I n t e r n a t i o n a l  Radia t ion  P ro tec t ion  Associa- 
t i o n ,  Dec., 1974. 

'Transpor ta t ion  of Radioact ive Material by  Passenger  A i r c r a f t , "  committee 

"Biological  Effects of Ioniz ing  Radiat ion , It publ i shed .  i n  Proceedings of 

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

"Appropriateness of Regulat ions f o r  A i r  Shipment of Radioactive Materials," 

10 



35. "Suggested Reduction of Permiss ib le  Exposure to  Plutonium and Other 
Transuranium Elements," i n  p r e s s  and t o  be publ i shed  i n  J .  of h e r .  
I n d u s t r i a l  Hygiene Assn. (probably J u l y  1975) .  

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

37. Chapters  on "Ionizing Radiat ion Exposure" and on "Exposure t o  Non-Ionizing 
Radiat ion" i n  t e x t ,  Environmental Problems i n  Zledicine, Ed. W .  D.  McKee; 
p u b l i s h e r ,  Chas. C .  Thomas, 1974. 

Methods,'' Proc.  3rd European Cong. IRPA, Paper 14 ,  Amsterdam, The Nether- 
lands  (May 1975) ,  with Mehdi Sohrabi.  

U t i l i z i n g  P l a s t i c  Track Detectors  f o r  Radiotherapy and Health Physics ,'I 
USERDA Contract  No. AT-(40-1)-4814 (19751, w i t h  Mehdi Sohrabi.  

3 6 .  "Effects  of Radiation on Man," Proceedings of Short  Course on Energy and 

38.  "Recent Developments i n  Fas t  Neutron Personnel  Dosimetry Using Track Etch 

39. "Development and Applicat ion of  Some F a s t  Neutron Dosimetry Techniques 
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BIOGRAPHICAL SKETCH 

SOHRABI, MEHDI -- Research S c i e n t i s t  

Employment H i s  t o m  
National I r an ian  O i l  Co., Trainee i n  Mechanics 1965 

Tehran Univers i ty  Nuclear C t r . ,  i n  charge of r e a c t o r  Hlth Phys 1967-1970 
O f f i c e r ' s  College,  I n s t r u c t o r  1968 

Georgia I n s t i t u t e  of Technology 

Army of I r a n ,  2nd Lieutenant  1966-1967 

Oak Ridge National Laboratory,  Alien Researcher 1970-1971 

1972-1975 Graduate Ass i s t an t  and Co-Principal Inves t iga to r  
Research S c i e n t i s t  1975-Present 

Experience Summary: While working a t  the Tehran Un ive r s i ty  Nuclear Center, 
Sohrabi w a s  respons ib le  f o r  personnel monitoring, c a l i b r a t i o n  of i n s t r u -  
ments, sh i e ld ing  inspec t ions  of radiology departments of the  h o s p i t a l s ,  and 
dosimetry research .  Since the Tehran Univ. Research Reactor,  a 5 MW swim-  
ming pool type r e a c t o r ,  became c r i t i c a l ,  h e  w a s  i n  charge of r e a c t o r  hea l th  
physics .  Meanwhile, he was involved i n  teaching co l l ege  physics ,  mechanics, 
and h e a l t h  physics  a t  t h e  Univers i ty  of Tehran and o t h e r  co l l eges .  
tended many programs such as Applications of Radioisotopes i n  Medicine, 
Agr icu l ture ,  and Industry--Handling of Radiation Accidents--Dosimetry I n t e r -  
comparison h e l d  by the I n t e r n a t i o n a l  Atomic Energy Agency. He has  been 
a c t i v e  i n  e s t a b l i s h i n g  the  I r a n i a n  Radiation P ro tec t ion  Associat ion and has 
been a member s ince  i t s  incep t ion .  

In August 1970, under the sponsorship of the IAEA and the  National 
Academy of Sciences,  Sohrabi w a s  s en t  t o  the DOSAR, Health Physics Div. a t  
ORNL where, under the  
Klaus Becker, he  d id  s 
he has  been pursuing a 
i n  Health Physics .  Me 
labora tory  experiments,  and doing research.  Since 1974 h e  has  been serving 
as a co-pr inc ipa l  i n v e s t i g a t o r  on ERDA p r o j e c t s  wi th  Georgia I n s t i t u t e  of 
Technology. 

He a t -  

Current F i e lds  of I n t e r e s t  

Neutron dosimetry,  r a d i a t i o n  de tec t ion ,  r e g i s t r a t i o n  of charged p a r t i c l e  
t r a c k s ,  environmental impact of nuc lear  power, radiotherapy 

Pro f es  s i o n a l  A c t i v i t i e s  

Member, I r an ian  Radiat ion P ro tec t ion  Association 
Member, Health Physics Socie ty  
Member, Soc ie ty  of the  Sigma Xi 
Member, At lan ta  Chapter,  Health Physics Society 
Member, I n t e r n a t i o n a l  Radiation Pro tec t ion  Associat ion 
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SOHRABI, MEHDI 

Reports ,  Publ ica t ions  and Papers 

1. 

2 .  

3 .  

4 .  

5 .  

6 .  

7.  

8 .  

9 .  

10. 

11. 

1 2 .  

13. 

- 2- Biographical Sketch 

"Electrodeposit ion of U-238 and I t s  Application i n  Fas t  NeuLtron 
' Dos ime t ry  by Fiss ion Fragment Reg i s t r a t ion  i n  S i l v e r  Activated 

Phosphate Glasses," M.S. Thesis ,  Tehran Univers i ty  Nuclear Center,  
1969. 

Neutron Dosimetry," M.S. Thesis ,  Univers i ty  of Tennessee, OWL-TM- 
3605, 1971, with Klaus Becker. 

from Np-237," Nucl. I n s t .  Methods, a, 409 (1972), with Klaus Becker. 

a Warm and Humid Climate,"  Paper 58, 17th Annual Meeting, Health 
Physics Society,  Las Vegas, 1972, w i t h  o t h e r s .  

"Li te ra ture  Review of  the Proposed Research: Fas t  Neutron Microdosim- 
e t r y  by P l a s t i c  Track Detectors  i n s i d e  Heterogeneous Phantoms , ' I  i n  
p a r t i a l  f u l f i l l m e n t  of t he  Ph . D .  degree,  Georgia I n s t i t u t e  of Tech- 
nology, 1973. 

and I t s  Application i n  Fas t  Neutron Personnel Dosimetry," Health 
Physics ,  27, 598 (1974). 

"Recent Developments i n  F a s t  Neutron Personnel Dosimetry Using Track 
Etch Methods," Proc.  3rd European Cong. IRPA, Paper 14, Amsterdam, 
The Netherlands (May, 1975) with Karl Z .  Morgan. See a l s o  Trans. 
Am. Nuc. SOC. Student Conf., p .  24 (1975). (This paper w a s  awarded 
Best Paper of the Health Physics Session a t  the Southeastern Sect ion 
of  the  American Nuclear Socie ty  Student Conference, 1975. ) 

"Development and Application of Some Fas t  Neutron Dosimetry Techniques 
U t i l i z i n g  P l a s t i c  Track Detectors  f o r  Radiotherapy and Health Physics ,  I '  
USERDA Contract No. AT-(40-1)-4814 (1975), with Karl Z .  Morgan. 

"Thickness Dependence of a Simple F a s t  Neutron Dosimeter , 'I Paper CB7, 
Southeastern Sect ion,  American Physical  Society,  Auburn, Alabama, 
November 13-15, 1,975, with K a r l  Z .  Morgan. 

"El e c t r o  ch emi ca 1 Etching Amp 1 i f i ca t i o n  o f Fa s t -Neu t ron - Induced Re co i  1 
P a r t i c l e  Tracks i n  Polymers f o r  Fas t  Neutron Dosimetry," Ph.D. D i s -  
s e r t a t i o n ,  Georgia I n s t i t u t e  of  Technology, November 1975. (This 
manuscript won The Socie ty  of  the  Sigma X i  Ph.D. Engineering Award, 
May, 1976, Georgia I n s t i t u t e  of Technology Chapter.)  

Acce lera tors , "  presented a t  the  9th Midyear Topical Symposium, 
Health Physics Socie ty ,  Denver, Colorado, February 9-12, 1976, with 
o t h e r s  . 

"The Ef fec t  of Polycarbonate F o i l  Thickness on the Electrochemical 
Etching Amplification of Recoi l  P a r t i c l e  Tracks,' ' presented a t  the 
9th Midyear Symposium, Heal th  Physics Society,  Denver, Colorado, 
February 9-12, 1976, wi th  K .  2. Morgan. 

"Some New Charac t e r i s t i c s  of  a Polycarbonate Fas t  Neutron Dosimeter," 
presented a t  the  American I n d u s t r i a l  Hygiene Conference, Atlanta ,  
Georgia, May, 1976, with Karl Z .  Morgan. 

"Some Studies  on the Applicat ion of Track Etching i n  Personnel Fast  

"Fast  Neutron Personnel Monitoring by Fiss ion  Fragment Regis t ra t ion  

"Fading Charac te r i s t i c s  of Various Films and Sol id  S t a t e  Dosimeters i n  

"Electrochemical Amplification of Recoil  P a r t i c l e  Tracks i n  Polymers 

"Dose Levels Due t o  Neutrons i n  the  Vic in i ty  of High Energy Medical 

s 
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SOHRABI , PlEHDI -3- Biographical Sketch 

Reports,  Pub l i ca t ions  and Papers (continued) 

14 .  "The E f f e c t  of Etchant Parameters on the Electrochemical Etching o f  
Recoil  P a r t i c l e  Tracks i n  Polycarbonate ,"  t o  be presented a t  the 
21st  Annual Meeting, Health Physics Soc ie ty ,  San Francisco, Cal i -  
f o r n i a ,  June 27 - Ju ly  2 ,  1976, with Karl Z .  Morgan. 

15. Book Review of  "Nuclear Tracks i n  S o l i d s , "  Robert L. F l e i she r ,  P .  Bu- 
ford  P r i c e ,  and Robert M.  Walker, E d i t o r s ;  Univers i ty  of Cal i forn ia  
P r e s s ,  Berkeley, 1975 i n  Health Physics  (1976) i n  p r e s s .  
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Support F a c i l i t i e s  at Georgia Tech 

The f a c i l i t i e s  most c l o s e l y  r e l a t e d  t o  teaching  and r e sea rch  i n  the  

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

Emerbon Building and t h e  Frank K .  Neely Nuclear Research Center.  

Cherry L. Emerson Bui ld jng  

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

t h e  Emerson Building.  This space con ta ins  ample classrooms, s t u d e n t  labora-  

tories and o f f i c e s ,  as well as  a p e r i o d i c a 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 .  The count ing rooms and o t h e r  l a b o r a t o r i e s  have been w e l l  equip- 

ped wi th  convent ional  r a d i a t i o n  d e t e c t i o n  ins t ruments  ( 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 a b o r a t o r y  sec- 

t i o n s  of 12-15 graduate  s tudents .  

Spec ia l ized  equipment a v a i l a b l e  in t h e  Emerson Building t o  nuc lea r  

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 irgram Cf-252 source 

b r a d  K-15 pulsed ruby laser 

three EA1 Model TR-20 analog computers 

a 12,000 c u r i e  Cs-137 gamma 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 
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s e v e r a l  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 l oca t ed  i n  the  nuc lear  engineer ing  l abora to ry .  

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

It 

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

search  which r e q u i r e  its higher  f l u x .  

Nuclear Research Center 

The Frank H. Neely Nuclear Research Center ,  valued a t  $S,SOO,OO, was com- 

p l e t ed  in 1 9 6 4 .  

key component of the  Center  is a heterogeneous,  heavy-water moderated and 

cooled type,  fue led  wi th  enriched uranium. 

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

c a p a b i l i t y  and dependable service. 

sus t a ined  power output  of f i v e  megawatts wi th  a corresponding thermal neutron 

f l u  of about 1014 neutrons/cm2. 

f a c i l i t i e s  (such as beam tubes ,  through-tubes, pneumatic t ubes ,  f a s t  f l u x  

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.  

one megawatt two o r  t h r e e  s h i f t s  per  day. 

f i c a t i o n  t o  inc rease  power t o  t h e  f u l l ,  r a t e d  l e v e l  of 5 megawatts. 

The Georgia Tech Research Reactor (GTRR) which serves as t h e  

It is s i m i l a r  in des ign  t o  t h e  

The GTRR has  been designed t o  develop a 

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

The GTRR c u r r e n t l y  o p e r a t e s  a t  a power of 

It c u r r e n t l y  is undergoing modi- 

The r e a c t o r  and a s s o c i a t e d  systems are housed in a s tee l  containment 

bu i ld ing  e ighty  f e e t  i n  diameter  and s i x t y - f i v e  f e e t  i n  he igh t .  

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  

bu i 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 ,  m a t e r i a l s  

p repa ra t ion ,  nuclear  spec t roscopy,  low-level counting, rad iobio logy ,  elec- 

t r o n i c s ,  a8 well  as a machine shop and a l a r g e  animal quarters. 

The adjoin-  
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Equipment a t  t h e  Frank E. Xeely Nuclear Research Center inc ludes :  

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

three neu t ron  d i f f r a c t o m e t e r s  

t ime-o f - f l i gh t  neutron spectrometer  

experimental  s e t -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  cell  with mas ter -s lave  manipula tors  

20’ x 6’ x 18’ deep s torage  pool  jo ined  t o  h o t  c e l l  by t r a n s f e r  chute 

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

gamma f a c i l i t y - - s p e n t  f u e l  element s t o r a g e  i n  pool provides gamma r a t e s  
t o  10 6 R/hr depending on sample geometry 

100,000 c u r i e  c o b a l t . i r r a d i a t i o n  source 

in t e rmed ia t e  level radiochemistry l a b o r a t o r y  (18’ x 26’)  with r ad io i so tope  
hoods, s h i e l d e d  glove boxes 

f a c i l i t i e s  f o r  t rea tment ,  s to rage ,  and handl ing  of s o l i d  and l i q u i d  rad io-  
active wastes, inc luding  r e t e n t i o n  tanks of 8,000 g a l l o n  capac i ty  

Model 33 t e l e t y p e  terminal providing remote computer access on and o f f  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 d a t a  processors  (PDP-8, PDP-8/1), 

with a p p r o p r i a t e  p e r i p h e r a l  devices f o r  use  i n  Soph i s t i ca t ed  experiments re- 

qu i r ing  on - l ine  a n a l y s i s  and c o n t r o l ,  as w e l l  as d a t a  c o l l e c t i o n ,  One of t h e  

processors  i s  l o c a t e d  wi th in  the  r e a c t o r  containment bu i ld ing  and i s  intended 

f o r  use by experimenters  with a minimum of s e t u p  t i m e ,  A r a t h e r  s o p h i s t i c a t e d  

i n t e r f a c e  f o r  accep t ing  both d i g i t a l  and ana log  s i g n a l s  i s  operational.  There 

is a communications l i n k  t o  t h e  o t h e r  p rocesso r ,  l oca t ed  i n  the l abora to ry  por- 

t i o n  of t h e  Center,  which a c t s  as a d a t a  c o l l e c t i o n  c e n t e r  f o r  s e v e r a l  exper i -  

ments and a secondary processor.  Both p rocesso r s  func t ion  (with lower p r i o r i t y )  

as a d a t a  r e d u c t i o n  and preprocessing f a c i l i t y ,  and as such a r e  gene ra l ly  avail-  

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  to  t h i s  

p r o j e c t  i f  requi red .  
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. Computer F a c i l i t i e s  

The Rich E l e c t r o n i c  Computer Center i s  housed i n  a modern r e in fo rced  

concre te  and b r i c k  b u i l d i n g .  

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

Espec ia l ly  designed t o  accommodate computer 

for, equipment and o f f  ices. 

Two computers wi th  associated card and tape-handling c a p a b i l i t i e s  are 

p resen t ly  i n  ope ra t ion  a t  t h e  Computer Center,  These are: 

1. Burroughs B-5500 with  32,000 48-bit words f o r  co re  memory and 3.6 
m i l l i o n  48-bit  words of d i s c  memory. High speed card  r e a d e r s  and 
l i n e  p r i n t e r s  are also provided. This  machine a l s o  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 
Univac-1108 Shared Processor  system. Also a Control Data Corporation 
6400 replaced an IBM 360/30. 
the  support  of educat ion and research .  

Both computer systems a r e  dedicated t o  

The Computer Center  main ta ins  an ex tens ive  l i b r a r y  of f r e q u e n t l y  used c m -  

pu te r  programs. In a d d i t i o n  t o  t h e  programs a v a i l a b l e  for immediate use i n  the  

l i b r a r y ,  t h e  Center p a r t i c i p a t e s  i n  program-sharing plans wi th  o t h e r  computer 

users ,  which e f f e c t i v e l y  i n c r e a s e s  the  ex ten t  and scope of i t s  own l i b r a r y .  

L ibrary  

The P r i c e  G i l b e r t  Memorial L ib ra ry  is  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 lus  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 s c i ence  and engineer ing  have been developed t o  support  g radua te  s tudy and 

research .  It is housed i n  a d j o i n i n g  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 States 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  the  

only one i n  t h e  Southeas te rn  area. 

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 

the  Atomic Energy Commission, t h e  Department of Defense, t h e  Na t iona l  Aero- 

I n  1962, t he  l i b r a r y  w a s  des igna ted  one 
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n a u t i c s  and Space Adminis t ra t ion,  and the  Clearinghouse f o r  S c i e n t i f i c  and 

Technical  Information now t o t a l s  over 490,000 t i t l e s .  

s t anda rds  issued 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. Mil i t a ry  Standards and Spec i f i ca t ions  and of B r i t i s h  Standards are 

maihtalned.  The L ib ra ry  is a l s o  a depos i tory  f o r  United S t a t e s  government 

pub l i ca t ions  issued by t h e  Government P r i n t i n g  Of f i ce ,  and f o r  maps i ssued  

by t h e  Army Map Service.  

c a t a l o g s  providing informat ion  on i n d u s t r i a l  components. 

Extensive f i l e s  of 

Avai lab le  on microfilm a r e  more than 6,000 company 

Other F a c i l i t i e s  

Georgia Tech has  many 'other 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, va r ious  f a c i l i t i e s  operated by 

Div is ions  of t h e  Engineering Experiment S t a t i o n ,  

l a b o r a t o r i e s  u t i l i z i n g  X-ray equipment, o p t i c a l  and e l e c t r o n  microscopes, 

emission and absorp t ion  spec t roscopes ,  analog computers, microwave systems, 

c r y o s t a t s  and many o t h e r  r e sea rch  devices .  I n  a d d i t i o n ,  c l o s e  coopera t ion  

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

Engineering College and t h e  School of Physics.  

Among t h e s e  are s p e c i a l i z e d  

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 iona l  Laboratory,  which i s  loca ted  about t h r e e  hours  d r iv ing  t i m e  from 

A t l a n t a ,  has r a d i a t i o n  sources  of our i n t e r e s t  and, under a subcont rac t  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  Health Physics Re- 

search Reactor,  which i s  a bare ,  unmoderated r e a c t o r  f a c i l i t y  having a neutron 

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

and the DOSAR low-energy neutron genera tor  are considered as two sources  of 

neut rons  i n  a d d i t i o n  t o  those  a t  Georgia Tech. 
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