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Department of Energy 
Washington, D.C. 20545 

D r .  Karl Z.  Morgan 
School of Nuclear Engineering 
Georgia I n s t i t u t e  of Technology 
At lan ta ,  Georgia 30332 

Dear D r .  Morgan: 

I am pleased t o  adv i se  you t h a t  t h e  Off ice  of Hea l th  and Environmental 
Research (formerly t h e  Div is ion  of Biomedical and Environmental 
Research) has approved renewal of your r e sea rch  p r o j e c t ,  "Development 
and Applicat ion of Some.Fast Neutron Dosimetry Techniques U t i l i z i n g  
P l a s t i c  Track Detec tors  f o r  Radiotherapy and Heal th  Phys ics , "  f o r  an  
a d d i t i o n a l  year .  

A Procurement Request has  been s e n t  t o  the  Oak Ridge Operat ions Of f i ce  
f o r  renewal of t h i s  p r o j e c t  f o r  one year  from December 1, 1978 through 
November 30, 1979 with a recommended l e v e l  of suppor t  i n  t h e  amount 
of $36,050. 

You w i l l  be contacted by someone from the  Oak Ridge Operat ions Of f i ce  
i n  t he  near  f u t u r e  regard ing  nego t i a t ion  of t h e  renewal c o n t r a c t .  
Respons ib i l i ty  f o r  t he  t echn ica l  a spec t s  of t h e  program l i e s  wi th  the  
Off ice  of Heal th  and Environmental Research i n  Washington. 

We wish you every success  i n  your work. 

S ince re ly ,  

Robert  L. Butenhoff 
Phys ica l  & Technological Programs 
Of f i ce  of Heal th  and 

Of f i ce  of Environment 
Environmental Research 

bcc: OR 



S C h  J L  O F  N U C L E A R  E N G I N € ,  . i I N G  
\ 

Atlanta, Georgia 30332 

August 30, 1978  

(404) 894-3720 

Mr. Robert  L. Butenhoff 
Phys ica l  and Technologica l  Programs 
Div i s ion  of Biomedical and 

Environmental  Research 
Department of Energy 
Washington, D.C. 20545  

Dear Bob: 

P lease  f i n d  enc losed  our  f i n a l  annual r e p o r t  f o r  our c o n t r a c t  EY- 
76-S-05-4814 and o u r  proposa l  t o  cont inue and renew t h i s  c o n t r a c t  f o r  
another  year.  We have s e n t  copies  of t h e s e  r e p o r t s  a l s o  t o  the  Oak Ridge 
Opera t ions  Of f i ce  of  DOE, Oak Ridge, Tennessee. You w i l l  no te  t h a t  t he  
p re sen t  c o n t r a c t  con t inues  on t o  November 30, 1978 b u t  we were i n s t r u c t e d  
t o  submit t h e s e  two items be fo re  the  end of August. Also enclosed is a 
complete s e t  of r e p r i n t s  and we w i l l  send you r e p r i n t s  of some of our 
o t h e r  p u b l i c a t i o n s  as soon as they a r e  rece ived  from the  publ i shers .  

Gary S t i l lwagon completes h i s  requirements  f o r  t he  Ph.D. degree the  
f i r s t  of October and w i l l  be  leaving about then  f o r  a job  i n  the  Veterans 
Adminis t ra t ion  H o s p i t a l  i n  Memphis. Be did an unusual ly  good job  on t h i s  
p r o j e c t  and as a consequence had a number of good job  o f f e r s .  I am su re  
we w i l l  hea r  much more of him i n  the  f i e l d  of h e a l t h  phys ics  i n  the  years 
ahead and you and w e  can be  proud of t h e  p a r t  we played i n  h i s  develop- 
ment. 
and t h e i r  p roduct ion  i s  a pa t en tab le  d iscovery  and Gary w i l l  cont inue 
working wi th  u s  (as a c o n s u l t a n t )  i n  f u r t h e r  development of t h i s  and i n  
secu r ing  DOE'S p a t e n t  r i g h t s .  

I b e l i e v e  Gary ' s  d i scovery  of t h e  two s i z e  p a r t i c l e s  i n  the  f o i l s  

Su w i l l  con t inue  on u n t i l  January 1 9 7 9 .  The r e s u l t s  of h i s  research  
a l s o  are very  encouraging and I a m  su re  you w i l l  be  p leased  with what he 
i s  doing. 

I n  o rde r  ' to  con t inue  t h i s  research  program wi thout  any l ag ,  I am 
s t a r t i n g  two new g radua te  s tuden t s ,  Dorothy Rea and Michael Edward Sanders,  
on t h i s  r e sea rch  i n  a few days,  and I c e r t a i n l y  hope t h e  p re sen t  funding 
can cont inue ,  f o r  w i thou t  i t  t h i s  program would come t o  a screeching  h a l t .  
You w i l l  n o t e  t h a t  we are proposing t h e  new c o n t r a c t  be  a t  the  same l e v e l  
as t h i s  y e a r  except  a small i nc rease  to cover  t h e  i n c r e a s e  i n  overhead 
which has  gone i n t o  e f f e c t .  



Mr. Robert  L. Butenhoff 
August 30, 1978 

Page 2 

The most e x c i t i n g  development i n  the  p re sen t  c o n t r a c t  was t h e  
d i scove ry  of two d i s t i n c t  s izes  of t r acks .  We a r e  lay ing  claim t o  
t h i s  d i scovery  by a Let ter- to- the-Edi tor  of Health Physics  and b e l i e v e  
DOE w i l l  wish t o  i s s u e  a p a t e n t  on t h i s  discovery.  We b e l i e v e  t h i s  
opens up a whole new a r e a  of microdosimetry and provides  a d i r e c t  
means for LET c o r r e c t i o n  of dose and c o r r e l a t i o n  with l o c a l  r a d i a t i o n  
damage t o  t i s s u e .  It  sugges t s  important  a p p l i c a t i o n s  i n  i n d u s t r y  as w e l l  
as i n  microdosimetry. 

Again w e  thank you f o r  t h e  tremendous a s s i s t a n c e  you have been t o  
t h i s  program a t  Georgia Tech and i n  t h e  progress  and development of 
ou r  s t u d e n t s  i n  t h e  f i e l d  of Hea l th  Phys ics .  

Best personal  regards .  

Si ce re  e 
/Ka{l 2. Morgan 

Neely P ro fes so r  
RZM: rs 

Enclosure  

cc o m  



PROPOSAL FOR RENEWAL OF CONTRACT EY-76-’3-05-4814 AND TO 

CONTIN;1r DZ’JELOPMENT AND APPLICATION OF SOME FAST 

NEUTRON DOSINETRY TECHNIQUES UTILIZING PLASTIC TRACK 

DETECTORS FOR RADIOTHERAPY AND HEALTH PHYSICS 

Submitted t o  t he  

Department of Energy 

by the  

School of  Nuclear Engineer ing  
Georgia I n s t i t u t e  of Technology 

A t l a n t a ,  Georgia 30332 

Shian-Jang Su 

and two new graduate  s t u d e n t s ,  Michael Edward Sanders  and Dorothy Rea 

- ’ /  \ 

Lynn E. Weaver,, 
D i rec to r ,  S c ~ o o l  of Nuclear Engineer ing  

/ 
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PROPOSAL FOR RENEWAL OF CONTRACT EY-764-05-4814 AND TO 

CONTINUE DEVELOPMENT AND APPLICATION OF SOME FAST 

NEUTRON DOSIMETY TECHNIQUES UTILIZING PLASTIC TRACK 

DETECTORS FOR RADIOTHERAPY AND HEALTH PHYSICS 

Karl Z. Morgan and Shian-Jang Su 

Research in the area of electrochemical etching has been attracting 

increasing interest for many health physics uses'and radiotherapeutic 

applications. A few of the studies of interest which we propose to continue 

239 and carry out in the coming year include completion of Pu bone dosimetry, 

extensions of our bone dosimetry technique, epithermal neutron dosimetry 

and a more detailed examination of the two distinct track sizes from alpha 

irradiations which were discovered during the present investigations and 

and are being announced in scientific journals at the present time. This 

discovery of two distinct alpha track sizes is particularly exciting be- 

cause it provides the possibility of developing a system of dosimetry that 

corrects for LET. Investigation of these problems is expected t o  make a 

major contribution to the fields of alpha particle and neutron dosimetry. 
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Introduction 

The complete results to date of our research in the field of electro- 

chemical etching of polycarbonate foils for the purpose of dosimetry have 

been accumulated and appear in (ORO-4914-5) and our progress reports 

dated August 1977 and August 1978. These reports show the intensive re- 

search done by the investigators in the field as well as some recommen- 

dations for the solution of new problems for the advancement of this 

rapidly developing and interesting type of dosimetry to many dosimetry 

applications. 

gation and preliminary results have been presented at several scientific 

meetings including the American Physical Society, Auburn, Alabama, 1975; 

Health Physics Society, Denver, Colorado, 1976 and San Francisco, 1976; 

International Radiation Protection Association, Amsterdam, The Netherlands, 

1975; the American Industrial Hygiene Association, Atlanta, Georgia, 1976; 

the Health Physics Society, Atlanta, Georgia, 1977; the American Nuclear 

Society, Raleigh, North Carolina, 1977 and Gainesville, Florida, 1978; 

and the Health Physics Society, Minneapolis, Ninnesota, 1978. (Copies 

of these reports have been sent to the Washington office of DOE, but an 

Some of the recommended studies are already under investi- 

additional complete set of reprints is appended to this project renewal 

proposal. 

Many of the problems we have listed under this contract are being 

investigated actively at present, including completion of the 239p, bone 

dosimetry study and the thermal and epithermal neutron studies. These 

projects will be completed in the new contract year and the other inter- 

esting problems mentioned here will be examined more intensively and in 

greater detail. 
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Proposed New Research 

The following proposals for continued research into the field of 

electrochemical etching of polycarbonate foils are but a few of the 

promising avenues of research and application of this technique. 

new development offers the promise of information hitherto unachievable 

in the field of health physics by prevailing dosimetry methods such as 

the use of thick photographic emulsions with proton track counting ( a  

technique which one of us [ K Z H ]  first introduced to health physics in 

1944) .  Descriptions of the m a j o r  problems of current interest to us are 

as follows: 

Completion of 239Pu Bone Dosimetry in Human and Dog Bones 

This 

We have now completed calibration procedures for the electrochemical 

etching system using polycarbonate foils for alpha particles. Through 

the generosity of Dr. W. S. S. Jee at the Ur:iversity of Utah one of us 

(Stillwagon) was priviledged to work 10 days at the Radiobiology Labora- 

tory at the University of Utah and returned with approximately 150 bone 

samples from beagle dogs prepared for our applications. Present status 

of this work involves taking of data from the exposed foils and this 

portion of the study including submission of results for publication 

should be completed within a few months. 

Thermal and Epithermal Neutron Dosimetry 

Our electrochemical etching system has previously been used as t 

fast neutron dosimetry system. Now we are extending this system to thermal 

neutron dosimetry by placing thin tablets of 6Li over a portion of the 

foils to interact with thermal neutrons in the (n,a> reaction (0 = 953b). 

A tablet of Li is placed on top of the Li t o  obtain even compression 
C 

7 6 

0 3 9 b 8 4 1 
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aga ins t  t he  f o i l .  The alpha p a r t i c l e s  emi t ted  then c r e a t e  t r a c k s  i n  t he  

polycarbonate  f o i l s ,  t he  number be ing  p ropor t iona l  t o  the  i n i t i a l  f luence  

of  thermal  neutrons.  This  s t u d y  a l s o  i s  near ing  completion. 

Extension of  t h i s  c o n t r a c t  involves  a l s o  modi f ica t ions  of  present  

techniques i n  o rde r  t h a t  t h i s  method of dosimetry inc lude  measurement 

of dose from epi thermal  neutrons a s  w e l l  as from f a s t  and thermal neutrons.  

The ep i thermal  reg ion  i s  an extremely d i f f i c u l t  one i n  which t o  e v a l u a t e  

absorbed dose t o  t i s s u e  and such dosimetry has  been l a r g e l y  neglected.  

We f e e l  t h i s  s tudy  i s  Cmportant and could make a s i g n i f i c a n t  c o n t r i b u t i o n  

t o  the  f i e l d  of neut ron  personnel  dosimetry by providing a system t h a t  

w i l l  measure neutron dose over an energy range of 0.025 eV t o  50 MeV. 

Extensions of Our Bone Dosimetry Techniques 

We would l i k e  t o  i n v e s t i g a t e  o t h e r  u ses  for t he  genera l  technique 

w e  have developed f o r  bone dosimetry.  We propose t o  vary exposure t i m e  

of t h e  f o i l s  t o  our bone samples, u se  samples of d i f f e r e n t  plutonium 

content  and use  small cubes of t r a b e c u l a r  bone t i s s u e  r a t h e r  than l a r g e  

i n f i n i t e l y  t h i c k  planes t o  o b t a i n  t h e  microdose d i s t r i b u t i o n  i n  t h r e e  

dimensions. Add i t iona l ly  we can examine the  a d a p t a b i l i t y  of the  gene ra l  

technique t o  t h e  dosimetry of o t h e r  t i s sues ,  e.g., lung,  pulmonary lymph 

nodes,  l i v e r  and gonads--to which t h e  dose from plutonium i s  o f  c u r r e n t  

i n t e r e s t  and controversy.  

Two S izes  of Alpha P a r t i c l e  Tracks 

As r epor t ed  i n  our  August 1977 and 1978 Progress  Reports ,  we have 

observed two c a t e g o r i e s  of  t r a c k s  on our  f o i l s  a f t e r  exposure t o  a lpha  

emitters and employment of  our e lec t rochemica l  e t ch ing  techniques.  I t  

has  been proposed the  l a r g e r  t r a c k s  a r e  due t o  carbon and oxygen r e c o i l s .  

3 



This could be verified by irradiation of foils by accellerator produczd 

alpha particles of various energies then by carbon nuclei produced in an 

accellerator. The frequency histograms of the track diameters could :hen 

be compared. 

carbon nuclei were chosen carefully, the ratio of  small t o  large tracks 

should vary in accordance with the theory we have developed. Other 

possibilities are the use of polarized alpha particles, selected to maxi- 

mize the interaction cross-section with carbon and oxygen muclei t o  

attempt to increase the numbers of large tracks ,  thereby proving their 

origin. 

If the encrgies,of the accelerator produced helium and 
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A. 

B. 

C. 

D. 

E. 

Proposed Budget  

Cont rac t  No. EY-76-S-05-4814 

Cost Es t ima te  f o r  Pe r iod  
December 1, 1978 t o  November 30, 1979 

Direct S a l a r i e s  and Wages: $17,900 

P r i n c i p a l  I n v e s t i g a t o r s :  
Karl Z. Morgan ( P r i n c i p a l  I n v e s t i g a t o r )  $9,000 . - c l  Shian J. Su* 1 , O N  
Michael Edward Sanders* 3,150 
Dorothy Rea* 4 , 200 

S e c r e t a r i a l  T ime  500 

Ret i rement  B e n e f i t s  (9.83 of a p p l i c a b l e  S a l a r i e s  and Wages 934 

T o t a l  D i r e c t  S a l a r i e s ,  Wages h Retirement  B e n e f i t s  

Equipment 

Materials P u b l i c a t i o n  Costs  

T r a v e l  

18,834 

1,408 

4 94 

1,000 

I n d i r e c t  Costs 

At a prede termined  f ixed  r a t e  of 76X of S a l a r i e s  
and Wages as e s t a b l i s h e d  by t h e  Naval Material 
Command upon adv i so ry  a u d i t  by t h e  Defense Con- t ract  Audi t  Agency 14,314 

TOTAL PROJECT COST $35,050* 

$33,500 

$36,050 

T o t a l  a c t u a l  p r o j e c t  c o s t  for t he  
c u r r e n t  p e r i o d  ( th rough  11/30/78)  

T o t a l  a c t u a l  and e s t i m a t e d  c o s t  cha reab le  
t o  DOE f o r  t h e  new p e r i o d  

-? 
aD 
w 
9 
Q 
aD 
a - Graduate  S t u d e n t s  

* 
cn 

$33,500 + $2,550 t o  cover i n c r e a s e  i n  overhead from $11,764 t o  $14,314 
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Duration of t h e  Proposed Research 

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

of 12 months which w i l l  l a s t  from December 1, 1978 t o  November 30, 1979. 

P r o j e c t  Personnel  

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

He received t h e  -an-egrees from t h w  

From 1934 t o  1943 he 

was chairman of t h e  Physics Department o f  Lenoir Rhyne College,  and 

during t h i s  per iod d i d  research  i n  coopera t ion  with Duke Un ive r s i ty  i n  

t h e  f i e l d  of cosmic r ay  showers, t h e  meson l i f e t i m e ,  e t c . ,  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 jo ined  t h e  M e t a l l u r g i c a l  Laboratory s t a f f  a t  t h e  Un ive r s i ty  o f  

Chicago i n  the  s p r i n g  of 1943. 

who developed and e s t a b l i s h e d  t h e  new s c i c w e  and p r o f e s s i o n  of h e a l t h  

physics .  During t h e  f a l l  of 1943, h e  t r a n s f e r r e d  t o  Oak Ridge Nat iona l  

Laboratory where, u n t i l  t h e  l a t t e r  p a r t  o f  1972, he was D i r e c t o r  of t h e  

Health Physics  Divis ion which was engaged i n  research ,  engineer ing ,  and 

appl ied  problems. Upon leaving  Oak Ridge Nat ional  Laboratory,  h e  j o i n e d  

the  f a c u l t y  of t h e  Georgia I n s t i t u t e  o f  Technology as Neely P r o f e s s o r  i n  

the  School of Nuclear Engineering. 

Here he was one o f  a group o f  s i x  persons 

I n  1956, he was t h e  f i r s t  p r e s i d e n t  o f  t he  Health Physics  S o c i e t y ,  

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  Radia- 

t i o n  P r o t e c t i o n  Associat ion which h a s  about 10,000 members i n  some 65 

count r ies .  He now i s  P r e s i d e n t  Emeritus o f  IRPA, an Emeritus member of 
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the  Main Commission of I C R P ,  and a member of NCRP.  For 20 years  he was 

chairman of the  committees of I C R P  and NCRP d e a l i n g  w i t h  maximum permis- 

s i b l e  i n t e r n a l  dose of r ad io i so topes .  He has  publ i shed  over  300 papers 

d e a l i n g  with s u b j e c t s  of cosmic r ays ,  r a d i a t i o n  p r o t e c t i o n ,  istrumenta- 

t i o n ,  i n t e r n a l  dose,  and genera l  h e a l t h  physics .  He i s  p a s t  e d i t o r  of  

t h e  j o u r n a l  HEALTH PHYSICS. 

I n  1962 ,  K.  Z.  Morgan and W. Binks (England) were awarded the  f i r s t  

gold medals f o r  mer i tor ious  work i n  t h e  f i e l d  of r a d i a t i o n  p r o t e c t i o n  by 
p' 

.. . 
& t h e  Royal Academy of Science of  Sweden. 

D r .  Morgan received the  Dis t inguished  Al.;mni Award and \he honorary 

Doctor of Science Degree from Lenoir  Rhyne Col lege ,  honorary membership 

i n  Sigma P i  Sigma from Berea College,  and t h e  F i r s t  Dis t inguished  Service 

Award of t h e  Western Chapter of  t he  Heal th  Phys ics  Socie ty .  He i s  a 

member of t h e  Health Physics  Soc ie ty ,  t h e  I n t e r n a t i o n a l  Radia t ion  Pro- 

t e c t i o n  Assoc ia t ion ,  t h e  American Publ ic  Heal th  Assoc ia t ion ,  t he  American 

Assoc ia t ion  f o r  t he  Advancement o f  Science,  the American I n d u s t r i a l  

Hygiene Assoc ia t ion ,  t he  Research Soc ie ty  of America, t h e  Radia t ion  Re- 

sea rch  Soc ie ty ,  t he  Soc ie ty  of Nuclear Medicine,  t h e  American hssocia-  

t i o n  of P h y s i c i s t s  i n  Medicine, the American Assoc ia t ion  of Physics  

Teachers ,  an Associate  Fellow oi the  American Col lege  of  Radiology, a 

Fellow of the  American Phys ica l  Soc ie ty  and of t h e  American Nuclear 

Soc ie ty ,  and an A f f i l i a t e  o f  t he  Royal Soc ie ty  of Medicine. 
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Major Reports  and P u b l i c a t i o n s  

Over 300 papers  and p u b l i c a t i o n s  have beer! m - i t t e n .  T h o s e  of major 

importance over t h e  p a s t  f ew yea r s  a r e  as fo l lows :  

"Common Sources  of Human Exposure t o  I o n i z i n g  R a d i a t i o n  i n  t h e  United 

" I o n i z i n g  R a d i a t i o n :  
S t a t e s , "  American Engineer ,  J u l y  1968 

H e a l t h  P h y s i c s  S o c i e t y ,  J u n e  16-20, 1968, Denver, Colorado;  and pub- 
l i s h e d  i n  H e a l t h  P h y s i c s ,  Vol. 17, No. 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 r o t e c t i o n , "  S i x t h  Annual Meet ing 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; Pub l i shed  i n  P roceed ings ,  1969 

"Red i rec t ing  H e a l t h  P h y s i c s  S t u d i e s  t o  Areas of Greatest I n t e r e s t , "  
F i i s  t European Congress  o f  t h e  I n t e r n a t i o n a l  R a d i a t i o n  P r o t e c t i o n  
A s s o c i a t i o n ,  Menton, France ,  October  9-11, 1968; Pub l i shed  i n  Proceed- 
i n g s ,  1968 

International Congress  of R a d i a t l o n  P r o t e c t i o n ,  Rome, I t a l y ,  Vol.  1, 
3, Pergamon Press, 1968 

"The Need for S t a n d a r d i z a t i o n  Procedures  i n  t h e  A p p l i c a t i o n  of I o n i z i n g  
R a d i a t i o n  to Medica l  and D e n t a l  P a t i e n t s , "  Seminar sponsored  by t h e  
N a t i o n a l  Cen te r  fo r  R a d i o l o g i c a l  H e a l t h ,  R o c k v i l l e ,  Maryland, blovem- 
b e r  15, 1968,  Seminar Paper  003 

Uranium Mines of t h e  Uni ted  S t a t e s , "  Rea r ing  on R a d i a t i o n  S tandzrds  
f o r  Mines, Washington, D.C., November 20, 1968; Congres s iona l  Record, 
1968 

"Supplemental  S t a t e m e n t  on t h e  Proper  Working Level  of kidon 2nd Its 
Daughter  P r o d u c t s  i n  t h e  Uranium Mines of  t h e  USA," Supplement t o  
Testimony p r e s e n t e d  on  November 20, 1968, Washington, D. C.; Congres- 
s i o n a l  Record,  1968 

year T o p i c a l  Symposium, Los Angeles ,  C a l i f o r n i a ,  J anua ry  29-31, 1969 

February  1969; Repr in t ed  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 Radiography T e c h n o l o g i s t s ,  Vol . XIV , No. 4, Winter  1969 

the J o i n t  Committee on Atomic Energy a t  i t s  Hear ings  on Environmental  
E f f e c t s  of Producing  Electrical  Power, Phase 2, January 1970; 
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  Hea l th  
P h y s i c s  S o c i e t y ,  L o u i s v i l l e ,  Kentucky, J anua ry  28, 1970; Proceedings  
p u b l i s h e d  i n  USPHS-BREI S e r i e s ,  BRH/DEP-70-26 Oct .  1970 

"A Time of C h a l l e n g e  to t h e  H e a l t h  P h y s i c i s t , "  P r e s i d e n t i a l  Address pre-  
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  P ro tec -  

Benef Its Versus  R i s k s , "  Annual Meeting of t h e  

"Development of H e a l t h  P h y s i c s  as a P r o f e s s i o n , "  P roceed ings  of F i r s t  

"The P rope r  Working Leve l  of Radon and Its Daughter P r o d u c t s  I n  t h e  

"Future  O p p o r t u n i t i e s  i n  Hea l th  Phys ic s , "  Hea l th  P h y s i c s  S o c i e t y  Mid- 

"Risks f rom D i a g n o s t i c  X-Rays," Yale S c i e n t i f i c ,  Vol. XLII, '. No. 5 ,  

"Rad ia t ion  S t a n d a r d s  for Reactor  S i t i n g , "  Testimony p r e s e n t e d  before 

C.oc- 

t ion ,  May 8, 1970, Brighton ,  England; H e a l t h  Physics, Vol. 20, Hny 
1971,  pp. 491-498 
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"My Opinion-You Can D r a s t i c a l l y  Cut  X-Ray Exposure Below Today ' 6  Levels , I t  

C o n s u l t a n t ,  N a r c h / A p r i l  1970 
"His tory  of t h e  H e a l t h  P h y s i c s  S o c i e t y , "  pub l i shed  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 Radio lory  (Nw. 1970) 
"Standard Man-Staniard P a t i e n t , "  P k d i c a l  Rad io i so topes :  R a d i a t i o r  Dose 

and E f f e c t s ,  AEC S e r i e s  20, p.  87, J u n e  1970 
"His to ry  of t h e  I n t e r n a t i o n a l  R a d i a t i o n  P r o t e c t i o n  A s s o c i a t i o n ,  I t  pub- 

l i s h e d  i n  P roceed ings  of t h e  RSM Symposium on t h e  Cr i t i ca l  H i s t o r y  
of American R a d i o l o g i ,  November 1970 

"Criteria f o r  t h e  C o n t r o l  of R a d i o a c t i v e  E f f l u e n t s , "  IAEA Symposium 
on Envi ronmenta l  Aspec t s  of N u c l e a r  Power S t a t i o n s ,  UI? B u i l d i n g ,  
N e w  York, August 1970, Proceed ings  p u b l i s h e d ,  t h i s  paper  i s  IAEA- 
SM-146/10; s y n o p s i s  pub l i shed  a l s o  i n  Environmental  S t u d i e s ,  1971 

I n t e r n a t i o n a l  Summer School on R a d i a t i o n  P r o t e c t i o n ,  B o r i s  K i d r i c  
I n s t i t u t e  of Nuclea r  S c i e n c e s ,  Cavtat, Yugos lav ia ,  S e p t a i b e r  20-30, 
1970; Proceed ings  pub l i shed  in 1971  under  t i t l e  of "Rad ia t ion  Dosimetryt' 

" P r e s i d e n t  s Repor t  t o  the Genera l  Assembly of IRPA, 'I Br igh ton ,  England, 
May 1970, H e a l t h ' P h y s i c s ,  Vol. 20, No. 5, 1971 

"His to ry  of R a d i a t i o n  P r o t e c t i o n , "  Symposium Commemorating the 7 5 t h  
Anniversary of the Discovery  of X-Rays, Milwaukee, November 13-14, 
1970; Materials E v a l u a t i o n ,  Vol. XXDI, No. 3, M r c h  1971 

t l f iy  t h e  1968 A c t  f o r  R a d i a t i o n  C o n t r o l  f o r  Heal th  and S a f e t y  Is Re- 
q u i r e d , "  Radio logy ,  Vol. 99, No. 3, pages  569-588, June 1971 

ltExcessive Medical  D i a g n o s t i c  Exposure , 'I Thi rd  Annual N a t i o n a l  Conf. 
on R a d i a t i o n  C o n t r o l ,  S c o t t s d a l e ,  Ar izona ,  May 3, 1971; Pub l i shed  i n  
P roceed ings  

I n t e r n a t i o n a l  Symposium on Rapid 
Methods f o r  Measurement of R a d i o a c t i v i t y  i n  t h e  Environment,  Neuher- 
b e r g ,  F e d e r a l  Repub l i c  of Germany, LAEA-STI/PUB/289, Vienna, 1971 . 

"Adequacy of P r e s e n t  R a d i a t i o n  S t a n d a r d s , "  p re sen ted  a t  t h e  Environ- 
men ta l  and  E c o l o g i c a l  F o m ,  S i l v e r  Spr ing ,  Phrylacd, J a n u a r y  20, 
1971; Proceed ings  of Forum p u b l i s h e d  i n  1972, USAEC-TID-25857 

"Proper  Use of I n f o r m a t i o n  on Organ and Body Burdens of Rad ioac t ive  
Material," p r e s e n t e d  a t  t h e  IAEA/L?XO Symposium on t h e  Assessment of 
R a d i o a c t i v e  Organ and Body Burdens,  Stockholm, Sweden, Ncvember 22- 
26, 1971, IAEA/SM/150-50; Proceed ings  of Symposium pub l i shed  by LllEA 

"Health P h y s i c s  Measures t o  Implement New USAEC Pegu la t ions  R e l a t i n g  t o  
R a d i a t i o n  Exposure of the General P u b l i c , "  Budapest, Nay 1971; Pro- 
ceed ings  p u b l i s h e d  by  Akademiai Kiado, Budapest,  Hungarp 

t e s t imony  p r e s e n t e d  b e f o r e  t h e  H e a l t h  and Welfare S u b c a m i t t e e  of 
the S e n a t e  C d t t e e  on Labor and  PublLc Welfare on S e n a t e  B i l l  
S.3327, May 15, 1572, Washington, D. C.; publ i shed  in Congress iona l  
Record, 197 2. 

"Comparison of R a d i a t i o n  Exposure of the Popu la t ion  from Medical Diag- 

"Maximum P e r m i s s i b l e  Levels of Exposure to I o n i z i n g  R a d i a t i o n , "  

"Heal th  P h y s i c s  and t h e  

"The Need t o  Reduce Medical  Exposure in the United S t a t e s , "  o u t l i n e  of 

n o s i s  and the Nuclea r  Energy Indus t ry , "  T ransac t ions  A N S ,  z:l, 64- 
( June  1972) 

"Environmental  Zmpact of Natural and  Man-Made Ion iz ing  and Non-Ionizing 
R a d i a t i o n s , "  Second International Summer School 011 Radia t ion  Protec- 
t i o n ,  Herceg N o d ,  Yugoslav ia ,  Aug. 1973; Proceedings ,  1973 
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'The Need for Radia t i u n  P r o t e c t i o n ,  'I Radio lo  ' 44, 6, 
p. 385 (1973) 

gen Mediz in ischen  S t r a h l e n b e l a s t u n g  i n  d e r  b c e i n i g t e n  S t a a t e n  von 
Amerlka,  'I Rontgen-Bla t t e r ,  27, 127 @larch 1974)  

"Reducing Medical  Exposure t o  I o n i z i n g  Rad ia t ion , ' '  American I n d u s t r i a l  
Hygiene J o u r n a l  (May 1975): 

Two c h a p t e r s  i n  t e x t ,  Environmental  Problems i n  Medicine t i t l e d  "Expo- 
s u r e  t o  Non-Ionizing Rad ia t ion"  and  " Ion iz ing  Radia t ion  Exposure, 
W. D .  McKee, E d i t o r ;  Chas. C .  Thosas P u b l i s h e r ,  1974 

'Types of Environmental  Health P h y s i c s  Data That  Should Be Co l l ec t ed  
and  Eva lua ted  i n  a Nuclear  Power Program" i n  Environmental Impact 
S t a t e m e n t s  f o r  Nuclear  Power P l a n t s ,  1975,' Perganon P r e s s  
C h a p t e r s  by K.  Z. Morgan i n  t e s t ,  Environmental  Impact of Nuclear Power 
P l a n t s ,  by R. A. Karam and K. Z.  Morgan, GEORGIA INSTITUTE OF TECUOLOGY 
SERIES I N  NUCLEAR ENGINEERING, Pergamon P r e s s  1975 

ments  f o r  Nuclear  Power P l a n t s .  1975 Pernamon Press 

"Exposure i n  t h e  Un i t ed  S t a t e s , "  and "Mogliche Folgen e i n e r  Ubermassi- 

"The Bases f o r  S tanda rds  and Regu la t ions"  i n  Environmental  Impact S t a t e -  
~~ 

Y 

C h a p t e r s  by K.Z. Morgan i n  t e x t ,  Environmental  Impact of Nuclear Power 
ECHNOLOGY 

~~ 

P l a n t s ,  by R. A. Karam and K. Z. Morgan, GEORGIA INSTITUTE OF T--_------ 
SERIES I N  NUCLEAR ENGINEERING, Pergamon P r e s s  1975 

"Release of R a d i o a c t i v e  M a t e r i a l s  from Reac to r s "  and "Ways of Reducing 
R a d i a t i o n  Exposure i n  a F u t u r e  Nuclear  Power Economy," i n  Nuclear 
Power S a f e t y ,  GEORGIA INSTITUTE OF TECHXOLOGY SERIES I N  1UCLrA ENERGY, 
Pergamon P r e s s  

" T r a n s p o r t a t i o n  of Rad ioac t ive  Material by Passenger  A i r c r a f t  ,I1 Report  
t o  J o i n t  Committee of Congress on Atomic Energy, Report  No. 1 - Sept .  
17, 1974,  U. S. Government P r i n t i n g  O f f i c e  

"Hea l th  P h y s i c s  -- P a s t ,  P r e s e n t  and F u t u r e , "  p re sen ted  a t  F i r s t  Asian 
R e g i o n a l  Congress  of t h e  I n t e r n a t i o n a l  R a d i a t i o n  P r o t e c t i o n  Assn. i n  
Bombay, I n d i a ,  Dec. 1974; p u b l i s h e d  i n  Proceedings  

"Suggested Reduct ion  of P e r m i s s i b l e  Exposure t o  Plutonium and Other 
Transuranium Elements ,"  J .  An. Ind.  Hygiene 36 (8), 567 (Aug. 1975) 

" E f f e c t s  of R a d i a t i o n  on  Man -- Now and i n  t h e y u t u r e , "  i n  Energy and 
t h e  Environment -- Cost -Benef i t  A n a l y s i s ;  Pergamon Press, 1976, 
C h a p t e r s  by K. 2 .  Morgan i n  text, Energy and t h e  Environnent ,  Cost 
B e n e f i t  A n a l y s i s ,  by R. A. Karam and K. Z.  Morgan, GEORGIA INSTITUTE 
OF TECHNOLOGY SERIES I N  NUCLEAR E N G I N E E R I N G ,  Pergamon P r e s s  1976 

"Programs Needed f o r  Educat ion  and T r a i n i n g  of Heal th  P h y s i c i s t s  , - 
Proc .  Am. Phys.  SOC. Meeting, December 1974 

"Recent Developments i n  F a s t  Neutron P e r s o n n e l  Dosimetry Using Track 
E t c h  Methods ," p r e s e n t e d  a t  Congress  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  Assn. ,  Hol land ,  Hay 1975; p u b l i s h e d  i n  Proceedings 

Meet ing ,  B u f f a l o ,  New York, July 15, 1975 

a t  American P u b l i c  H e a l t h  A s s o c i a t i o n  Annual Meeting, Chicago, I l l i n o i s ,  
November 18, 1975 

"Medica l  R a d i a t i o n  P r o t e c t i o n , "  p r e s e n t e d  at  Heal th  Phys ics  Soc ie ty  

"Ways of Reducing Exposure i n  a F u t u r e  Nuclear  Power Economy," p re sen ted  

"A Course  on Non-Ionizing R a d i a t i o n  P r o t e c t i o n  fo r  S t a t e  and Local  Hea l th  - O f f i c e r s , "  P roceed ings  of H e a l t h  P h y s i c s  S o c i e t y ,  Denver, Colorado, 
9 Februa ry ,  197 6 
rjdl 
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"The P a r t i c l e  Problem," Th i rd  I n t e r n a t i o n a l  Summer School  on R a d i a t i o n  
P r o t e c t i o n ,  Herceg Novi, Yugoslavia ,  pub l i shed  i n  Bor i s  R i d r i c  I n s t i t u t e  
S e r i e s ,  August-September 1976 

School  on R a d i a t i o n  P r o t e c t i o n ,  Herceg Novi, Yugos lav ia ,  pub l i shed  i n  
B o r i s  K i d r i c  I n s  ti t u t e  S e r i e s ,  Augus t-Sep t enbe r  , 1976 

"Current  Problems and Concepts  of t h e  Hea l th  P h y s i c i s t , "  Thi rd  I n t e r n a t i o n a l  
Summer School on R a d i a t i o n  P r o t e c t i o n ,  Herceg Novi,  Yugoslavia ,  publ i shed  
i n  Bor i s  K i d r i c  I n s t i t u t e  S e r i e s ,  August-September 1976 

Reac to r s , "  t e s t imony  p r e s e n t e d  a t  p u b l i c  h e a r i n g s  on MOX f u e l ,  Washington, 
D.C., Nov. 1976 

71,  Tucson, Arizona, October  6-8, 1975 

1977) . 
Before  t h e  Energy Resources  Conserva t ion  and Development Comm., 
Sacramento,  Cal., February 1, 1977 

"Comments on Opera t ion  of t h e  Kerr-McGee Cimarron P a c i l i t y  and the 
Karen Silkwood Case," b e f o r e  t h e  Congress iona l  Small Business  Comm. , 
A p r i l  26, 1976 

I n t e r p r e t a t i o n  of Environmental  P a d i a t i o n  Data ,  
March 1-3, 1976 

"Rolf M. S i e v e r t :  The Pionee r  i n  t h e  F i e l d  of Eladiation P r o t e c t i o n , "  
Ifealth Phys. 31, 263-264 Sep t .  1976 

"Health HazardsTrorn D i a g n o s t i c  and Therapeu t i c  X-Ray , " Proceedings  of 
Conference on D i a g n o s t i c  Imaging, Chicago, Ill., Sept .  27, 1976 

"Yes is t h e  Answer t o  Question ot R. H. Thomas and D. D. Busick, 'Is 
It Rea l ly  Necessary  t o  Reduce P a t i e n t  Ex?osure?'" 
Hygiene 37, 665-667, Nov. 1976 

vative i n  Many Cases ," Proceedings  of Four th  I n t e r n a t i o n a l  Congress_ 
of t h e  I n t e r n a t i o n a l  R a d i a t i o n  P r o t e c t i o n  Assoc ia t ion ,  Yaris, krance ,  
A p r i l  25-29, M i i  

- 38, 6, June  1977. 

"The L i n e a r  v s  . The Threshold  Hypothes is  ," Thi rd  I n t e r n a t i o n a l  Summer 

"Use of  Recycle  P lu tonium i n  Mixed Oxide Fuel i n  L i g h t  Water Cooled 

"Keeping Dose Commitments ALAP," Proc.  ANS K a t i o n a l  Top ica l  Meeting, 

"Radia t ion-Induced H e a l t h  E f f e c t s  , I' Science  195, 157, 344 ( January  28, 

"The D i l e m m a  of P r e s e n t  Nuclear  Power Programs," Proc.  of HearinRs 

"Data I n t e r p r e t a t i o n , "  Proceedings  of Workshop on the U t i l i z a t i o n  and 
Urlando, l l a . , .  

J. Am. Ind .  

"The L inea r  Hypothes is  of R a d i a t i o n  Damage Appears t o  Be Non-Conser- 

"The Need t o  Reduce Medical  D i a g n o s t i c  Exposure," J. Am. Ind .  Hygiene 

"Poss ib le  Consequences of  Excessive Medical Exposure i n  the  United 
S t a 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 meet ing ,  March 21, 1973 and publ ished i n  t h e  
Fachverband Proceedings ,  1973. 
"Bio logica l  E f fec t s  of  I o n i z i n g  Radia t ion ,"  published i n  Proceedings 
of Shor t  Course, September 9 ,  1974. 
I' Appropriateness  of Regula t ions  f o r  A i r  Shipment of Radioac t ive  
Mate r i a l s , "  M i a m i  Beach, F l o r i d a ,  September 23, 1974, I n t e r n a t i o n a l  
Conference on Shipping  of Radioac t ive  Mate r i a l ;  and publ ished i n  
Proceedings,  1975. 
"Recent Developments i n  Fast Neutron Personnel  Dosimetry Using 
Track Etch Methods," Proc.  3 rd  European Congress IRPA, Paper 14, 
Amsterdzm, The Ne the r l ands ,  May 1975, with Mehdi Sohrabi.  
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"Development and Application of Some Fast Neutron Dosimetry Tech- 
niques  Utilizing Plastic Track Detectors for Radiotherapy and 
Health Physics," USERDA Contract No. AT-(40-1)-4814, 1975, with 
Hehdi Sohrabi. 
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Biograph ica l  Ske tch  

Employment Hi s to ry  

Atomic Energy Counci l ,  Republ ic  of China, Research  A s s i s t a n t  1968 
Army of Republ ic  of China, 2nd L ieu tenan t  1970-1971 
I n s t i t u t e  of Nuclear  Energy Research,  Researcher  1 9  71-197s 
Karshrue  Nuclear  Center ,  West Germany, P r a c t i c a l  T r a i n i n g  1972 
Georgia  I n s t i t u t e  of Technology, Graduate  A s s i s t a n t  1976-Present 

Exper ience  Summary 

While working a t  t h e  I n s t i t u t e  of Nuclear  Energy Research,  Republ ic  
of China, M r .  Su was r e s p o n s i b l e  for r a d i a t i o n  dos imet ry  i n  t h e  h e a l t h  
p h y s i c s  s e c t i o n .  
body c o u n t e r s ,  ho t  c e l l  s h i e l d i n g  des ign ,  p e r s o n n e l  moni tor ing  and i n s t r u -  
ment c a l i b r a t i o n  for  a 50 MW heavy water r e a c t o r  and r a d i o i s o t o p e  a p p l i -  
cations. I n  J u l y  1972,  under t h e  sponsor sh ip  of t h e  Atomic Energy Coun- 
cil, Mr. Su went to West Germany and a t t e n d e d  p r a c t i c a l  t r a i n i n g  a t  t h e  
WAK fuel r e p r o c e s s i n g  p l a n t .  S ince  1975 h e  has been pu r su ing  a Ph.D. 
d e g r e e  i n  Nuclear  Engineer ing w i t h  a s p e c i a l t y  i n  Hea l th  Phys ic s .  
a member of t h e  China Nuclear S o c i e t y  and t h e  Health Phys ic s  Soc ie ty .  

He a t t ended  many programs such  as c o n s t r u c t i o n  of whole 

He i s  

Repor t s ,  Pub? 

1. 

2. 

3. 

4. 

5 .  

6. 

. i c a t i o n s  and Papers  

B.S. Thesis, "Fast  Neutron Flux  Measurement of 1MW Ts ing  Hua Open 
Poo l  Reactor ,"  Na t iona l  T s i n g  Hua U n i v e r s i t y ,  1968. 
M.S. Thes i s ,  "Study on Taiwan N a t u r a l  Background," N a t i o n a l  Tsing 
Hua U n i v e r s i t y ,  1970. 
Sa, Shian-Jang, "A P re l imina ry  C a l c u l a t i o n  of Argon-41 Gama Dose 
Prom TRR," Nuclear  Sc ience  J o u r n a l ,  ll, 58 (1974). 
Su, Shian-Jang, "F ina l  Repor t  for Whole Body Counter," INER, Taiwan 
(1975). 
Su, Shian-Jang, "Neutron Dosimetry Using E lec t rochemica l  Etching,"  
Paper  p re sen ted  i n  1977 American Nuclear  S o c i e t y  E a s t e r n  Region 
S tuden t  Conference,  Rale igh ,  N. C., 1977. 
L i t e r a t u r e  review of t h e  proposed r e s e a r c h ,  "Neutron Dosimetry Using 
E lec t rochemica l  Etching,"  i n  p a r t i a l  f u l f i l l m e n t  of t h e  Ph.D. de- 
g r e e ,  Georgia I n s t i t u t e  of Technology, 1977. 
Su, Shian-Jang, "Neutron dos imet ry  us ing  E lec t rochemica l  Etch ing ,"  
Paper  P /21  p resen ted  i n  22nd Annual Meeting of t h e  Hea l th  Phys ic s  
S o c i e t y ,  A t l a n t a ,  Georgia,  1977. 
Su, Shian-Jang, "Detect ion of Hot F a l l o u t  on Taiwan i n  t h e  Pe r iod  
1971-1975," Hea l th  Phys ics ,  33, 241 (1977).  
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New G r a d u a t e  S t u d e n t s  Assigned t o  Proicct  

Dorothy Rea graduated with t h e k e g r e e  fro- . ,  

\\!with a major i n  _nd i s  

enrol led  i n  the graduate program of the - Michael Edmond S a n d e r s  took a number of courses  a t  

and completed his -program at  2 
w i t h  a major i n  

program of the  

He will enter  the graduate 



GEORGIA TECH FACILITIES 

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  tt7:’CtiAng and r e s e a r c h  i n  
.. . 

t h e  n u c l e a r  eng inee r ing  programs a t  Georgia Tech are  l o c a t e d  i n  t h e  

Frank H. Ncely Nuclear Research Cen te r  and t h e  Cherry L Emerson 

Bu i ld ing .  

Nuclear Research Center  

The Frank H. Neely Nuclear Research Cen te r ,  va lued  a t  $10 m i l l i o n  

d o l l a r s ,  was completed i n  1964. The Georgia Tech Research Reactor,  

(GTRR)which serves as t h e  key component to t h e  Center i s  a heterogeneous,  

heavy-water moderated and cooled  r e a c t o r ,  f u e l e d  w i t h  enr iched  uranium. 

It i s  s imilar  i n  d e s i g n  t o  t h e  Argonne Research Reac tor ,  CP-5, which h a s  

demonstrated e x c e l l e n t  r e s e a r c h  c a p a b i l i t y  and dependable s e r v i c e .  The 

GTRR has  been designed t o  deve lop  a s u s t a i n e d  power ou tpu t  of f i v e  mega- 

w a t t s  w i t h  a cor responding  the rma l  neu t ron  f l u x  of about  1014n/cm2-sec. 

The r e a c t o r  h a s  a v a r i e t y  of expe r imen ta l  f a c i l i t i e s  (such as beam t ubes ,  

through-tubes,  pneumatic t u b e s ,  f a s t  f l u x  f a c i l i t y ,  b iomedica l  f a c i l i t y ,  

thermal  column, and gamma f a c i l i t y )  t o .p rov ide  a wide r ange  of experfments .  

The GTRR c u r r e n t l y  o p e r a t e s  a t  a power of f i v e  megawatts two o r  t h r e e  

s h i f t s  pe r  day, 

The r e a c t o r  and a s s o c i a t e d  sys tems are housed i n  a steel containment  

b u i l d i n g  e i g h t y  f e e t  i n  d iameter  and s i x t y - f i v e  feet  i n  h e i g h t .  The ad- 

j o i n i n g  24,000 s q u a r e  f o o t ,  two-story,  a i r -condi t ioned  l a b o r a t o r y  and 

o f f i c e  b u i l d i n g  c o n t a i n s  l a b o r a t o r i e s  f o r  r ad iochemis t ry ,  h e a l t h  p h y s i c s ,  

materials p r e p a r a t i o n ,  n u c l e a r  spec t roscopy ,  low-level coun t ing ,  r ad io -  

b io logy ,  e l e c t r o n i c s ,  as w e l l  as  a machine shop and a l a r g e  an imal  q u a r t e r .  



Equipment a t  t h e  Frank H. Neely Nuclear Research Center inc ludes :  

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

Neutron d i f f r a c t o m e t c r s  (3)  

Time-of -f l i g h t  neut ron  spec t rometer  

Experimental  s e tup  f o r  p i l e  o s c i l l a t o r  measurements 

100, 000 c u r i e  COG'  f a c i l i t y  

50,000 c u r i e  capac i ty  ho t  c e l l  w i th  mas ter -s lave  manipulators  

20' x 6' x 18' deep s t o r a g e  pool  j o ined  t o  ho t  c e l l  by t r a n s f e r  chu te  

Neutron generatbr--200 keV TMC A c t i v a t i o n  Model 211, (d,n) r e a c t o r  
wi th  tritium producing 2 x 1014 MeV neu t rons / 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  g a m a  
rates t o  l o 6  R/hr depending on sample  geometry 

In t e rmed ia t e  l e v e l  r ad iochemis t ry  l a b o r a t o r y  (18' x 26') wi th  
r a d i o i s o t o p e  hoods, sh ie lded  g love  boxes 

F a c i l i t i e s  for t r ea tmen t ,  s t o r a g e ,  and handl ing  of s o l i d  and l i q u i d  
r a d i o a c t i v e  wastes, i nc lud ing  r e t e n t i o n  tanks  of 8000 ga l lon  
c a p a c i t y  

Model 33 teletype terminal provid ing  remote computer access  on 
and o f f  campus 

Data a c q u i s i t i o n  system 

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 t h r e e  d a t a  processors  (PDP-8, 

PDP-8/1, and PDP-12), with  a p p r o p r i a t e  p e r i p h e r a l  dev ices  for use i n  sophis-  

t i c a t e d  experiments  r e q u i r i n g  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 p r o c e s s o r s i s  l o c a t e d  w i t h i n  the  r e a c t o r  containment 

b u i l d i n g  and i s  intended f o r  u s e  by exper imenters  w i th  a minimum of s e t u p  

time. 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  for accep t ing  both d i g i t a l  and 

ana log  s i g n a l s  is o p e r a t i o n a l .  

p rocesso r s ,  l oca t ed  i n ' t h e  l a b o r a t o r y  p o r t i o n  of the Center, which a c t s  as 

There is a c o m u n i c a t i o n s  l i n k  t o  t h e  o t h e r  
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a d a t a  c o l l e c t i o n  c e n t e r  for s e v e r a l  experiments  and a secondary pr-oces- 

s o r .  Cell  p r o c e s s o r s  f u n c t i o n  (wi th  3.owcr p r i o r i t y )  as a d a t a  r educ t ion  

and p rep rocess ing  f a c i l i t y ,  and as such a r e  g e n e r a l l y  a v a i l a b l e  f o r  use 

24 hours  pe r  day. 

Emerson Bui ld ing  

The School of Nuclear Engineer ing a l s o  occupies  about  24,000 square 

f e e t  i n  t h e  Cherry L. Emerson Building.  

rooas,  s t u d e n t  l a h o r a t o r i e s  and o f f i c e s  a s  w e l l  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 labora-  

t o r y  and a l a r g e ,  two-story h igh  bay wi th  10  ton  c rane .  

space  houses  t h e  n u c l e a r  engineer ing  l a b o r a t o r y .  

and o t h e r  l a b o r a t o r i e s  have been well equipped w i t h  conven t iona l  rad- 

i a t i o n  r j e t ec t ion  i n s t r u m e n t s  ( inc luding  s e v e r a l  mu l t i channe l  ana lyze r s )  

i n  s u f f i c i e n t  numbers t o  accommodate l a b o r a t o r y  s e c t i o n s  of 12-15 graduate  

s t u d e n t s .  

Th i s  space c o n t a i n s  ample c l a s s -  

The l a t t e r  

The count ing  rooms 

S p e c i a l i z e d  equipment a v a i l a b l e  i n  t h e  Emerson Bui ld ing  t o  nuc lea r  

eng inee r ing  s t u d e n t s  i n c l u d e s :  

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-l ight  water s u b c r i t i c a l  assembly 

Korad K-15 p u l s e d  ruby laser 

Three ?XI model TR-20 analog  computers 

A 12,000 c u r i e  Cs-137 gamma source  

One MeV Van d e  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  w i th  beam 
a n a l y s i s  system 

SO and 250 Kvp x-ray machines 
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Severa l  gas  chromatographs 

Eleven r a d i o i s o t o p e  fume hoods and t h r e e  g love  boxes 

Vacuum d e p o s i t i o n  s y s t e m  

The t r a i n i n g  r e a c t o r  is l o c a t e d  i n  t h e  nuc lea r  engineer ing  labora-  

t o ry .  

and t h e s e s ,  The GTRR con t inues  t o  be a v a i l a b l e  f o r  a l l  pedagogical  ex- 

per iments  and r e s e a r c h  which r e q u i r e  i t s  h ighe r  f l u x .  

It i s  used i n  l a b o r a t o r y  e x e r c i s e s  and f o r  s p e c i a l  s tuden t  problems 

Rich E l e c t r o n i c  Computer Center  

The Georgia Tech Rich E l e c t r o n i c  Computer Center was e s t a b l i s h e d  i n  

1955 and i t s  f a c i l i t i e s  are an  i n t e g r a l  p a r t  of t h e  academic and r e s e a r c h  

programs a t  Georgia Tech. 

l a r g e - s c a l e  d i g i t a l  computers,  a Cont ro l  Data Corporat ion CYBER 74 system 

and a Cont ro l  Data Corpora t ion  6400 system. 

t h e  NOS 1.0 o p e r a t i n g  system, t h u s  providing back-up c a p a b i l i t i e s .  

The O f f i c e  of Computing Se rv ices  ope ra t e s  two 

Both systems ope ra t e  under 

The CDC CYBER 7 4  has  t h e  fo l lowing  conf igu ra t ion :  Two c e n t r a l  proces- 

s o r s  (one 6400 and one 6600), f o u r t e e n  p e r i p h e r a l  p rocesso r s ,  131,072 

words of core  memory- (60 b i t  words) ,  944 m i l l i o n  c h a r a c t e r s  of d i s k  s t o r a g e ,  

e i g h t  magnetic t a p e  d r i v e s ,  two card r e a d e r s  (1200 cpm), t h r e e  l i n e  p r i n t e r s  

(1200 lprn), one card  punch (250 cpm), 64 p o r t s  f o r  t ime-sharing u s e r s ,  

and a n  ope ra to r  console .  

p rovides  h igh  q u a l i t y .  

A CALCONP Model 763 D i g i t a l  Incremental  P l o t t e r  

The fo l lowing  so f tware  packages are a v a i l a b l e :  COMPASS, ALGOL, COBOL, 

FORTRAN ( four  d i f f e r e n t  compl ie rs  are a v a i l a b l e ) ,  APL, RF'G, M I M I C ,  M I X ,  

p l u s  many o t h e r s .  
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A Radia t ion ,  Inc .  Analog-to-Digi ta l  convers ion  system is a v a i l a b l e  

i n  an  o f f - l i n e  mode. 

t a p e  i n p u t  i n  ii seqzence determined by a programmable scanner ,  d i g i t i z e s  

t h e  samples  a t  a r a t e  u p  t o  50,000 amples per  second and t o  an accuracy 

of 11 b i t s  plus s i g n ,  and produces a d i g i t a l  magnetic t ape  output .  

It m u l t i p l e x e s  up t o  16 c h a r n e l s  of analog magnetic 

S m a l l  Computer App l i ca t ions  Laboratory 

The Small Computer App l i ca t ions  Laboratory was e s t a b l i s h e d  t o  provide 

e x p e r t i s e  f o r  t he  development of complete hardware-software sys tems,  par- 

t i c u l a r l y  those  systems a s s o c i a t e d  wi th  nuc lea r  ins t rumenta t ion  and d a t a  

r educ t ion .  

The l abora to ry  has  bo th  general-purpose and s p e c i a l i z e d  f a c i l i t i e s  

f o r  t h e  a p p l i c a t i o n  of small computer systems t o  a wide v a r i e t y  of 

r e s e a r c h ,  development, i n s t rumen ta t ion ,  and educa t iona l  a r eas .  It is 

equipped w i t h  f o u r  gene ra l  purpose computers (a PDP-12, PDP-8/1, GT 42, 

and PDP-8) with v a r i o u s  p e r i p h e r a l  equipment s p e c i f i c a l l y  s u i t e d  t o  s m a l l  

computer a p p l i c a t i o n s  and system development. The 8K PDP-12 w i t h  its 

h i g h  speed d i s k  s t o r a g e ,  l i n e - t a p e  s t o r a g e ,  and a graphics  f a c i l i t y  p l a y s  

an impor tan t  r o l e  i n  so f tware  systems development and d a t a  s to rage .  

a d d i t i o n ,  t h e  PDP-12 is  equipped wi th  m u l t i p l e  a n a l o g - t o - d i g i t a l  con- 

verters, r e l a y s ,  a programmable KW-12A c lock ,  and an  I/O access  pane l  t o  

p r o v i d e  convenient development, f a b r i c a t i o n ,  t e s t i n g ,  and s i n u l a t i o n  of 

the i n t e r f a c i n g  of s p e c i a l  equipment t o  t h e  computer. 

I n  

L i b r a r y  

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 e c h n i c a l ,  and management c o l l e c t i o n  of 730,000 volumes, p l u s  690,000 
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..., 1. 

m i c r o t e x t  and o t h e r  b i b l i o g r a p h i c  u n i t s .  Outs tanding  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 e n c e  and engineer ing  have been developed t o  suppor t  

g radua te  s tudy  and r e sea rch .  

t o t a l i n g  240,000 squa re  f e e t  of space.  

volumes and can seat two thousand u s e r s .  

P a t e n 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  only  one i n  t h e  Sou theas t e rn  

area. I n  1962, t h e  l i b r a r y  was des igna ted  one of twelve F e d e r a l  Scien- 

t i f i c  Report  Cen te r s  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 h e  Department of Defense,  t h e  N a t i o n a l  Aeronaut ics  and 

Space Admin i s t r a t ion ,  t h e  Clear inghouse f o r  S c i e n t i f i c  and Technica l  In- 

format ion  now t o t a l s  over 500,000 t i t les .  

i s s u e d  by American a s s o c i a t i o n s  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  S tanda rds  and S p e c i f i c a t i o n s  and of B r i t i s h  S tandards  are 

maintained.  

ment p u b l i c a t i o n s  i s s u e d  by t h e  Government P r i n t i n g  O f f i c e ,  and f o r  maps 

i s s u e d  by the Army Map Serv ice .  

6,000 company c a t a l o g s  provid ing  informat ion  on i n d u s t r i a l  components. 

I t  i s  housed I n  a d j o i n i n g  s t r u c t u r e s  

It can house over  one m i l l i o n  

The l i b r a r y ' s  United S t a t e s  

Ex tens ive  f i l e s  of s t anda rds  

The l i b r a r y  i s  a l s o  a d e p o s i t o r y  f o r  United S t a t e s  govern- 

Available on mic ro f i lm  are  more than  

Other F a c i l i t i e s  

Georgia Tech has  many o t h e r  f a c i l i t i e s  

eng inee r ing  program inc lud ing  , f o r  exaaple, 

c l o s e l y  a l l i e d  w i t h  t h e  nuc lea r  

v a r i o u s  f a c i l i t i e s  opera ted  by 

D i v i s i o n s  of t h e  Engineer ing Experiment S t a t i o n .  

i z e d  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  micro- 

scopes ,  emiss ion  and abso rp t ion  spec t roscopes ,  ana log  computers,  microwave 

systems,  c r y o s t a t s  and many other research dev ices .  I n  a d d i t i o n ,  c l o s e  

Among these are spec ia l -  

coope ra t ion  exists between the  School of Nuclear Engineer ing and o t h e r  

Schools  of t h e  Engineer ing College and t h e  School of Phys ic s .  
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